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FOREWORD 

I am pleased to put into the hands of readers Volume-3; Issue-4: Jul-Aug 2018 of “International Journal 

of Environment, Agriculture and Biotechnology (IJEAB) (ISSN: 2456-1878)”, an international journal 

which publishes peer reviewed quality research papers on a wide variety of topics related to Environment, 

Agriculture and Biotechnology. Looking to the keen interest shown by the authors and readers, the 

editorial board has decided to release issue with DOI (Digital Object Identifier) from CrossRef also, now 

using DOI paper of the author is available to the many libraries. This will motivate authors for quick 

publication of their research papers. Even with these changes our object ive remains the same, that is, to 

encourage young researchers and academicians to think innovatively and share their research findings with 

others for the betterment of mankind. 

I thank all the authors of the research papers for contributing their scholarly articles. Despite many 

challenges, the entire editorial board has worked tirelessly and helped me to bring out this issue of the 

journal well in time. They all deserve my heartfelt thanks. 

Finally, I hope the readers will make good use of this valuable research material and continue to contribute 

their research finding for publication in this journal. Constructive comments and suggestions from our 

readers are welcome for further improvement of the quality and usefulness of the journal. 

 

With warm regards. 

Editor-in-Chief 

Date: Sept, 2018 
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Abstract— This study aims to see the growth and 

productivity of soybeans in different agroecosystems. The 

study was conducted on paddy field located in Bumi Setia 

village, Seputih Mataram sub-district, Central Lampung 

district, and on dryland located in Mandah village, Natar 

sub-district, South Lampung district, Lampung Province, 

Indonesia, from April to July 2015. Soybean varieties 

grown at each location were Grobogan varieties. The 

variables observed were crop emergence, plant height at 

harvest, number of plant harvested, number of pods per 

plant, empty pods, weight of 100 grains, pod pests  and 

productivity. Data were analyzed by t test. The results 

showed that soybean productivity in dryland was 64.25% 

lower than productivity in paddy fields. The low yield of 

soybean varieties of Grobogan in dryland was caused due 

to drought factor when forming and filling pods. This can 

be seen from the decrease of weight of 100 grains of 

soybean seed in dryland up to 51.82% than in paddy field. 

The status of Grobogan varieties soybean vigor may 

change from large seed to medium seed if the water 

requirement is not optimum during the growing season. 

Keywords— Soybean, agroecosystem, productivity, pod 

pest. 

 

I. INTRODUCTION 

Soybean is a food commodity source of vegetable protein 

is very important, especially for the population of 

Indonesia. In Indonesia, soybeans are consumed in the 

form of tofu and tempeh. Therefore, the biggest consumers 

are from industry of tofu and tempeh, then the next rank is 

feed industry, so the market potential of soybean in 

Indonesia is very wide and will continue to grow (Zakaria 

et al., 2010). Soybean has a wide use because it is highly 

nutritious and produces antioxidant substances (Krisdiana, 

2007).  

Grobogan varieties of soybeans released in 2008 with 

Decree of the Minister of Agriculture 238 / Kpts / SR.120 / 

3/2008. Grobogan varieties derived from the purification 

of the local population of Malabar Grobogan, with a yield 

potential of 3.40 tons/ha and the average yield of 2.77 

tons/ha, the age of plants ± 76 days, and seed weight ± 18 

g/100 grains (Kementerian Pertanian, 2013). This indicates 

that Grobogan varieties are large seeds.  

The use of superior varieties is one of the important 

technological components in an effort to increase the 

production and productivity of soybeans. But efforts to 

increase production and productivity in soybean plant 

many obstacles, namely the existence of pests and 

diseases. Pod pests are one of the factors that can decrease 

soybean productivity. Loss of results due to this pod pests 

are the highest reaching 80-90%, even puso if no control 

measures (Baliadi et al., 2008; Bedjo, 2011). The soybean 

pod pests are grouped into three types namely pod borer 

(Etiella sp.), Pod suckers (Nezara viridula), Piezodorus 

hybneri, Riptortus linearis), and pod eater (Helicoverpa 

armigera) (Baliadi et al., 2008; Marwoto & Indiati, 2009; 

Naseri et al., 2010; Bae et al., 2014).  

Symptoms of pest attack are varied, symptoms of pod 

borer attack if there are a hole in the skin of the former 

pod, the larvae into the seeds and damage the seeds by 

leaving the dirt from the borer (Tohamy & El-Hafez, 

2005), symptoms pod sucker attacks if the skin is wrinkled 

and there are a brown to black spots on the skin of the 

seeds (Bayu & Tengkano, 2014), whereas the pod eater 

symptom seen to be a large hole in the pod where the seed 

is located or the pods are eaten, soybean pod pests leave no 

dirt in the pod (Malik, 2013), this distinguishes between 

the symptoms of Helicoverpa armigera attack with 

symptoms pod borer attack (Etiella sp.). One effort to 

anticipate the explosion of pest populations on soybean 

cultivation by cultivation technique can be done by 

planting soybean short age such as Grobogan varieties 

(Marwoto & Indiati, 2009). The results showed that 

Grobogan varieties had secondary metabolite compounds 

that could inhibit or reduce the development of larvae and 

imago of H. armigera (Siahaan & Redsway, 2014).  

Soybean cultivation is cultivated on diverse agro-

ecosystem conditions that affect the diversity of planting 

time (Zakaria et al., 2010). In Indonesia, the largest 

soybean area in paddy fields are about 60%, which are 

planted after rice, the rest is grown on dryland. This 

condition shows that the area of soybean cultivation is 
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mostly found in areas where infrastructure is relatively 

well established and relatively fertile than on dryland 

(Subandi, 2007). According to Atman (2006), paddy fields 

after paddy and dryland have the greatest potential for the 

development of soybean crops. However, according to 

Han (2006), soybean production in dryland agro-

ecosystem is not maximal yet, increasing productivity 

tends to move slowly. This study aims to see the growth 

and productivity of Grobogan varieties of soybean in two 

different agroecosystems in Lampung, Indonesia. 

 

II. METHODOLOGY 

The study was conducted on two agroecosystems, namely 

paddy field and dryland. The paddy field was located in 

the village of Bumi Setia, Seputih Mataram Subdistrict, 

Central Lampung district, while the dryland was located in 

Mandah village, Natar subdistrict, South Lampung district, 

Lampung Province, Indonesia. The study starts from April 

to July 2015. On dryland the plant was fertilized with 75 

kg of urea + 100 kg SP36 + 100 kg KCl + 1 ton of organic 

fertilizer + 500 kg of dolomite per hectare, and in paddy 

field the plant was fertilized with 25 kg urea + 50 kg SP36 

+ 50 kg KCl + 1 ton organic fertilizer per hectare. 

Aplication of organic fertilizers and dolomite when 

processing the soil 2 weeks before planting. Urea, Sp36 

and KCl fertilizers were given when the plants were 7 days 

old. Plant spacing was 40cm x 15cm, 2 seeds per planting 

hole. The plots size of observation were 5m x 2m 

randomly assigned, each location with 18 plots as 

replicates. Plants were sprayed insecticide biweekly until 

the plant was formed pods, and the treatment was the same 

between in paddy field with in dryland. The variables 

observed were crop emergence, plant height at harvest, 

number of harvested plants, number of pods per plant, 

empty pods, weight of 100 grains, pod pests by observing 

the attack symptoms on pods and seeds (each of 5 sample 

plants) and yield (conversion from tiles 5m x 2m). Data 

were analyzed by t test. Intensity of pod pests attack were 

calculated by using formula: 

I =
a

a + b
 x 100%  

I = Intensity of attack (%) 

a = Number of pods attacked 

b = Number of healthy pods  

 

III. RESULTS AND DISCUSSION 

3.1. Plant growth and productivity. 

The average of crop emergence, plant height and number 

of harvested plants in paddy fields and in dryland were not 

significantly different (Table 1). This shows the growth of 

homogeneous plants in the two agroecosystems. Crop 

emergence ranged from 82.6 to 85.08%. Crop emergence 

indicates the state of seed quality before planting. If the 

seed quality is good then the crop emergence will be high. 

Factors affecting seed quality include genetic factors, 

environmental factors and seed status factors (physical and 

physiological condition of seeds). Genetic factors are 

innate factors associated with genetic composition of 

seeds. Environmental factors that affect the quality of 

seeds are related to conditions and treatments during 

preharvest, postharvest, and when marketing seeds. 

Physiological factors of seed are related to seed 

performance such as maturity level, degree of mechanical 

damage, level of obsolescence (relationship between initial 

vigor and duration stored), health level, size and density, 

chemical composition, structure and moisture content 

(Supriyadi, 2009; Admin, 2012). The seeds of soybeans in 

this study were good because of their growing >80% 

(Harnowo et al., 2013). 

The observation of the average height of the plants ranged 

from 46.79 to 47.52 cm (Table 1), which was slightly 

lower than that of the Grobogan varieties listed in the 

descriptions of 50-60 cm (Kementerian Pertanian, 2013). 

Grobogan varieties of crops grown in Limpok Regency of 

Aceh Besar were lower by 42.33 cm (Bakhtiar et al., 

2014). Plant height of soybean are influenced by genetic 

factors, but may also be influenced by environmental 

factors (Han, 2006; Bakhtiar et al., 2014). 

 

 

Table.1: Average component of plant growth in two agroecosystems. 

Agroecosystem Crop emergence (%) Plant height (cm) 
Number of harvested 

plants 

Paddy land 85.08 46.79 171.14 

Dryland 82.60 47.52 181.14 

The numbers in the same column were not significantly different based on the 5% t test. 
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The yield components such as number of pods, empty 

pods, productivity and weight of 100 soybean grains 

planted in paddy field were significantly different from 

those grown in dryland. Productivity of soybean of 

Grobogan varieties were higher in paddy field than in 

dryland (Table 2). The number of pods per plant, the 

number of seeds per pod, and the size of the seeds directly 

affect the outcome (Hakim, 2012). 

 

Table.2: Average yield components on two agroecosystems. 

Agroecosystem 
Number of pods per 

plant 
 Empty pods (%) 

Productivity 

(tons/ha) 

 Weight of 100 

grains (grams) 

Paddy land 39.42 * 4.08 * 2.07 * 22.77 * 

Dry land 33.90 8.50 0.74 10.97 

The numbers in the same column followed by * are significantly different based on the 5% t test 

 

Planting soybeans at the right time will avoid from the 

constraints of drought or floods and interference of pests 

and diseases (Atman, 2006; Zakaria et al., 2010). In this 

activity soybeans were grown both in paddy field and in 

dryland in the late rain season. But in the paddy field due 

to planting on time so still get the optimum rainfall during 

its growth. While in the dryland due to planting rather late 

so that drought when flowering and filling pod, it can be 

seen from rainfall data in May-June at soybean location in 

dryland no rain at all (Table 3), whereas at that time plant 

of soybean at flowering phase and pod formation until 

filling of pods, so that this take effect on soybean yield 

components grown on dryland. 

Drought or lack of water during the flowering phase can 

cause a decrease in the number of pods and seed size (Kari 

& Nuralini, 1993 in Harsono et al., 2013; Suhartina et al., 

2014). Drought stress inhibits the distribution of 

carbohydrates from the leaves to the pods so that the 

number and size of seeds decreases (Liu et al, 2004). 

It was possible that the weight of 100 grains of Grobogan 

soybeans grown in dryland changed its status from large 

seeds to be medium seeds due to weight of 100 grains to 

10.97 grams, while soybeans grown in paddy field have 

weight of 100 grains about 22.77 grams (Table 2), and this 

were higher than those listed in the description 

(Kementerian Pertanian, 2013). Soybean seeds are small if 

they weigh 8-10 grams/100 grains, classified as medium 

size if they weigh >10-13 grams/100 grains, and are 

considered large seeds if they weigh >13 grams/100 grains 

(Suharno & Didik, 2008; Direktorat Jenderal Tanaman 

Pangan, 2013; Ginting & Tastra, 2013). This indicates that 

the effect of drought during pod formation and filling of 

pods can decrease the weight of 51.82% soybean seeds. 

Farmer preference for seed size of soybean varies, some 

prefer large-seeded soybeans, some also want small or 

medium seeded soybeans. With the results of this study is 

expected farmers can consider about size seed of soybean 

that preferenced, because soybeans initially large seeds 

could have turned into a small seeds. The genetic 

properties of a variety may change due to environmental 

factors. Some components of environmental factors that 

are important in determining the growth and production of 

plants include solar radiation, temperature, soil, and water. 

 

Table.3: The rainfall data in 2015. 

Months 

Paddy land Dryland 

Rainfall 

(mm) 

Rainy day 

(day) 

Rainfall 

(mm) 

Rainy day 

(day) 

March 189 14 232.8 21 

April 220 14 121 12 

May 57 10 0 0 

June 93 8 0 0 

Total 559 46 353.8 33 

Source: BPTP Lampung ; BPP Seputih Mataram,Central Lampung, Indonesia 

 

Soybeans grown in paddy field experience optimum 

growth so that their productivity were also better than 

soybeans grown on dryland. Rainfall in paddy field was 

always present during soybean growth (Table 3).  

The need water for soybean that harvested at 80-90 days 

ranges from 360-405 mm during its growth period, 

equivalent to 120-135 mm per month. Stadia soybean 

plants that are critical of water shortage are in the stadia 

start flowering until the end of flowering, then stadia of 

forming and filling pod, until pod maturation (Sumarno & 

Ahmad, 2013).  
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The productivity of soybean of Grobogan varieties that 

were grown on dryland due to drought was lower by 

64.25% compared to Grobogan varieties grown in paddy 

field (Table 2). This was in line with the opinion of 

Adisarwanto (2010), the decrease of yield due to abiotic 

stress such as lack of water in soybean crops can reach 40-

80%. In addition, percentage of empty pods in soybeans 

grown on dryland were higher than soybeans grown in 

paddy field. The amount of empty pods can also decrease 

of yield.  

3.2. The attack of pod pests 

Identified pod pests seen from the symptoms of the attack 

were pod borer, pod suckers and pod eaters both in paddy 

field and in dryland. The pod sucking attacks in paddy 

field were not significantly different from those in dryland, 

whereas pod borer and pod-eaters in paddy field were 

significantly different from those in dryland and the 

intensity of their attacks were higher in soybean crops 

grown in paddy field. This indicates that the low 

productivity of soybean in dryland was not caused by pod 

pests attack, because pod pest incidence in paddy field 

such as pod borer and pod eaters were higher and 

significantly different than in dryland (Table 4). Low of 

soybean productivity in dryland was more caused by 

drought factor. 

 

Table.4: Average of pod pests attack on soybean crops in two agroecosystems 

Agroecosystem  Pod borer (%) Pod suckers (%) Pod eater (%) 

Paddy land  6,37 * 2,55 2,64 * 

Dry land  3,33 3,32 0,95 

The numbers in the same column followed by * are significantly different based on the 5% t test  

 

The intensity of pest attacks on both agroecosystems were 

relatively low, ranging from 0.95-6.37% (Table 4), but 

they were included above the control threshold, except for 

pod-eaters in dryland below the control threshold. The 

control threshold of pod pests are if the damage of pods 

are > 2.50% (Baliadi et al., 2008). The extent of damage 

caused by pod pests on soybean crops are determined by 

various factors including high population, plant growth 

phase, plant response to pests, planted varieties and control 

measures (Bayu, 2015).  

Increased pod pests incidence in the field are thought to be 

related to the extent of soybean cultivation and the 

availability of host plants continuously (Baliadi et al., 

2008; Samosir et al., 2015). According to Marwoto and 

Indiati (2009), pest attacks will increase as water shortages  

and temperatures increase. However, in this study, pod 

borer attack and pod eaters attack were higher in paddy 

land than in dryland, except for pod sucking pests did look 

higher on dryland than in paddy field, but both were not 

significantly different (Table 4) . The pest population 

dynamics in the field may be influenced by climatic and 

weather conditions, and the presence of host plants and 

natural enemies. Although in this study low soybean 

productivity in dryland was caused by drought factor, but 

the third pod pests both in paddy field and dryland have 

correlation to productivity with correlation  

coefficient r = 1, which means the attack  of he third types 

of pod pests were very strong can decrease soybean 

productivity (Munir, 2008).  

 

IV. CONCLUSION 

Productivity of soybean in dryland was lower 64,25% than 

productivity in paddy field. However, the low yield of 

soybean varieties Grobogan in dryland was caused more 

due to drought factor when forming and filling pods. This 

can be seen from the decrease of weight of 100 grains of 

soybean seed in dry land up to 51,82%. The status of 

Grobogan varieties soybean vigor may change from large 

seed to medium seed if the water requirement is not 

optimum during the growing season. But pod pests too 

have a very strong correlation to decrease of yield with 

correlation coefficient r = 1 both in paddy land as well in 

dryland. 
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Abstract—Field trials were conducted during the rainy 

season of 2008 and 2009 at the Institute for Agricultural 

Research farm in Samaru (110 11’ N, 70 38’E) within the 

northern Guinea savanna ecological zone of Nigeria to 

evaluate correlation relationships among soil, yield and 

yield quality of maize varieties. The objectives of the study 

are to correlate among soil, grain yield and grain 

composition. The treatments consisted of four rates of 

nitrogen fertilizer (0, 50, 100 and 150kgNha -1), two rates 

of micronutrients (0, cocktail mixtures) Cu, Fe, Zn, B and 

Mo and four maize varieties SAMMAZ 14, SUSUMA 

(QPM), SAMMAZ 11 and SAMMAZ 12 (normal maize) 

which gave a total of thirty-two (32) treatments. There was 

basal application of 60kgha -1P and 60kgha-1K. These 

treatments were tested in a randomized complete block 

design with three replications with a total of 96 plots 

respectively. The fertilizer treatments were factorially 

combined. Significant correlations were obtained between 

grain parameters and other yield parameters such as 

Stover (r= 0.669, P < 0.05); 1000grain weight (r= 0.617, 

P < 0.05); crude proteins (r= 0.364, P< 0.05) and total 

nitrogen in grain (r =0.993, P < 0.05). Grain yield also 

increased as soil pH (r =0.26, P < 0.01); TN (r =0.19, P < 

0.01); Calcium (r =0.17, P <0.05); Zn (r =0.24, P < 

0.01); Cu (r =0.31, P < 0.01) and B (r =0.49, P <0.05) 

increased while it decreased as crude protein ( -0.39, 

P<0.05) of the grain decreased.  

Keywords—correlation, maize, Northern Guinea 

Savannah, quality protein, soil nutrient. 

 

I. INTRODUCTION 

The soil of the Northern Guinea Savanna which stretches 

from Latitude 7o – 12oN is characterized by the sub-humid 

climate covering well over 50% of the land area. The 

Savanna soils are highly weathered, coarse textured, low in 

organic matter content (2.0-10.0gkg-1) and cation exchange 

capacity (6.0-10.0cmolkg-1). They are generally acidic and 

poorly buffered with respect to most nutrients (Jones and 

Wild, 1975; Balasubramanian and Nnadi 1980; Kang and 

Wilson, 1987). The annual rainfall ranges from 800mm-

1900 mm (Uyovbisere and Lombin, 1991). They are 

generally low in total nitrogen (N), values range from 0.8 

to 2.9 gkg-1, with a mean of 0.5 gkg-1(Jones and Wild, 

1975). This low value is closely linked with low organic 

matter content of the soils. Total phosphorus (P) is also 

generally low too with values ranging from 13 to 630 ppm, 

but a range of about 100 to 400ppm have been reported in 

the savannah soils (Mokwunye, 1974). 

Improving nutritional quality of agricultural crops is a 

noble goal, which is important in cereal crops where plants 

have poor nutritional quality (Vassal, 2006). The 

nutritional well-being and health of all people are known 

to be vital prerequisites for the development of societies 

(Prasanna et al., 2001). Maize is gaining popularity in the 

Northern Guinea Savanna zone of Nigeria. In fact, it is 

replacing the traditional cereals, millet and sorghum 

(Onwueme and Sinha, 1991). Whatever the type of maize, 

they all require heavy fertilizer application for optimum 

yield (Awotundun, 2005). For mineral fertilizer, a rate of 

100-150 kg N, 40-50 P2O5 and 80-100 kgK2O ha-1has been 

recommended for maize in the savanna zone (Onyinbeet 

al., 2006) while, FPDD (2002) recommended 120 kg N, 60 

kg P2O5, and 60 kg K2O. 

Maize is progressively assuming the position as the major 

crop of the sub-humid and semi-arid savanna with respect 

to economic prospects for the farmers. It is a staple food 

crop in the ecological zone. A study was carried out to 

evaluate correlation relationships among soil, yield and 

yield quality of four varieties of maize in a northern 

Guinea savanna of Nigeria. 

Objectives of the Study are: 

 Evaluate relationship between the grain yield and 

other yield parameters. 

 Correlate the soil nutrients with plant composition 

 

II. MATERIALS AND METHODS 

The field trials were carried out during the cropping season 

of 2008 and 2009 in Samaru, Zaria at the Northern Guinea 

Savanna ecological zone of Nigeria. Samaru is located at 

longitude 11o 11' N, latitude 7 o 38' E at 686m above sea 

level. The region has an annual rainfall average of about 

1060mm (Owonubi et al.,1991). The soil is classified as 

Alfisol in the USDA Soil classification system 

(www.nrcs.usda.gov).  
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The site was divided into three blocks each, consisting 32 

plots, giving a total of 96 plots and each plot measuring 12 

m2. There were 4 ridges in a plot, 3m long at 0.75m x 

0.25m spacing. The experiment was laid out in a 

randomized complete block design with three replications 

and treatment was factorially combined. The maize planted 

were two quality protein maize (QPM) – Sammaz 14 and 

Susoma and two normal maize varieties – Sammaz 12 and 

Sammaz 11.  Three maize seeds were sown in drills and 

thinned to one per stand. Weeding was done in  each year 

with the use of hand-hoe.  

Nitrogen was applied in 2 split doses at two weeks after 

planting (2WAP) and four weeks after planting (4WAP) at 

the rate of (0, 50, 100, 150 kg ha-1) with Urea (46 %).  

Basal application of phosphorus and potassium were 

applied as 60 kg P2O5 ha-1 as single super phosphate (SSP), 

and 60 kg K2O ha-1potash (MOP), (60%) respectively. The 

cocktail micronutrient mixtures of Fe, Zn, B, Mo, and Cu 

were applied at the rate of 22.85gha-1). The P, K, and 

micronutrients were all applied 2 weeks after planting 

immediately after thinning to one plant per stand. 

Field observations were made in each plot. The response 

of maize varieties to the various treatments were 

evaluated, evaluation between grain yield and other yield 

parameters, grain composition and soil nutrients were 

studied. 

 

Statistical Analysis 

All data collected was subjected to statistical analysis 

using SAS statistical computer software (SAS, 2005). The 

correlation between grain yield, grain parameters and some 

soil chemical properties were established. 

 

III. RESULTS AND DISCUSSION   

The first paragraph under each heading or subheading 

should be flush left, and subsequent paragraphs should 

have a five-space indentation. A colon is inserted before an 

equation is presented, but there is no punctuation 

following the equation. All equations are numbered and 

referred to in the text solely by a number enclosed in a 

round bracket (i.e., (3) reads as "equation 3"). Ensure that 

any miscellaneous numbering system you use in your 

paper cannot be confused with a reference [4] or an 

equation (3) designation. 

Characterization of the soils used for the study 

The soils used for the field trials were characterized for 

their physical and chemical properties as shown in Table 1. 

 

 

Table.1: Physico-chemical properties of the soil used for the study 

Parameters  Field Study (2008) Field Study 

(2009) 

 0-20 (cm) 0-20 (cm)  

Sand (gkg-1)  540 530  

Silt (gkg-1)  330 350  

Clay (gkg-1)  130 120  

Textural class  Sandy-loam Sandy-loam  

pHH20 1:2.5  5.8 5.7  

pHCaCl2 1:2.5  5.3 5.4  

Organic carbon (gkg-1)  5.4 5.2  

Total nitrogen (gkg-1)  0.1 0.1  

Available P (mgkg-1)  8.9 7.6  

Exchangeable acidity (cmolkg -1)  0.4 0.6  

Exchangeable bases (cmolkg-1)     

Calcium  3.6 3.1  

Magnesium  1.3 1.4  

Sodium  0.5 0.4   

Potassium  0.3 0.3  

Effective CEC (cmolkg-1)  5.7 5.1  

Micronutrients (mgkg-1)     

Extractable Zinc   18 10  

Extractable Iron     55 52  

Extractable Copper    0.6 0.6  

Extractable Molybdenum   12 11  

Extractable Boron      0.2 0.1  
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Soil characteristics and geology  

Soils of the experimental sites have been classified as 

Typic Haplustalf an Alfisol in the USDA Soil 

Classification system and it is developed in deeply 

weathered pre-Cambrian, basement complex rock overlain 

by aeolian drift materials of varying thickness (; 

Ogunwole, 2000). The soils were sandy loam in texture 

and low in clay contents (125gkg -1) in the combinedfield 

soils respectively.  Organic carbon contents of the soils 

were 5.4gkg-1 and 5.2gkg-1 which were low for the soils 

respectively. Some other workers have observed similar 

level of organic carbon in savanna soils, which implied 

low fertility status for the cultivated soil (Moberg and Esu, 

1989).  

The total nitrogen content of the soils is 0.1gkg-1. The low 

level of total nitrogen in the soil could be attributed to low 

organic matter contents of these typical savanna soils 

(Jones and Wild, 1975). The available P content of the soil 

was moderate with values of 8.9mgkg -1 and 7.6mgkg-1 for 

the field soils. The exchangeable site was dominated by 

calcium and magnesium as characteristic of savanna soils. 

These cations are the most abundant in the  

 exchange complex of savanna soils. The K saturation of 

field soils was 0.3%respectively.  The sodium content was 

generally low 0.5cmolkg-1and 0.4 cmolkg-1as may be 

expected for good arable soil although Na contents were 

higher than K in both soils. The higher Na content in the 

cultivated soils relative to K must have been introduced in 

fertilizer materials or other amendments employed over 

time for crop production. The effective CEC values for the 

soils were 5.7 and 5.1molkg-1 respectively. The 

micronutrient values were found to be low to moderate in 

the soils and have been recorded to be deficient in most 

savanna soils (Lombin, 1985; Mulimaet al., 2015). These 

soils were therefore low in natural fertility and their 

productivity will decline quite rapidly under continuous 

cultivation, which by implication requires to be fertilized 

in order to sustain good crop yields (Lombin, 1987). 

The combined relationships between grain yield and other 

yield parameters were derived by simple correlation as 

presented in Table 2. Grain yield was significantly related 

with Stover yield and 1000 grain weight with r values of 

0.67** and 0.62** respectively. The grain yield showed a 

significant but negative (P< 0.05) correlation with protein 

contents of the grain (r= -0.36**). There was a positive 

relationship between the grain yield and Stover yield, 

1000grain- weight and plant height indicating that all these 

growth parameters increase or affects the grain yield of the 

maize. This is expected as a vigorous plant would 

invariably yield good harvest. The grain yield was 

negatively correlated with the protein contents of the grain 

which means the protein concentration in the grain 

decreased as grain yield increases. This is in accordance 

with Orit- Monasterio (2001) who reported same in his 

work. The protein content of the grain was positively 

influenced by the grain nitrogen. The lysine and 

tryptophan contents of the maize were not significantly 

affected by the grain yield which suggests that there was 

no particular pattern of relationship established between 

yield and quality. Lysine had a positive influence on the 

tryptophan content of the grain which means that increase 

in lysine content increases the tryptophan content of the 

maize. 

 

Table.2: Correlation coefficient (r) between agronomic parameters and some grain parameters 

 Grain 

yield 

Stover 

yield 

1000 

grain 

weight 

Plant 

Height 

Total 

Nitrogen 

in grain 

Crude 

protein 

Lysine Tryptophana 

Grain yield 1.000        

Stover yield 0.669** 1.000       

1000 grain 

weight 

0.617** 0.627** 1.000      

Plant Height 0.308 0.077 0.049 1.000     

Total Nitrogen in 

grain 

-0.363** 0.017 0.004 0.032 1.000    

Crude protein -0.364** 0.011 0.003 0.025 0.993** 1.000   

Lysine 0.083 0.027 -0.009 -0.025 0.022 0.021 1.000  

Tryptophan -0.131 0.034 -0.095 -0.056 0.081 0.088 0.480** 1.000 

** = Significant at 5% 

* = Significant at 1% 

The correlation matrix between grain/plant nutrients and 

soil parameters was shown in Table 3. The pH (r= 0.26*), 

soil N (r=0.19*), zinc (r=0.24*), and copper (r=0.31*) 

were positively correlated (P< 0.01) with the grain yield 

while the grain yield was positively and highly 

significantly correlated (P< 0.05) with boron (0.49**) and 

calcium (0.17**) contents of the soil respectively. Crude 

protein exhibited positive and significant correlation with 
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organic carbon (r= 0.24**) content, exchangeable acidity 

(r= 0.14*) and pH (r= 0.02*) of the soil while it was highly 

significant but negatively correlated with boron (r= -

0.40**), copper (r= -0.45**) and sodium (r= -0.16*) 

contents of the soil.  

The crude protein was positively and significantly 

correlated with exchangeable acidity (r=0.14*), soil pH (r= 

0.19*) and organic carbon (r=0.24*) and negatively 

correlated (P< 0.05) with sodium (r= -0.16*), boron (r= -

0.40**) and copper (r= -0.45**) contents of the soil. 

Lysine content of the grain increased as tryptophan 

contents and soil N increased with r values of 0.19** and 

0.07* and decreased with exchangeable acidity (r= -

0.16**), sodium (-r=0.16**) and copper (r= -0.17**) 

contents of the soil while tryptophan increased with soil N 

(r= 0.15*) and decreased with exchangeable acidity (r= -

0.05*) and exchangeable copper (r= -0.23**).  

The pH of the soil was highly and positively correlated (P< 

0.05) with exchangeable acidity (r =0.30**) and available 

phosphorus (r =0.30**) while it was  positively correlated 

(P< 0.01) with exchangeable sodium (r =0.17*), 

extractable zinc (r=0.04*) and extractable boron (r 

=0.16*). 

It was also correlated negatively with organic carbon (r =-

0.14*) and exchangeable magnesium (r =-0.15*). The 

exchangeable acidity was positively correlated with 

available phosphorus (r =0.34**) and negatively correlated 

with soil N (r =-0.22*), extractable copper (-0.15*) and 

boron (r =-0.17*).  Organic carbon content of the soil was 

significantly (P<0.05) and positively correlated with 

available phosphorus (r =0.20**) and significantly 

correlated (P<0.01) with exchangeable potassium (r 

=0.19*) but negatively correlated with extractable zinc (r 

=-0.20**), copper (-0.14*) and boron (r =-0.17*).  Soil N 

was positively and significantly correlated with lysine (r 

=0.07*) and tryptophan content (r =0.15*) of the soil with 

a negative correlation with exchangeable acidity (r =-

0.22*) and extractable boron (r =-0.15*) content of the 

soil. Available phosphorus of the soil was positively 

correlated with exchangeable potassium (r=0.27*) and 

negatively correlated with exchangeable calcium (r =-

0.25*).  The exchangeable calcium was highly and 

positively correlated with exchangeable magnesium (r 

=0.80**). Magnesium was highly and significantly 

correlated with boron (0.22**) and copper (0.14**) while 

zinc was positively and highly significantly correlated (P< 

0.05) with boron (0.29**) and copper (0.23**) as 

presented on Table 3. 

The grain yield increases as nitrogen content of the soil 

increased and soil pH was favorable to support the growth 

and yield of the maize since the pH of the soil was 

moderately acidic. Micronutrients such as zinc and boron 

supply from the soil also increased grain production since 

they are constituent of protein synthesis. This is in 

accordance with Osinameet al (1973) who reported that 

low zinc in the soil have been found to reduce maize yield 

in several parts of Africa. Anonymous (2009) inferred that 

Zn fertilization in maize significantly improved plant 

height, 100 grain weight and protein content of the maize. 

The grain yield was negatively correlated with 

exchangeable calcium. The soil pH increases with 

exchangeable acidity, available phosphorus and boron 

while it was negatively correlated with organic carbon, 

exchangeable magnesium and extractable zinc. The 

availability of zinc decreases as soil pH increased which 

implies that at low pH (moderately acidic), there was 

availability of micronutrients and macronutrients such as 

Zn, B, Cu, Ca and N contents in the soil and this also 

implies that within allowable limits for conducive crop 

performance, increase in soil pH, soil N, Ca, Zn, B and Cu 

would increase grain yield. There was a negative and 

significant relationship between the grain yield and the 

protein content of the maize in that as grain yield increases 

the protein content of the grain decreased. This infers that 

the quantity of grain produced do not determine the quality 

of the maize. Increased crude protein, exchangeable 

acidity, pH and organic carbon contents of the soil and 

uptake in sodium, magnesium, zinc, boron and copper 

contents of the soil increased the content of grain N. The 

crude protein content of the maize increases as the organic 

carbon and pH contents of the soil increased with negative 

correlation with Na, B and Cu. This shows that increase in 

uptake of these nutrients from the soil will increase the 

crude protein contents of the maize. Lysine and tryptophan 

contents of the grain maize varieties are positively affected 

by N, Na, Cu contents of the soil and exchangeable 

acidity. This infers that the amino acids increase with soil 

N and shows that all protein fractions in the grain are 

reduced when N in the soil is limiting (Pixley and 

Bjamason, 1993).  

The increase in soil pH demonstrates a strong as sociation 

with phosphorus, sodium, zinc and boron contents of the 

soil while availability of zinc decreases as soil pH 

increases. Organic carbon and magnesium contents of the 

soil increased as soil pH decreases. This infers that pH of 

the soil was favorable to support the growth and yield of 

the maize since the pH of the soil was moderately acid 

while increase in acidity of the soil increase phosphorus 

contents of the soil. Increase in nitrogen, boron and copper 

contents of the soil takes place at decrease soil acidity. 

Phosphorus is positively and significantly correlated with 

potassium and negatively correlated with calcium. This 

indicated that increase in phosphorus increases the 

potassium content and decreased the calcium content of 

the soil. This is called calcium induced P.  K interacts with 

P and together they can interact with other nutrients in soil. 
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Table.3: Coefficient (r) between grain yield, other yield parameters and some chemical properties of the soil  

 G. yld TNg CP Lys Tryp pH Exacidity OC TNsoil AvP K Na Ca Mg Zn           B Cu 

G. yld 1.00                 

TNg -0.36** 1.00                

CP -0.36** 0.99** 1.00               

Lys -0.06 0.02 0.21 1.00              

Tryp 0.11 0.08 0.09 0.19** 1.00             

Ph 0.26* 0.20* 0.19* -0.07 -0.08 1.00            

Exacidity -0.11 0.14* 0.14* -.16** -.05* 0.30** 1.00           

OC -0.04 0.24** 0.24** 0.02 -0.02 -

0.14** 

-0.16 1.00          

TNsoil 0.19* 0.05 0.07 0.07* 0.15* -0.05 -0.22* 0.12 1.00         

AvP 0.05 0.03 0.03 0.09 -0.01 0.30** 0.34** 0.20** -0.01 1.00        

K -0.11 -0.05 -0.04 -0.04 0.13 -0.02 0.12 0.19* --0.05 0.27* 1.00       

Na 0.18 -0.16* -0.16* -

0.16** 

-0.08 0.17* -0.21 0.03 0.04 0.05 0.15* 1.00      

Ca 0.17** 0.01 0.01 -0.08 -0.00 -0.19 -0.06 -0.04 0.05 -

0.25* 

0.14 0.05 1.00     

Mg 0.04 -0.14* -0.15 -0.08 -0.03 -0.15* -0.12 -0.04 0.10 -0.24 0.10 0.03 0.80** 1.00    

Zn 0.24* -

0.38** 

-0.37 0.17 0.25 0.04* -0.04 -0.20* 0.04 -0.05 0.10 0.15 0.04 0.10 1.00   

B 0.49** -

0.41** 

-

0.40** 

-0.02 -0.10 0.16* -0.17* -0.17* -0.15* -0.09 0.03 -

0.01 

0.11 0.22** 0.29** 1.00  

Cu 0.31* -

0.44** 

-

0.45** 

-0.16* -

0.23* 

0.09 -0.15* -0.14* -0.07 -0.10 -0.03 0.10 0.03 0.14* 0.23** 0.38 1.00 

** = Significant at 5%   

* = Significant at 1%  

KEY G. yld–Grain yield   TNg—Total nitrogen in grain   CP—Crude protein   Lys--Lysine   Tryp—Tryptophan pH—pH soil  Exacidity  OC—Organic Carbon   

TNsoilAvP—Available phosphorus    Exch K   Exch Na  Exch.Ca    Exch Mg     Extrac Zn     Extrac B  Extrac Cu  
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IV. CONCLUSION 

The correlation analysis showed that all the yield 

parameters influenced grain yield positively and the grain 

yield increased as soil pH, total nitrogen, calcium, zinc, 

copper and boron contents of the soil increased. However, 

crude protein contents decreased with increase in grain 

yield indicating some elements of dilution of nutrients 

taken up as yield increased. Crude protein contents 

increased as totals soil N, pH, and organic carbon contents 

of the soil increased while lysine and tryptophan contents 

of the maize increased with N and K contents of the soil 

and was negative and significantly correlated with B and 

exchangeable acidity of the soil.  
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Abstract— Ondo State has the largest production of cocoa 

in Nigeria, cocoa pod on most cocoa plantation in the state 

are usually left as an environmental nuisance on the cocoa 

plantation. Effect of compost made from decomposing 

cocoa pod and animal dung on the yield of maize crop were 

investigated for nine weeks. Cocoa pods were decomposed 

using animal dung (poultry droppings, pig and cow dung) 

in ratio 3:1 of cocoa pod to each of the animal dung. Cocoa 

pod and poultry droppings mixture has the highest 

bacterial, fungal and yeast population of 2.6 x106 – 2.9 x 

106 (cfu/ml), 8.4 x105 – 9.2 x 105 (sfu/ml) and 4.0 x104 – 12.0 

x 104 (cfu/ml). It also had the highest moisture content 

(88.81%) and temperature (350C) among the composting 

materials. Fifteen bacteria and thirteen fungi were isolated 

during the decomposition; common microorganisms that 

occur throughout decomposition were Bacillus sp, 

Pseudomonas sp, Escherichia coli, Staphylococus aureus, 

Serratia Sp, Fusarium sp, Mucor sp, Tricoderma sp, 

Aspergillus sp, Cladosporum sp and Neurospora sp. The pH 

of decomposing samples ranged from 6.10 to 7.81 at the 

initial stage of decomposition and pH of 7.79-9.07 at 

maturity of the compost. Poultry cocoa compost has the 

highest NPK (nitrogen, phosphorus and potassium) content 

of 1.345, 7.955 and 23.016 (mg/kg) respectively. 

Experimental setup was carried out in the field and in the 

screen house which the cocoa pod compost and NPK 

fertilizer was use to plant yellow and white maize. The 

compost fertilizer had a better better output than the NPK 

fertilizer. Height-350cm, grithy-8cm, cob-15 (big and 

strong) colour of maize plant (deep green leaves) while 

height-320cm, grith -4cm, cob-10 (small and colour of 

maize plant (greenish yellow leaves) for the cocoa compost 

and NPK fertilizer respectively were at the field Cocoa pod 

and poultry droppings mixture has the highest of the yellow 

and white maize (136cm and 126cm) respectively while the 

NPK sample has the lowest height of 55cm and 50 cm 

respectively of  yellow and white maize. 

Keywords— Microorganisms, Composting, Decomposition, 

Cocoa pod wastes, Occurrence, screen house and NPK 

fertilizer. 

 

I. INTRODUCTION 

Composting occurs through the activity of microorganisms 

naturally found in soils. Under natural conditions, 

earthworms, nematodes and soil insects such as mites, 

sowbugs, ants, and beetles do most of the initial mechanical 

breakdown of organic materials into smaller particles. 

Under controlled conditions, composters break down large 

particles through grinding or chopping. Once optimal 

physical conditions are established, soil bacteria, fungi, 

actinomycetes and protozoa colonize the organic material 

and initiate the composting process. These mesophilic 

organisms function best at warm temperatures (10-450C) 

[1]. Poultry droppings are the feces of chickens used as an 

organic fertilizer, especially for soil low in nitrogen. Of all 

animal manures, it has the highest amount of nitrogen, 

phosphorus, and potassium [2].Cacao (Theobroma cacao.L) 

belongs to the genus Theobroma classified under the 

subfamily Sterculioidea of the mallow family Malvaceae [3]  

A cocoa pod (fruit) has a rough and leathery rind about 3 

cm thick (this varies with the origin and variety of pod). It is 

filled with sweet, mucilaginous pulp enclosing 30 to 50 

large seeds that are fairly soft and white to a pale lavender 

color. While seeds are usually white, they become violet or 

reddish brown during the drying process  [4]. The animal 

dung added to cocoa pod is to serve as a booster which 

hastens the rate of decomposition of the pod waste, both 

serves as carbon and nitrogen sources decomposing 

microorganisms in the production of the compost [5]. The 

aims of this research therefore are determination of 

microbial population, microbial identification, and 
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frequency of occurrence of microorganisms that 

decomposed the wastes. Moisture content, pH and 

temperature of the composing materials during 

decomposition are also examined. 

 

II. METHODS 

2.1 Sources and collection of materials  

The organic waste used for the production of the 

biofertilizer was cocoa pod waste and animal dung which 

were poultry droppings, cow and pig dung. The cocoa pod 

waste was obtained from Ajipowo Farm at Idanre in Ondo 

State and the animal dungs were collected from an 

agricultural farm at Oba-Ile, Akure. The decomposition of 

the organic wastes was carried out at the screen house using 

the windrow method. 

2.2 Compost preparations: The pod wastes was cut to 

smaller pieces of 5cm breadth and length and five samples 

were made of the decomposing materials formations which 

were mixed in 3:1 according to the research of [6]. Each 

sample contains 25kg of cocoa pod waste and 8.3kg of 

animal dung. The samples were mixed as follows; cocoa 

pod waste and poultry droppings, cocoa pod waste and pig 

dung, cocoa pod waste and cow dung and cocoa pod waste 

and combination of each of the animal dung. The pod waste 

and the animal dung of each of the samples were mixed 

thoroughly together and watered, turning of the compost 

was done every five days using shovel for nine weeks. 

2.3 Microbial and physiochemical analyses  

Microbial identification was determined on each organic 

waste to be decomposed. Microbial load, pH, temperature 

and moisture content were carried out at the first week of 

decomposition and throughout the period of decomposition 

(nine weeks) on a weekly basis [6]. The temperature of the 

decomposing materials was measured using Mercury 

thermometer graduated in degree centigrade. The pH of the 

decomposing materials was determined at the first week of 

decomposition and at the subsequent weeks. The pH was 

determined using a glass electrode pH meter. The 

microorganisms which were mainly bacteria, fungi and 

yeast were isolated using nutrient agar, marconkey agar, 

eosin methyl blue and potato dextrose agar. Samples were 

collected from decomposing materials using sterile spatula 

into a sterile beaker and sealed tightly prior to microbial 

analyses. Bacteria were isolated and identified according to 

[7]. 

2.4 Experimental sites: The experimental sites was used 

for these research to observe the effects of the cocoa 

compost samples produced White and Yellow maize grains 

was planted on the field and the Screen house. At the Field 

Yellow (SWAN 1) and white (DMRLSR WHITE) maize 

grains was planted. The treatments applied were Yellow and 

white maize grains planted with each of the various 

treatments. At the Screen house, Soil was taken from the 

field and were sterilized at 1800C for 3hrs in an Hot air 

oven and when cooled, Mineral analysis of the sterilized 

soil was determined before using it to plant, 1kg of the 

sterilized soil was poured into buckets and labeled 

according to the treatments to be applied. Five grams of 

each treatment were applied into each labeled buckets and 

the Yellow (SWAN 1) and White (DMRLSR WHITE) 

maize grains were planted for four weeks. 

2.5 Field management and planting: Three seeds of the 

Yellow and White maize grains were planted per hole to a 

depth of 3-4cm at 60cm intra space and 90cm inter space; 

each samples of the cocoa compost were incorporated in to 

the soil as labeled on the rows. Nitrogen, Phosphorous and 

Potassium (NPK) fertilizer was applied at the fourth week 

of planting for planting on the field and at the second week 

of planting in the screen house NPK fertilizer was also 

applied. Height of each plant on the field and the screen 

house were measured weekly and recorded using measuring 

rule. 

 

III. RESULT/ DISCUSSION 

The bacterial, fungal and yeast population of the 

composting materials as illustrated in Figures 1, 2 and 3 

show the population of the various samples, control (cocoa 

pod waste only), cocoa pod and pig dung, cocoa pod and 

poultry droppings, cocoa pod and cow dung and cocoa pod 

and combination of all the animal dung. In all the samples 

there was a general rapid increase in the microbial 

population from the first week of decomposition to the 

third, from fourth till maturity, there was a decrease in the 

microbial population. 

Bacterial population of the various samples (Figure 1) 

ranged from 2.2 x 106 to 1.5 x 106 (cfu/ml) from the Al 

sample to the Po sample. Fungal population (Figure 2) of 

ranged from 7.8 x 105 sfu/ml to 3.8 x 105 sfu/ml from the Al 

sample to the Po sample. Yeast population (Figure 3) 

ranged from 12 x 104 to 3 x 104 (cfu/ml) from the Al sample 

to the Po sample. Yeast growth was observed only at first 

three weeks, at the later weeks of decomposition there was 

no growth. Cocoa pod and poultry droppings mixture has 

the highest bacterial, fungal and yeast population of 2.6 

x106 – 2.9 x 106 (cfu/ml), 8.4 x105 – 9.2 x 105 (sfu/ml) and 

4.0 x104 – 12.0 x 104 (cfu/ml). Percentage frequency of 

occurrence of the bacteria, fungi and yeast isolated during 

decomposition as represented in Tables 1 and 2. Among the 

bacterial population, Bacillus sp and Echerichia coli has the 

highest percentage frequency of occurrence of 11.7% while 
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Micrococcus sp and Lactobacillus sp has the lowest of 2.6% 

and among the fungal population Aspergillus flavus and 

Fusarium sporotrichoides has the highest percentage 

frequency of occurrence of 11.1% while Pennicillum 

notatum has the lowest of 2.5%. 

Weekly moisture content of the decomposing materials 

during decomposition is shown in Figure 4. The moisture 

content of the samples was considerably high in the first 

four weeks of decomposition after which it decreased 

gradually in the later weeks. The cocoa pod and 

combination of all the animal dung (Al sample) had the 

highest moisture content of 86.06c±0.01 to 82.75d±0.11 at 

the first to third week of decomposition. The control (cocoa 

pod only) had the lowest moisture content of 74.36a±0.02 to 

63.40b±0.10 from the first to ninth week of decomposition. 

The cocoa pod and poultry dropping sample had the lowest 

moisture content of 61.99a±1.14 at the ninth week of 

decomposition. The pH of the various decomposing 

materials (Figure 5) was relatively low at the early weeks of 

decomposition (week 1 to 6) and was alkali at latter weeks. 

The control (cocoa pod only) had highest acidic pH of 6.10-

6.08 at the first and second week of decomposition. The 

cocoa pod and poultry dropping (Po sample) had a neutral 

of 7.26-7.08 at the first and second week of decomposition. 

At the maturity of the biofertilizer the pH of the various 

samples are alkali and control has the highest alkali pH of 

9.07. 

There was a general rise in temperature of the sample 

(Figure 6) in the first three weeks of decomposition and 

decreased gradually until maturity. Cocoa pod and poultry 

droppings had the highest temperature of 35oC on first 

weeks of decomposition to 27oC at maturity while control 

which is only cocoa pod waste had the lowest temperature 

of 29oC at the first week of decomposition to 27oC at 

maturity. Mineral composition of the matured biofertilizer 

as presented in Table 3 shows the mineral composition of 

each of the biortilizers samples. Poultry biofertilizer has the 

highest NPK (nitrogen, phosphorus and potassium) content 

of 1.345, 7.955 and 23.016 (mg/kg) respectively. 

Result and Discussion 
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Keys:+-Present , --Not detected, TN-Total number of  isolate (77), IS-Probable organisms, A- Bacillus sp, B- Micrococcus 

sp, C- Pseudomonas sp,  D- Bacillus sp, E- Lactobacillus sp, F-Proteus sp G- Escherichia coli, H- Salmonella sp, I- Bacillus 

sp J- Actinomyces  sp, K- Enterobacter  sp, L- Staphylococcus sp,  M- Pseudomonas sp,  N- Serratia sp and O- Klebisella sp. 

 
Keys: +-Present , --Not detected, TN-Total number of  isolate present(81),  IS-Probable organisms. A- Fusarium 

sporotrichoides, B-  Mucor mucedo, C-Tricoderma viride, D- Aspergillus flavus, E-Articulospora inflata, F- Cladosporium 

species,G- Rhizopus nigiricans, H-Aspergillus niger, I- Aspergillus fumigatusJ- Penicillum notatum, K- Neurospora crassa, 

L- Geonabotobotryum apiculatum, M- Penicillum italicum, N- Sacchromyces cerevisae, O-Schizosacchromyces pombe 
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In all the samples (Figures 1 - 3) there was general increase 

in the bacterial, fungal and yeast population at the early 

weeks of decomposition from the first week of 

decomposition (week 1-4) and at the later weeks there was a 

decrease in the microbial population. The initial increase 

might be due to the presence of high level of carbon and 

nitrogen present in the composting materials which favour 

the bacterial, fungal and yeast population. The decrease in 

the microbial population at the later weeks might be 

attributed to low level of nutrient present in the compost 
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due to the utilization of the nutrients by the microorganisms 

in the compost pile and the physicochemical parameters of 

the composing materials might not favour the increase in 

growth of these microorganisms at maturity (Hargerty et al. 

(1999). Among all the composing samples cocoa pod and 

poultry droppings sample has the highest bacterial, fungal 

and yeast population during decomposition, this might have 

resulted from high level of nutrient present in the poultry 

dropping which was higher than other nitrogen sources 

used. 

The percentage frequency of occurrence (Tables 1 and 2) of 

the bacteria, fungi and yeast isolated during decomposition, 

showed the microorganisms with the highest frequency of 

occurrence were Bacillus sp Echerichia coli, Aspergillus 

flavus and Fusarium sporotrichoides of 11.7%, 11.7%, 

11.1% and 11.1% occurrence respectively while 

Micrococcus sp, Lactobacillus sp and Penicillium notatum 

has the lowest percentage frequency of occurrence of 2.6%, 

2.6% and 2.5% respectively. This probably could have been 

aided by the ability of these microbes to be able survive 

mesophilic range of temperature, the near fairly neutral to 

alkaline pH of the compost system and the moderately high 

moisture content of the compost system this agrees with 

Blanc et al., (1997). The pH of the various samples (Figure 

4) was neutral at the first week to the sixth week of 

decomposition and at the later weeks was alkali. At the 

early stage of the decomposing materials the release of 

organic acid may temporarily lower the pH (acidity) and 

production of ammonia from nitrogenous compounds may 

raise the pH (alkalinity) (Haug and Roger, 1994). There was 

a general rise in temperature of the samples of composing 

materials (Figure 6) in the first three weeks of 

decomposition and decrease gradually until maturity. The 

mineral composition of the various samples of the matured 

cocoa compost (Tables 4) showed a high level of nitrogen, 

phosphorus and potassium content. Poultry cocoa compost 

has the highest NPK (nitrogen, phosphorus and potassium) 

content. 

 

IV. CONCLUSION 

Production of high quality humic substances from cocoa 

pod using various animal wastes as a booster was enhanced 

by activities of microorganisms, the physiochemical 

condition and chemical composition of the organic 

materials. Proper moisture, correct carbon to nitrogen ratio, 

frequent aeration ensures early maturity of the coca 

compsot. The organic materials used in the cocoa compost 

production process were converted to rich humic 

substances; hence an excellent waste recycling process and 

most importantly will help to substitute the use of chemical 

fertilizer which has altered most agricultural farmlands. The 

poultry droppings and cocoa pod has the best output when 

used for planting than the other animal dungs.  
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Abstract— Used engine oil is a petroleum or synthetic oil 

that has been used and as a result of such use, is 

contaminated by physical and chemical pollutants. These 

pollutants are harmful to humans, animals and plants 

following exposure. Evaluation of the effectiveness of fungi in 

bioremediation of used engine oil (UEO) contaminated soil 

was investigated. Fungi were isolated from soil samples 

obtained from automobile workshops in Mgbuka-Nkpor, 

Nigeria. The isolates were screened for UEO biodegradation 

potentials in mineral salt broth. They were identified using 

the cultural and microscopic characteristics and confirmed 

using the 18SrRNA gene sequence. The effectiveness of the 

isolates in bioremediation of UEO contaminated soil was 

also investigated using bioaugmentation technique. A total of 

8 fungal isolates were obtained from this study. Two that 

showed the highest extent of biodegradation of UEO in the 

screen flasks were identified and confirmed as Candida 

tropicalis and Aspergillus clavatus. At the end of the 

experimental period, oil contaminated soil inoculated with 

the mixed culture of the isolates (C. tropicalis and A. 

clavatus) showed the highest reduction in concentration of 

UEO (95.42%). Higher biodegradation rate and shorter half-

life of total petroleum hydrocarbon (TPH) was observed in 

soil microcosm containing the isolates, when compared to 

the uninoculated control. Therefore fungi such as C. 

tropicalis and A. clavatus isolated from automobile 

workshops can facilitate the bioremediation of UEO 

contaminated soil. 

Keywords— Aspergillus clavatus, bioremediation, 

bioaugmentation, Candida tropicalis, used engine oil. 

 

I. INTRODUCTION 

The petroleum hydrocarbons are hazardous to various 

forms of terrestrial and aquatic life like fish, bird and human, 

and are also carcinogenic, mutagenic and potentially 

immunotoxigenic [1]. Indiscriminate disposal of used engine 

oil into gutters, water drains, open vacant plots and 

farmlands, has led to contamination of soil with 

hydrocarbons, resulting in serious hazardous effects to 

human health, animals and plants, as well as  pollution of 

groundwater, which has limited its use. The traditional 

physical and chemical treatment approaches to clean up the 

petroleum hydrocarbons are expensive and appear ineffectual 

as they do not lead to complete mineralization, and awfully 

can produce toxic byproducts or residues. In contrast, as an 

innovative and eco-friendly strategy, bioremediation 

involving microbial agents, such as protozoa, bacteria, fungi, 

plants offers successful alternatives to clean-up the petroleum 

pollution [2]. Biological methods can have the edge over 

these treatments in removing oil spills. Bioremediation 

technology is a safe, economical, more efficient, reliable 

method that is harmless and ecofriendly [3, 4].  

Many microorganisms such as bacteria, fungi, and 

yeast use their enzymatic activity to utilize hydrocarbons as a 

sole carbon source [4, 5, 6]. Among fungal bioremediating 

agents, mold species of Aspergillus, Penicillium, Fusarium, 

Amorphoteca, Paecilomyces, and Talaromyces, and yeast 

species of Candida, Yarrowia, and Pichia have been 

recognized in hydrocarbon degradation and its derivatives [7, 

8]. Fungi have advantages over other microorganisms in that 

they produce classes of enzymes that can interact with 

several types of polycyclic aromatic hydrocarbons with a 
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fairly high degree of non-specific activity. Fungi are also 

tolerant to high concentrations of recalcitrant compounds and 

are able to flourish in extreme conditions. Some recent 

studies have reported the use of a mixed population of fungal 

strains that could enhance biodegradation efficiency, 

especially on high concentrations of oil [6, 9].  

Bioaugmentation is an approach that involves 

introduction of microorganisms that possessed 

biodegradation potentials into the contaminated environment 

to assist the indigenous microbes with biodegradative 

processes [10]. Bioaugmentation has several advantages over 

other techniques [11]. When a specific microbial population 

is injected, the degradation process can start immediately, 

while biostimulation, for instance, involves a delay after 

injection of nutrients as the microbial population propagates 

and also nutrient are not specific, so that all microbes will 

potentially propagate, diluting the effect of the nutrients [11]. 

The present study aims to evaluate the effectiveness of fungi 

C. tropicalis and A. clavatus in bioremediation of used 

engine oil contaminated soil us ing bioaugmentation 

technique. 

 

II. MATERIALS AND METHODS 

2.1 Collection of Samples 

Soil samples were collected randomly using a pre-

cleaned hand scoop at a depth of 0 – 3cm from 3 automobile 

workshops at Old Motor Spare Parts popularly called 

Mgbuka-Nkpor (6o9’N 6o50’E), Nigeria. Uncontaminated 

soil samples were also collected randomly from a fallow plot 

of land about 100m from contaminated sites, and placed in a 

sterile container. Used engine oil (UEO) used in this study 

was collected direct from the engine of 911 Lorry [12, 13] at 

Mgbuka-Nkpor. Samples were transported in cold storage 

container to the Microbiology Laboratory of the National 

Agency for Food and Drug Administration and Control 

(NAFDAC), Agulu, Nigeria, for analysis. 

 

2.2 Isolation of fungi from used engine oil contaminated 

soil 

The mold Aspergillus sp and yeast Candida sp were 

isolated from the soil samples obtained from automobile 

workshops (at Mgbuka-Nkpor, Nigeria) on mineral salt 

medium of Zajic and Supplission [14], with composition 

(g/L); K2HPO4, 1.8; KH2PO4, 1.2; NH4Cl, 4.0; MgSO4.7H2O, 

0.2; NaCl, 0.1; FeSO4.7H2O, 0.01 and agar, 15 g. Fifty 

micrograms per millilitre (50µg mL-1) of each of penicillin G 

and streptomycin was incorporated into the medium to 

inhibit interfering bacteria. The medium pH was adjusted to 

5.5. The whole preparation was autoclaved, distributed into 

sterile petri dishes and allowed to solidify. One gramme of 

the homogenized soil sample was measured into 9 ml of 

sterile distilled water in a test tube and swirled gently. 1ml of 

the sample was pipetted and serially diluted up to 10-3 

dilution. 0.1ml of the sample from the 10-2 and 10-3 dilutions 

were transferred onto the surface of a freshly prepared 

mineral salt agar using the spread plate technique [15]. A 

Whatman No. 1 filter paper saturated with sterilized used 

engine oil was placed inside the lid of the plates. The plates 

were incubated at 28oC for 7 days. Each distinct colony on 

oil degrading enumeration plates were purified by repeated 

sub culturing onto the surface of a freshly prepared 

Sabouraud Dextrose Agar (SDA) (Merck, Germany) plates to 

obtain pure cultures of the isolates. The pure cultures were 

maintained on SDA slants. 

 

2.3 Screening test for UEO biodegradation potentials of 

the fungal isolates 

The isolates were screened for used engine oil 

biodegradation potentials on mineral salt broth using the 

method of Olajide and Ogbeifun [16], with determination of 

pH and total viable count at time intervals as biodegradation 

indices. The residual hydrocarbon was also determined at 

time interval using the Spectrophotometric method [17]. 

 

2.4 Identification of the isolates 

The cultural characteristics of the pure isolates on 

SDA were noted, and the microscopic features were observed 

using the wet mount and the microslide culture technique 

with reference to the Manual of Fungal Atlas [18, 19]. The 

isolates were also confirmed using 18S rRNA gene sequence. 

 

2.5 Evaluation of the effectiveness of the isolates in 

bioremediation of UEO contaminated soil. 

To evaluate the effectiveness of the isolates in 

bioremediation of UEO contaminated soil, soil microcosms 

were prepared in 250 ml Erlenmeyer flask using mineral salt 

broth. One hundred grammes (100g) of the uncontaminated 

soil samples were added into 60ml of mineral salt broth in 

250 ml Erlenmeyer flask. The slurries obtained were spiked 

with 5g of sterile UEO simulating a soil contamination 

corresponding to 50,000 mg kg-1 soil.  

Bioaugmentation was carried out by inoculating 10 

ml of standard inocula (OD = 1.0) of each of the pure and 

mixed culture of the isolates (C. tropicalis and A. clavatus) 

into the flasks. Treatment with only soil and UEO served as 

control 1. Additional control 2 was also set up which 

contained autoclaved soil and sterile UEO to monitor abiotic 

loss of oil in the oil-contaminated soil. The flasks were 
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incubated in triplicate in an Orbital Shaker at 120 rpm and 

28oC for 56 days. The total petroleum hydrocarbon (TPH) 

content of the flasks was determined at 0, 14, 28, 42 and 56 

days, using Spectrophotometric method [17]. TPH data were 

fitted to the first-order kinetic model [20]: 

C = Coe-kt,   where C is the hydrocarbon content in soil (mg 

kg-1) at time t, Co is the initial hydrocarbon content in soil 

(mg kg-1), k is the biodegradation rate constant (day-1), and t 

is time (day). The model estimated the biodegradation rate 

and half-life of hydrocarbons in soil relative to treatments 

applied. Half-life was then calculated from the model of 

Yeung et al. [21]. Half-life = ln (2)/k, where ln (2) is the 

natural logarithm of 2 (approximately 0.693). 

The effectiveness of the isolates in remediation of 

used engine oil contaminated soil was also determined by 

calculating the net percentage loss of TPH in the oil 

contaminated soil, using the formula: Net % loss = % loss of 

TPH in soil microcosm inoculated with the isolates - % loss 

of TPH in uninoculated soil microcosm (ie. control 1). 

 

2.6 Statistical Analysis  

Data were analysed and presented as mean ± standard 

deviation (SD) of three replicates. The Student’s t-test was 

used to test the significance of difference between the mean 

values. A statistical package for social sciences (SPSS) 

software was used for statistical analysis in this study and 

test for significance between means was implied at P = 0.05 

level.  

 

III. RESULTS 

3.1 Isolation and screening of UEO degrading fungi 

A total of eight hydrocarbon utilizing fungi (labeled 

A-H) were isolated from soil samples obtained from used 

engine oil contaminated soil. The relationship between pH, 

TVC and oil loss were shown in Figures 1 to 3. Generally, a 

decreasing trend in pH was observed in the experimental 

flasks within the incubation period, with a concomitant 

decrease in hydrocarbon levels, as growth (TVC) increases. 

However, the decreasing trend in pH was more evident in the 

experimental flasks containing isolate A and D (Fig. 1). 

Moreover, there was an increase in total viable count (TVC) 

from 0 to 12 days, with a slight decrease on the 16th day (Fig. 

2), in all the experimental flasks. The hydrocarbon losses 

were higher (> 70 %) in the flasks containing isolate A and D 

while the hydrocarbon losses in  the flasks containing isolates 

B, C, E, F, G and H, were lower (< 70 %) within the 

experimental period (Fig. 3). In the control flasks, no growth 

was observed within the experimental period, with no 

significant oil loss and pH change (Figs. 1 to 3). Based on 

these observations, isolates A and D were selected for further 

studies. 

3.2 Identification of the isolates 

Based on their cultural and microscopic 

characteristics, isolate A was identified as yeast belonging to 

the genus Candida sp while isolate D was identified as mold 

belonging to the genus Aspergillus sp. To confirm the results 

of the cultural and microscopic identification of the isolates, 

the 18S rRNA gene sequence of the isolates were 

determined. Database comparism using BLAST program 

revealed that the yeast isolate had a high similarity of 98 % 

with those of Candida tropicalis. However, the mold isolate 

had 100% similarity with those of Aspergillus clavatus. The 

expected values (E-value) for the isolates are zero. 

 

3.3 Evaluation of the effectiveness of the isolates in 

bioremediation of UEO contaminated soil. 

3.3.1 Biodegradation of used engine oil contaminated soil 

The level of biodegradation of used engine oil 

throughout the experimental period is shown in Figure 4. 

There was a rapid reduction in the TPH within the first 14 

days of the study in the soil microcosm inoculated with the 

pure and mixed culture of the isolates compared to the 

uninoculated control. At the end of the experimental period 

(56 days), oil contaminated soil inoculated with the mixed 

culture of the isolates (C. tropicalis and A. clavatus) showed 

the highest reduction in concentration of used engine oil 

(95.42 %). This was followed closely by 90.63 and 90.42 % 

reduction in soil microcosm inoculated with the pure cultures 

of A. clavatus and C. tropicalis, respectively. Uninoculated 

control 1 showed 54.17 % reduction at the end of the 

experimental period. Moreover, there was 4.0 % abiotic loss 

in the autoclaved soil containing sterile used engine oil (i.e., 

control 2) at the end of the experimental period. 

 

3.3.2 The Net Percentage (% ) Loss of TPH in Soil during 

Bioremediation 

As shown in Table 1, the highest net percentage loss 

of TPH was observed at 14 day in the soil microcosm 

containing the pure and mixed culture of the isolates. 

However, it was observed that the net percentage loss of TPH 

in soil inoculated with both the pure and mixed culture of the 

isolates decreased from 14 day throughout the experimental 

period. Moreover, the net percentage los s in soil inoculated 

with the mixed culture of the isolates was higher throughout 

the experimental period (from 14 to 56 days), when 

compared to the single cultures. 
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3.3.3 Biodegradation Rate Constant and Half-Life 

Table 2 shows the biodegradation rate constant (k) and 

half-life (t1/2) for the different soil microcosms within the 

experimental period. Soil inoculated with the mixed culture 

of the isolates showed the highest biodegradation rate (day -1) 

and lowest half-life (days), while the uninoculated soil 

(control) showed the lowest biodegradation rate (day -1) and 

highest half-life (days). 

 

IV. DISCUSSION 

The species of some of the isolates used in this study 

have earlier been reported as hydrocarbon degraders  [22]. 

George-Okafor et al. [8] reported the isolation of Aspergillus 

spp., Syncephalastrum spp., Trichoderma spp., Neurospora 

sitophila, Rhizopus arrhizus, Mucor spp. and yeast species of 

Candida, Yarrowia, and Pichia from petroleum contaminated 

soil.  

The decreasing trend in pH observed during the 

screening test in this study could be as a result of 

mineralization of hydrocarbons in used engine oil by the 

isolates. This was in agreement with the findings of Olajide 

and Ogbeifun [16], who reported a decreasing trend in pH 

during hydrocarbon degradation by Proteus vulgaris. Sepahi 

et al. [23] reported that microbial degradation of 

hydrocarbons often leads to production of organic acids, thus 

the organic acids probably caused the reduction in pH. 

The increase in the growth (TVC) of the isolates in the 

media containing used engine oil could be attributed to the 

ability of the organisms to utilize UEO as a sole source of 

carbon. It could also be that the cultural condition was 

adequate for the growth of the organisms. This was in 

agreement with the findings of Vanishree et al. [24] who 

reported that several fungal isolates such as Fusarium solani, 

Fusarium oxysporium, Trichoderma viride and Aspergillus 

niger cultured in mineral salt medium (MSM) at pH 5.5 

showed good growth. The decrease in the growth of the 

isolates on the 16th day could be due to the decrease in pH 

level. It could be that the pH became too acidic for the 

organisms to thrive. It could also be as a result of decrease in 

substrate (UEO) used by the organisms as a sole source of 

carbon and energy. The findings of Obire and Nwaubeta [25] 

who reported an initial gradual increase in the bacterial 

population following the application of petroleum 

hydrocarbon but a decline as the biodegradation progress ed 

supports this explanation. Similarly, Akpoveta et al. [17] 

reports that hydrocarbon degrading fungi increased within 

the first seven days from 2.16 x 104 cfu/g to 11.1 x 104 cfu/g 

and decreased progressively to 1.5 x 104 cfu/g within the next 

four weeks. A decrease in substrate will therefore result in a 

drop in the population of oil-degraders. 

The higher net percentage (%) loss of TPH in UEO 

observed in the soil microcosm inoculated with the mixed 

culture suggested that the isolates could co-exist with no 

adverse effect and possibly have a synergy, which may be 

responsible for the higher net % loss of oil observed in this 

study. The advantages of employing mixed cultures have 

been reported [26, 27]. Ghazali et al. [28] reported that some 

species are able to remove the toxic metabolites that prohibit 

the activities of the other species. Then it is possible that the 

other species degrade complex compounds totally. 

High biodegradation rate and low half-life observed in 

soil microcosm inoculated with the mixed culture of the 

isolates could be attributed to the high net loss (%) of TPH 

throughout the experimental period. However, the higher 

biodegradation rate and lower half-life observed in soil 

microcosm inoculated with both the single and mixed culture 

of the isolates compared to the uninoculated control could be 

due to the previous exposure of the isolates to soil 

contaminated with UEO. It was speculated that native strains 

of oil contaminated soil already shaped by selective pressure, 

could take advantage with respect to sensitive strains in 

accomplishing biodegradation of hydrocarbon polluted 

environment. This way, they could help to overcome an 

important limitation in bioremediation applications such as 

the toxic effect of petroleum hydrocarbons, which inhibit 

biodegradation process [29]. 

 

V. CONCLUSION 

Bioaugmentation with the fungal isolates enhanced the 

remediation of used engine oil contaminated soil as reflected 

in the biodegradation constant and half life of the total 

petroleum hydrocarbon observed in the soil microcosm 

containing the isolates, when compared to the uninoculated 

soil microcosm. This bioaugmentation strategy may 

contribute to overcome a critical bottleneck of the 

bioremediation technology. Finally, fungi such as C. 

tropicalis and A. clavatus, isolated from automobile 

workshops can efficiently facilitate the bioremediation of 

used engine oil contaminated soil. 
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Fig..1: Changes in pH with time during utilization of UEO by the isolates. Bars indicate the average of triplicate samples while 

the error bars shows standard deviation (±SD). 
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Fig.2: Changes in total viable count with time during utilization of UEO by the isolates . 

 

 
Fig.3: Changes in total petroleum hydrocarbon with time during utilization of UEO by the isolates. 
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Fig.4: Residual total petroleum hydrocarbon in soil during bioremediation  

 

Table.1: Net percentage (%) loss of TPH in soil during bioremediation  

Microcosm set up 
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B 
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0 

67.27±0.13 

66.86±0.26 
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44.81±0.44 

43.27±2.23 

43.48±0.69 

45.34±0.39 

36.27±0.96 

36.46±0.44 

41.25±0.32 

 

A = Soil + UEO + MSM + C. tropicalis, B = Soil + UEO + MSM + A. clavatus, C = Soil + UEO + MSM + C. tropicalis + A. 

clavatus. Net % loss = % loss of TPH in inoculated soil microcosm - % loss of TPH in uninoculated soil microcosm (control 1). 

 

Table.2: Biodegradation rate and half-life of TPH in oil-polluted soil 

Microcosm set up Biodegradation constant (k) day-1 Half-life (t1/2) days 

A 

B 

C 

D 

0.2295±0.013b 

0.2303±0.009b 

0.3013±0.029b 

0.0553±0.004b 

3.02 

3.01 

2.30 

12.53 

 

A = Soil + UEO + MSM + C. tropicalis, B = Soil + UEO + MSM + A. clavatus, C = Soil + UEO + MSM + C. tropicalis + A. 

clavatus, D = Soil + UEO + MSM. Values followed by letter b are different significantly at P < 0.05 level. 
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Abstract— The objective of this study was to investigate the 

effect of composites of extracts of Piper guineense seed on 

Callosobruchus maculatus using the mixture experimental 

design of the response surface methodology 

(RSM).Callosobruchus maculatus damages stored legumes 

and grains resulting in huge agronomic and economic losses. 

Synthetic chemical insecticides is currently in useto check the 

wastage despite their known toxicity to man and the 

environment. Efforts to find  alternatives to chemical 

synthetic insecticides has spotted Piper guineenseas a 

promising alternative candidate but less work has been done 

on its preparation and formulation for optimum activity . 

Fresh Piper guineenseberry was harvested from Essien Udim 

Local Government Area, of Akwa Ibom State, it was dried in 

the sun to moisture content of about 14% and ground to pass 

through 100 mesh sieve. The ground seed was extracted with 

ethanol and concentrated to obtain a slurry. Single blends of 

aqueous, ethanolic, acetone extracts of Piper guineense seed 

showed increasing insecticidal potency on the testinsect than 

binary blends.The model of dead insect was significant 

(R2=0.9931, Mean=68.69), bean damage was significant 

(R2=09786, Mean 63.46). Optimization analysis of 

experimental data revealed that 0.09, 0.437, 0.473 

proportions of aqueous, ethanolic, and acetone extracts of 

Piper guineense seed respectively produced 95% and 31% 

dead insects and bean damage respectively at a desirability 

level of 76.80%.Result of the study shows that composites 

extracts of Piper guineense seeds could be a useful controller 

of stored maize. 

Keywords— Mixture experimental design, blends, 

Callosobruchus maculatus, PiperguineenseSchum. 

Et.Thonn. 

 

I. INTRODUCTION 

Callosobruchus maculatus infestation is a major 

contributor to qualities  deterioration of stored cowpea, 

(Vigna anguiculata), ‘black eye’. According to [1], the insect 

infestation causes considerable physical and nutritional and 

agronomic losses on the product, with negative impact on the 

economy and a threat to food security [2-3]. Cowpea is a 

tropical crop of the Fabaceae family, and is almost a staple 

food for both the poor and the rich households [4-6] reports 

that cowpea is rich in protein, fat, minerals and vitamins and 

affordable especially by the low income households and very 

easy to prepare with high taste profile[7]. About 12.5million 

hectares of cowpea is cultivated worldwide; yielding well 

over 3million tones of beans annually.  The crop has been 

described as a ‘wonder’ crop of Nigeria agriculture [8-9]. 

At emergencies of insect infestation, farmers and 

food processors use synthetic chemical insecticides ; 

aldrin/diedrin, chlordane, endrin and DDT to protect stored 

cowpea [10] Synthetic insecticides are chemicals that are 

purposely applied to suppress and protect agricultural and 

industrial products from the damaging action of insects and 

pests[11-12,10]. Although, synthetic insecticides exhibit high 

insecticidal potency and good prediction of insecticidal 

action against the weevil [13-15] they are toxic to the 

environment [16-19] because they have high persistence at 
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the point of application, insecticidal residues have been 

implicated in food poisoning and related health effects  [20-

21]. In order to avert the problems of synthetic chemical 

insecticides are being investigated [22-24]. Bioinsecticides 

are eco-friendly and most of the plants used for their 

development have been used for food preparation and in folk 

medicine without reported adverse effect on human 

health[25,26,24,10]. 

Piper guineense is one of the outstanding potential 

candidate for use in bioinsecticides [27], the presence of 

phytochemicals like monoterpenic, sesquiterpenes 

nepetalactone confer the virtue on the plant seed. 

Bioinsecticides would be preferred to the synthetic 

counterpart because it is cheap, available, effective, 

environmentally friendly and renewable [27-29,19,24]. 

The study used the mixture experimental design to 

determine the optimum formulation of bioinsecticides 

fromaqueous, ethanol, and acetone extracts  of P. 

guineenseagainst Callosabruchus maculatus. 

 

II. MATERIALS AND METHODS 

Piper guineense seed was obtained from Utu Ikot 

Ukpong, Essien Udim Local Government Area of Akwa 

Ibom State, Nigeria. Young cowpea weevils were obtained 

from Akwa Ibom State Agricultural Development 

Programme (AKADEP) Office, Ikot Ekpene.Distilled water, 

ethanol, acetone were of analytical grade.  

Preparation of plant product extracts 

P. guineense was soaked and bruised between the 

palms to remove the berries, the seeds were separated from 

the fruit and dried, blended with Super-Master food blender 

(No.1,  Japan) to pass through 300µm sieve. The granulated 

plant product was divided into 3 groups. Each group was 

extracted with distilled water, ethanol and acetone under 

refluxed with reflux system (Model No. 1220, Germany) for 

4 hours named, the different extracts were labeled;  A, B, and 

C and stored in different 100ml capacity bottles for use 

 

Experimental design: background 

 The mixture experimental design is a flavour of 

response surface experiment in which the characteristics of 

the mixture is a function of the proportions of each 

component [30]. These proportional amounts of each 

ingredient may be measured by weight, volume, and mole 

ratio. The components in a mixture experimental design 

assume equations 1 and 2, where the components add up 

mostly to unity (1 or 100%). 
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 = 1 = 100%     1 

Xj = 1.0 - 
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Thesimplex-lattice flavour of the design consists of 

equal proportions of  0, 1/3, 2/3, and 1 for common aqueous 

extract (A), ethanol extract (B) and acetone  extract (C)  of 

Piper guineense seed respectively designated by {3, 3} 

Design.The design determines the desired performance of 

pure, binary and centroidblendsin the experiment [31,32]. 

The simplex-lattice design [33] was used for the experiment, 

augmented with axial check blends and overall centroid with 

replication. A layout of the three blends of the design is 

shown in Table 1.  

 

Table.1: Specification of primary components 

  

Units 

Codes and real values of  

primary components 

  Lower (real) Upper (real) 

A ml 0 1 

B ml 0 1 

C ml 0 1 

A (aqueous extract), B (ethanol extract) C (acetone 

extract) of P. guineense 

From Table 1 the constraints on the levels of the 

primary components in the designassume equations 1a, 1b, 

and 1c of the plant products . 

0% (0ml)  A) 1%(ml)  … (a) 

0% (0ml)  B)   1%(ml)  … (b) 

0% (0ml)  C)   1%(ml)  … (c) 

Where  

A + B + C =  1 or 100%   … (d) of the 

mixture.  

The mathematical function in equation 2 existed for 

each response, Yk,  in terms of the 3 components. 

Yi  = f(A, B, C)   … (e) 

Where Yi is a dependent variable, i, ii, and ij are linear, 

quadratic, and interactive effects of the independent variables 

respectively.  

Animal assay 

Young weevils were introduced into 14 Petri dishes (totaling 

72 in triplicates) containing 100 grains of disinfected cowpea 

and stored in a laboratory microclimate with average 

temperature of about 29oC and relative humidity of 70%. The 

plates were inoculated according to the experimental design 

in Table 1. 

http://dx.doi.org/10.22161/ijeab/3.3.50
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Animal assay was carried out according the method 

of [27]. Ten (10) eggs of cowpea weevil were introduced into 

the Petri dishes which contained cowpea samples which were 

soaked in the different blends of the plant extracts, according 

to the experimental plan in Table 2. The plates were covered 

with porous material and set aside in the laboratory. After 49 

days, three (3) days after the theoretical life-cycle of the 

weevil, the Petri dishes were opened, the number of dead 

insects determined by failure of probed insects to move (Y1), 

and percentage of completely damaged grains determined by 

the number of holes on the beans (Y2) were determined. 

 

III. RESULTS AND DISCUSSION 

Table 2, shows the standard and natural runs of the 

experiment, proportions of the extracts; aqueous, ethanol and 

acetone in each formula, experimental runs 1 to 14, 

percentage of dead insects, and cowpea bean damage based 

on number of holes and weight loss on the cowpea beans.  

 

Table.2: Experimental layout and results from a mixture design 

 

Std 

 

Run 

 

A 

 

B 

 

C 

No. of dead 

insects 

%  grain 

damage by wt 

of beans 

5 1 0.50 0.00 0.50 75 39 

3 2 0.00 0.00 1.00 81 49 

9 3 0.17 0.67 0.17 82 38 

12 4 0.00 1.00 0.00 59 84 

6 5 0.00 0.50 0.50 95 32 

14 6 0.50 0.50 0.00 67 72 

13 7 0.00 0.00 1.00 78 80 

10 8 0.17 0.17 0.67 90 31 

8 9 0.67 0.17 0.17 59 89 

4 10 0.50 0.50 0.00 48 65 

1 11 1.00 0.00 0.00 40 89 

2 12 0.00 1.00 0.00 73 53 

7 13 0.33 0.33 0.33 87 45 

11 14 1.00 0.00 0.00 54 91 

Std=standard run, Run=natural run, A=aqueous extract, B=ethanolic extract, C=acetone extract of P. guineenseseed 

  

The general linear model of data obtained from the 

experiment in Table 3 shows the ANOVA, regression and 

coefficients of the parameters. The table shows that the 

model of number of dead insects was significant (p<0.05) 

and that the linearity coefficient was significant (99.31% and 

mean of 68.69). the pure blends of the aqueous, ethanol, 

acetone extracts were significant on the parameter (dead 

insects) (p<0.05), the binary blends of aqueous/acetone and 

ethanolic/acetone extracts appeared to be significant 

(p=0.0783 and p=0.0572) respectively, while the tertiary 

blend was not significant.  

 

Table.3: ANOVA, regression analysis, and coefficients of the parameters 

Source/Effect Estimate p<value 

Model  0.0006 

A 46.34 0.0003 

B 66.16 0.0001 

C 79.35 0.0001 

A*C 41.88 0.0783 

B*C 137.61 0.0572 

A*B*C NS NS 

R2 = 0.9931   

Mean =68.69   
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The predictive model of dead insects is as follows: 

Number of dead insects = 46.34A + 66.16B +79.35C + 

41.88AxC + 137.61BxC …(3) 

 

The table further revealed that parameter estimate of acetone 

extract shows higher value of 79.55 than ethanol (66.16) and 

aqueous extract (46.34) respectively, it show that single 

blend of acetone extract may process higher insecticidal 

potency than ethanolic and aqueous  blends. The cross 

product of aqueous/acetone (A*C) and ethanol/acetone 

(B*C) appeared to be significant (p<0.0788, and p<0.0572), 

indicated that the interaction of the blends was antagonistic 

on the model.Equation 3 shows the contribution of the 

estimates to the model which could be manipulated to 

produce bioinsecticides of a required insecticidal potency. 

Response surface plot (Figure 3) shows that higher 

insecticidal potency increased with the higher proportion of 

acetone extract, and lower proportion of aqueous and 

ethanolic extracts of P. guineense seed extracts. 

 

Percentage damage on cowpea bean 

Table 4 shows the following analysis of variance 

(ANOVA) results and reveals the predictive estimates for a 

quadratic polynomial fit to the data. The table shows that the 

model of parameter was significant (p<0.05) showing an 

adequate quadratic polynomial fit (R2=97.86%) for the 

predictive model. 

 

Table.3: ANOVA, regression analysis, and coefficients of the parameters for beans damage. 

Source/Effect Estimate p<value 

Model  0.0001 

A 50.00 0.0001 

B 66.60 0.0004 

C 82.68 0.0017 

A*B -40.66 0.4448 

A*C -142.70 0.0649 

B*C -489.29 0.0375 

R2 = 0.9786   

Mean =63.46   

   

The predictive model of damage to the cowpea bean is as follows: 

Percentage damage to cowpea bean = 50A + 66.60B +  

   82.68C – 40.66AB – 142.70AC – 489.29 … 4 

 

The pure blends of aqueous, ethanolic and acetone 

were significant on the parameter (p<0.05). The cross 

product of ethanolic/acetone extracts was significant to the 

parameter (p<0.05) aqueous/ethanolic appeared to be 

significant.  The table further reveals  that the parameter 

estimates of acetone extract shows higher value of 82.68 than 

ethanol (66.60) and aqueous extract (50.00) respectively, it 

show that single blend of acetone extract may exhibited 

higher insecticidal potency than ethanolic and aqueous 

blends of the extracts. The cross product of aqueous/acetone 

(B*C) and ethanol/acetone (AC) appeared to be significant 

(p<0.0375, and p<0.0649) respectively, indicating that the 

interaction of the blends was antagonistic on the model. 
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Equation 4 shows the weight of the estimates on the model 

which could be manipulated to protect cowpea from damage 

of C. maculatus. Response surface plot (Figure 4) shows that 

bean seed protection increased with the proportion of acetone 

extract in the formulation.  

Optimization  

 Optimization analyses of data from the experiment 

showed that 0.09, 0.437, and 0.473 proportions of aqueous, 

ethanolic, acetone  extracts of Piper guineense seed 

respectively produced 95% and 31.13% of dead insect and 

bean damage respectively at a desirability level of 76.90.  

Biochemical mechanisms insect protection 

All efforts to protect stored legumes from attach of 

bruchid seek to destroy the defensive mechanisms of insects 

by genetic engineering[34],anti-protease enzymes present in 

stored product to inhibit digestion [34] or inhibition of 

synthesis of neurotransmittersin particular, which regulates 

the central nervous system, muscular in all living things[35].  

ACh is synthesized in certain neurons by the enzymecholine 

acetyltransferase from the compounds choline and acetyl-

CoA. Equation 5:   

  
Fig.5: Degradation of acetylcholine molecule 

 

The enzyme acetylcholinesterase converts 

acetylcholine into the inactive metabolitescholine and 

acetate, Equation 5. This enzyme is abundant in the synaptic 

cleft, and its role in rapidly clearing free acetylcholine from 

the synapse is essential for proper muscle function. Certain 

neurotoxins in insecticides work by inhibiting 

acetylcholinesterase, thus leading to excess acetylcholine at 

the neuromuscular junction, causing paralysis of the muscles 

needed for breathing and stopping the beating of the heart. 

Failure to synthesize the Ach leads to inactivity and dead of 

the organism, in man and other larger animals the break 

synthesis of the chemical is reversible [36]. 

Observations in our study suggest that aqueous, 

ethanol, and acetone extracts of Piper guineensecould 

http://dx.doi.org/10.22161/ijeab/3.4.5
http://www.ijeab.com/
https://en.wikipedia.org/wiki/Neuron
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Choline_acetyltransferase
https://en.wikipedia.org/wiki/Choline
https://en.wikipedia.org/wiki/Acetyl-CoA
https://en.wikipedia.org/wiki/Acetyl-CoA
https://en.wikipedia.org/wiki/Acetylcholinesterase
https://en.wikipedia.org/wiki/Metabolites
https://en.wikipedia.org/wiki/Metabolites
https://en.wikipedia.org/wiki/Acetate
https://en.wikipedia.org/wiki/Neurotoxins
https://en.wikipedia.org/wiki/Neuromuscular_junction


International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                                            Vol-3, Issue-3, May-June- 2018 

http://dx.doi.org/10.22161/ijeab/3.3.50                                                                                                                                                       ISSN: 2456-1878 

www.ijeab.com                                                                                                                                            Page | 1188 

interrupt the function of acetylcholesterase in insect from 

normal living and reduce damage to stored product  [37], it 

was noticed that the pure blends of the ethanolic and acetone 

were more potent than the binary and ternary blends . This 

observation was similar to the one reported by [38] and 

attributed to the relative extraction coefficient of the active 

components from P. guineense. For instance pure blends of 

acetone extract of P. guineenseshowed higher percentage of 

dead insects in all cases than the ethanolic extract, while the 

aqueaaous extract showed lower insecticidal potency on the 

animal modes. This could be attributed to the incomplete 

extraction of the active ingredients from the plant materials, 

also the combination of the extracts with the aqueous extract 

blends showed antagonistic effects on the parameter than 

those treated with the pure blends of ethanol and acetone 

alone. Therefore grain damage was low in units treated with 

ethanolic and acetone extracts of P. guineense, the 

observation was reported by [39,1]. 

 

 
Fig.2: Response surface plot of plant extracts against bean damage by number of holes 

 

IV. CONCLUSION 

The result of the work showed that the aqueous, ethanol, and 

acetone extracts of Piper guineenseseed could protectblack 

eye cowpea against attack of C. maculatusunder the 

conditions of the experiment.In the study, pure blends of 

acetone and ethanol were more potent in that order than 

aqueous extract. The binary blend of ethanolic and acetone 

and aqueous showed antagonismin response. Formulation of 

blends of the extracts could be useful for short period of 

storage.Longer period of storage and replacement of some 

safe insecticides with the botanicals should be investigated. 
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Abstract— The purpose of this research is to re-analyze 

the internal and external factors that become the strength, 

the weakness, the opportunities and the threat in 

implementing the strategy of Rubber, Coffee and Palm 

Oil commodity development in South Sumatera Province. 

Analysis tool used with SWOT approach. The results 

show that the districts/cities in the province of South 

Sumatra superior commodities rubber, coffee, and oil 

palm are in the area of aggressive strategy. Factors that 

become the main force for the land area with high soil 

fertility. 

Keywords— Leading Commodity, Rubber, Coffee, Oil 

Palm and SWOT Analysis. 

JEL Classifications:A10,B49,H19 

 

I. INTRODUCTION 

The agricultural sector, in particular, the 

plantation sub-sector has a role to improve the economy 

in a country or region. So the plantation sub-sector is one 

of the natural wealth owned by the Indonesian nation. The 

plantation business has an important and strategic role in 

national development, especially in increasing the 

prosperity and prosperity of the people, the state income 

of foreign exchange, the provision of employment, the 

acquisition of added value and competitiveness, the 

fulfillment of domestic consumption needs, even the raw 

materials of domestic industry (Hadiguna, 2012; Hafif, 

Ernawati, & Pujiarti, 2014). 

According to the Law of the Republic of 

Indonesia Number 39 the Year 2014 that plantations are 

all activities of natural resources management, human 

resources, production facilities, tools and machinery, 

cultivation, harvesting, process ing, and marketing related 

plantation crops. Plantation crops are a major supporter of 

the agricultural sector in generating foreign exchange 

resulting in the export of Indonesia's main agricultural 

commodities from plantations. Plantation products that 

are exported include palm oil, rubber, tea, coffee and 

tobacco (Dumairy, 1997). 

The contribution of the agricultural sector cannot 

be doubted for the country's foreign exchange. According 

to Central Bureau of Statistics Central Jakarta (2017), the 

agricultural sector is the second most influential sector to 

growth, after processing industry, and still above the trade 

and construction sector. For the second quarter of 2017, 

the agricultural sector contributed 13.92 percent while in 

the quarter I 2017 contributed 13.59 percent increased by 

0.33 percent. Although there is an increase in plantation 

sub-sector to economic growth, there are some problems 

faced, namely the area of plantation sub-sector is slowing 

down, productivity level tends to slow down, lack of 

infrastructure in plantation center (Ministry of Agriculture 

Directorate General of Plantation, 2016). 

Establishment of plantations in South Sumatera 

Province can be reflected in the last three years with the 

area of smallholder plantations continue to increase with a 

total area of 2012 in the area of 2,429,132 Ha, 2013 to 

2,542,801 Ha, and in 2014 of 2,620,992 Ha, most of the 

commodities cultivated by rubber, palm oil, coffee, 

coconut and other commodities of hope. Although 

plantation production has increased in the last three years 

with details of total plantation production in 2012 

amounted to 3,562,990 Ton, in 2013 of 3,845,982 Ton, 

and in 2014 amounted to 4,114,840 Ton. 

According to BPS of South Sumatera Province, 

the largest rubber producer in Indonesia is South 

Sumatera Province followed by North Sumatra and Riau. 

Of the total rubber production in Indonesia, 20% of 

production is produced by South Sumatera Province 

(Plantation Office of South Sumatra Province, 2016). 

The existence of agriculture sub-sector problem above is 

needed the strategy so that superior product development 
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in South Sumatera Province can compete in the 

international arena so that will increase exports which is 

superior from that province with an approach of 

Strengths, Weaknesses, Opportunities, and Threats. This 

analysis is based on the ability to find and the 

environment, so that the strategy can actually be realized 

from the strength it has and the opportunities it faces. The 

activities in the SWOT analysis process are to unders tand 

all information in a case, analyze the situation to find out 

what issues are going on and decide what action should 

be taken to solve the problem (Collett, 1999; Rangkuti, 

2006; Valeriani & Wardhani, 2015; Wardhani & 

Valeriani, 2016). 

This research refers to Nuga & Asimiea (2015) 

research in Negeria, Akhtar & Pirzada (2014) in Pakistan, 

Panca & Anhar (2013) and Wahyudy & Asrol (2015), so 

it is necessary to re-analyze internal and external factors 

of strength , opportunities, and threats in implementing 

the strategy of developing Rubber, Coffee and Palm Oil 

commodities in South Sumatera Province. 

 

II. LITERATURE REVIEW 

Commodities are the main commodities, 

commercial goods, crops and local handicrafts can be 

used as export commodities or raw materials which can 

be classified according to their quality in accordance with 

international trade standards (F.Rahardi, 2004; Marx, 

1895). These commodities or commodities are said to be 

superior commodities according to Ely (2014) and 

Lahiani, Nguyen, & Vo, (2013) are potential commodities 

that are seen as winning a competition with similar 

products in other regions. Such advantages can be 

attained due to their high production efficiency due to the 

high bargaining position of both suppliers, buyers, and 

high competitiveness to competitors, new entrants, and 

substitutes. 

According to the Directorate General for 

Regional Development of the Ministry of Home Affairs 

(1999) the following criteria of commodities are as 

follows: 1) having prominent and innovative local content 

in agriculture, industry and services, 2) having high 

competitiveness in the market, both in terms of quality, 

(3) Having the characteristic of the region because of the 

involvement of the local community (local labor), 4) 

having the guarantee and the raw material content which 

is sufficiently, stable, and sustainable, 5) Focused on high 

value-added products, both in packaging and processing, 

6) Economically beneficial and beneficial to increase the 

income and capabilities of human resources  and 7) 

Environmentally friendly, non-destructive to the 

environment, sustainable and non-destructive to local 

culture. 

 International trade is an act of exchange of goods 

and services made by a resident of a country with a 

resident of another country on the basis of mutual 

agreement. International trade is driven by the diversity of 

resources between countries (Nopirin, 1999). The main 

factor that is the reason for the country to trade 

internationally is the difference of resources between 

countries and each country aimed at achieving economies 

of scale in production (Krugman, Obstfeld, & Melitz, 

2012). Differences between countries that encourage 

international trade are differences in natural resources, 

capital resources, labor and technology resulting in  

differentiation of production efficiency between countries 

(Halwani, 2002). Foreign trade has a very important role 

in economic growth and economic development of a 

country. The growth model developed by Keynes, 

international trade is one of the variables that affect a 

country income. 

SWOT stands for strengths, weaknesses, 

opportunities, and threats. Understandings of strengths, 

weaknesses, opportunities, and threats in the SWOT 

analysis (Rangkuti, 2006). According to Jurevicius (2013) 

and Harrison (2010) the SWOT analysis component is: 1) 

Strenght (S) is strength analysis, situation or condition 

that is the strength of an organization or company at the 

moment, 2) Weaknesses (W) is  weakness analysis, 

situations or conditions that are the weakness of an 

organization or company at this time, 3) Opportunity (O) 

is the analysis of opportunities, situations or conditions 

that are opportunities outside an organization or company 

and provide opportunities for the organization to grow in 

the future, 4) Threats (T) is threat analysis, how to 

analyze the challenges or threats that must be faced by a 

company or organization to deal with a variety of 

unfavorable environmental factors on a company or 

organization that causes decline. If not immediately 

overcome, the threat will be a barrier for a business 

concerned either in the present or in the future. 

 

III. METHODOLOGY 

In order to obtain internal and external factors in 

developing rubber, coffee and palm oil commodities in 

South Sumatera Province, descriptive research method is 

used. The identification of internal and external factors is 

done by using Internal analysis tool - External Strategic 

Factor Analysis Summary (IFAS - EFAS), Space Matrix 

and SWOT Matrix. 

The analytical stages in the SWOT are utilizing 

all data and information in the quantitative models of 

strategy formulation (Rangkuti, 2006; Coman & Ronen, 

2009). SWOT analysis is firs t done by scanning. The use 

of some analysis will be better so as to produce a strategy 

formula that can solve the problems and strategies that are 
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formed in accordance with the objectives and the 

environment it faces. 

 

IV. DATA AND RESULT 

4.1 Analysis of Internal and External Environment 

In analyzing the SWOT and strategy of superior product 

policy, the researcher analyzes each commodity by taking 

into account internal factors and external factors for 

internal factors are land availability, commodity quality, 

skill quality, labor quantity, production scale, product 

derivation while external factor price, the market, the 

number of traders, technology, institutions, and 

infrastructure. Based on the results of surveys, 

observations, interviews and FGDs, internal 

environmental analyzes consisting of strengths, 

weaknesses (Weakness) and external environmental 

analyzes consisting of opportunities (Opportunities) and 

threats from the development of superior rubber, coffee, 

and palm oil products can be seen in Table 1. 

 

Tabel.1: Matriks Internal factory rubber, Coffee, Palm Oil Commodity 

1. Rubber Commodity 

 INTERNAL FACTOR 

STRENGTHS WEAKNESS 

1  Has a large area of land, soil fertility is high 

and productive 

1 Product quality is still low 

2 Number of manpower available 2 Product derivatives are still a lot of work in other 

regencies or provinces. 

3 Medium-scale production scale to large 

scale 

3 Some work skills are still low 

EXTERNAL FACTOR 

OPPORTUNITIES THREATS  

1 The number of suppliers that supply 

relatively many 

1 Rubber prices fluctuate 

2 Only some districts/cities are using 

appropriate technology 

2 Institutions are not yet supportive 

3 Both local and domestic markets are 

available even in overseas exports  

3 Infrastructure is not adequate 

2. Coffee Commodity 

 INTERNAL FACTOR 

STRENGTHS WEAKNESS 

1  Has a large area of land, fertility is high 

and productive 

1 Some work skills are still low 

2 Derivative products of new instant coffee 

and powder, but will be developed other 

products, because of the more coffee with 

a variety of flavors. 

2 Scale production in small-scale districts/cities 

3 Number of manpower available 3 Some quality or quality of coffee is low 

EXTERNAL FACTOR 

OPPORTUNITIES THREATS 

1 Coffee market opportunities in Indonesia 

in the future is quite bright 

1 Coffee prices fluctuate and compete with other 

countries 

2 Institutional support 2 Technology is still traditional 

3 The number of suppliers that supply 

relatively many 

3 Infrastructure is not adequate 

3. Palm Oil 

INTERNAL FACTOR 

STRENGTHS WEAKNESS 

1  Has a large area of land, fertility is high 

and productive 

1 The product derivatives are still small 
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2 Scale production in districts/cities of 

medium and large scale 

2 Product quality is still low 

3 Number of manpower available 3 The number of merchants supplied is still small 

EXTERNAL FACTOR 

OPPORTUNITIES THREATS  

1 Both local and domestic markets are 

available even in overseas exports. 

1 Palm oil prices fluctuate and compete with other 

countries 

2 Institutional support 2 Product derivatives are still low 

3 Technology can be done with appropriate 3 Infrastructure is not adequate 

 

4.2 Analysis of IFAS Strategic Factors – EFAS 

After analyzing the internal and external conditions of the 

leading commodities of rubber, the calculation of internal 

and external factors is weighted to determine the location 

of the strategic development quadrant that is considered 

urgent to do. The calculation of factor weight is done by 

tabulating the score of EAS - EFAS. The following is a 

calculation of the internal and external factor weights 

contained in the IFAS and EFAS analysis tables shown in 

the following table 2 

 

Tabel.2: Calculation of Internal and External Factor Scoring Score of Rubber Commodity 

No Factor-Factor Weight Rating Value 

Internal Factor    

 Strenght    

1 Has a large area of land, soil fertility is high and 

productive 

0,34 4 1,36 

2 Number of manpower available 0,33 3 0,99 

3 Medium-scale production scale to large scale 0,33 2 0,66 

 Amount 1,00  3,01 

 Weakness    

1 Productivity quality is still low 0,33 2 0,66 

2 Institutions are not yet supportive 0,34 2 0,68 

3 Some work skills are still low 0,33 1 0,33 

 Amount 1,00  1,67 

 Opportunities    

1 The number of suppliers that supply relatively many 0,35 4 1,4 

2 Only some districts/cities are using appropriate 

technology 

0,30 3 0,6 

3 Both local and domestic markets are available even in 

overseas exports 

0,35 2 0,7 

 Amount 1,00  2,7 

 Threats    

1 Rubber prices fluctuate 0,4 2 0,8 

2 Institutions are not yet supportive 0,2 2 0,4 

3 Infrastructure is not adequate 0,4 3 1,2 

 Amount 1,00  2,4 

     

 S-W = 3,01-1,67 =1,34    

 O-T  = 2,7 – 2,4  = 0,3    

 

Table.3: Calculation of Internal and External Factor Scoring Score of Coffee Commodity  

No Factor-Factor Weight Rating Value 

Internal Factor    

 Strenght    

1 Has a large area of land, soil fertility is high and 0,3 3 0,9 
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productive 

2 Derivative products of new instant coffee and powder, 

but will be developed other products, because of the 

more coffee with a variety of flavors. 

0,5 3 1,5 

3 Number of manpower available 0,2 2 0,6 

 Amount 1,00  3,00 

 Weakness    

1 Some work skills are still low 0,3 2 0,6 

2 Scale production in small-scale districts/cities 0,3 3 0,9 

3 Some quality or quality of coffee is low 0,4 3 1,2 

 Amount 1,00  2,67 

 Opportunities    

1 Coffee market opportunities in Indonesia in the future is 

quite bright 

0,4 3 1,2 

2 Institutional support 0,3 3 0,9 

3 The number of suppliers that supply relatively many 0,3 3 0,9 

 Amount 1,00  3,00 

 Threats    

1 Coffee prices fluctuate and compete with other countries  0,4 3 1,2 

2 Technology is still traditional 0,3 1 0,3 

3 Infrastructure is not adequate 0,3 3 0,9 

 Amount 1,00  2,4 

     

 S-W = 3-2,67 =  0,33    

 O-T  = 3 – 2,4  = 0,56    

 

Table.4: Calculation of Internal and External Factor Score Oil Palm Commodity  

No Factor-Factor Weight Rating Value 

Internal Factor    

 Strenght    

1 Has a large area of land, soil fertility is high and 

productive 

0,3 4 1,2 

2 Scale production in districts/cities of medium and large 

scale 

0,4 3 1,2 

3 Number of manpower available 0,3 3 0,9 

 Amount 1,00  3,3 

 Weakness    

1 The product derivatives are still small 0,3 3 0,9 

2 Product quality is still low 0,4 2 0,8 

3 The number of merchants supplied is still small 0,3 2 0,6 

 Amount 1,00  2,3  

 Opportunities    

1 Both local and domestic markets are available even in 

overseas exports 

0,4 3 1,2 

2 Institutional support 0,3 3 0,9 

3 Technology can be done with appropriate 0,3 3 0,9 

 Amount 1,00  3,00 

 Threats    

1 Palm oil prices fluctuate and compete with other 

countries 

0,4 2 0,8 

2 Technology is still traditional 0,3 2 0,6 
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3 Infrastructure is not adequate 0,3 2 0,6 

 Amount 1,00  2,00 

     

 S-W = 3,3 – 2,3 = 1,0    

 O-T  = 3,0 – 2,0 = 1,0    

 

Based on the above table and the strengths, weaknesses, opportunities, and threats of the three leading commodities that can 

be seen in Figures 1, 2 and 3 

Opportunities (2,7)

Strength (3,01)

Threats  (2,4)

Wewkness (1,67)

11I

1II
1V

 
Picture: 1 Diagram of SWOT Analysis Rubber Commodity 

 

Opportunities (3,00)

Strength (3,01)

Threats  (2,4)

Wewkness (2,67)

11I

1II
1V

 
Gambar: 2 Diagram Of SWOT Analysis Coffee Commodity 
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Opportunities (3,00)

Strength (3,30)

Threats  (2,0)

Wewkness (2,30)

1
1I

1II
1V

 
Gambar: 3 Diagram Of SWOT Analysis Palm Oil Commodity 

 

Based on the quadrant's location formulation in the 

Drawing Strategy that is urgent to be implemented in the 

framework of developing rubber, coffee and palm oil 

commodities in South Sumatera province in quadrant I 

(due to its value +) or lies between external opportunities 

and internal strength and includes into areas of aggressive 

strategy for that formulation aggressive strategy to 

develop rubber, coffee and palm oil commodity Table: 

 

Table.5: Aggressive Strategy Formulation of Rubber Commodity Developmen t 

                 Internal Factor 

 

 

 

 

 

External Factor 

Strength 

 Has a large area of land, 

fertility is high and 

productive 

 The number of manpower 

available. 

 Medium to large scale 

production scale 

Weakness 

 

 Product quality is still low 

 Product derivatives are still 

a lot of work in other 

regencies or provinces  

 Some work skills are still 

low 

Opportunity 

 

 The number of suppliers that 

supply relatively many 

 Only some districts/cities are 

using appropriate technology. 

 Local and domestic markets 

are available even in overseas 

exports 

 

 

Strategy S-O 

• Optimizing the available land 

by replanting the crops in 

collaboration with the traders 

who supply the ingredients in 

the process of the cremation 

so that it has added value. 

• Optimizing Workforce 

available in the use of 

technology. 

• Increase larger production 

scale with better-standardized 

rubber export. 

Strategy W-O 

• Improve quality and 

synergize with merchants  

• Increase product derivatives 

with good technology based 

so that the product is in 

accordance with national and 

international standards. 

• Increase labor skills for the 

rubber market to penetrate 

foreign markets 

Threat 

• Rubber prices fluctuate 

• Institutions are not yet 

supportive 

• Infrastructure is not adequate 

Strategy S-T 

• Make rules or policies 

related to land used and 

inflatable prices remain 

stable or tend to increase 

despite world market 

Strategy W-T 

• The quality of the product is 

improved so that the price can 

go hand in hand with the 

others 

• Product derivatives are re-
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conditions decline. 

• Strengthening of regional 

commodity institutions and 

their marketing and 

networking 

• Increased infrastructure such 

as roads to remote areas in 

the area, the plantation is 

still red so if it rains, it is 

difficult to enter the area. 

created with distinctive 

features that exist in the 

region and synergize with 

related copper like banks, 

cooperatives, and others. 

• Improving the quality of the 

workforce is not only related 

to the productivity of rubber 

commodities but in the future, 

the product of marketing and 

marketing. 

 

Table.6: Aggressive Strategy Formulation of Coffee Commodity Development  

                        Faktor Internal 

 

 

 

 

 

 

FaktorEksternal 

Strength 

• Has a large area of land, 

fertility is high and productive 

• Derivative products of new 

instant coffee and powder, but 

will be developed other 

products, because of the more 

coffee with a variety of flavors  

• Number of manpower 

available 

Weakness 

• Some work skills are still low 

• Scale production in small-

scale districts/cities 

• Some quality or quality of 

low coffee 

Opportunity 

• Coffee market opportunities 

in Indonesia in the future is 

quite bright 

• Institutional Support 

• The number of suppliers that 

supply relatively many 

 

 

 

Strategy S-U 

• Optimizing available land by 

replanting crops so that 

market opportunities increase 

• Institutional strengthening of 

farmers to create a derivative 

of coffee products with 

several different flavors. 

• Optimizing the number of 

available manpower as well as 

establishing cooperation with 

merchants who supply tools of 

production equipment etc. 

Strategy W-O 

• Increase labor skills for the 

coffee market to penetrate 

foreign markets to increase. 

• Increase the scale of 

production by doing  

institutional development 

• Improve the quality of coffee 

beans with traders supplying 

related to the quality of 

quality seeds. 

 

 

Threat 

• Coffee prices fluctuate and 

compete with other countries  

• Technology is still traditional 

• Infrastructure is adequate 

 

 

 

 

 

Strategi S-T 

• Make rules or policies 

related to land used and 

coffee prices are not 

fluctuating remain stable or 

tend to increase despite 

world market conditions 

decline. 

• An innovation of processed 

products with good 

technology 

• Increased infrastructure 

Strategi W-T 

• Increase the skill of labor in 

processed so that price can 

bargaining with others. 

• The scale of production is 

further enhanced through 

good technology 

• Increased quality of coffee 

with supporting facilities and 

infrastructure. 
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Table.7: Aggressive Strategy Formulation of Palm Oil Commodity Development 

                   Faktor Internal 

 

 

 

 

 

FaktorEksternal 

Strength 

 

• Has a large area of land, 

fertility is high and 

productive. 

• Medium and large production 

scale 

• Number of manpower, widely 

available 

Weakness 

 

• The product derivatives are 

still small 

• Product quality is still low 

• The number of merchants 

supplied is still small 

Opportunity 

• Both local and domestic 

markets are available even 

in overseas exports  

• Institutional support 

• Technology can be done 

with appropriate 

Strategi S-O 

• Optimizing available land by 

replanting crops so that 

market opportunities increase. 

• Increase the scale of 

production with greater 

institutional strengthening 

• The amount of manpower 

available is much more 

optimized and can use the 

right technology 

Strategi W-O 

• Increase product derivatives 

so that exports are no longer 

raw materials 

• Improve product quality 

with institutional 

strengthening 

• Use of appropriate 

technology in synergy with 

merchants suppliers 

Threat 

• Prices fluctuate 

• Institutions are not yet 

supportive 

• Infrastructure is not 

adequate 

Strategi S-T 

• Creating rules or policies 

related to land used and 

fluctuating coffee prices 

remain stable or tend to 

increase despite world 

market conditions decline. 

• Strengthening of regional 

commodity institutions and 

their marketing and 

networking 

• Increased infrastructure such 

as roads to remote areas in 

the area, because the 

plantation is still red so if it 

rains, it is difficult to enter 

the area. 

Strategi W-T 

• The product derives not only 

CPO or cooking oil but more 

innovative creates a product 

derivative at an affordable 

price society. 

• Product quality is enhanced 

by institutional strengthening. 

• Increased infrastructure 

 

The South Sumatra government should 

coordinate with regencies and municipalities in relation to 

the area of rubber commodities despite replanting 

(rejuvenation) of rubber commodities with a rejuvenation 

area in 2017 of 14,750 ha, the expansion of this 

rejuvenation is lower than in 2016 of 19,600 (Ha). The 

rejuvenation fund is funded by the government such as 

seed provision, fertilizer, and poison grass. For the supply 

must be in coordination with the merchant supplying 

because government funds fall somewhat slowly so that 

suppliers can supply suppliers with the payment can be 

done if the fund has been liquid or in other words the debt 

first. Then the government issued funds on land 

rejuvenation must also take into account its workforce, 

from funds launched by the government of 5.6 million 

used for seeds, fertilizers, and poison grass. The number 

of available manpower must improve the quality or skill 

of continuing education in the hope of increasing rubber 

productivity and can compete with other countries . 

Rubber market is not only the raw materials that 

are exported but the derivative products that have 

characteristic of South Sumatera province considering 

South Sumatra are often done an international event. 

Increasing the scale was small to large scale with support 

from the government and the community as well as 

capital support and cooperation with investors both from 

within and abroad. For large-scale companies still, 

maintain or increase production and innovate for 
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expansion as well as create value-added derivative 

products and increase foreign exchange countries and 

especially South Sumatra province. 

The area of coffee commodity in South Sumatera 

is the largest coffee area in Indonesia of 15.190 (Ha), but 

with commodity area is not equal to the increase of the 

population of Indonesia as well as South Sumatera 

Province so that every year the available land is limited, 

long ago, as farmers will use their land to grow crops that 

produce faster to meet their daily needs. Most of the 

coffee age in the regency or city in South Sumatra is 

getting older so it needs replanting gradually It is 

expected that by replanting the coffee market will 

increase especially the export and not the famous South 

Sumatra Province as the biggest coffee producer but the 

famous is Lampung, whereas the coffee in production by 

Lampung comes from South Sumatra, therefore there 

needs to be a policy to improve the management system, 

the promotion of development. 

The institutional strengthening aspect is being 

improved with strong coordination so that it can assist the 

government in conducting supervision to run coffee 

development programs. Where institutional strengthening 

through the empowerment of farmer institutions to  form 

partnerships by building awareness on farmers with a 

consciousness of community or group that grows on the 

basis of the need rather than forced from the 

encouragement of certain projects. Farmer groups that can 

run their activities independently become the criteria of 

advanced or business-oriented farmer groups. 

Government and private assistance in supporting and 

facilitating farmer partnership activities to increase 

cooperation partners in the business network. Through 

this form of partnership is expected to occur transfer of 

technology, knowledge, and expansion of information for 

business development. 

Counseling on strengthening the effectiveness of 

institutional coordination of farmers, farmer institutions 

became an option to facilitate the government to oversee 

and coordinate. In Law No.16 of 2006, the institutional 

function is the container of the learning process, 

cooperation vehicle, the unit of facilities and production 

infrastructure, processing unit and marketing, and 

supporting service unit. Once the importance of 

institutional coordination to carry out its functions 

properly, so it takes effect in carrying out its services to 

each member. Optimizing the number of labor available 

and cooperating with merchants who supply seeds of 

production equipment quickly and cheaply. 

Oil palm plantations consist of smallholder 

plantation, state plantation and private plantation with 

total area owned by South Sumatera Province of 

1,064,373 (Ha) so that in Sumatera area of South 

Sumatera province the largest area of oil palm is third 

largest after Riau and North Sumatra. This condition has 

resulted in the fact that South Sumatera Province has wide 

potential in the development of oil palm commodity. It is 

also necessary to replant the oil palm plantations since 

some of the oil palm plantations have been aged 15 years 

and over, replanting is done gradually (underplating). 

Besides replanting the land area can be converted to oil 

palm plantation which is the factor of supply of CPO to 

the market, because Indonesia is a producer of CPO other 

than Brazil, Colombia, Cameroon, and others. 

During this time the processing of CPO mostly 

dominated by large investors, because the investment 

required to build an MCC unit requires a lot of capital. 

After mobilizing hundreds of billions of rupiah for mega 

projects of tens of thousands of hectares of oil palm 

plantations, further integrating CPO processing into it. 

The result is that CPO processing technology is very 

capital-intensive, and it is hard to imagine that a palm oil 

mill can be made as small and as simple as a rice mill. 

Although the small-scale and even large scale for an oil 

palm plantation effort institutional role is very important 

like financial institution (Bank) and nonbank to reach the 

condition of palm plasma plantation sustainable. From the 

labor-intensive nature of these plantations, the availability 

of abundant labor with sufficient and inexpensive skills 

does not mean they are not obliged to improve science 

and technology. The era of globalization and the ASEAN 

Economic Community (MEA) is very important to learn a 

technology that progresses so rapidly because it will 

improve the competitiveness of palm oil commodity. 

 

V. CONCLUSION 

Results from the SWOT analysis of leading 

commodities rubber, coffee and palm oil in the 

districts/cities in South Sumatra are in areas of aggressive 

strategies that mean short-term or quick to make changes 

to these commodities. Factors that become the main force 

for the land area with high soil fertility. While the 

weakness factor is the quality of commodity productivity 

is still relatively low, skilled labor is low then the factor 

of the opportunity of the many traders who supply the 

commodity, the threat factor of rubber commodity 

inflated rubber price and inadequate infrastructure. 

Strategies that are in the short term or rapidly 

done optimize the available land by replanting the plant 

back so that market opportunities increase. The scale of 

production is enhanced to a greater extent by institutional 

strengthening. Then the amount of manpower available is 

much improved and applying appropriate technology by 

training the workforce. 
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Abstract— The project investigated the perception of 

household on greening methods to ameliorate climate 

change in south- west of Oyo state. The study was carried 

out in Oluyole local Government of Oyo state, Nigeria. 

Where two areas were randomly selected (Oluyole estate 

and Oluyole Extension).  A total number of 91 structured 

questionnaires were retrieved out of 130 administered. 

Data collected were analyzed. Descriptive was used to 

analyzed socio economic characteristics, sources of 

information on greening, perception of respondent on 

greening, different greening method by the respondent and 

constraints, cross tabulation was used to explain 

association between socio characteristics and greening 

method and Pearson Product Moment Correlation (PPMC) 

was used to analyzed constraints and greening method by 

the respondents, relationship between the perception and 

greening method by the respondents. The result of the study 

revealed that majority of the respondents were male 

(65.9%),and between the ages of 31-40 (34.2%), majority 

also had tertiary education(58.2%) this showed that people 

within the study area were  informed on the value of 

education, it was also revealed that majority of the 

respondent agreed that the  human activities have led to 

climate change  3.51 mean value, Developing countries 

should take most of the blame for climate change (3.07) 

mean value and that laws governing the forestry 

management in Nigeria should be revisited with 2.03mean 

value. Respondents agreed that  planting of trees, planting 

of tree crops, planting of flowers, planting of shrubs like 

Morida lucida, Moringa oleifera, Glyricidia sepium, 

management and development are the best method to 

ameliorate climate change, it was observed that 

deforestation, urbanization, industrialization, Lack of good 

policy by Federal Government  are the major constraints. 

The use solar energy is the least that people use because 

majority are using generator which add carbon monoxide 

to the atmosphere. This study recommended that human 

activities should be controlled in order to modify our 

environment, planting of trees, planting of tree crops like 

mango, cashew, orange, coconut will serve as fruit for 

family as well as improvement on climate change, planting 

of flowers for beautification and planting of shrubs are the 

best method to ameliorate climate change. Laws should be 

enacted to avoid climate change based on deforestation and 

good policies should be put to practice by Federal 

Government base on industrialization in urban areas. 

Keywords—Climate change, greening, ameliorate.  

 

I. INTRODUCTION 

Climate change and agriculture are interrelated processes, 

both of which take place on global scale. (Jeremy, 

2008).Climate change is one of the most serious 

environmental threats facing mankind world-wide, it affects 

agriculture in several ways, including its direct impact on 

food production. Climate change, which is attributable to 

the natural climate cycle and human activities as adversely 

affected agricultural productivity in Nigeria (Ziervogel and 

Easterling, 2006). The weather pattern changes caused by 

climate change is also as a result pollution in the 

environment.   Greening is the process of taking a greater 

interest in environmental issues and acting to protect the 

environment (MPL; 2009-2017) 

(https://www.macmilliandictionary.com) 

Wisner (2004), report that the vulnerability of agriculture is 

not determined by the nature and magnitude of 

environmental stress life climate change parse, but by the 

combination of the societal capacity to cope with or/recover 

from environmental change. While the coping capacity and 

degree of exposure is related to environmental changes , 

they are both also related to changes in societal aspects such 

as land use and cultural practices. Agriculture in Nigeria is 

predominantly in the hands of rural small holder farmers, 

who have been generally described as poor and hungry. 

Some of the ways to improve living a green lifestyle and to 

http://dx.doi.org/10.22161/ijeab/3.4.7
http://www.ijeab.com/
mailto:bollietee@yahoo.co.uk
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ameliorate climate change include adopting the  reuse 

recycle principle, energy saving practices . There are many 

energy efficient practices and appliances that you can use to 

turn your home into a green, energy efficient home. 

Reduction of pollution by reducing the use of harmful 

chemicals and substances in your home, and using  eco 

friendly home cleaners  and other eco-friendly products  in 

your daily needs, Introduction of more plants and trees into 

our environment and encourage others to do the same. 

Growing of green garden using green gardening principles , 

or even plant trees in your name. Check out the tips you can 

adopt for daily green living for the home, including tips 

for green household cleaning and tips for recycling, and 

find out where you can find green household products and 

green gifts. (Onuoha,2009). 

Energy conservation will show the earliest payback in terms 

of CO2 reductions  in many cases an investment in energy 

conservation made this year will show CO2 reductions this 

year, and every year thereafter. Because we've been living 

in a world of artificially cheap energy for decades, there are 

huge opportunities for energy conservation (Onuoha, 2009).  

A Forestation has a vital role to play in the fighting against 

global warming. Forests absorb and store carbon in their 

trees and soil. But if forests are cleared or disturbed, this 

carbon is released as carbon dioxide and other greenhouse 

gases. Up to a fifth of global greenhouse gas emissions 

come from deforestation and forest degradation, (Akinbami, 

2003). 

The general Objective is to determine the perception of 

household on greening methods to ameliorate climate 

change in South West Local Government Area of Oyo State 

Nigeria . 

Specific Objectives 

1. To examine the socio-economic characteristics of 

the respondents in the study area. 

2. To determine the perception of respondents on 

greening 

3. To ascertain source of information on greening by 

the respondent 

4. To identify constraints faced by respondents in the 

study area. 

Hypotheses of the Study 

H01: There is no significant relationship between socio 

economic characteristics and th greening method 

practiced 

H02: There is no significant relationship between the 

constraints and greening method by the respondent 

H03: There is no significant relationship between 

perception and greening method 

 

II. METHODOLOGY 

The study was carried out in Ibadan south West is a Local 

Government area in Oyo State, Nigeria. Its headquarters are 

at Oluyole Estate in Ibadan. It has an area of 40km2 and a 

population of 282,585 (census 2006)The target population 

of this study were people living in Oluyole Estate and 

Oluyole Extension area of Ibadan South –West of Oyo 

State. 

The data collection of this project work was primary source 

of data collection from the people living in Oluyole Estate 

and Oluyole Extension area of Ibadan South –West of Oyo 

State, with the use of personal interview and questionnaires 

due to the practicing of greening on climate improvement. 

Random sampling technique was used to carry out this 

research work in Ibadan South- West of Oyo State, with 

total number of 130 well-structured questionnaires were 

distributed and 91 were retrieved. 

Respondent were asked to respond to some of the greening 

method practice base on 3point scale Eleven greening 

method question were listed, hence, the highest mean value 

obtained was 2.59 while the lowest mean value was 2.25.  

 

III. RESULT AND DISCUSSION 

The result revealed that male with 65.9% are into greening 

practices more than female 34.1%. This can be attributed to 

the fact that male headed household are more than 

household headed by female this in line with (Arnold, 

2009). This implies that respondents of younger generation 

are more enlightening about climate change more than older 

generation. The result also reveal that 20.9% of the 

respondents are within age of 20-30, 34.1% of the 

respondents are within the range of 31-40, and 28.6% 

within the range of 41-50, 16.5% are within the range of 51 

above, this result indicate that more adult are involve in 

greening practice than the youth and this would increase the 

knowledge of the greening practice. This project s upports 

the work of (Madhur, 2006) that adults are into greening 

practice than younger people in Africa. The table also 

indicates that 65.9% of the respondents are married, 8.8% 

are widow and 25.3% of the respondents are single in the 

study area which shows that majority of the respondents are 

adult.. 

According to the result 58.2% have tertiary education, and 

30.8% had secondary education, while 6.6% had primary 

education and 4.4% had no formal education. This shows 

that people within the study area are informed on the value 

of education and this will surely add to the knowledge the 

residents have on climate change, the level of education 

could also be as a result of enabling people to make 

decision regarding production and managing their lives 

http://dx.doi.org/10.22161/ijeab/3.4.7
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successfully to cope with everyday problems and to realize 

their opportunities  (Swanson 2008). 

Finally, 76.9% of the respondents have1-5, 19.8% and 

between 6-10children, while 3.3% has above 10 children. 

This shows that respondents in the study area are interested 

in their family size. 

The result on sources of information on greening climate 

change  revealed that majority of the respondents heard 

about climate change from the scientist with mean value 

(3.70) likewise Radio which is mass media source of 

information. This work is in line with Adekunle (1996). The 

use of media to spread information like Radio, local TV and 

projector are best tools in disseminating information. 

Furthermore, the result shows the mean value 3.34 of the 

respondents heard of climate change through Government 

agency this is in support of Enger et al.,  2012 that 

government are also good source of transforming 

information to the citizen through the agencies. 

Lastly, less people heard of climate change through friends 

with the mean value of 3.13 and mean value of 2.53heard of 

climate change through local council. This also support the 

study of Boz and Ozcatalbas (2010) which revealed that 

family members, neighbor friends, input providers and mass 

media were key sources of information in Nigeria. Table 3 

shows that (76.92%) of the respondents have access to 

information on climate change in the study area while 

(23.08%) of the respondents had lesser information on 

climate change. This implies that the high source of 

information in the study area contribute to practice greening 

to ameliorate climate change. 

 

Table.1: The Socio Economic Characteristics of the Respondents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Field survey, 2016. 

 

 

 

Variable Frequency (n=91) Percentage 

Gender 

Male 

Female 

 

60 

31 

 

65.9 

34.1 

Age 

20-30 

31-40 

41-50 

51above 

 

19 

31 

26 

15 

 

20.9 

34.1 

28.6 

16.5 

Religion 

Christian 

Islamic 

 

71 

20 

 

78.0 

22.0 

Marital Status 

Single 

Married 

Widow 

 

23 

60 

8 

 

25.3 

65.9 

8.8 

Educational level 

No formal education 

Primary 

Secondary 

Tertiary 

 

4 

6 

28 

53 

 

4.4 

6.6 

30.8 

58.2 

Household 

1-5 

6-10 

10above 

 

70 

18 

3 

 

76.9 

19.8 

3.3 
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Table.2: Sources of Information on Greening Climate Change 

Field survey, 2016.Percentage in parenthesis: 

 

Table.3: Categorization of Sources of Information on Greening Climate Change 

Level of Information Frequency Percentage 

HIGH 70 76.92 

LOW 21 23.08 

TOTAL 91 100 

 

Perception of Respondent on Greening 

The result on the level of perception of the respondent in the 

study area to amelioration of climate change in Oluyole 

Local Government Area. it was revealed that majority of the 

respondent agreed that the  human activities have effect 

about climate change with mean value of (3.51), this is in 

support of Zievogel and Easterling, 2006, which says that 

either directly or indirectly, human has effect on climate 

change in Nigeria. The result also showed that developing 

countries should take most of the blame for climate change 

with mean value (3.07) this is in line with Nwafor and 

Ologunorisa, 2007, that the available research shows that 

climate change is global, likewise its impacts, but the most 

agent in term of countries are developing once, due to 

improved technologies introduce to Nigeria. 

Government should re- visit law governing the forestry 

management in Nigeria which has a mean value of (2.03), 

this in line with Enger et. al 2012 that government should 

provide adequate incentive and management of 

environment in Nigeria to combat climate change. 

Lastly, the respondents agreed that they can all do their best 

to reduce climate change with least mean value of (1.51), 

this is in line with Birner and Allison (2006), that both men 

and women are entitled to modify their environment 

through the use of flowers, lawns, trees etc. to improve 

climate change in Nigeria. 

Table 5 shows that there is low perception on greening 

(53.85%) of the respondents and there is low perception on 

greening (46.15%) of the respondents. 

 

Table.4: Perception of Respondent on Greening 

Variables SA A U D SD Mean value 

Human activities have effect about climate 

change. 

18 (19.8) 5 (5.5) 10 (11.0) 28 (30.8) 30 (33.0) 3.51 

Developing countries should take most of 

the blame for climate change. 

20 (22.0) 15 (16.5) 13 (14.3) 24 (26.4) 19 (20.9) 3.07 

Having a car is part of good lifestyle. 17 (18.7) 28 (30.8) 13 (14.3) 16 (17.6) 17 (18.7) 2.86 

Climate change is just a natural fluctuation 

in earth’s temperature. 

27 (29.7) 30 (33.0) 8 (8.8) 9 (9.9) 17 (18.7) 2.54 

National government should limit industrial 

activities in the country. 

25 (27.5) 30 (33.0) 11 (12.1) 18 (19.8) 7 (7.7) 2.47 

I will only do my bit to reduce climate 19 (20.9) 47 (51.5) 3 (3.3) 14 (15.4) 8 (8.8) 2.39 

Source of information No Rarely Occasionally Regularly Mean value 

Scientist 1 (1.1) 6 (6.6) 12 (13.2) 72 (79.1) 3.70 

Radio 1 (1.1) 4 (4.4) 27 (29.7) 59 (64.8) 3.58 

Newspaper 6 (6.6) 8 (8.8) 17 (18.7) 60 (65.9) 3.43 

Television 7 (7.7) 6 (6.6) 20 (22.0) 58 (63.7) 3.41 

Government agency 1 (1.1) 12(13.2) 33 (36.3) 45 (49.5) 3.34 

Pastor/cleric 8 (8.8) 9 (9.9) 25 (27.5) 49 (53.8) 3.26 

Environmental organization 10(11.0) 10(11.0) 25 (27.5) 46 (50.5) 3.17 

Family/ 4 (4.4) 20(22.0) 26 (28.6) 41 (45.1) 3.14 

Friends 6 (6.6) 15(16.5) 31 (34.1) 39 (42.9) 3.13 

Local council 20(22.0) 27(29.7) 19 (20.9) 25 (27.5) 2.53 

http://dx.doi.org/10.22161/ijeab/3.4.7
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change if everyone else did as well. 

It is inevitable because of modern society 

work. 

33 (36.3) 28 (30.8) 10 (11.0) 9 (9.9) 11 (12.1) 2.30 

Humans are severely abusing the planet. 42 (46.2) 17(18.7) 17 (18.7) 4 (4.4) 11 (12.1) 2.17 

Should government provide incentives for 

people to look after the environment as to 

reduce effect of climate change? 

38 (41.8) 33 (36.3) 7 (7.7) 5 (5.5) 8 (8.8) 2.03 

Government should re- visit law governing 

the forestry management in Nigeria. 

39 (42.9) 28 (30.8) 10 (11.0) 10 (11.0) 4 (4.4) 2.03 

Humans have the right to modify the natural 

environment to suit their needs. 

47 (51.6) 27 (29.7) 5 (5.5) 9 (9.9) 3 (3.3) 

 

1.83 

Greening will improve weather 45 (49.5) 29 (31.9) 7 (7.7) 7 (7.7) 3 (3.3) 1.83 

Do you think anything can be done to tackle 

greenish effect 

39 (42.9) 42 (46.2) 3 (3.3) 6 (6.6) 1 (1.1) 1.76 

we can all do our best to reduce climate 

change 

60 (65.9) 22 (24.2)  2 (2.2) 7 (7.7) 1.51 

Percentage in parenthesis source: Field survey, 2016 

 

Table.5: Categorization of Perception on Greening 

Perception Frequency Percentage 

HIGH 42 46.15 

LOW 49 53.85 

TOTAL 91 100 

 Source: Field Survey, 2016 

 

The Different Greening Method Practice by Respondent  

was measured where majority of the respondent agreed that 

the planting of trees is the best method with mean value 

(2.59) and this is in line with Biner,2006, that both men and 

women are entitled to modify their environment through the 

use of flowers, lawns, trees etc. to improve climate change 

in Nigeria. Also the use of planting tree crops in 

environment with mean value (2.58) will ameliorate climate 

change and serve as a fruits for the family as well likewise 

the management and development of forestry can also be 

used to reduce climate change which has a  mean value 

(2.45) and this statements is in support of Adams 2011, that 

forestry management is of good benefit through the 

releasing of (O2) oxygen  to air for consumption of human 

being in relating to climate change in Nigeria. 

Lastly, the use of solar energy to generate power has mean 

value of (2.27) and this can also reduce climate change 

which will reduce the use of generator in the environments 

and will minimize climate change from the release of 

carbon monoxide to the atmosphere and, stopping the use of 

chemical that can cause depletion of ozone to environment 

has mean value of (2.25). This also is in line with, Ogboi 

2012, wherehe stated that activities of man emitted some 

poisonous elements such as carbons (Co2 and Co) sulphur, 

methane, nitrogen oxide, chlophlorocarbon (CFCs) etc. 

The result on constraints to greening practices gives a mean 

value of  (1.63) where the majority of the respondents 

strongly disagree that farming activities is not affecting 

climate change but contributed to improvement of climate 

in Nigeria. Also majority of the respondent agreed with 

mean value (1.23) that poverty is also constraint, this result 

is in line with (Wolfe et al, 2005) that wide-ranging effects 

of climate change on many facets of human societies such 

as poverty, and human activities. Deforestation with mean 

value of (1.16) is a constraint facing climate change where 

it was clearly showed that deforestation is a part of 

challenge facing climatic change in Nigeria due to increase 

in urbanization, Adams 2011. 

The least constraints were discussed where  

Industrialization has mean value of (1.12) which is part of 

human activities and lastly lack of good policy by federal 

Government which is drastically affecting human in terms 

of improving climate change which has mean value of 

(1.10). 
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Table.6: To Examine the Different Greening Method Practice by Respondent  

Variables Rarely Occasionally Regularly Mean value 

By planting of trees 6 (6.6) 25 (27.5) 60 (65.9) 2.59 

By planting of tree crops 5 (5.5) 28 (30.8) 58 (63.7) 2.58 

By planting of flowers for beautification 11 (12.1) 19 (20.9) 61 (67.0) 2.54 

By management and development of forestry 15 (16.5) 20 (22.0) 56 (61.5) 2.45 

By reducing cutting down of trees  15 (16.5) 24 (26.4) 52 (57.1) 2.40 

By establishing of lawn 15 (16.5) 24 (26.4) 52 (57.1) 2.40 

The use of trees for fencing 14 (15.4) 27 (29.7) 50 (54.9) 2.39 

By planting of vegetable garden 13 (14.3) 31 (34.1) 47 (51.6) 2.37 

By planting of shrubs 13 (14.3) 36 (39.6) 42 (46.2) 2.31 

The use of solar energy to generate power 11(12.1) 44 (48.4) 36 (39.6) 2.27 

By stopping the use of chemical that can cause 

depletion of ozone layer 

23 (25.3) 22 (24.2) 46 (50.5) 2.25 

Percentage in parenthesis source: Field survey, 2016. 

 

Table.7: Constraints to Greening Practices. 

Variables Yes No Mean value 

Farming activities 33 (36.3) 58 (63.7) 1.63 

Poverty 61 (67.0) 30 (33.0) 1.32 

Environmental dynamic 69 (75.6) 22 (24.1) 1.24 

High energy supply 70 (76.9) 21 (23.1) 1.23 

Lack of commitment by people 74 (81.3) 17 (18.7) 1.18 

Deforestation 76 (83.5) 15 (16.5) 1.16 

Urbanization 77 (84.6) 14 (15.4) 1.15 

Increased temperature 77 (84.6) 14 (15.4) 1.15 

Industrialization 80 (87.9) 11 (12.1) 1.12 

Lack of good policy by federal Government 81 (89.0) 10 (11.0) 1.10 

Source: Field survey, 2016. Percentage in parenthesis  

 

HYPOTHES ES TESTING 

Table.8: Socio-economic characteristics of respondents and their attitudes toward sustainable urban vegetable farming 

Variable ᵪ2 – value p-value Decision 

Age 8.630 0.259 Not significant 

Sex 

Religion 

0.546 

3.880 

0.077  

0.206 

Not significant 

Not significant 

Marital status  4.743 0.042 Significant 

Education 3.866 0.063 Not significant 

Household size 1.726 0.135 Not significant 

 

Table.9: PPMC Analysis of the Constraints and Greening Method by the Respondents 

Variable r-value p-value 

Constraints and greening method by the respondents  .003 -.310 

Source: field survey, 2016 

 

The table above shows that there is no significant relationship between the constraint and greening method by the respondents 

where the r-value is .003 and p-value is -.310 which is greater at 5% level. 
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Table.10: PPMC Showing Relationship between the Perception and Greening Method by t he Respondents 

Variable r- value p-value Decision 

Perception and greening method by the respondents  -0.400 0.000 S 

Source: field survey, 2016 

Significant at 5% 

The table showed that there was significant relationship 

between constraints and greening method by the 

respondents (p<0.000, r=0.400). This implies that Ho3 

rejected 

 

IV. CONCLUSION AND RECOMMENDATION 

It was observed that information on climate change was 

majorly heard by scientist in the study area. Human 

activities have effect on climate change and we can all do 

our best to reduce climate change because both men and 

women are entitled to modify our environment. Planting of 

trees and planting of trees and planting of tree crops are the 

best method to ameliorate climate change and the use of 

solar energy is the least that people use because majority are 

using generator which add carbon monoxide to atmosphere   

Planting of trees will reduce climate change also planting of 

lawns, flowers etc. Planting of tree crops such as orange, 

coconut, cashew etc. which will serve as fruit for family as 

well as improvement on climate change. Law should be 

provided to avoid climate change based on deforestation. 

Good policies should be put to practice by Federal 

Government base on industrialization in urban areas.   
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Abstract—The present investigation entitled “Studies on 

genetic variability in tomato (Solanum lycopersicum L.)” 

was carried out at the UCOA, vegetable research farm, 

Guru Kashi University, Talwandi Sabo, Bathinda during 

rabi 2015-16 to evaluate tomato genotypes. The experiment 

was laid out in CRD with three replications. Total 20 

genotypes including check cultivar were evaluated for 

horticultural Traits contributing yield and quality (suitable 

for processing) .There is a wide variability in different 

genotypes in tomato. Traits i.e.  Number of primary 

branches per plant, Days to first fruit harvest, Plant height 

(cm),number of fruits per cluster, number fruits per plant, 

average fruit weight (gm), equatorial diameter of fruit (cm), 

polar diameter of fruit (cm), number of locules per fruit, 

pericarp thickness (mm), fruit pH, Fruit TSS (0brix), days to 

last fruit harvest and average yield per plant (kg) were 

studied during the investigation Analysis of variance 

showed significant differences among genotypes for all the 

characters under study during the investigation. High 

Phenotypic and Genotypic coefficient of variation were 

detected for characters like number of fruits per plant, 

number of locules per fruit, pericarp thickness and average 

yield per plant. High heritability coupled with genetic gain 

were recorded for number of fruits per plant, average fruit 

weight, number of locules per fruit and average yield per 

plant. Therefore these characters also show some scope for 

improvement through selection. A highly significant and 

positive phenotypic and genotypic correlation  were found 

in number of fruits per cluster, plant height, number of 

fruits per plant and average fruit weight. 

Keywords—Tomato, Genotypes. Acc number, Traits, 

Heritability, Locules. 

 

 

 

I. INTRODUCTION 

Tomato (Solanum lycopersicum L.) is the member of family 

solanaceae. Tomato is one of the most popular vegetable 

grown all over the world both for fresh markets and 

processing industry. It is grown practically in open fields, 

green houses and net houses. Among the vegetable 

production it ranks third after potato and sweet potato, 

however it ranks first in first in processed vegetable. China 

followed by India, USA, Spain and Egypt are leading 

tomato producing countries. In India during the year 2015-

16 accord ing to 3rd advanced estimates the area under 

tomato cultivation is 760.0 thousand hectare with the 

production and productivity of 18399.0 thousand million 

tonnes and 24.2 million tonnes per hectare  respectively  . 

Whereas during the year 2014-15 the area under tomato 

cultivation was 767 thousand hectare and the production 

16985.0 million tonnnes with the productivity of 21.4 

million tonnes per hectare. In Punjab the area under tomato 

cultivation was 7.6 thousand hectare with the production 

and productivity of 181.1 million tonnes and 24.5 million 

tonnes per hectare respectively (Ministry of agriculture and 

farmers welfare, Govt of India). Th is is low as comparative 

to the average productivity globally. 

Tomato being a self pollinated crop, it has a tremendous 

potential for heterosis breeding and it is used in different 

breeding programmes. Variability in tomato is expected to 

be immense as the fruits vary greatly in shape and size 

(Bhardwaj and Sharma, 2005).  To improve the productivity 

of tomato, the primary consideration should be to bring out 

genetic improvement of the crop and development of 

superior varieties by selection among and within the 

population through the use of available genetic variability.  

As yield is the main objective of a breeder, it  is important to 

know the relationship between various characters those 

contribute to the yield. The degree of relationship or 

http://dx.doi.org/10.22161/ijeab/3.4.8
http://www.ijeab.com/
mailto:harpal_dhaliwal@hotmail.com


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.8                                                                                                                               ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                                  Page | 1210 

association of these characters with the yield can be known 

by correlation studies. Genetic parameters such as 

Genotypic and Phenotypic coefficient of variation (GCV 

and PCV) are useful in  detection of variability present in 

genotypes available. Heritability and genetic advance help 

in determin ing the influence of environment in determining 

the influence of environment in expression of the characters 

and the extent to which improvement is possible after 

selection (H.F.  Robinson et. al., 1949).  Therefore the 

investigation was carried out in tomato with the objective to 

estimate phenotypic coefficient of variation, genotypic 

coefficient of variat ion, heritability, genetic advance, 

correlation coefficient. 

 

II. MATERIAL AND METHOD 

The investigation was carried out during the rabi season of 

2015-16 at  the vegetable research farm of Guru  Kashi 

University, Talwandi Sabo (Bathinda). The experimental 

material consisted of 20 genotypes along with check 

cultivar i.e. Punjab Chhuhara. The experiment was laid out 

in completely randomizes design (CRD) with three 

replicat ions in each treatment. Plants were transplanted on 

3rd Dec, 2015 at the plant to plant spacing of 30 cm in plot 

having size o f 3.0 m2, accommodating 10 p lants per plot. 

During the experiment data was recorded for 14 different 

characters. The Genotypic and phenotypic coefficients of 

variation were calculated as per the method suggested by 

Burton and De Vane (1953). Heritability (in b road sense) 

and genetic gain was calcu lated as per suggested by Allard 

(1960). Whereas correlation coefficient values were 

calculated as per given by Fishers and Yates (1963). 

 

III. RESULTS AND DISCUSSION 

3.1 Genetic variability 

The analysis of variance indicated significantly  higher 

amount of variability among the genotypes for all the 

characters studied during the investigation. This showed 

that there is a great scope foe selection  of b reeding material 

to initiate any breeding programmme for crop improvement.  

But to know the absolute extent of variability the 

phenotypic coefficient of variance and genotypic coefficient 

of variance was calculated. 

The Phenotypic coefficient of variance was found higher 

magnitude than genotypic coefficient of variance for all the 

character under the study, though the difference was very 

less under the majority of the cases. Phenotypic coefficient 

of variance was high for character like number of fru its per 

plant (40.92%), Number of locules per fruit (38.05%), 

Average fruit yield per p lant (37.52%,  Pericarp thickness 

(32.81%) and while moderate for No of fruits per cluster 

(28.59%), Average fru it weight (28.56%), No of primary 

branches per plant (23.09%), Po lar diameter of fruit 

(19.07%), Plant height (18.58) and Fruit TSS (18.07).  Low 

values of phenotypic coefficient of variation were observed 

in Equatorial fruit  diameter (12.36%), Fruit pH (5.15), Days 

to first fru it harvest (3.62%), Days to last fruit harvest 

(3.34%). Whereas Genotypic coefficient of variance was 

high Genotypic coefficient of variation (Table 4.3) was high 

for characters like No of fru its per plant (35.88%), Average 

yield per p lant (35.88%) and No of locules per Fruit 

(34.17%), while moderate for Average fruit weight 

(28.20%), Plant height (18.11%), Pericarp thickness 

(16.87%), Polar d iameter of fru it (16.76%), No  of fru its per 

cluster (15.62%) and Fruit TSS (15.37%).  Low values of 

phenotypic coefficient of variation were observed in No of 

primary branches per plant (13.73%), Equatorial diameter 

of fruit (9.10%), Fru it pH (3.42%), Days to first fruit 

harvest (3.36%) and days to last fruit harvest (2.91%).  

3.2 Heritability 

The estimates of heritability varied  from 26.43 to 97.52 % 

for different characters under study (Table 4.3). It was high 

for characters like Average fruit  weight (97.52%), Plant 

height (95.06%), Number of fru its per plant (94.64%), 

Average yield per plant(91.46%), Days to first fruit harvest 

(85.80%) and No of locules per fru it (80.65%), while 

moderate for Po lar diameter of fru it (77.26%),  Days to last 

fruit harvest (75.80%), fruit TSS (72.28%) and Equatorial 

diameter of fruit (54.69%). Low values of Heritability were 

observed in Fruit pH (44.13%), Number of fru its per cluster 

(36.40%), No of primary branches per plant (35.37%) and 

Pericarp thickness (26.43%).  

3.3 Genetic advance and genetic gain 

The genetic gain (genetic advance expressed as percentage 

of population mean) was low to high in nature and ranged 

from 4.62 to 79.20 % (Table 4.3).High genetic gain was 

recorded for Number of fruits per plant (79.20%), Average 

yield per p lant, Number of locules per fruit (63.21%) and 

average fruit  weight (57.38%), while moderate fo r Plant 

height (36.38%), Polar diameter o f fru it (30.36%) and Fruit 

TSS (26.91%). Low values of genetic gain were observed in 

number of fruits per cluster (19.41%), Pericarp thic kness 

(17.86%), Number of primary branches per plant (16.82%), 

Equatorial diameter of fru it (13.86%), Days to first fruit 

harvest (6.40%), Days to last fruit harvest (5.21%) and Fruit 

pH (4.68%). Kumar et al (2013) also reported High 

phenotypic coefficient of variability (PCV), genotypic 

coefficient of variability (GCV) and heritability estimates 
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coupled with high genetic gain  were recorded for number of 

fruits per plant, yield per plant and fruit weight. 

These results were found in accordance with Bangaru et al. 

(1983) Reported high GCV and PCV for number of fru its 

per plant.  Mittal et al. (1996) who observed high 

heritability along with high genetic advance in number of 

fruits per plant. Aysh et al.(2012)  observed Highest GCV 

and PCV for number of fruits  per plant. High heritability for 

Fruit  weight, number of locules per fruit  and fruit y ield  was 

reported by Golani et al. (2007). 

 

Table.1: Range, Mean and Genetic parameters for different characters under study in tomato 

S.No Characters  Range Mean PCV 

(%) 

GCV 

(%) 

Heritability 

(%) 

Genetic 

advance 

Genetic 

gain (%) 

 Max Min  

1. Number of 

primary 

branches 

3.0 6.0 4.62 23.09 13.73 35.37 0.78 16.82 

2 Days of 1st 

fruit harvest 

126.33 149.66 140.07 3.62 3.36 85.80 8.97 6.40 

3 Plant height 51.00 95.33 74.44 18.58 18.11 95.06 27.08 36.38 

4 Number of 

fruits per 

cluster 

2.33 4.33 3.14 25.89 15.62 36.40 0.61 19.41 

5 Number of 

fruits per 

plant 

14.00 67.00 32.31 40.62 35.88 94.64 25.59 79.20 

6 Average 

fruit weight 

(g) 

28.0 68.38 42.88 28.56 28.20 97.52 24.61 57.38 

7 Total yield 

per plant 

(kg) 

0.58 2.14 1.31 37.52 35.88 91.46 0.94 70.69 

8 Equatorial 

diameter of  

fruit (cm) 

3.76 5.46 4.55 12.36 9.10 54.69 0.63 13.86 

9 Polar 

diameter of 

fruit (cm) 

3.50 6.23 5.00 19.07 16.76 77.26 1.52 30.36 

10 No. of 

locules per 

fruit 

2.00 5.66 3.04 38.05 34.17 80.65 1.93 63.21 

11 Pericarp 

thickness 

(mm) 

4.00 9.33 5.72 32.81 16.87 26.43 1.02 17.86 

12 Fruit pH 3.56 4.16 3.87 5.15 3.42 44.13 0.18 4.68 

13 Fruit TSS 

(Brix) 

2.80 5.36 3.86 18.07 15.37 72.28 1.04 26.91 

14 Days to last 

fruit 

Harvest 

153.33 175.67 166.73 3.34 2.91 75.80 8.69 5.21 
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3.4 Studies of correlation. 

The correlation studies carried out during the investigation 

show that the in general the genotypic correlat ions were 

high than that of phenotypic correlation. In the investigation 

it was analysed that on the basis of phenotypic correlations 

among 14 characters (Table 2) showed that fruit yield per 

plant had positive and significant association with number 

of fru its per plant (0.7397), plant height (0.4215), number 

of fru its per cluster (0.4410), average fruit weight (0.3101) 

and polar diameter (0.2637). However, it showed significant 

negative correlation with number of day to first harvest (-

0.2795) and pericarp thickness (-0.2688). 

Number of fru its per cluster had significant positive 

correlation with number of fru its per plant (0.4477).Number 

of primary  branches had significant positive correlation 

with fru it TSS (0.3207)and day to first harvest (0.2534), it 

showed significant negative correlation with fruit pH (-

0.3033).Days to first fruit harvest had significant positive 

correlation with days to last fruit harvest (0.8538) and no. of 

locules per fruit  (0.2621) and negative correlation with no. 

of fru its per plant (-0.4599).Plant height had significant 

positive correlation with equitorial diameter of fruit 

(0.3441), average fruit weight (0.3092), no. of locules per 

fruit (0.2893) and negative correlation with fru it pH ( -

0.2613).Number of fru it per plant had significant negative 

correlation with average fru it weight (-0.3599) and days to 

last fruit harvest (-0.2705).Average fru it weight had 

significant positive correlat ion with polar diameter (0.5991) 

and equatorial diameter (0.5778). Equitorial diameter had 

significant positive corre lation with no. of locules per fruit 

(0.4568), polar diameter (0.2978), and fruit TSS (0.2952) 

and fruit pH (0.2652). Polar diameter had significant 

negative correlation with no. of locules per fru it ( -

0.5133).No. flocules per fru it had significant positive 

correlation with fruit TSS (0.3473).  

Whereas the study of genotypic correlations among 14 

characters under investigation show that fruit y ield per plant 

had positive and significant association with number of 

fruits per cluster (0.6489), plant height (0.4390), average 

fruit  weight (0.3148) and polar d iameter (0.2736). 

However, it  showed significant negative correlation with 

number of day to first harvest (-0.2956) and pericarp 

thickness (-0.5330).  

Number of fru its per cluster had significant positive 

correlation  with number of fru its per p lant (0.7002), 

pericarp thickness (0.5379), fruit  pH (0.3348), plant height 

(0.3271) and no. of locules per fruit (0.2571).Number of 

primary branches had significant positive correlation with 

fruit  TSS (0.5322), day to  first harvest (0.4785), plant 

height (0.3777), average fruit weight (0.3353) and days to 

last fruit harvest (0.3114), it showed significant negative 

correlation with fruit pH (-0.5793) and no. of fruits per 

plant (-0.3304).Days to first fruit harvest had significant 

positive correlation with days to last fruit harvest (0.9072), 

fruit TSS (0.3068), equatorial diameter (0.2745) and no. of 

locules per fruit   (0.2626) and negative correlation with 

polar d iameter (-0.2743).Plant height had significant 

positive correlation with equitorial diameter of fruit 

(0.4306), no. of locules per fruit (0.3394) and average fruit 

weight (0.3335) and negative correlation with fruit  pH ( -

0.4334).Number of fru it per plant had significant negative 

correlation  with average fru it weight (-0.3648) , equatorial 

diameter (-0.3283) and days to last fruit harvest (-

0.3124).Average fruit weight had significant positive 

correlation with polar d iameter (0.6501) and equatorial 

diameter (0.7342). Equitorial diameter had significant 

positive correlation with no. of locules per fruit  (0.6150), 

fruit pH (0.4399) and fru it TSS (0.4022). Polar diameter 

had significant positive correlat ion with fruit pH (0.2705) 

and negative correlation with no. of locules per fruit ( -

0.6025), pericarp thickness (-0.5960) and days to last fruit 

harvest (-0.3092).Number of locules per fru it had 

significant positive correlation with fruit  TSS (0.5333) and 

pericarp th ickness (0.4258).Pericarp thickness had 

significant positive correlat ion with fru it TSS (0.3710).  The 

estimates of genotypic and phenotypic correlation 

coefficients imparted that the genotypic correlat ion were 

higher magnitude than the corresponding phenotypic ones 

for most of the character combinations , thereby 

establishing predominant role of heritable factor. 

The results those were carried out for correlation studies 

during the invest tigation were found to be in accordance 

with Singh and Cheema (2006) they observed that 

genotypic correlat ions were of higher magnitude than the 

corresponding phenotypic correlat ion values for most of the 

character combinations in tomato which were similar to 

results of correlation among different characters in the 

investigation carried out. The results also corroborated with 

the results carried out by Pradheep et al (2007) for 

correlation  for fruits per p lant, fruit  weight and fruit  yield. 

The results were also found to be in accordance with those 

of Shushay et al (2014) fru it yield and number of fru its per 

plant. The results for correlation studies were also in 

accordance the results carried out by Golani et al. (2007) 

for number of primary branches and number of locules per 

fruit. 
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Table: 2   Phenotypic and Genotypic correlation of different characters of tomato 

Characters  No 

fruit

s 

per 

clust

er 

No 

primary 

branche

s 

Days to 

first 

harvest 

Plant 

height 

No of fruits 

per plant 

Average 

fruit 

weight 

(g) 

Equatori

al 

diameter 

(cm) 

Polar 

diameter 

(cm) 

No of 

locules 

per fruit 

Pericarp 

thickness 

(mm) 

Fruit 

pH 

Fruit 

TSS 

(Brix) 

Days to 

Last 

fruit 

harvest 

Average 

yield per 

plant (kg) 

No fruits 

per cluster 

P  -0.1501 -0.0921 .01728 0.4477** -0.386 0.1086 0.0184 0.1239 0.1334 -0.0174 -0.0537 -0.0579 0.4410** 

G  -

0.4429*

* 

-0.1235 0.3271* 0.7002** -0.0995 0.1833 -0.0110 0.2571* 0.5379** 0.3348*

* 

-0.0276 -0.0420 0.6489** 

No 

primary 

branches 

P   0.2534* 0.2145 -0.2025 0.1810 -0.0276 -0.0481 0.0986 0.1158 -0.3033* 0.3207* 0.1711 -0.0277 

G   0.4785*

* 

0.3777*

* 

-0.3304** 0.3353** 0.1008 -0.1113 0.1843 0.1589 -

0.5793*

* 

0.5322*

* 

0.3114

* 

-0.0525 

Days to 

first 

harvest 

P    0.0817 -0.4599** 0.1556 0.1421 -0.2116 0.2621* 0.0762 0.0375 0.2255 0.8538

** 

-0.2795* 

G    0.0920 -0.2120 0.1789 0.2745* -0.2743* 0.2626* 0.1938 0.0204 0.3068* 0.9072

** 

-0.2956* 

Plant 

height 

P     0.1166 0.3092* 0.3441** -0.0371 0.2893* -0.0495 -0.2613* 0.0547 0.0462 0.4215** 

G     0.1083 0.3335** 0.4306** -0.0734 0.3394*

* 

-0.0758 -

0.4334*

* 

0.0640 0.0707 0.4390** 

No of fruits 

per plant 

P      -0.3599** 0.2383 -0.1331 0.0872 -0.1201 -0.1183 -0.0786 -

0.2705

* 

0.7397** 

G      -0.3648** -0.3283** -0.1438 0.0794 -0.2300 -0.1315 -0.0728 -

0.3124

** 

0.2487 

Average 

fruit 

weight 

(gm) 

P       0.5778** 0.5991** 0.0557 -0.1678 -0.0179 0.1117 0.0752 0.3101* 

G       0.7342** 0.6501** 0.0744 -0.4599** -0.0551 0.1059 0.0794 0.3148* 

Equatorial 

diameter 

(cm) 

P        0.2978* 0.4568*

* 

0.1183 0.2652* 0.2952* 0.0990 0.1809 

G        0.1424 0.6150*

* 

-0.0317 0.4399*

* 

0.4022*

* 

0.1071 0.1840 

Polar P         - -0.2148 0.1655 -0.0834 -0.2009 0.2637* 
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diameter 

(cm) 

 0.5153*

* 

G         -

0.6025*

* 

-0.5960** 0.2705* -0.2075 -

0.3092

* 

0.2736* 

No of 

locules per 

fruit 

P          0.0485 0.0140 0.3473*

* 

0.1975 0.1327 

G          0.4258** 0.0890 0.5333*

* 

0.1712 0.1497 

Pericarp 

thickness 

(mm) 

P           0.1301 0.2187 0.0386 -0.2688* 

G           -0.3612 0.3710*

* 

0.1228 -0.5330** 

Fruit pH P            0.0107 0.0265 -0.1605 

G            0.0806 -0.0737 -0.1985 

Fruit TSS 

(Brix) 

P             0.1306 0.0029 

G             0.2214 0.0141 

Days to 

Last fruit 

harvest 

P              -0.1098 

G              -0.1235 
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Evaluation of herbicides and their combinations 

for weed control in wheat (Triticum aestivum L.) 
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Abstract— The field experiment was conducted at the 

Student’s Research Farm, P.G. Department of 

Agriculture, Khalsa College, Amritsar, Punjab, to study 

the evaluation of various herbicides  and their 

combinations on wheat during 2016-17. The experiment 

was laid out in  randomized block design with seven 

treatments such as weed free, weedy check, pendimethalin 

2.5L/ha, pendimethalin 2.5L/ha + clodinofop 400 g/ha, 

pendimethalin 2.5L/ha + sulfosulfuron 32.5g/ha , 

pendimethalin 2.5L/ha + pinoxaden 1000 ml/ ha, 

pendimethalin 2.5L/ha + atlantis 400g/ha and  replicated 

thrice. Results revealed that pendimethalin 2.5 L/ha + 

atlantis 400g/ha was found effective to control weed 

population and produced higher number of grains per ear 

and enhanced grain yield upto 62.3 per cent over weedy 

check. 

Keywords—Herbicides, Weed control, Wheat, Yield. 

 

I. INTRODUCTION 

Wheat (Triticum aestivum L.) is the most important 

winter cereal crop of Punjab and staple food for millions 

of people in India and across the world. Regardless of all 

the other ways of crop yield enhancement, weed control is 

one of the important key factors in crop yield 

improvement particularly in Amritsar districts to cope 

with the annual weed population blast. Weeds compete 

with crop for available moisture, nutrients, space, light 

and provide shelter for harmful insect-pests which result 

in yield reduction. Weeds cause yield reduction upto 15-

50 percent depending upon the weed density and weed 

flora (Jat et al.2003). Weeds not only  reduce yield but 

also lower the quality of the produce and increases the 

cost of harvesting, threshing and cleaning. Apart from 

improved agronomic practices and preventive measures, 

chemical weed control is one of the important key factors 

to enhance the wheat production and productivity. Most 

of the farmers cultivating wheat crop in the region have a 

psychological competition among other farmers to 

eliminate weeds in their respective field. Therefore, 

adding  over dose of chemical herbicides which develops 

resistance in various weed species associated with wheat 

crop. Moreover when they use combination of various 

herbicides it further aggravates economics of small 

farmers. Therefore, some suitable and judicious herbicidal 

combinations may check to prevent environmental 

pollution and to human health issues. Several 

combinations of herbicides are there that can provide 

good control of broad - and narrow- leaved weeds and 

cause significant reduction in their density and increases 

the yield as compared to weedy check (Chaudhary et al.       
*Corresponding author: rakeshvirgo@yahoo.co.in 

2008). Therefore, an experiment was carried out on 

various herbicides generally used in wheat to evaluate 

their impact on weed control in combinations and to 

assess the efficacy of the herbicides on grain yield of 

wheat. 

 

II. MATERIALS AND METHODS 

The experiment was conducted at Students’ Research 

Farm, Khalsa College, Amritsar during rabi season of 

2016-17. Amritsar is located at 31̊ – 38̊   North latitude 

and 74̊ - 52̊ East longitude and at an altitude of 236 meters 

above mean sea level. Maximum temperature ranged 

between 14.9 ̊C and 41.2 ̊ C while minimum temperature 

ranged between 1.9 0C and 23.30C during this season. The 

soil of experimental site was sandy loam having pH 7.8, 

medium in organic carbon (0.49%), low available N 

(164.5%), high available P (31.7%) and high available K 

(347.5%).  The wheat variety ‘WH 1105’ was sown at 

22.5cm spacing on 5th November 2016. The experiment 

was laid out in randomized block design with eight 

treatments and replicated thrice. The gross plot size was 

4.5m x 4.5m. Herbicides were applied with knapsack 

sprayer.  Pendimethalin was applied as pre-emergence at 

two days after sowing, while clodinofop, sulfosulfuron, 

pinoxaden and atlantis were applied as post-emergence at 32 

days after sowing (DAS). The weed density and dry weight 

of narrow- leaved weeds  and broad-leaved weeds were 

analyzed using transformation of square root i.e (√𝑥 + 1 ), 

before carrying out analysis of variance and comparison 

were made on transformed values (Table 1). 

 

III. RESULTS AND DISCUSSION 

The data recorded were weed density (number/m2), weed 

dry matter (g/m2), grains /spike and grain yield (kg/ha). 

Increase in yield over weedy check was calculated for all 

the treatments. 
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Effect on weeds 

All the weed control treatments significantly reduced the 

weed density and dry matter of weeds (Table 2). Pre- 

emergence application of pendimethalin  (30 EC) 2.5 L/ha 

along with the post-emergence application of atlantis 400 g 

resulted in the lowest weed density and weed dry matter. 

The better performance of this treatment might be attributed 

to the effective control of narrow-leaved weeds and broad- 

leaved weeds by pendimethalin along with atlantis. This 

was statistically similar to pendimethalin fb + sulfosulfuron, 

pendimethalin fb + clodinafop and pendimethalin fb + 

pinoxadin.  The highest weed density and weed dry weight  

were recorded in weedy check. These results are in 

conformity with the findings of Kailkhura et al. (2015) that 

herbicidal combinations of pre-emergence application 

followed by post-emergence application were found most 

effective in controlling weed infestation.  

 

Effect on crop 

Among the yield components number of grains per spike 

is essential parameter for assessment of the impact of 

weed control treatments on yield. Increasing the number 

of grains per spike will increase the weight of the spike 

which in turn definitely improves the final yield (Hussain 

et al. 2013). Among the  herbicidal treatments the highest 

number of grains per skike (43) were observed with 

combination of pre-emergence application of 

pendimethalin (30 EC) 2.5 L/ha along with post-

emergence application of atlantis 400 g/ha. Whereas the 

lowest grains per spike was observed in weedy check 

(31.6). All the weed control measures resulted in 

significantly higher grain yield than weedy check. Weed 

free recorded the highest values of grain yield, may be 

due to least competition offered by weeds. Among 

herbicidal treatments  combination, highest grain yield 

(5773 kg/ha) was recorded with pre-emergence 

application of pendimethalin 2.5 L/ha fb post-emergence 

application of atlantis 400 g/ha (Table 3). The higher 

grain yield may be due to the reduced weed competition 

and thereby increased crop growth. At the initial stage, 

pre-emergence application of pendimethalin  controlled 

narrow and broad leaved weeds efficiently and 

succeeding weeds were control by atlantis, which offers 

broad range weed control. Similar results were reported 

by Khalil et al. (2013).   

It was summarized that combination of  pre-emergence 

application of  pendimethalin 2.5L/ha with post-

emergence application of atlantis 400 g/ha may be 

recommended for managing composite weed flora and 

obtaining higher yield in the wheat crop.  
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Table.1: Details of the herbicidal treatments of the experiment. 

 Treatments Rate /ha Time of application 

 Weed free - - 

 Weedy check - - 

 Pendimethalin (30EC) 2.5 L Pre-em 

 Pendimethalin (30 EC)  fb+ Clodinafop(15 WP) 2.5L fb 400 g Pre fb Post-em 

 Pendimethalin(30EC)  fb +Sulfosulfuron(75WG) 2.5 L fb32.5 g Pre fb Post-em 

 Pendimethalin (30 EC)  fb +Pinoxaden(5 EC)  2.5 Lf 1000ml Pre fb Post-em 

 Pendimethalin (30 EC)  fb +Atlantis (3.6 WDG) 2.5 Lfb 400 g Pre fb Post-em 

Pre-em= Pre-emergence, Post-em= Post-emergence, fb= followed by 
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Table.2: Effect of different weed control treatments on weed density (number/m2) and dry matter of  weeds (g/m2)  in wheat. 

Treatments  Weed density / m2                                                            

    

Dry matter of weeds     (g/m2) 

 Narrow  

leaved 

weeds 

Broad  

leaved 

weeds 

  Narrow 

leaved  

weeds 

Broad 

leaved 

weeds 

 

Weed free 1(0) 1(0)  1(0) 1(0)  

Weedy check 7.6(58.2) 8.3(68.4)   14.8(221) 16.5(273)  

Pendimethalin 2.3(4.44) 2.7(6.54)   6.7(44.5) 9.5(91.0)  

Pendimethalin fb Clodinafop 1.5(1.42) 2.0(3.04)   3.9(14.7) 4.8(22.7)  

Pendimethalin fb 

Sulfosulfuron 

1.7(1.93) 1.8(2.26)   4.4(19.2) 3.7(13.1)  

Pendimethalin fb Pinoxaden 1.6(1.75) 2.0(3.42)   4.0(15.4) 4.9(23.6)  

Pendimethalin fb Atlantis 1.4(1.14) 1.7(2.01)   3.6(12.5) 3.5(11.6)  

LSD (p=0.05) 0.34       0.44   1.28 1.56  

Original data given in parenthesis was subjected to square root (+ 1) transformation before analysis . fb=followed by 

 

Table.3: Effect of different weed control treatments on number of grains per spike, grain yield (kg/ha) and percent increase 

in yield of wheat. 

 

Treatments Grains/spi

ke 

 

    Grain  

Yield 

(kg/ha) 

Yield increase over 

weedy check 

(kg/ha) 

Percent  

Increase 

Weed free 43.1       5889 2259 38.35 

 Weedy check 31.6  3630 - - 

 Pendimethalin  39.0  5107 1477 28.92 

Pendimethalin   fb Clodinafop   42.2  5663 2033 35.89 

Pendimethalin   fb Sulfosulfuron 42.9  5706 2076 36.38 

 Pendimethalin   fb Pinoxaden  42.0  5591 1961 35.07 

Pendimethalin  fb  Atlantis 43.0  5773 2143 37.12 

LSD (p=0.05) 2.52    355   
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Abstract— Mosaic disease caused by multiple infections 

of viruses in one of the most devastating virus diseases of 

chili pepper (Capsicum annuum) in Indonesia. Improving 

plant resistance by treatment with exogenous bioactive 

compounds is promisingly developed for plant protection 

in organic chili production. We demonstrated the 

suppressive effects of a fermented water extract of 

compost fortified with over-fermented tempe (TCE) on 

mosaic disease and its aphid vector. TCE was applied 

weekly by foliar spraying at 0.2 and 2.0 % on potted 

Capsicum growing in field. The result showed that treated 

plant sprayed with TNF preparation exhibited a 

significantly slower disease progression as represented 

by a lower area under disease progress curve compared 

to control plant.  Disease suppression was obtained at 

concentration as low as 0.2%. TCE-treated plants were 

significantly less colonized by Aphis gossypii than control 

plant. 

Keywords—Amino acid, Aphis gossypii, compost tea, 

cucumber mosaic virus, fermented water extract of 

compost. 

 

I. INTRODUCTION 

Mosaic virus diseases are widely distributed and cause 

significant losses on chili pepper throughout the world. In 

Indonesia, mosaic virus diseases was mainly associated 

with multiple infection of  Cucumber mosaic virus 

(CMV), Chili veinal mottle virus (ChiVMV), Tobacco 

mosaic virus (TMV), Pepper yellow leaf curl virus 

(PYLCV) and Pepper vein yellowing virus (PeVYV) (Putra 

et al., 2015). Infected plants show dwarf symptoms and 

produce curling leaf, mosaic and yellowing. Infection 

during early growth stage causes dwarfing and dropped 

flower, fail to produce fruit and can cause total losses. 

Infection during generative stage causes plant to produce 

small fruit, hard and have no market value. Yield loss due 

to viral infection is depending on growth stage and type 

of symptom. Chili plants with yellowing and mosaic 

symptom produced 80-84% less yield compared to those 

of healthy plant (Sukada et al., 2014).  

The use of resistant plants is one of the most 

efficient, sustainable and frequently employed strategies 

to control virus infections in fields (Nicaise, 2014).  One 

approach to improving plant resistance to virus disease is 

to use of resistance inducers of natural origin including 

living microorganisms, plant extracts, microbial cell-wall 

extracts, microbial metabolites, minerals, and ions 

(Aranega-Bou et al., 2014; Llorens et al., 2017; Siah et 

al., 2018). Numerous studies have demonstrated that plant 

disease resistance can be induced by treating plant 

surfaces with a variety of water-based compost 

preparations, referred to in the literature as compost 

extract or compost tea (Zhang et al., 1998; Al-Mughrabi 

et al., 2008; Siddiqui et al., 2009; St. Martin, 2014).  

However, compost extract had been reported to have 

no or a minor control efficacy against viral disease 

(Kouyoumjian, 2007). Fortification of compost extract 

may increase its benefit to improve plant resistance 

against viral infection. Suppression against CMV 

infection on cigar tobacco was achieved after fortification 

of a compost extract from vegetable wastes with 

siderophores-producing Pseudomonas aeruginosa Ch1 as 

studied in a greenhouse test (Wahyuni et al., 2010). 

Fortification of compost with shrimp products resulted in 

an increase in amino acids content of compost extract 

(Suwandi, 2013). Soil drench, trunk and foliar spray using 

the compost extract preparation have known to improve 

plant tolerance against salt stress (Suwandi et al., 2014) 

and to recover plant from physiological stress (Suwandi et 

al., 2018). Over-fermented tempe is one of the 

inexpensive and abundant source of amino acids in 

Indonesia that contains more than 19% of total amino 

acids (Utami et al., 2016). This study examined the 

potential used of a fermented water extract of compost 

fortified with water extract of over-fermented tempe 

(TCE) to control mosaic disease and its vector Aphis 

gosypii on potted chili pepper under field condition. 
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II. MATERIAL AND METHODS 

2.1 Plant material  

CMV free-certified chili cultivar F1 Lado was used 

throughout experiment. Seedling was prepared on insect-

free growth room for 3 weeks. Seedlings were 

transplanted to a- 15L-black polyethylene bag (polybag) 

filled with top soil in mixture with fortified compost (N: 

1.0 P: 6.1 K: 5.2 Mg: 8.6). Polybags were placed in 70-

cm spacing in the experiment field of Faculty of 

Agriculture, Sriwijaya University. Plants were fertilized 

weekly with 250 mL/plant using 1% (w/v) a NPK 16-16-

16 fertilizer. No pesticides were used during the 

experiment and weeds were cleaned manually.  

2.2 Compost extract and treatment 

Compost extract preparation was produced by 

fermentation of shrimp waste-enriched compost extract 

(SWCE) (Suwandi, 2013; Suwandi et al., 2018) in 

mixture with 20% (v/v) water extract of over-fermented 

tempe and 5% (w/v) sucrose. The entire brewer contents 

were vigorously shaking by hand and then left to ferment 

in a plastic bottle at ambient temperature for 7 days. 

Three types of preparations, TF, TNF and TFJK were 

used in the study. TF and TNF used tempe obtained from 

different production locations in South Sumatra. Juice of 

Citrus amblycarpa (Hassk.) Ochse (jeruk limau) at 5% 

(v/v) was mixed in the TF to produce TFJK preparation. 

The preparation was applied at concentration 0.2 and 

2.0% by spraying at dosage 600 L/Ha started from one 

week after transplanting at one week interval.  

2.3. Assessment of disease and aphid colonization 

Both disease incidence and severity were measured in the 

study. Incidence of naturally diseased leaves were 

counted weekly and calculated as percentage of leaves 

showing typical mosaic symptom out of total leaves per 

plant. Severity of naturally occurring mosaic disease was 

evaluated weekly on a 0-to-5 scale as follows: 0 = no 

symptoms; 1 = mild deformation and mosaic of the 

youngest two leaves; 2 = pronounced leaf deformation 

and mosaic of the youngest two leaves, with progression 

of symptoms into sequentially older leaves; 3 = 

pronounced leaf deformation and mosaic progression 

beyond the two youngest leaves, with all leaves 

expressing some form of virus-induced symptoms; 4 = 

similar symptoms as described for a rating of 3, with 

plants also being stunted in growth (where stunting 

includes both reduced internode extension and smaller 

leaves); and 5 = severe stunting, with the majority of 

leaves being small, severely deformed, and tightly 

bunched together (Lee and Ryu, 2016). All plants in each 

treatment were scored; the ratings totaled and were 

divided by the number of plants multiplied by 5 to give a 

disease index in percent. Disease progression of each 

treatment was compared based on area under disease 

progress curve (AUDPC). The AUDPC of mosaic 

severity was calculated by using the formula suggested by 

Simko and Piepho (2012). 

Aphid species colonizing the tested plant during 

experiment were identified according to Blackman and 

Eastop (2000). Number of aphids was recorded weekly 

starting from 7 days after transplanting.  

2.4 Experimental design and data analysis 

Experiment was arranged in a completely randomized 

block factorial design with 15 replications (3 preparations 

of compost extract × 2 concentrations + one control 

treatment). Data were analyzed using Proc Glimmix in 

SAS University Edition 2.7 9.4 M5 (SAS Institute Inc., 

Cary, NC, USA).  

 

III. RESULTS 

3.1 Disease development  

Effect of compost extract treatment on development of 

mosaic disease was assessed based on incidence of 

diseased leaves and severity of diseased plants. Incidence 

of diseased leaves (Fig. 1) and mosaic severity (Fig. 2) 

were less progressive observed on compost extract treated 

plot compared to that of water treated plot.  Higher 

disease suppression was exhibited by treatment with TNF 

preparation and the suppression was similar between a 

higher concentration (2.0%) and lower concentration 

(0.2%). Suppression of disease incidence and severity was 

starting to observe as early as one week after spraying and 

continuing to a same manner as increasing of plant ages. 

Regardless of treatments, disease was developed well 

after 5 weeks of transplanting. Disease protection by TNF 

and TFJK preparation was prominently observed until 5 

weeks after transplanting as restricted disease was found 

on treated plants. TF preparation induced a similar level 

of disease progress compared to control, particularly until 

5 weeks after transplanting, although a slight suppression 

of disease was later observed after 6 weeks transplanting.  

Overall development of diseased severity incidence was 

less progressive compared to that of disease incidence 

(Figs. 1 and 2). 

Anova of AUDPC of mosaic severity showed that 

compost extract treated plants resulted in significantly 

(P<.0001) lower than water treated plant. There was a 

significant different (P main effect of preparation types 

=0.0005) between three preparations used. AUDPC was 

significantly lower on plants treated with TNF compared 

than TF and TFJK. Increased concentration from 0.2 to 

2.0% did not significantly affect AUDPC (P main effect 

of concentration =0.0561) of mosaic severity. There was 

no significant interaction (P=0.6544) between 

concentration and types of preparation. Based on 

AUDPC, suppression of disease progress was ranged 

from 29.6 to 75.4%, respectively. Significant lower 
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AUDPC or highest suppression of AUDPC was obtained 

after application with TNF preparation regardless of the 

concentration (Table 1). 

 

 

Fig.1: Incidence of diseased leaves on Capsicum annuum 

sprayed weekly with a variety of fortified-compost 

extracts 

 

 
Fig.2: Progress curves of mosaic severity on Capsicum 

annuum sprayed weekly with a variety of fortified-

compost extracts 

 

Table.1: Area under disease progress curve (AUDPC) of 

mosaic severity after treatment with compost extract 

Treatment of 

compost extracts 
AUDPC1) 

% disease 

suppression 

relative to 

control2) 

TF-0.2% 12.48  1.93 ab 29.6 

TNF-0.2%   7.46  1.79 bc 57.9 

TFJK-0.2% 11.56  1.33 ab 34.8 

TF-2.0% 11.68  2.07 ab 34.1 

TNF-2.0%   4.35  0.51 c 75.4 

TFJK-2.0%   8.22  1.09 bc 53.6 

Water (control) 17.72  1.41 a - 
1)Mean ± SEM = Mean values ± standard error of means 

of fifteen replications. Means within the same column 

having a common letter(s) do not differ significantly 

(P=0.05) according to the Tukey HSD-test.  2)% disease 

suppression = [(AUDPC of control - AUDPC of 

treatment)/ AUDPC of control]*100.  

 

3.2 Aphid colonization 

Substantial aphid colonization started to observe at 8 and 

9 weeks after transplanting.  Aphid was found on 77 and 

89 of 90 compost extract-treated plants at 8 and 9 weeks 

after transplanting, respectively. During those periods, 

colonization was found on all control plants  (100% 

colonization). Anova of aphid number per plant showed 

that compost extract-treated plants resulted in 

significantly (P<.0001) lower colonization than water 

treated plant. Type of preparations significantly affected 

the aphid colonization (P main effect of preparation types 

(P<.0001) with lower aphid number on plant sprayed with 

TF and TNF compared to TFJK. Number of aphids 

colonizing plants sprayed with lower (0.2%) and higher 

(2.0%) concentration of compost extract were not 

significantly different (P=0.1438). Effect of compost 

extract spraying on aphid number was  not significantly 

affected by its concentration (P interaction between 

preparation type and concentration = 0.1703). When 

combination of preparation types and concentration was 

compared, treatment with 0.2% TNF and 2.0% TF and 

TNF resulted in lowest aphid colonization (Fig. 3).  

 

 

Fig.3: Colonization of aphid at 8 and 9 weeks after 

transplanting of Capsicum annuum sprayed weekly with a 

variety of fortified-compost extracts. Bars are means ± 

SEM of 15 replicate plants; bars without a letter in 

common are significantly different (P = 0.05) according 

to the Tukey HSD-test. 

 

IV. DISCUSSION  

In this study, we demonstrated the suppression effects of 

a compost extract preparation fortified with water extract 

of over-fermented tempe on mosaic disease and its aphid 

vector, Aphis gossypii on chili pepper. Plant treated with 

all three variants of the liquid preparation exhibited in 

significantly less progressive incidence and severity of 

mosaic disease and less colonization of A. gossypii 
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compared to control plant.  Reduction in both diseas e and 

its vector population was obtained at concentration as low 

as 0.2%.  

Plant treated with a lower concentration (0.2%) showed 

more delayed severity compared to the incidence progress 

curve. Even though infected, the severity progress had 

been delayed, suggesting a possible role of bioactive 

compounds containing in compost extract in plant 

resistance against viral infection. Compost extract used in 

the study contain at least 15 kinds of amino acid derived 

from water extract of over-fermented tempe. Utami et al. 

(2016) demonstrated that total amino acid contained in 

water extract of over-fermented tempe was 191 g/L and 

dominated by glutamic and aspartic acid. Amino acids 

and their metabolites are known to play essential roles 

during signaling processes as well as in enhancing plant 

immunity (Zeier, 2013), but few report available 

regarding induce resistance by exogenous application of 

amino acids. Exogenous treatment of rice roots with low 

dose glutamate induced systemic disease resistance 

against rice blast by regulating salicylic acid signaling 

pathway in rice leaves (Kadotani et al., 2016). Improved 

plant resistance against virus following application with 

amino-acid-based nutritional biostimulant at low 

concentration has been reported by Betti et al. (1992) 

demonstrated that. Foliar spray with 0.2-0.3% the amino 

acid preparation on chili pepper inoculated with PepMV 

reduced disease severity of mosaic disease. The viral 

disease suppression was suggested to be associated with 

correction of amino acid ratio (GLU+GLN/ASP) 

imbalance due to viral infection by amino acids contained 

in the biostimulant. 

Disease severity at 8 and 9 weeks after transplanting was 

positively correlated with number of aphid colonization 

per plant suggesting that infestation level of the insect 

vector is responsible for severity of mosaic disease. It was 

likely that suppression of mosaic severity was associated 

with insecticidal activity of the fermented extract to Aphis 

gossypii.  The fermentation liquid used in this study was 

derived from water extract of over-fermented tempe that 

reported to contain a non-proteinogenic  amino  acid, 

aminobutyric  acid (Koh et al., 2012).   β-aminobutyric  

acid  (BABA), one of monomer of aminobutyric  acid  is 

known to have  wide-ranging protection  in  a  number  of  

plant  families  against  a variety  of  plant  pathogens,  

nematodes  and  insect herbivores (Alexandersson et al., 

2016).   BABA has been demonstrated to reduce the 

performance of the pea aphid, Acyrthosiphon pisum on six 

legume plant species when applied as a root drench 

(Hodge et al., 2005). When applied on citrus, BABA was 

reported to citrus resistance to the Asian citrus psyllid, 

Diaphorina citri (Tiwari et al., 2013). Cao et al. (2014) 

suggested that mechanism of BABA-induced resistance in 

wheat to the grain aphid, Sitobion avenae is associated 

with direct toxicity of high BABA contents in plant 

phloem.  Further study was needed to determine the role 

of amino acids contents in aphid suppression of the 

compost extract. Further study was needed to determine 

the toxicity of the compost extract on aphid and the role 

of amino acids contents on aphid performance. 

Results from this study suggesting that disease 

suppression by the compost extract is possibly associated 

with either enhance host resistance or toxic activity of 

bioactive compounds containing in compost extract 

preparation.    This findings point to the potential to 

develop a commercial biopreparation based on 

fortification of compost extract with amino acid-rich 

products to manage plant viral diseases. Further 

determination of bioactive compound and its mode of 

action need to be studied.  Furthermore, the commercial 

formulation of compost extract preparation also led to 

successful protection of chili against CMV. 

 

V. CONCLUSION 

Compost extract preparations fortified with water extract 

of over-fermented tempe showed suppression effects on 

either mosaic disease or its aphid vector, Aphis gossypii 

on chili pepper. Reduction in both disease and its vector 

population was obtained at concentration as low as 0.2%. 
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Abstract— An exploratory survey conducted on 

Pteridophytic flora  in the 18  selected sacred groves of 

Chalavara Grama panchayath, Ottapalamtaluk, Palakkad 

district, Kerala lead to the collection of 26 species of 

pteridophytes coming under 20 genera and 14 families. 

Among them, 02 families belongs to class Lycopsida, 01 

family belongs to class Psilotopsida and remaining belongs 

to class Polypodiopsida. Out of 26 species 21 species are 

terrestrial, 3 species are epiphytes and 2 species are 

aquatic. 

Keywords— Diversity, Sacred groves, Chalavara, 

Palakkad. 

 

I. INTRODUCTION 

Sacred grooves are the conserved forest patches or 

protected areas. The sacred groves in Kerala are tightly 

bonded with religional backgrounds. The (Its) conservation 

is mainly based on cultural, aesthetical and religional 

aspects,  In different areas this sacred places are devoted or 

dedicated for different Gods i.e. serpentine Gods, 

Nagadevatha, Nagayakshi .etc.  Human activities are highly 

prohibited in these areas. Touching plants ( and animals 

associated with them ) in these sacred groves and gardens 

was forbidden to all except the temple priest, and his too is 

restricted to offerings to the Presiding temple Deity and 

curing the ailments of local people (the temple priest was in 

variably the village doctor). The study area includes one of 

the famous sacred groove and serpentine temple, 

Pathirakkunnathu mana. The present technocratic and 

scientifically oriented society mistakenly considers that 

religion is not interested in protecting and managing 

biodiversity. The truth, however, is that religious values 

very often help to protect biodiversity. The practice of 

protection of patches of forests with temples in their vicinity 

has long been in vogue in India and a few other parts of the 

World. In some instances, forest patches or gardens with 

local floristic elements (often called Nandavanas) have been 

specially created near established temples are declared 

sacred to ensure their protection and conservation. Such 

sacred groves and gardens dedicated to the worship of the 

Presiding Deity of each temple are mentioned in ancient 

Greek, Latin American and Indian literary works as well as 

in epigraphically records and copper plates of these 

countries. Data also come from folk traditions, history and 

traditional knowledge passed on through several 

generations. 

 Sacred grooves are biologically important places 

having maximum species diversity and richness. Besides 

this sacred grooves are the significant ecosystem in the 

terrestrial biome. Angiosperms are the abundant vegetation 

in here, mainly trees and climbers, herbaceous forms are 

relatively limited in number, however some pteridophytes, 

certain members of Asteraceae, Piperaceae, are substituting 

this purpose. In some areas large trees are dominant 

whereas in some other areas climbers are majority. The soil 

in these places is nutrient rich and water filled, rocky 

regions contain members of Riccia, Funaria, Marsilia.etc.  

 This study includes a Taxonomical approaches to 

the Pteridophytic flora in sacred groves. Pteridophytes are 

flourished in sacred groves. It’s watery or moisture nature is 

suitable for pteridophytes, some are epiphytic forms on tree 

members some others are herbs and climber like Lygodium. 

Drastic variations among species are common. Sacred 

groves are the original replica of natural forests of the 

locality. It may comprise of a single tree to a very large 

forest tract. It is considered as sacred because of the deity 

associated with the grove. Hence it may call as temple 

forests, which are one of the oldest forms of conserving 

natural forests. This unique community linked forest 

conservation concept is followed in many tribal and 

agrarian regions of the world.  

 Pteridophytes constitute an important part of the 

world flora. Pteridophytes are of immense economic 

importance and there is a great need for their exploitation 
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towards the economic utility in our day to day life. Ferns 

show various economic values towards food and fodder, 

biological indicators, bio fertilizers, insect repellants, 

medicine and folk remedies. But still the question whether 

the full potential of these intriguous plants have been ever 

exploited by the humans remains. Quite a large number of 

them cultivated as ornamentals either indoors in the houses 

or outdoors in the botanical gardens due to their delicate 

beauty and grace. The hybrids of different species are now 

elegant, expensive, representative members in horticulture. 

Another chief economic importance of the pteridophytes is 

that their fossil remains contributed to the coal depositions 

of the world.Thus we can see that ferns are a group of 

unique plants and they have immersed potential to be 

studied and utilized in different areas of economic and 

academic interest. The current study is a humble attempt to 

enumerate and identify the pteridophytic flora of sacred 

grooves of the Chalavaragramapanchayath, Ottapalam, 

Palakkad, Kerala. 

 

II. MATERIALS AND METHODS 

The present study was carried out to assess and 

analyse the pteridophytes flora of sacred groves of 

Chalavara Grama Panchayath, Palakkad district, Kerala. 

The Materials for this study were collected from area of 

study during January 2016 to July 2016. Field trips to 

various habitats were made during the study period for plant 

collection. During the collection, field observations such as 

habit, habitat, and date of collection were noted in the field 

itself and the diagnostic features of all the specimens were 

studied and field notes were made on fresh plant materials. 

 From the available habitats, sporophytic habits 

were collected along with rhizome as far as possible. Plants 

collected were carefully handled and covered with 

moistened newspapers without causing any harm to the 

tender parts. In case of large plants, exact size was noted 

down and then the fronds were cut in to pieces, which were 

then used to prepare the herbarium. More than one 

specimens of each plant were collected for further 

identification, observation and herbarium preparation. 

About 36 species have been collected from the area. The 

colour photographs from the natural habitat were taken 

during the collection using digital camera (Sony-Cyber shot 

W810). Plants with sporophylls were collected as far as 

possible. 

 Fresh materials were used for the study in the 

laboratory. Morphological characters of the sporophytic 

plant body were studied. External characters of the spores 

and sporangia were also noted in selected plants. 

Enumerations of collected specimens were done by 

observing a morphological feature under stereozoom 

microscope (LABOMED D500) Identification of the 

specimens was done by using the Pteridophytes flora of the 

Western Ghats- South India (Manickam and Irudayaraj 

1992). All the identified species of ferns have been 

classified and arranged according to Smith et al., 2006 with 

some modification as per Fraser-Jenkins (2009), regarding 

their correct nomenclature and classification of fern allies. 

 The collected specimens were properly processes 

as herbarium specimens, carefully spread on the newspaper. 

The large sized plants were bent into V or W shapes and 

these specimens were bound tightly in plant press. The 

newspaper sheets were changed regularly until the 

specimens got dried completely. The dried specimens were 

mounted on herbarium sheets by using synthetic gum. The 

herbarium sheets were neatly labeled by using the details 

from the field note book. All the herbaria prepared for the 

present study were deposited in Sree Krishna College 

herbarium. 

 

III. RESULTS AND DISCUSSION 

 Fern and fern allies are almost neglected group of 

plants distributed all over the world. They are live in a wide 

variety of habitats from remote mountain elevations to dry 

desert rock faces, to bodies of water or in open fields. Some 

ferns are serious weed species. The present study revealed 

the occurrence of 26 species of pteridophytes in the sacred 

groves of Chalavara Grama Panchayath. This belongs to 20 

genera under 14 families. Based on their habitats various 

members of fern and fern allies are classified in to 

following categories, out of 26 species21 species are (81%) 

terrestrial, 2 species are (8%) aquatic and 3 species are 

(11%) epiphytes. (Table 1). 

 The present study identified 2 ecologically 

significant species such as Salvinia molesta (African payal) 

and Marsilea minuta as their wide distribution as weeds in 

ponds and paddy fields. Salvinia molesta, a free floating 

aquatic fern, is one of the World’s worst aquatic weeds 

(Madhusoodanan, 1989). As the plant die, organic debris 

accumulates at the bottom of the water column and can 

threaten fisheries by creating a shallow – water environment 

less suited to fish breeding (Sculthrope, 1985). Pyrrosia 

heterophylla growing as epiphyte in less polluted area, their 

absence indicates pollution (this species  only obtained 

from). A detailed survey on the fern flora of a particular 

region becomes significant only if it can do any good to the 

conservation practices of these endangered plants. Lack of 

knowledge or rather interest among Botanists is one of the 

main reasons for negligence faced by ferns. So familiarizing 

ferns and including them with almost equal importance to 
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the Angiosperms is a way out from the threatened status of 

these plants. The economic and medicinal use of them 

should be explored more and by this ferns can attain a 

significant position I plant kingdom. Prior to all this all the 

manipulations and misidentifications of these plants should 

be rectified for adopting better conservation strategies and 

for exploring the wide applications of these plants to be 

used for the betterment of mankind and life on earth as a 

whole.  

 

Table.1: List of Pteridophytes collected from 18 sacred groves 

Class Family Genus Species Habitat 

I. 

Lycopsida 

 

1. Lycopodiaceae 

2. 

Selaginellaceae 

 

1. Lycopodiella 

Selaginella 

 

1. Lycopodiella cernua L. 

2. S. delicatula (Desv.) Alston. 

3. S. wildenovi (Desv. ex Poir.)  Baker. 

4. S. ciliaris (Retz.) Spring 

T 

T 

T 

T 

II. 

Psilotopsid

a 

3. 

Ophioglossaceae 

4. Gleicheniaceae 

 2. Ophioglossum 

 3. Dicranopteris 

5. Ophioglossum reticulatum L. 

6. Dicranopteris linearis (Burm.f.) Undrew.                                         

T 

T 

III. 

Polypodiop

sida 

5. Lygodiaceae 

6. Marsileaceae. 

7. Salviniaceae 

8. Lindsaceae 

9. Pteridaceae 

10. 

Thelypteridaceae 

11.Woodsiaceae 

12.Blechnaceae 

13.Lomariopsida

ceae 

14.Polypodiaceae 

4. Lygodium 

5. Marsilea 

6. Salvinia 

7. Lindsaea 

8. Pteris 

9. Adiantum 

10. Cheilanthes 

11. 

Parahemionitis 

12. 

Pityrogramma 

13. Christella 

14. 

Macrothelypteris 

15. Athyrium 

16. Stenochlaena 

17. Nephrolepis 

18. Drynaria 

19. Pyrrosia 

7. Lygodium flexuosum (L.)Sw. 

8. Marsilea minuta L. 

9. Salvinia molesta Mitch. 

10. Lindsaea ensifolia Sw. 

11. Pteris vittata L. 

12. P. pellucida Presl. 

13. P. confusa T.G. Walker. 

14. Adiantum philippense L. 

15. A. latifolium Lam. 

16. Cheilanthes tenuifolia (Burm. f.) Sw. 

17. Parahemionitis cordata (Roxb. ex Hook. 

and Grev.) 

                                                                  

Fraser-Jenk. 

18. Pityrogramma calomelanos (L.) Link 

19. Christella dentata (Forssk.) Brownsey and 

Jermy. 

20. Macrothelypteris torresiana (Gaudich.) 

Ching 

21. Athyrium hohenackeranum (Kunze) T. 

Moore. 

22. Stenochlaena palustris (Burm.) Bedd. 

23. Nephrolepis cordifolia (L.) Presl. 

24. Drynaria quercifolia (L.) J. Smith. 

25. Pyrrosia lanceolata Farwell 

26. P. heterophylla (L.) M. G. Price 

T 

A 

A 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

E 

E 

E 

T: Terrestrial; A: Aquatic E: Epiphyte 

 

IV. CONCLUSION 

A detailed survey on the fern flora of a particular 

region becomes significant only if it can do any good to the 

conservation practices of these endangered plants. Lack of 

knowledge or rather interest among Botanists is one of the 

main reasons for negligence faced by ferns. So familiarizing 

ferns and including them with almost equal importance to 

the Angiosperms is a way out from the threatened status of 

these plants.The present study identified 2 ecologically 

significant species such as Salvinia molesta (African payal) 

and Marsilea minuta as their wide distribution as weeds in 

ponds and paddy fields. Sacred groves as well as 
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pteridophytes are needs an immediate attention in the 

modern sense. 
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Abstract—An increase in antioxidant activity is a 

common response in plants as a defense mechanism 

against biotic and abiotic stress factors, such response is 

also generated with the exogenous application of "defense 

activators", which have negative effects on plant 

metabolism. In this work, bean plants (Phaseolus vulgaris 

L.) cv. Pinto Nacional were treated with jasmonic acid 

(0.5 mM), salicylic acid (2 mM), Trichoderma asperellum 

(105 spores/ml), and Bacillus pumilus (105 CFU / mL), in 

order to determine the level of structural and metabolic 

response of the plants. On the seventh day after the 

application of the treatments, it was measured the 

enzymatic activity of catalase (CAT), peroxidase (POX), 

and superoxide dismutase (SOD). In addition, leaf 

impressions were taken to measure the stomatal opening 

and conductance, photosynthetic rate, and the mass 

spectrum (mass/charge, m/z). The antioxidant activity 

increased in plants treated with jasmonic acid and T. 

asperellum, which in turn significantly increased the 

stomatal opening and conductance, and photosynthetic 

rate. The mass profile showed that the plants treated with 

T. asperellum have a greater quantity of masses/charge, 

of which some had statistically highly significant 

difference according to the means test Tukey (p <0.05). It 

is concluded that some defense activators such as 

jasmonic acid and T. asperellum increase the antioxidant 

activity, defense response that concurs with the high 

photosynthetic and metabolic rate in bean plants. 

Keywords— Bacillus pumilus, Trichoderma asperellum, 

jasmonic and salicylic acid. 

I. INTRODUCTION 

Induced resistance is a "physiological state" in which 

there is an increase in the defensive capacity of plants as a 

natural response to different biotic and abiotic stimuli, it 

is also achieved with the exogenous application on the 

vegetable epidermis of some chemical compounds, 

microorganisms, as well as with metabolites produced by 

the same plants during tolerance to stress situations 

(Pieterse et al., 2014). In plant protection against 

phytopathogens, beneficial microorganisms are frequently 

used, such as the antagonists Trichoderma spp., and 

growth-promoting bacteria from the genus Bacillus spp. 

(Bisen et al., 2016; Niu et al., 2016). Similarly, chemical 

compounds, natural and synthetic, are used to increase the 

defensive capacity of economically important plants (Lin 

et al., 2009). The exogenous application of salicylic acid 

in order to induce " Systemic Acquired Resistance " and 

jasmonic acid for "Induced Systemic Resistance" have 

been valuable as experimental controls in tests on edible 

plant species as well as shrubby plants (Moreira et al., 

2009; Hayat et al., 2010). 

     Enzymatic activity, as a biochemical defense 

mechanism, is a process that is presented to face the 

attack of pathogens, this occurs in response to the release 

of reactive oxygen species (ROS), a process known as 

"oxidative burst" (Bolwell and Daudi, 2009). ROS are 

toxic intermediates that result from the reduction of 

molecular oxygen in the plant-pathogen interaction, such 

as hydrogen peroxide (H2O2) and superoxide anion (O2
-) 

(Helepciuc et al., 2014). Faced with this situation, the 

http://dx.doi.org/10.22161/ijeab/3.4.12
http://www.ijeab.com/
mailto:gabgalmor@yahoo.com.mx


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.12                                                                                                                      ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                           Page | 1227 

plants generate antioxidant enzymes that prevent the 

damage they can cause to themselves. Some of the 

enzymes that increase considerably, are catalase and 

peroxidase, which convert hydrogen peroxide into oxygen 

and water, and superoxide dismutase that transforms the 

superoxide anion to molecular oxygen and hydrogen 

peroxide (Helepciuc et al., 2014). These enzymes 

increase their synthesis considerably with the exogenous 

application of defense activators (Hafez and Seleiman, 

2017).  

     The response of legumes to defense activators is very 

variable, and includes the formation of structural barriers 

as part of the first line of defense of plants (Oliveira et al., 

2016). It has been proven that the induction of defense 

implies a metabolic cost for the plants. For example, there 

is evidence that the rupture of cells by pathogenic 

infections involves the formation of infection structures 

and have a strong impact on the water relation of plants 

(Grimmer et al., 2012); which is closely related to the 

stomatal behavior. The monitoring of the opening and 

stomatal conductance of the plants during the induction 

events turns out to be of great importance. A negative 

affectation by the defense inducers would cause the 

alteration of important physiological processes such as 

photosynthesis. 

     On the other hand, since it is known that plants modify 

their metabolic and physiological processes when they 

interact with various biotic and abiotic factors, the interest 

in elucidating such processes has been addressed through 

the use of "omic" sciences in plant species. Metabolomics 

is presented as a science that studies reactive metabolites, 

intermediates, or products of biochemical reactions 

mediated by enzymes. Ionization based mass 

spectrometry can be considered as a standard technique in 

metabolomics and is the ion source that offers the 

advantage that variables measured as  mass charge, m/z 

can be directly linked to a metabolite by its atomic mass; 

and this in turn, with the presence of active metabolites 

related to plant defense (Massange-Sanchez et al., 2015). 

In order to facilitate this task, there are application 

software linked to databases that identify metabolites 

from a list of spectral masses with high precision 

(Winkler, 2015). The description of the metabolomic 

profile of plant species of economic importance under the 

effect of chemical and microbial defense activators 

constitutes an important tool for the detection of 

metabolites that participate in plant resistance. Bean 

(Phaseolus vulgaris L.) is a crop of great economic 

importance that can be attacked by different 

phytopathogens, among them bacterial diseases, therefore 

it represents a model for the studies that allow to detect 

the participation of metabolites in the resistance to the 

diseases within the family of the legumes. 

     This work was carried out in order to determine the 

antioxidant activity and the changes induced in the 

metabolism of bean plants (Phaseolus vulgaris L.) in 

response to the defense activators Trichoderma 

asperellum, Bacillus pumilus, jasmonic acid, and salicylic 

acid.  

 

II. MATERIALS AND METHODS 

2.1 Plant material 

Seeds of bean cv. Pinto Nacional were sown in black 

polyethylene pots with peat as substrate, which was 

previously sterilized in an autoclave at 120 ° C during 15 

minutes. 

2.2 Preparation of treatments  

The treatments applied were: salicylic acid at 2 mM (SA) 

(Sigma-Aldrich), jasmonic acid (JA) at 0.5 mM (Sigma-

Aldrich), Trichoderma asperellum (Ta) (105 spores/ml), 

and Bacillus pumilus (B) (105 CFU/mL); previously 

identified strains (Castillo et al. 2011 and Guillén-Cruz et 

al. 2006). The treatments were applied to bean seedlings 

at 7 days after emergence and were sprayed on 

cotyledonary leaves. The pots with the plants were 

established in a greenhouse at a temperature of 28 ± 5 °C 

and 55 ± 10% of relative humidity. 

2.3 Preparation of samples and extract for determination 

of total soluble protein content. 

Four plants were collected per treatment, 7 days after 

starting the experiment, which were dehydrated for 24 

hours in a Labconco®  lyophilizer. The protein extract 

was obtained by placing 0.2 g of the lyophilized tissue in 

microcentrifuge tubes with 1.5 mL of phosphate buffer 

(Na2HPO4/NaH2PO4) 0.1 M at pH 7.0, subsequently, it 

was microcentrifuged at 12,000 rpm for 10 min at 4 °C. 

The determination of total soluble protein was carried out 

with the Bradford method (Bradford, 1976). Bovine 

serum albumin was used as standard in protein 

quantification. 

2.4 Antioxidant activity. 

In order to determine the catalase activity (CAT), the 

reaction mixture was made with 0.1 mL of protein extract. 

The reaction was initiated with the addition of 1 mL of 

peroxide at 100 mM. The reaction was stopped with the 

addition of 0.4 mL of 5% sulfuric acid. The enzymatic 

activity was estimated by calculating the decomposition 

of the peroxide per min/mg of protein. It was determined 

by measuring 2 reaction times, time 0, and 1 minute of 

reaction at a wavelength of 275 nm in a 

spectrophotometer (Thermo-Spectronic, Biomate, USA). 

The specific activity was expressed in units/mg of protein. 

Peroxidase activity (POX) was measured with the 

methodology of Baskaran et al. (2009). The reaction 

mixture (1.2 mL) was prepared with 0.1 mL of protein 

extract, 0.5 mL of 100 mM buffer, 0.2 mL of pyrogallol, 
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and 0.2 mL of hydrogen peroxide. The reaction was 

stopped 1 minute later, with the addition of 5% sulfuric 

acid. The measurements were taken at a wavelength of 

420 nm. In both determinations, the same enzyme extract 

was used. The Superoxide Dismutase (SOD) activity was 

measured with a 19160 measuring kit (Sigma-Aldrich). 

The procedure was carried out following the protocol of 

the kit. For this determination, 20 μL of each sample was 

deposited in the wells of the ELISA microplate, 200 μL of 

the working solution of the kit was added. The mixture 

was shaken slightly to mix and then incubated at 37 °C 

for 20 min. After this incubation time, 20 μL of the 

enzyme solution of the kit was added. The absorbance of 

the mixture was read at 450 nm in a microplate reader and 

the SOD activity was calculated using the following 

equation: 

SOD activity (inhibition rate %) = (((blank 1 – blank 3) – 

(sample A – blank 2))/(blank 1 – blank 3))  x 100. 

     Where the blank 1 is a mixture of the working solution 

(200 μL) and the enzymatic solution of the kit (20 μL) 

containing 20 μL of double distilled water. Blank 2 

contained the plant extract (20 μL) with the working 

solution (200 μL) and the dilution buffer (20 μL), whereas 

blank 3 was added with distilled water (20 μL) plus the 

working solution and the enzymatic solution in the same 

amount.  

2.5 Measurement of stomatal conductance, photosynthetic 

rate, and stomatal opening. 

The stomatal opening and conductance, and the 

photosynthetic rate, were measured on the seventh day of 

the experiment in 9 plants per treatment. To determine the 

stomatal opening, epidermal impressions of the leaves 

were taken. The leaf impressions were obtained with PVC 

glue applied with a brush on the adaxial and abaxial 

epidermis of the leaves, where a transparent adhesive tape 

was placed and fixed on a slide for observation under a 

compound microscope. The stomatal opening was 

determined by measuring the opening of the central 

stomata of 3 visual fields per leaf at 40x magnification 

with a compound microscope with integrated digital 

camera and the measurement was made with the 

AxioVision Rel software. 4.8. The stomatal conductance 

was recorded with a leaf porometer (SC-1, Decagon 

Devices, Pullman, WA) and the measurement of the 

photosynthetic rate was carried out with a foliar CO2 

assimilation measurement equipment (LI-6400). 

2.6 Preparation of plant material for mass spectrometric 

profiling  

The lyophilized plants were macerated in a porcelain 

mortar and sieved with a pore mesh of 297 microns 

(Mesh No. 50). The sieving obtained was placed in 

microcentrifuge tubes. To each tube was added 2 ml of 

80% ethanol (prepared with absolute ethanol grade HPLC 

and milliQ water), subsequently they were sonicated for 

20 minutes and centrifuged at 13000 rpm for 15 minutes 

to obtain 10 μl of supernatant. The supernatant was 

filtered in 0.2 μm Nylon before its injection to the single 

quadrupole mass spectrometer (Water SQ Detector). The 

measurements were made with an electrospray ionization 

detector (ESI) in positive and negative mode. The spectra 

were recorded in a range of 15 to 1000 m/z (mass/charge), 

with a run time of 1 minute and scans every 10 seconds. 

The masses were grouped in 0.1s intervals. The masses 

that showed greater intensity in the different treatments 

were recorded in box graphs with their standard deviation 

and a mean test was performed with Tukey at a 95% 

probability. 

2.7 Statistical analysis 

The statistical analysis of the masses was conducted with 

a randomized block design with 3 and 4 biological 

replicas. The means are shown with bars representing the 

standard deviation.  

 

III. RESULTS AND DISCUSSION 

3.1 Enzymatic activity 

Enzymatic activity catalase (CAT), peroxidase (POX), 

and superoxide dismutase (SOD), was measured with 

previous quantification of total soluble proteins. The 

analysis of the antioxidant activity was carried out in an 

attempt to elucidate the response mechanisms of the 

reactive oxygen species that are generated when the 

plants are in a state of stress. It was noted that the total 

soluble proteins remained at levels comparable to the 

activity of the enzymes (Fig. 1A). The statistical analysis 

of the enzymatic activity in the bean plants with the 

different treatments showed a significant difference with 

the application of jasmonic acid, which had a high 

catalase and peroxidase activity (Fig. 1B and 1C). T. 

asperellum promoted high superoxide dismutase activity 

(Fig. 1D). The lowest enzymatic activity resulted from the 

application of B. pumilus and the control. This highlights 

the fact that the high enzymatic activity concurs with the 

photosynthetic efficiency induced in plants treated with 

jasmonic acid.  

     The high antioxidant activity induced by jasmonic acid 

in bean plants has been observed in other species such as 

Arabidopsis thaliana, where it was observed that the 

application at low concentrations increases the 

antioxidant activity considerably, however, at high 

concentrations the response is inverse (Maksymiec and 

Krupa, 2002).  
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Fig.1: Total soluble proteins (TSP), catalse activity 

(CAT), peroxidase (POX), and superoxide dismutase 

(SOD) presented in bean plants (Phaseolus vulgaris cv. 

Pinto Nacional) with the different treatments. To: control 

plants, As: salycilic acid, Aj: jasmonic acid, Ta: 

Trichoderma asperellum, B: Bacillus pumilus. Bars 

followed by different letters show significant differences 

according to the test Tukey (p ≤ 0.05). 

 

On the other hand, there are several research works that 

demonstrate the ability of Trichoderma species as 

activators of antioxidant activity in plants. T. virens 

applied simultaneously with Suillus luteus, in plants of 

Pinus sylvestris var. Mongolica, increases the enzymatic 

activity superoxide dismutase in comparison to the 

enzymatic activity catalase and peroxidase even after 

thirty days after inoculation (Yin et al., 2014). In this 

work, T. asperellum applied to bean plants stimulated a 

high superoxide dismutase activity detectable on the 

seventh day after its application, not being statistically 

different in comparison to the rest of the treatments in 

later days (data not shown). On the other hand, B. pumilus 

applied to the plants does not induce a high enzymatic 

activity compared to the control. Previous research shows 

that the mixture of strains of B. pumilus with other 

species such as B. amyloliquefaciens consistently induces 

an increase in enzymatic activity in tomato plants 

(Solanum lycopersicum L.), which was more noticeable 

after a confrontation with phytopathogens (Jetiyanon, 

2007). This suggests that a high expression of antioxidant 

activity in some plant species is only visible after the 

interaction of plants with pathogens.  

3.2 Stomatal conductance, photosynthetic rate, and 

stomatal opening 

In order to quantify the effect of the activators on the 

photosynthetic efficiency of the bean plants, at the same 

time the stomatal conductance and opening were 

measured. The results show that the plants treated with 

jasmonic acid, significantly have a greater stomatal 

conductance compared to the rest of the treatments (Fig. 

2A). The plants treated with jasmonic acid, T. asperellum, 

B. pumilus and the control were not significantly different 

in stomatal conductance. Specifically, the greatest 

difference in conductance was observed in the plants 

treated with jasmonic acid and B. pumilus, in a range of 

65 to 96 mmol m-2 s -1. The photosynthetic rate was lower 

in plants treated with B. pumilus (9 µmol CO2 m-2 s -1) 

compared with those treated with jasmonic acid (13 µmol 

CO2 m-2 s -1) (Fig. 2B). The measurement of the stomatal 

opening showed that the plants treated with jasmonic acid 

and T. asperellum (1.8 and 1.7 microns) cause a 

statistically significant greater stomatal opening (p <0.05) 

in comparison to the rest of the treatments, where the 

plants treated with B. pumilus were those with the least 

stomatal opening (1.0 microns) (Fig. 2C).  

     Previous studies show that jasmonic acid applied 

exogenously to plants induces a stomatal closure at 

concentrations higher than 10-06 M in monocots such as 

barley (Metodiev et al., 1996). In legumes such as broad 

bean, the same effect has been observed in the first 

minutes or hours of its application (Liu et al., 2005), 

however, there are no works that prove the effect after 
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several days of its application. In this work, the jasmonic 

acid at 5 x 10-04 M produced an effect of higher stomatal 

opening in the bean plants 7 days later. The observed 

effect suggests that the response to stomatal closure in 

bean plants would be located at higher concentrations of 

JA. 

 

 

 

Fig.2: Stomatal opening and conductance, and 

photosyntetic rate presented in bean plants (Phaseolus 

vulgaris cv. Pinto Nacional) with the different treatments. 

To: control plants, As: salycilic acid, Aj: jasmonic acid, 

Ta: Trichoderma asperellum, B: Bacillus pumilus. Bars 

followed by different letters show significant differences 

according to the test Tukey (p ≤ 0.05). 

3.3 Mass spectral profile 

In order to strengthen the evidences of the mechanisms 

used by the activators, the lyophilized samples of the 

treated plants were processed for an analysis of the 

spectral profile of the masses that are induced. The results 

showed that the most intense masses are located in the 

range of 135 to 435 mass/charge (m/z) (Fig. 3A-3E), 

being the plants treated with T. asperellum followed by 

jasmonic acid, those that visually more intense masses 

present and in which the m/z 192.3 stands out (Fig. 3A).  
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Fig.3: Spectral profile mass/charge (m/z) with higher 

intensity presented in bean plants (Phaseolus vulgaris cv. 

Pinto Nacional) with the different treatments. 

 

The means test showed that the plants treated with T. 

asperellum present four highly significant masses (m/z 

192.3, 236.4, 407.4, and 415.4) (Fig. 4A-4D). The mass 

415.4 is statistically higher both in the plants treated with 

T. asperellum and jasmonic acid compared to the rest of 

the treatments (Fig. 4D). The means test of the most 

intense masses makes it possible to show that the pattern 

of the intensities in all the treatments is comparable to the 

pattern shown by the stomatal behavior and the 

antioxidant activity, in which it is observed that the plants 

treated with B. pumilus and the control plants result with 

statistical inferiority compared to the rest of the 

treatments. 

     The alteration of important metabolites for the 

metabolism of plants by root inoculation with 

Trichoderma asperelloides has been demonstrated in 

Arabidopsis thaliana (Brotman et al., 2012). Likewise, 

numerous studies report that the inoculation of plants with 

beneficial microorganisms elicits a systemic network that 

influences the primary metabolism, therefore the initial 

changes are observed in the levels of carbohydrates and 

secondarily in the levels of the compounds related to the 

plant defense (Weston et al., 2012). This suggests that the 

most intense masses found with statistically significant 

superiority in the plants treated with T. asperrellum and 

jasmonic acid would be related to both primary and 

secondary metabolism, according to what was observed in 

the photosynthetic activity and antioxidant activity. 

IV. CONCLUS ION 

The exogenous application of defense activators in bean 

plants produced substantial effects. Particularly, jasmonic 

acid and T. asperellum significantly increase antioxidant 

activity and stimulate a high photosynthetic rate. 

Similarly, there is a high expression of masses (putative 

metabolites) when using such activators, which suggests 

that the primary and secondary metabolism was not 

negatively affected. 
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Fig.4: Behavior of mass charge (m/z) with higher 

intensity presented in bean plants (Phaseolus vulgaris cv. 

Pinto Nacional) with the different treatments. To: control 

plants, As: salycilic acid, Aj: jasmonic acid, Ta: 

Trichoderma asperellum, B: Bacillus pumilus. Bars 

followed by different letters show significant differences 

according to the test Tukey (p ≤ 0.05). 
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Abstract – Field experiment was conducted at the Teaching 

and Research Farm of the Department of Agriculture, Ndele 

Campus, Ignatius Ajuru University of Education, Port 

Harcourt, Rivers State, to study the effects of poultry manure 

rates and crop spacing on growth, yield and quality of 

Cayenne pepper. The 3 x 3 factorial experiment with three 

replicates was arranged in a Completely Randomized 

Design. The main plots were three poultry manure rates (0, 

10, 20tons/ha-1) and sub plots, three spacing (50cm x 50cm, 

100cm x 50cm and 100cm x 100cm). Data collected were 

plant height, number of leaf per plant, leaf area; number of 

fruits per plot, fruit weight per plot, fruit yield per hectare, 

fruit lycopene and vitamin C contents. Results showed plant 

height increased with reducing planting distance and 

increasing Poultry manure rate; 50cm by 50cm fertilized at 

20tons/ha produced the tallest plants with most number of 

leaves but least leaf area LA. Number of fruits, fruit weight 

and yield per plot, per hectare increased with increasing 

planting density and increasing Poultry manure rates 

lycopene and vitamin c contents increased with Poultry 

manure levels within the different spacing. Spacing of 50cm 

by 50cm fertilized with poultry manure at 20 tons per 

hectare is recommended. 

Keywords— Cayenne pepper, Poultry Manure, Rainforest, 

Spacing, Yield. 

 

I. INTRODUCTION 

Cayenne pepper, Capsicum frutescens, a member of hot 

pepper Solanaceous family, thought to be native of South 

America, is commonly used as ingredient in the preparation 

of soups, sauces, stew probably because it contains essential 

nutrients and vitamins such as A, E and C. It is called 

“sombo” and produced in  Nigeria where it is consumed  by  

the  people  fresh,  dried  or  processed [1, 2, 3]. The land 

area under pepper production in Nigeria as at 1988 and 

increasing was estimated to be 100 – 200 hectares [4].  

Factors accounting for this increasing land under Capsicum  

production on the one hand, is its consumption in Nigeria 

which  accounts for 40 percent of the total vegetable 

consumed per day and on the other hand the lucrative export 

business. Nigerian pepper is in high demand abroad because 

of its pungency and good flavor and it can be readily dried, 

ground and packaged for export [5]. 

Although pepper can be grown all over Nigeria, the northern 

region between latitude 10o N and 12o N is the major area for 

production where an estimated 77,000 hectares of land under 

pepper cultivation yields  about 695 000 metric tons [6]. The 

export attraction has encouraged  pepper production in 

western Nigeria where production have been accompanied 

with a lot of research [1, 2, 7] and in the eastern region that 

even has special indigenous variety, “Nsukka yellow 

pepper” [8, 9]. Literature is scarce for Capsicum spp. 

production in the southern rainforest region of Nigeria.  

Capsicum yield among peasant farmers are often very low 

[10]. In general Capsicum yield in the developing countries 

is comparatively lower than those of the developed countries 

in the region of about 10 – 30% less.  

Reduced and inherent soil fertility and management 

practices, weeds infestation and diseases problems have 

been largely attributed to the lower yields [3, 5]. Crop 

intensification, higher planting densities, judicious use of 

fertilizers and organic matter maintenance have been 

proffered as panacea for improved production output of 

tropical crop production [11, 12]. The southern rainforest of 

http://dx.doi.org/10.22161/ijeab/3.4.13
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.13                                                                                                                             ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                                  Page | 1235 

Nigeria, a typical rainforest is characterized by high rainfall 

amounts and intensity that has been credited with high 

leaching that has resulted in impoverishing of the soil 

making it fragile [13]. Therefore, fertilization studies on 

pepper production in this region become imperative.   

 

Organic manure application has been reported to be more 

beneficial over the use of chemical fertilization in tropical 

crop production, sustainability and soil fertility management. 

The addition of organic manure enhances crop yield because 

of improved soil productivity as a result of increased soil 

organic carbon content and improved  soil physical, soil 

chemical and soil biological properties  [6, 14]. Whereas the 

use of chemical fertilizers supply  mainly one or a few 

macronutrients, in addition to their ruinous effect to the soil, 

organic fertilization conditions  the soil, supplies  several 

macro and  micro nutrients, improves and maintain soil 

fertility status and also improves crop response to inorganic 

fertilization [15, 16]. The use of organic fertilizer has  been 

reported to improve flavor and quality of vegetable crops as  

against the use of inorganic fertilizer. Inorganic fertilization 

dis-flavored the ‘Nsukka yellow’ pepper while organic 

manure enhanced flavor and opined the best option in the 

cultivation of the pepper [17]. Amaranth plants with organic 

manure treatment had higher nutritional values in the entire 

plant (leaf, stem, inflorescence and root) than those with 

inorganic fertilizer treatment [18]. The above informed the 

researchers on the study of organic fertilization instead of 

inorganic fertilization.  Poultry manure among other sources 

of organic manure was selected because it is superior and 

has higher nutrient content than other sources at the farmer’s 

disposal [19, 20, 21].   

 

Increasing the number of crops per unit farmland is one of 

recommendations for increased yield or crop produce output. 

Yield increase as a result of closely spaced crops (i.e. higher 

density) in a crop like pepper is because more plants will 

produce more fruits, hence increase in number of fruits or 

yield [22].  Increasing the planting density of bell pepper 

resulted in higher yield (kg·ha-1) [23].  Southern Nigeria 

tropical rainforest is characterized by high rainfall amounts  

with wide monthly variation, intensification in terms of high 

planting density might favor high yield in cayenne pepper 

production. 

The study was therefore undertaken to assess the effect of 

spacing and poultry manure rates on the growth, yield and 

fruit quality of Capsicum frutescens in the southern 

Rainforest of Nigeria. 

 

 

 

II. MATERIALS AND METHODS 

Study Site 

The experiment was conducted at the Teaching and 

Research Farm of the department of Agriculture, Ignatius 

Ajuru University of Education, Ndele Campus, Port 

Harcourt, River state, between July and November, 2017. 

Ndele is located in the southern rainforest region with about 

9.5 months of adequate rainfall, 2.5 dry season months, and 

cumulative insolation of 120 – 160 Kcal /cum per annum 

[24]. 

Nursery practice  

Seeds of cayenne pepper variety of Capsicum frutescens   

were on enclosed 1 m x 1 m nursery beds made of dark top 

soil. The beds were watered before the seeds were 

broadcasted evenly and watered. After emergence, thinning 

was done, removing some seedlings so that strong healthy 

pepper seedling can be obtained for transplanting. Seedlings 

were watered daily and ready for transplant after 40 days. 

Land Preparation 

The total experimental area was manually cleared, grass 

stumps dug out. The soil was tilled with spade and 3 m by 3 

m beds were constructed.  The individual beds were then 

mapped out according to the respective spacing ready for 

seedling transplant.   

Experimental Design/Treatment 

The study adopted a 3 x 3 factorial experiment arranged in a 

randomized complete block design (RCBD) and replicated 

three times. The treatments were (i) Poultry manure rates (0, 

10 and 20 tons per hectare) and (ii) Spacing (50 cm x 50 cm; 

100 cm x 50 cm and 100cm x 100cm). Poultry manure rates 

were the main plots while spacing the sub plots, replicated 3 

times to give a total of 9 main plots and 27 sub plots. 

Treatment combinations were randomly allotted to plots. 

Application of poultry manure was done 2 weeks after 

transplanting.  Soil sample of the experimental sight were 

obtained using soil auger ad sent to the Laboratory for 

analysis. 

Data collection and analysis  

Vegetative and growth parameters measured at 2, 4 6, 8 and 

10 weeks after transplanting were plant height (growth rate), 

number of leaves and leaf area. 

Yield parameters determined at harvest were number of 

fruits per plot, fruit weight per plot and estimated fruit yield 

per hectare. 

Fruit quality were accessed by determining fruit moisture 

and Vitamin C contents [25] and lycopene content [26].  

Data collected were subjected to analysis of variance and 

means separated by Duncan Multiple Rang Test (DMRT) 

using PASW 18th Edition statistical software. 
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III. RESULTS 

Visual Observation  

It was observed that application of poultry manure 

irrespective of the spacing resulted in darker green leaves of 

the pepper. Application of the manure also enhanced the 

establishment of the transplanted seedling. 

Growth Response 

Growth response (plant height) of cayenne pepper to varying 

rate of poultry manure and spacing is displayed in Table 1. 

Irrespective of treatments, plant height i.e. growth rate 

increased with age of the plants. Also, plant height increased 

with density i.e. spacing. The growth rate response to 

spacing was significant (P ≤ 0.05), indicating that the 

variation in plant height was due to the different spacing. 

The trend was that plant height increased as the distance 

(spacing) between plants reduced. At 10 weeks after 

transplanting (WAT) cayenne plants spaced at 50 cm x 50 

cm were 1.5 times taller than the most widely spaced plant at 

100 cm x100 cm. 

Application of poultry manure rates was also responsible for 

the variation in plant height (Significant Fcal P < 0.05). 

Increasing rates of poultry manure resulted in positive 

correlating increase in plant height of cayenne plants. While 

the difference in height between the control plants and those 

that received poultry manure was not significant at 2 WAT, 

it became significant by 10 WAT, the difference in height 

was 40% over the control plants.  

Vegetative Growth   

 The influence of spacing and poultry manure on vegetative 

characteristics of cayenne pepper is highlighted in Table 2.  

Cayenne pepper spaced at 100 cm by 100 cm had plants 

with the least number of leaves, and significantly different 

from those spaced at 50 cm by 50 cm and 100 cm x 50 cm 

(P < 0.05). Though, pepper plant spaced at 50 cm by 50 cm 

had higher number of leaves than those spaced at 100 cm x 

50 cm, the difference was not statistically or markedly 

different. 

Poultry fertilizer rate had marked statistically significant 

effect on number of leaves of cayenne pepper. Number of 

leaves increased significantly with increase rates of poultry 

manure application. Plants that were fertilized with 20ton/ha 

PM rate recorded the highest number of leaves (14) 

compared to with the control plants. 

There were marked variation in cayenne pepper leaf area 

due to the various spacing (Table 2). Pepper crops spaced 50 

cm by 50 cm had the smallest size of leaves (less leaf area), 

while those spaced and 100 cm x 50 cm and 100 cm by 100 

cm were not significantly different but produced leaves with 

higher leaf area than those spaced at 50 cm x 50 cm. 

Poultry manure doses had marked leaf area variation in 

Capsicum frutescens. The Pepper crops that did not receive 

poultry manure had the smallest sized leaves (leaf area). 

Increasing levels of poultry manure resulted in increasing 

sizes of leaves. Cayenne pepper plant that received 20 ton/ha 

poultry manure application produced the highest leaf area of 

56.8cm2. This is followed by plants that received 10 ton/ha 

which produced leaf area of 53.9 cm 2. 

Fruit Yield  

The effect of spacing and poultry manure rate on cayenne 

pepper fruit yield is shown on Table 3. Number of harvested 

fruit and fruit weight (yield) were markedly affected by 

spacing. Fruit yield and numbers increased with the closer 

high density spacing. Thus plants spaced 50 cm x 50 cm had 

doubled the yield of those spaced at 100 cm by 100 cm and 

was the yield per plot was 3 times over those spaced at 100 

cm x 100 cm. 

The response of Capsicum frutescens to poultry manure 

inclusion was such that fruit yield per plot and per hectare 

increased with increasing levels of the manure. The yield of 

the crop at application rates of 10 and 20 ton/ha was not 

significantly different. However there was marked 

difference in yield between poultry manure fertilized pepper 

crop and the control. The increase in yield of 10 and 20 

ton/ha fertilized pepper plants over the control plants was 

65% and 83% respectively. 

 

Table.1: Effect of Spacing and Poultry Manure rates on Capsicum frutescens growth rate (Plant height cm) 

Spacing  Weeks after Transplanting 

2 4 6 8 10 

50 cm x 50 cm 17.0c 19.3c 27.3c 34.1c 39.5c 

100 cm x 50 cm 16.3b 17.7b 24.3b 28.4b 32.1b 

100 cm x 100 cm 12.4a 14.4a 18.4a 24.3a 26.1a 

SE  .186 .173 .366 .529 1.020 

Poultry Manure (PM) Rate  

0. 14.5a 16.5a 21.4a 25.5a 26.2a 

10 ton/ha 15.2a 16.9a 23.8b 29.9b 34.4b 

20 ton/ha 16.0a 18.0b 24.9c 31.4c 36.9b 

http://dx.doi.org/10.22161/ijeab/3.4.13
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.13                                                                                                                             ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                                  Page | 1237 

SE + .186 .173 .366 .529 1.020 

Spacing X PM Rate NS * * * * 

 Means followed by same letter in each column are not significantly different at P < 05 by Duncan multiple rage test . * = 

Significant. NS = Not significant. 

 

Table.2: Influence of spacing and poultry manure rate on vegetative characteristics of Capsicum frutescens (10 WAT) 

 

* Means followed by same letter in each column are not significantly different at P < 05 by Duncan multiple rage test *.  

 

Table.3: Effect of Spacing and Poultry manure levels on yield in Capsicum frutescens 

Spacing  Number of Fruit Fruit weight/plant (g) Fruit yield kg/ha 

50 cm x 50 cm 

100 cm x 50 cm 

100 cm x 50 cm 

S.E.  

192.4a 

111.2b 

61.7c 

1.478 

456.7a 

265.2b 

148.9c 

4.147 

507.4 

294.6 

165.4 

 

Poultry Manure (PM) Rate 

0 ton/ha 83.8a 194.2a 215.7 

10 ton/ha 133.5b 321.5b 357.2 

20 ton/ha 148.0c 355.0b 394.4 

S.E. 1.478 4.147  

* Means followed by same letter in each column are not significantly different at P < 0.05 by Duncan multiple rage test *. 

 

Table 4 shows the quality effects to spacing and poultry 

manure levels by cayenne pepper. Per cent moisture content 

was not influence by spacing and poultry manure rates as no 

clear trend was observed. However the widely spaced crops 

at 100 cm by 100 cm had more moisture in the fruit. Within 

each spacing treatment vitamin contents in the fruits 

increased with manure rates, with plants spaced at 50 cm x 

50 cm producing pepper plants with highest vitamin c as 

manure level increase. 

Lycopene content in cayenne fruit were positively affected 

by poultry manure in all spacing treatment. Plants that did 

not receive manure had lowest levels of lycopene; however 

among the plants that were spread at 100 cm by 50 cm 

lycopene content of the control plants had higher lycopene 

levels than those fertilized with poultry manure. 

In plant spaced at 100 cm by 100 cm, increasing poultry 

manure rate beyond 10 ton/ha resulted in reduction of 

lycopene content in the fruit. In plants spaced at 50 cm by 50 

cm increasing poultry manure content resulted in increasing 

levels of lycopene in fruit. 

 

 

 

 

Spacing  No. of Leaves LA (cm3) 

50 cm x 50 cm 13.8b 42.3a 

100 cm x 50 cm 13.3b 47.4b 

100 cm x 100 cm 12.0a 47.4b 

SE  .203 .272 

Poultry Manure (PM) Rate 

0 ton/ha 11.2a 24.5a 

10 ton/ha 13.4b 53.9b 

20 ton/ha 14.4c 56.8c 

SE  .203 .272 

Spacing & PM Rate NS NS 
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Table.4: Influence of spacing and poultry manure rates on fruits quality cayenne pepper 

Spacing Poultry manure rate 

Ton/ha 

%  Moisture 

Content 

Vitamin C Lycopene 

(mg/kg) 

50 cm x 50 cm 0 

10 

20 

77.77 

74.43 

75.74 

0.26 

0.61 

0.77 

28.50 

31.12 

34.45 

 

100 cm x 50 cm 

 

0 

10 

20 

 

79.43 

69.1 

73.27 

 

0.26 

0.3562 

0.4272 

 

28.50 

17.95 

24.89 

 

100 cm x 100 cm 

 

0 

10 

20 

 

79.87 

70.2 

75.4 

 

0.26 

0.2637 

0.5148 

 

28.51 

60.19 

49.65 

 

IV. DISCUSSION 

Effect of Spacing and Poultry Manure Rates on Growth 

and Yield of Cayenne Pepper 

This study observed that plant height, that is, growth rate 

increased with spacing. This is in line with studies by other 

researchers who reported increase in plant height in closely 

spaced green pepper in Kenya [27]. It was also observed 

that increasing the rate of poultry manure led to increasing 

plant height of cayenne pepper. This observation 

corroborates other research findings on aromatic pepper, 

Capsicum annum L var (Nsukka yellow) in Nsukka, Enugu 

State, Nigeria [28]; that plant height increased with 

increasing poultry manure rates. 

Reducing planting distance and increasing poultry manure 

rate resulted in increasing number of leaves. This is similar 

to the reports increasing vegetative growth with poultry 

manure application in Nsukka yellow anomatic pepper at 

Nsukka [29]. 

The fruit yield of cayenne pepper increased with spacing 

per plot and per hectare. This could be as a result of higher 

population of plants, with each individual plants producing 

high number of fruits. Similarly in a different study on 

green pepper, closely spaced pepper recorded higher yields 

than widely spaced pepper [27]; while higher yield was 

observe in tomatoes with increasing levels of poultry 

manure [30]. 

Effect of Spacing and Poultry Manure on fruit quality of 

Cayenne pepper 

Increasing levels of poultry manure resulted on the 

increasing contents of lycopenes and Vitamin C in this 

study. This finding is similar to the findings of other 

research done on tomato; which indicated that lycopene 

content increased with poultry manure levels  [30]. However 

their findings [30] that control tomatoes plant had higher 

vitamin content than those receiving poultry manure is 

contrary the observation in this study. It was observed that 

the control plants  had lower levels of Vitamin C compared 

with cayenne pepper that received poultry manure. 

 

V. CONCLUSION 

Spacing cayenne pepper at 50 cm by 50 cm will result in 

higher growth rate and yield. Application of 20 ton/ha of 

poultry manure will result in higher growth rate and yield.  

Spacing has no significant difference on lycopene and 

vitamin content in cayenne pepper. Increasing rate of 

poultry manure results in higher Vitamin C content in 

cayenne pepper. Application of 20 ton/ha poultry manure 

and a spacing of 50 cm by 50 cm is recommended for 

cayenne pepper production in the southern rainforest zone 

of Nigeria.  

 

REFERENCES 

[1] Alegbejo, M.F., Orakwe, F.C. & Ado, S.G. (1999). 

Characteristics of chilli pepper cultivars released by the 

Institute for Agricultural Research, Samaru, Nigeria. 

Capsicum and eggplant Newsletter,18, 21-24. 

[2] Denton O.A., Olufolaji A.O. (2000). Nigeria’s most 

important vegetable crops. In: Akoroda, M.O. 

(Compiler). Agronomy in Nigeria: A Book in Support of 

Agronomy Re-Union Day on 4th October 2000. 

Department of Agronomy, University of Ibadan, Nigeria 

85-93. 

[3] Grubben, G.J.H., & El-Tahir, I.M. (2004). Capsicum 

annum L. In: (Grubben, G.J.H. and Denton, O.A, 

Editors). Plant Resources of Tropical Africa 2. 

Vegetables. (pp.154-163). PROTA Foundation, 

Wageningen, Netherlands/CTA Wageningen, 

Netherlands. 

http://dx.doi.org/10.22161/ijeab/3.4.13
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.13                                                                                                                             ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                                  Page | 1239 

[4] Ado, S.G. (1988). Evaluation of Capsicum in Nigeria. 

PGR Capsicum Eggplant Newslett., 17: 16-17. 

[5] Erinle, I.D. (1989). Present status and prospects for 

increased production of tomato and pepper in Northern 

Nigeria. Tomato and pepper in the tropics AVRDC 

Shauhua Taiwan. p 545. 

[6] FAO. (2000). Fertilizers and their Use. 4th Edn., Food 

and Agriculture Organization, Rome, Pages: 34. 

[7] Alabi, D.A. (2006). Effect of fertilizer phosphorus and 

poultry droppings treatments on growth and nutrient 

components of pepper Capsicum annum. African 

Journal of Biotechnology, 5 (8): 671-677. 

[8] Ajayi AR and Eneje CN (1998). Preference of Nsukka 

Yellow Pepper Among Growers and Consumers in 

Nsukka agricultural zone of Enugu State,Nigeria. Proc. 

15th HORTISON conf., Ibadan, 8th - 11th April. pp. 

184-187. 

[9] Echezona, B.C and Nganwuchu, O.G. (2006). Poultry 

Manure application and  varietal  effects  of  chilli-

pepper (Capsicum spp.) on insect pest and disease  in a  

humid –tropical environment. Journal of Agriculture, 

Food, Environment and Extension 5 (2): 49-58. 

[10] Adigun, J.A. (2001). Influence of intra-row spacing 

and chemical weed control on the growth and yield of 

chilli pepper (Capsicum frutescens L.) in the Nigerian 

Northern Guinea Savannah. Nigerian Journal of 

Horticultural Science 5:67-73. 

[11] Agboola, A.A., (1982). Organic manuring and green 

manuring in Tropical Agricultural systems. Proc. of 12 

Inter. Cong. of Soil Science, New Delhi, India 8-16 

February, pp: 198. 

[12] Hamma,  I.L. and Ibrahim, U. (2013). Management 

Practices for Improving Fertility Status of Soils in 

Nigeria. World Journal of Agricultural Sciences 9 (3): 

214-219. 

[13] Elliott, S.D., Blakesley, D. and Hardwick, K. (2013). 

Restoring  Tropical  Forests:  a  practical guide. Royal 

Botanic Gardens, Kew; 344 pp. 

[14] Udoh, D. J., Ndon, B. A., Asuquo, P. E. and Ndaeyo, 

N. U. (2005). Crop  Production Techniques for the 

Tropics. Concept Publication Lagos. Pp.446. 

 

[15] Mahmoud A. M and Soliman A .Sh (2017). 

Comparative Study on the Influence of Organic 

Fertilizer and Soil Amendments on Evening Primrose 

(Oenothera biennis L.). International Journal of 

Agricultural Research, 12: 52-63. 

[16] Akande, M. O., Kayode, C. O., Oluwatoyinbo, F. I. 

and Adediran, J. A. (2008). Efficiency of NEB-33 

fortified fertilizers on growth and yield of pepper 

(Capsicum frutescens). African Journal of 

Biotechnology, 7 (7): 873-877. 

[17] Onugha AI (1999). Growth and yield response of 

Nsukka yellow pepper, Capsicum annuum, to plant 

population and levels of organic manure application, B. 

Agric. Project report, Dept. of Crop Science, University 

of Nigeria, Nsukka, Nigeria 43 p. 

[18] Mofunanya, A.A.J., Ebigwai, J.K., Bello O.S.  and 

Egbe A.O.(2015). Comparative Study of the Effects of 

Organic and Inorganic Fertilizer on Nutritional 

Composition of Amaranthus spinosus L. Asian Journal 

of Plant Sciences 14 (1): 34-39. 

[19] Ikeh A.O. Ndaeyo N.U, Uduak I.G. Iwo G.A. Ugbe 

L.A, Udoh E.I. Effiong G.S. (2012). Growth and yield 

responses of pepper (Capsicum frutescens L) to varied 

poultry manure rates in Uyo, Southeastern Nigeria, 

ARPN Journal of Agricultural and Biological Science; 

7(9): 735-742. 

[20] Asiegbu, J.E. (1987). Effect of organic matter substrate 

sources and time of photosynthetic-sink removal on 

Flower and Pod Production I Okra Abelmoschus 

esculentus (L) Moench. East Afr. Agric. Forest. J., 52, 

293 -297. 

[21] De Lannoy, G. and Romain, H. R. (2001). Crop 

Production in Tropical Africa. McGraw Hill Publishers 

Ltd. New York Pages 245 

[22] Cavero, J., Ortega Gil, R., and Gutierrez, M. (2001). 

Plant density affects yield, yield components and color 

of direct-seeded paprika pepper. HortScience 36(1), 76-

79. 

[23] Nasto T. H., Balliu A. and Zeka N. (2009). The 

influence of planting density on growth characteristics 

and fruit yield of peppers (Capsicum annuum).   Acta 

Hort. 830 906-912. 

[24] Ansa, J. E. O. (2016). Effect groundnut spacing on 

yield and weed control in the rainforest agro-ecological 

zone of Nigeria. Direct Research Journal of Agriculture 

and Food Science. Vol. 4 (12): 49-52.   

[25] AOAC (2005). Association of Official Analytical 

Chemist (AOAC), Official methods of analysis, 6th ed., 

Washing- ton DC, USA, 1980. 

[26] Suwanaruang,  T. (2016). Analyzing lycopene Content 

in Fruits. (International Conference on Inventions & 

Innovations for Sustainable Agriculture 2016, ICIISA), 

Agriculture and Agricultural Science Procedia 11: 46 – 

48.   

[27] Edgar, O. N., Gweyi-Onyango J. P. and Korir N.K. 

(2017). Plant Row Spacing Effect on Growth and Yield 

of Green Pepper (Capsicum annuum L.) in  Western 

http://dx.doi.org/10.22161/ijeab/3.4.13
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.13                                                                                                                             ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                                  Page | 1240 

Kenya. Archives of Current Research International 7(3): 

1-9. 

[28] Baiyeri, P. K., Otitoju, G. T., Abu, N. E., and Umeh, S. 

(2016). Poultry manure influenced growth, yield and 

nutritional quality of containerized aromatic pepper 

(Capsicum annuum L., var ‘Nsukka Yellow’). African 

Journal of Agricultural Research. Vol. 11(23): 2013-

2023. 

[29] Abu, N. E., and Odo, C. V. (2017). The effect of plant 

density on growth and yield of ‘Nsukka Yellow’ 

aromatic pepper (Capsicum annuum L.). African Journal 

of Agricultural Research. Vol. 12(15), pp. 1269-1277. 

[30] Adeniyi, H. and Ademoyegum, O. (2012). Effect  of  

different rates  and  sources  of  fertilizers  on  yield  and  

antioxidant components  of  Tomato.  Agric  J  7  :  

135—138. 

http://dx.doi.org/10.22161/ijeab/3.4.13
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.14                                                                                                                      ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                           Page | 1241 

Performance of EcoSan Toilets at Majumbasita 

in Dar Es Salaam – Tanzania  
AS Mahenge 

 

Environmental Engineering Department, Ardhi University, P. O. Box 35176, Dar-Es-Salaam, Tanzania 

anesimahenge@gmail.com 

 

Abstract— The performance of Ecological Sanitation 

(ECOSAN) toilets at Majumbasita-Ukonga in Dar es 

Salaam, Tanzania was studied in order to assess their 

feasibility for low cost and effective environmental 

protection. The studied parameters for urine were pH, 

TKN, phosphorus , potassium and E-coli and for faecal 

sludge were temperature, pH, TS, VS, COD , TKN, 

ammonium, phosphorus, potassium and Ascaris eggs. 

Results indicated a high pH up to 10.3 in the faecal 

contents due to addition of ashes. The temperatures were 

between 270C – 31.70C during the whole study period. 

The total COD measurements varied from 33 - 74 

gCOD/l, while TS and VS were respectively 57– 81 gTS/l 

and 21 – 46 gVS/l. The results for TKN, ammonium, 

phosphorus and potassium in faecal sludge were 5045 – 

6080mg/L, 5207-5852 mg/L, 29-70mg/L and 105-176 

mg/L, respectively.  Ascaris eggs were efficiently removed 

from faecal sludge that were strictly dry and had a pH of 

more than 10. The results for TKN, ammonium, 

phosphorus and potassium in urine were 4285-5010 

mg/L, 111-195 mg/L and 190-251 mg/L, respectively. E-

Coli were present in urine with pH less than 11.5 and 

were efficiently removed from urine with pH more than 

11.5. Presence of pathogens in urine implies the 

separated urine can be reused in tree growing and not for 

fertilising food crops consumed raw. 

Keywords— ECOSAN toilets, Faecal Sludge, Urine, 

Performance, Environmental protection. 

 

I. INTRODUCTION 

Environmental sanitation problems have continued to 

grow in complexity despite receiving little attention in 

Tanzania. The hygienic disposal of excreta that does not 

endanger health and welfare of the community is 

important (Obeng et al, 2015; Hu et al, 2016)). There are 

many constraints in improving the existing sanitation 

situation that centre on political, economic, social and 

cultural contexts of health and disease. Serious constraints 

(Obeng et al, 2015), which are still prevalent to-date, are: 

funding limitations; insufficiency of trained personnel; 

operation and maintenance; logistics; inadequate cost -

recovery framework; insufficient health education efforts; 

inappropriate institutional framework; intermittent water 

service and non-involvement of communities. Given the 

inherent unsustainability of large scale sewerage, on-site 

sanitation concepts, dealing with human excreta 

collection and treatment on-site, that is, the location 

where it is deposited, can provide a hygienic and 

satisfactory solution (Obeng et al, 2015; Taseli, 2016; 

Mahenge, 2013; Shen, 2013), because it is not an 

expensive and high technology. For reuse of human 

"waste" and turning it into something "useful and 

valuable" (Breslin, 2014; Esrey, 2001), ecological 

sanitation (ECOSAN) had been introduced as a pilot scale 

at Majumbasita-Ukonga in Dar-es-Salaam city, Tanzania 

by EEPCO (Environmental Engineering and Pollution 

Control Organization - Non Governmental Organisation) 

through UNICEF funding. These introduced toilet 

systems are in the category of improved pit-toilets and 

they are 'dry' accumulation systems or so-called 

ECOSAN toilets which receive only faeces. Moreover, 

after faeces deposit, ashes are added to increase the pH 

and reduce moisture. If the moisture content and ashes 

additions are balanced, it is believed that the faeces will 

decompose to form a soil conditioner in about four 

months (Esrey et al, 2001). This idea of decomposition 

was given without thorough exploration of the conditions 

needed for biodegradation to proceed and was further 

ascertained in this study. Pathogens are killed in the dry 

alkaline compost that can be used as soil fertilizer. The 

urine is collected separately and can also be used as 

fertilizer (Esrey et al, 2001).  To get an insight in the 

performance of these structures the following study 

objectives were to: Get the baseline information related to 

composting toilet systems in the country; Check the 

performance of composting toilets in pre-treatment of 

human excreta; Verify the quality of separated human 

urine, as it is believed to be sterile, people are using it 

directly in agriculture without knowing the safety 

associated with its re–use.  

 

II. MATERIALS AND METHODS 

2.1 Description of the Research Area 

Majumbasita, is one of the unplanned settlements at the 

peri-urban part of Dar-es-Salaam city in Tanzania. It is 

about 11 km from the city centre, in the western direction 

and closer to the Dar-es-Salaam International Airport 

(DIA) in Kipawa ward, Ilala Municipality; with a 
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population of about 23,000 inhabitants. Houses are 

mostly occupied by owners, with few inhabited by 

tenants. The size of plots varied from about 170 - 400 

square metres (EEPCO, 2007) during study. The piped 

water supply from the city network is inadequate for the 

inhabitants; 85% depend on well water (Mato, 2002) and 

are forced to use hand-dug wells although the quality is 

doubtful (Elisante and Muzuka, 2017; Addo, 2016). It 

was noted that there is intermittent supply of water per 

week; that is, the supply was for 2-4 hours per supply 

(Elisante and Muzuka, 2017). Only 5% of the residents 

get it once per week, 63.2% two days/week, 28% three 

days/week, 2% four days/week and 1.2% manage to get 

water for >4 days/week. Moreover, their laboratory 

results revealed that, E-Coli count for samples from 

boreholes with depths 1.8 metres and 6.75 metres were 

3000 FC/100 ml. and 178 FC/100 ml., respectively (Mato, 

2002; Addo, 2016). The intensity of E-Coli showed a 

decreasing trend with depth. The wells deeper than 70 

metres due to increase in pressure were free from faecal 

contamination implying that, water from deeper soil 

layers was bacteriologically safe for drinking purposes at 

that moment. Similarly, for the piped water supply in that 

area, it was observed that, there was an increase in faecal 

pollution in the service pipes (values ranged from 3 - 76 

FC/100 mL for 25 sampling points chosen). The area 

experiences high water table (HWT) evidenced by the 

raised pit toilets (75%) in the area, while some dwellers 

(4.8%) did not have any toilet facility; they use 

neighbours toilets (EEPCO, 2007, Elisante, Mato, 2002 

and Muzuka, 2017). 

 

2.2 Schematic Presentation and Functioning of 

ECOSAN Toilets 

The schematic presentation of ECOSAN toilet at 

Majumbasita is as shown in Figure 1. 

 
Fig.1: Photographs of caption of the ECOSAN toilet at Majumbasita  

 

Symbol´s Explanation: 

(1) Urine tank of 20 litres capacity (2) Accumulating 

faeces and ashes heap in the toilet vault (3) Doors at the 

back of the pit-chamber for desludging purposes(4) Wash 

water outlet (5) Vent pipe (6) Drop hole slabs (squatting 

and seating type) (7) Separated Urine hole. 

 

The components of the ECOSAN include two pits, two 

openings for removal of dehydrated faecal material, two 

vent pipes (for each pit), two squatting pans or one 

squatting pan and one seat riser, or two seat risers, two 

urine drain pipes and one drain pipe for anal cleansing 

water, one plastic container for urine, superstructure, 

squatting slab and roof. The components are provided in 

duplicate because when one component is in use, the 

other one is on stand-by basis. If the pit in use is full, it is 

closed for a time and the other stand-by pit is opened for 

use. It is expected that, the dehydrated material in the 

closed pit decomposes for a period of not less than 6 

months and then the system will be desludged and the 

sludge used in agriculture. So far none of the systems has 

been desludged. Normally, after defecation, a handful of 

ashes from charcoal stoves or burnt wood ashes are 

poured into the pit. Ashes (charcoal/plant ash) are added 

inside the faecal chamber to raise pH (for pathogen 

destruction), reduce odour and dehydrate the faecal 

material. The pH must be ≥ 10 because it is unfavourable 

pH for most pathogens especially ascaris (Taseli, 2016). 

Obeng remarked that, estimating the volume of ash is 

difficult (Obeng et al, 2015). Experiences indicates that 

approximately twice the volume of faeces has to be added 

(Vliet et al, 2013) while, Kujawa suggested five times the 

volume of faeces or 0.3 m3 per person per year for all 

waste (Kujawa-Roelveld, 2016). At Majumbasita 0.1-0.33 

litre of ashes/person/day/defecation is added without 

formal control of the amount. The charcoal ashes are kept 

inside the superstructure on the squatting slab in order to 

avoid inconveniences. No water or any liquid material is 

allowed to mix with faeces inside the chamber. However, 

due to the religious beliefs of some people, water must be 

used for anal cleansing and hence, a place in between the 

two squatting holes was modified to cater for cleaning 

purposes and the wash-water led to the outside through a 

pipe.  For this purpose, a small plastic water container of 

5 litres is provided for this need. The wash water is not 

treated but ends up in the surrounding area signifying a 
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need for proper disposal. The 20-litre urine tank is kept 

outside and usually emptied when it is full.  

 

2.3 Sampling and Analysis 

Samples were collected from 10 ECOSAN toilets. A 

sampling device with specifications: Model – Eijcamp; 

Made is Agrisearch Equipment, was used to collect 

faeces. One kilogram of faecal sludge and one litre of 

urine were collected per toilet for laboratory analysis. 

Analyzed parameters in faeces were pH, ambient 

temperature of the samples , COD, TS, VS, TKN, NH4
+-N, 

PO4
-3-P, K and Ascaris eggs . Analyzed parameters in 

urine were pH, TKN, PO4
-3-P, K and E-coli.  The 

parameters were determined by using Standard Methods 

(2002). 

 

III. RESULTS AND DISCUSSION 

3.1 pH, Temperature and Ascaris Eggs Results in 

Faecal sludge 

The pH ranged from 8.3 - 10.3 due to addition of ashes. 

The correlation by SPSS between pH and age of sludge is 

highly significant at P<0.001.It was furthermore evident 

that, the pH increases with increasing age of sludge in the 

toilet vault. Similarly, the ANOVA showed the same 

conclusions with R2 of 63%. Tropical condition 

temperatures observed, 27 - 29.90C coupled with the pH 

suggests that, it is possible to have mesophilic digestion 

in the bottom part of the heap of feaces in ECOSAN pit 

only during the first months of operation. After that the 

pH goes up and it is logical to assume that no digestion 

goes on. The results in Ascaris eggs varied from 0 – 4000 

counts/1000 mg. Ascaris eggs were efficiently removed 

from faecal sludge that were strictly dry and had a pH of 

more than 10. 

 

3.2 COD, TS and VS Results in the Faecal Sludge 

for ECOSAN Toilets 

The results in Table 1 indicate a TS range of 57 to 81 

gTS/l, which is low range considering that the TS-content 

of fresh faeces is about 254.62 (±4.19) gTS/kg (Strande 

and Brdjanovic, 2014). Given the nature of toilet use, that 

is, with addition of ashes, it was anticipated to find higher 

TS values, and therefore, apparently, the urine was not 

completely separated. Even a small amount of urine going 

cumulatively into the faeces vault can lead to relatively 

low TS values. The total COD concentration in faecal 

material ranged from 33 to 74 g COD/l whereas the 

values for VS were between 21 - 46 gVS/l. The VS and 

COD concentration decreased with time due to the 

addition of the ashes (dilution). Table 1 results are within 

the literature reported values for faecal sludge from toilets 

and unsewered public toilets quality in different cities 

noted by Water Resources Research Institute (WRRI) in 

Accra, Ghana and SANDEC (Water and Sanitation in 

Developing Countries). They conducted numerous 

analyses of untreated septage and public toilet sludges 

and results reported by Semiyaga (2015), which varied 

from 49-97 gCOD/l. This also confirms that, the 

ECOSAN faeces accumulation chamber suffered from an 

intrusion of urine. The calculated average of COD:VS 

ratio was 1.57 gCOD/gVS, but it varied between 0.67-

2.47 gCOD/gVS. Such a condition might be due to the 

fact that varying amount of ashes are added after 

defacation and therefore making the sludge in the vault to 

be inhomogeneous.  

 

Table.1: The experimental results of human faecal sludge for ECOSAN toilets at Majumbasita 

Age of Toilet (months) 4 months average 6 months javerage 8 months average 

pH 8.3 9 10.3 

Total COD (g/l) 74 52 33 

TS (g/l) 57 71 81 

VS (g/l) 46 34 21 

VS/TS (% ) 81 47 25 

COD/VS  1.61 1.53 1.57 

NH4
+-N(mg/l) 5852 5207 5418  

Total-N(mg/l) 6080  6077 5045 

PO4
3--P(mg/l) 60  70 29  

K(mg/l) 105  176 141  

Ascaris eggs(/1000 mg) 667 273 0 

 

3.3 

Kjedahl Nitrogen, Total Nitrogen, Phosphorus and 

ammonium in faecal sludge 

The ammonia-nitrogen concentrations for faecal sludge 

from undiluted samples from ECOSAN toilets ranged 

between 5207 - 5852 mg NH4-N/L on the day of 
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sampling, while the TKN values varied from 5045-6080 

mg/L, values that are similar to those obtained by Strauss 

and Heinss (1995). Their result ranged between 2800 – 

6000 mg/l. The phosphorus and potassium results  found 

varied from 29-70 mg/L and 105 – 176 mg/L, 

respectively. These results  are comparable with those 

found by Mashauri and Senzia (2002) for ECOSAN 

toilets at Majumbasita which were 28.5 mg/L and 166.43 

mg/L for phosphorus and potassium, respectively.  

 

3.4 Urine 

The assessed pH of the collected urine from ten (10) 

ECOSAN toilets ranged between 6.27-11.80 and the 

temperature from 26.1-31.7 0C. From the fact that, the 

urine pH was 6–7 when excreted, but during its storage 

would raise to between 9-9.4 as a result of the degradation 

of urea (Hijikata et al, 2015), the higher values found in 

our measurements implies that, there is a certain amount 

of ashes which went into the urine tank. Furthermore, the 

results show that all of the toilets with pH less than 11.5 

in urine were found with E-coli at a range of 50 -4500 

counts . The detection of E-Coli counts in the urine 

storage tanks indicates there were faecal contamination 

and escape of ammonia gas from  urine tanks (i.e the 

tanks were not airtight). With adequate separation, the 

“pure” urine is expected to be free of pathogens 

(Mahenge, 2013) but about 50% of the toilets were out of 

the maximum WHO Guidelines for unrestricted reuse in 

agriculture (1000 counts/100ml) especially for crops 

eaten raw; this could be risky. The result suggests that, 

direct use of urine separated in Majumbasita into the 

gardens could introduce pathogens into the soil and may 

infect vegetables, which then obviously represents a 

health hazard. The pH results compares with those found 

by Farzadkia (2014) for double vault-urine diverting 

(DVUD) toilet which where from 6.2–13.0 due to 

addition of additives. Nakagiri and Niwagaba (2016) 

found out that, addition of lime, ash and soil resulted in  

corresponding pH values of 11, 9.4 and 8.8. However, 

they found that, pH of 11–12 is reached in treatment 

methods using lime. The PO4-P results in the urine were 

111-195 mg PO4-P/L and they are comparable to Kujawa-

Roelveld, (2016). The TKN and potassium values were 

4285 – 5010 mg-N/L and 190-251 mg K/L, respectively. 

 
Fig.2: The E-Coli, Ascaris eggs and pH results in sludge and urine of ECOSAN toilets 

 

IV. CONCLUSIONS 

By using the ECOSAN toilets, such as those installed in 

Majumbasita, groundwater contamination can be avoided, 

since they are constructed above ground. More 

information needs to be collected as to the amount of 

ash(es) to be added to the toilet vault, the proposed 3 

times the volume of faeces will occupy  the main part of 

the volume of the chamber. A complete separation of pure 

urine seems to be difficult for users as evidenced by 

faecal coliforms observed in urine. The separated urine 

can be used directly as fertiliser in tree growing, but not 

for fertilising food crops that are consumed raw, due to 

presence of pathogens. The extent of biological sludge 

stabilization is likely to be small in view of the prevailing 

high pH values. A lot of urban small scale agriculture 

needs to be developed in order to enable the reuse of all 

the collected sludge and urine, otherwise, transport for 

reuse outside the city is  necessary. Ascaris eggs and E-

Coli are efficiently removed in ECOSAN toilets with high 

pH of more than 10 for faecal sludge and more than 11.5 

for urine. Advocacy on the use of ECOSAN toilets 

improves the separated urine quality. 
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Abstract— The study is based on gathering of information 

by interviewing villagers, herbalists, hakims and farmers, 

following a preset list of questions followed by analysis of 

the data collected. Plant samples were gathered and their 

morphological characteristics described. Their various uses 

including medicinal uses, where reported were gathered. 

The present work is a significant contribution to the existing 

knowledge because ethno botany as a interdisciplinary 

science understanding of local social dynamics, institutions 

and different values attributed to resources. These values 

may be symbolic, religious or political for a given society, 

while same plant resources may represent only an economic 

value for our social group. Fuel wood needs are also met by 

collecting dried fodder branches, by products of crops and 

dried animal dung. It is recommended that botanical 

ganders of medicinal plants should be established. Data 

was analyzed at P(0.05 -5%).  

Keywords— Interviewing Villagers, Medicinal Uses, 

Ethno botany, Plant Samples, Conservational Reserves, 

Botanical Garden, Products of Crops and Animal Dung. 

 

I. INTRODUCTION 

From ancient Time, plants are being used in various 

diseases. Many of today’s drugs have been derived from 

plant sources. Pharmacognosy is the study of medicinal and 

toxic products from natural plant sources. More than six 

thousand species are used as medicines drives from 

medicinal plant are $43 billion. More than 75% of Pakistani 

population depended on tradition medicines for all are most 

of its medicinal needs.  Ethnoparmacological study not only 

envisage the possibility of identifying new herbal drug, but 

also bring on record the hidden knowledge confied to 

traditional society all over the world (Leporatti 1990) 

bhattari, 1992 padhye at al  1992 , yang 1992, omino et al, 

1993, Gils et al, 1994, bhanday et al, 1997, Verma et al, 

1998).  

Study Area  

The very word Khushab, derived from two Persian words 

Khush" and "Aab" meaning good or peasant potable water. 

District Khushab is one of the four districts of Sargodha 

Division. The district lies between north latitude 31-33 to 

32-43 degree and east longitude 71-35 to 72-37 degrees. 

The average length of the District from north to south is 

about 116 Kilometers: while its breadth from east to west is 

about 56 kilometer. The District comprises an area of 

1,627,688 acres or 6,511 sq. Kilometer.  

 The few trees to be found in the dry and sandy that 

are chiefly Jund, (Prosopis cineraria (L) Druce), which is 

found in graves protected by the reputation of some 

departed scunt: stunted kikar, rarely found the round ponds 

and a grave of beri (ZizyphusnummulariaBurm.f.) trees 

found the town ofNurpur, which are specially protected by 

a clause in the village administration paper. The 

characteristic bushes of the region are the lana (salaola), 

akk (Calotropis pro cera R. Br.) and harmal 

(paganumharmala 1.) which have alteady been described 

and the phoy (Calligounmpolygonoidea Linn.) a good 

fodder plant, little found except in RakhNurpur, but 

(Pauderia pilosa) a low whitish plant with flower heads like 

catkins, khipp, (Crotalaria burhia) some time used for 

making ropes for temporary use and summa and karturnma 

(Citrulus colosynthis (L.) Shrad.) with its trailing stems and 

beautiful green and yellow orange likes fruit scattered in 

the profusion over the sandy hills. Their taste is very bitter, 

but goats eat them and medicine for horses is prepared from 

them to prevent indigestion.  

In the past only cultivation consisted of small 

patches of cheap millets and pulses, or very inferior 

watermelons. But it has since been discovered that 

excellent grass of crops can be raised in an ordinary winter 

and year by year larger areas are devoted to raising them, 

the change from pasture to agriculture as the principal 

means of livelihood is going on apace. The resulting 

development of land is, of course, over-shadowed by the 

brilliant success of the lower Jhelum Canal, but is 

nonetheless remarkable.  
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In the flooded lands along the rivers lei or pilchi 

(Tamarix dioica Roxb. Ex Royh) springs up considerable 

thickets and is used for wattling, baskets and roofs.The akk 

(Calotropis procera R. Br.) is very common in sandy soil. 

It is also useful for snakebite (Ajibade et al., 2005).  

 

II. METHODOLOGY 

The survey was conducted from March, 2003 to 

February 2006. The methodology was based on interviews 

using checklist and questionnaire of information (Martin, 

1995). The interviewees in the villages were chosen at 

random. Total No of interviewees conducted are 750 

consists of 400 males and 350 females. The interviewees 

were landholders (zamindars), Agriculturists, pansars, 

Hakims and Farmers, and most of them were mainly 

graduates and Government employee. In the first step, 

detailed knowledge about the local and indigenous people 

was collected. A regional study on the epidemiology 

tradition medicines and ecology of the people and their 

environment was prepared. In order to prioritize plant 

collectors, a number of international data basis were 

searched to obtain all the relevant ethno-medical, biological 

and chemical information on the plant known to be used in 

that region.  

Following parameters were adopted for the study:  

 

A.  ETHNOMEDICINAL USES  

 .,.  Uses of herbal medicinal  

 " .  Parts of the plants used  

 '-  Ailments treated  

 ..•.  Success of use  

         •.  Source of supply  

 '  Average annual stock (quantity)  

 .  Average annual sale (quantity)  

 .  Types of people treated  

 .  No. of people treated per day  

 ..  Trend in use of medicinal plants  

B.  FODDER USES  

 i,  Fodder priority  

 ,.  Fodder effects  

        .  Animal types  

     .  Preferred pats  

C.  ETHNOBOTANICAL USES  

 .  Vegetables and pot herbs  

 .  Fruit yielding  

 -  Poisonous plants  

 -  Method of use  

 -  Prices per KG.  

 -,  Plant grown/cultivated  

 -  Plant material stored  

 -  Quantity sold per year  

 -'  Sold in the form (dry/fresh)  

  -  Used in the form (dry/fresh)  

 !-  Total number of species traded  

 -  Harvesting season  

      - Method of preparation 

(infused/boiled/distilled/fresh juice)  

     - Details of preparation  

- Method of internal application 

(infusion/decoction/syrup chewed)  

- Method of external application (poultice, 

fixed oil, lotion cream)  

- Age groups of people using the species. 

- Health maintenance  

- Types of livestock treated                            

Livestock ailment treated  

- Use of herbs in combination with other 

herbs .        

- Period of storage of plants/herbs  
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- Processing   Additive used  

- Domestic, community-wise and market 

value Species preferred for sale  

- Average price per unit  

- Source of fuel for domestic purpose _  

- Average consumption of fuel per day for 

each household  

 

D. FUEL SOURCES AND ITS CONSUMPTION  

- Source of fuel for domestic purpose  

- Average consumption of fuel day for each 

household  

- Fuel types (i. e. fuel-wood, kerosene oil, 

LPG, crop residues, cow-dung, wood-waste, 

charcoal)  

- Average monthly fuel requirement in 

summer and winter seasons  

- ,Variation of fuel requirement in summer 

and winter seasons  

- Dependency of people on wood fuel  

- Prices of different types of fuels  

- Availability of wood fuel  

- Source of wood fuel  

- Main cases of non-availability of fuel wood 

fuel  

- Species used for wood fuel  

- Preferred species of wood fuel  

- Estimated percentage increase of trees III the 

surrounding  

- Source of information about 

trees  

- Suggestion to increase tree 

cover in the area  

 

Table.1:  Species used for different ailments 

S.No Name of 

species  

Scientific Name  Part used  Illness  Success  

1. AK Calotropis 

procera R.Br. 

Stem  Joint Pain  Comforts  

2. Harmal Peganum 

harmala L.  

Seed Abdominal Pain  Comforts  

3. Akashbel Cuscuta reflexa 

Roxb.  

Stem  Phorey Comforts  

4.  Tumma Citrullus 

colocynthus (L.) 

Schard 

Seed Fruit  

 

 

 

 

 

 

Root  

 

 

 

 

 

Oil of seed 

 

 

 

Root 

 

 

 

 

1. Constipation  

2. Stomach ailment  

3. Immunity for Rani Khet 

Diseases   

4. Sun stroke/Heat 

5. Abdominal congestion  

6. Ammnorrhea 

7. Ascites  

8. Asthma 

9. Billousnes 

10. Cerebral congestion  

11. Elephantiasis 

12. Epilepsy  

13. Facial paralysis  

14. Fever  

15. Gout  

16. Hepaticcongestion 

17. Jaundice  

18. Leprosy  

19. Liver dibility 

20. Neuralgic complication  

21. Paralysis  

1. Comforts  

2. Very  Effective 

3. Very Effective 

4. Cold effect 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.22161/ijeab/3.4.15
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.15                                                                                                                             ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                                  Page | 1249 

Root  

 

 

Poultice of 

root Juice 

Oil of Seed 

22. Rheumatism  

23. Sciatica  

24. Visceral congestion  

25. Inflamation of breast  

26. Remedy of dropsy Snake 

bites scorpion stings and 

bowl complatints 

(dysentery, diarrhea) 

Epilepsy and for growth 

and blackening of hairl 

 

 

 

 

 

 

 

 

 

 

 

5. Khoob Klan 

(Chuniakha)  

Sisymbrium irio 

Crantz ex Steud 

Seed 1. Typhoid  

2. Small Pox (Chechak)  

3. Chest debility, 

cholera,cough, fever, 

harassness vocal organ 

debility, vomiting 

Removes Small Pox 

(chechak grains) 

6. Saunf Foeniculum 

vulgare Miller 

Whole Plant 1. Digestion problem  

2. Gas Trouble  

3. Female illness  

4. Nervous disease  

1. Increases 

Digestion  

2. Gas trouble 

recovers. 

3. Treatment. 

4. Comforts.  

7.  HarniKaKhaj Cistanchetabulos

a Wight 

Whole Plant  Blood Purifier  Comforts  

8. Jawah Carum copticum 

Benth 

Whole Plant  Blood Purifier  Comforts  

9.  Boophali Corchorusaes 

tuans Linn. 

Whole Plant  Stomach and liver heat  Patient becomes 

healthy 

10. Lauhurian Tecomella 

undulate  

Whole Plant  Defect in Uterus  Patient becomes 

healthy  

11. Kahnu  Whole Plant  Defect in Uterus  Patient becomes 

healthy 

12.  Bhakra Tribulus 

camaldulensis. L 

Seed Gall Bladder illness, Kidney 

Allergy  

Most successful  

13. Boophali Corchorus 

aestuans Linn. 

Whole Plant  1. Maleness in Man  

2. Liqueria 

Successful  

14. Hareer/Arhar Cajanuscajan L.  Root Spermatorrhoea Successful  

15. Asgandh/IksinN

eelwat 

Withania 

somnifera L. 

1. Root 

Decoction 

 

 

 

 

 

 

 

 

1.    Weakness of sexual 

organ.  

2. Premature ejaculation 

3. Leucorrhoea and frequent 

miscarriage (ladies) 

4. Emaciation (women and 

children)  

5. General debility  

6. Glandular swelling  

7. Leucoderrma 

Successful 
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2. Root 

Paste and 

Cow Urine   

8. Loss of memory  

9. Nervus exhaustion  

10. Rhumatica affection. 

11. Snile debility  

12. Syphilis  

13. Skin diseases  

16. Puthkanda Achyrandthes 

aspera L. 

Root 14. Impotency  Successful  

17.  Bathu Chenopodium 

album L. 

1. Cooked 

leaves . 

2. Leaf 

extract  

 

3. Root 

powder  

1.  Urinary troubles and colic  

     1. Piles  

     2. Cought 

     3. Worms  

1. Spermatorrhoea 

Successful  

18.  Drunk  Polygonum 

plebijum R.Br. 

1. Plant 

Decoction  

1. Plant ash 

+ Oil  

1. Colic complaints  

1. Eczema  

Successful 

19.  Jau Hordeum 

vulgare Linn. 

Leaf Juice  Cataract  Successful  

20.  Jund Prosopis 

cineraria (Linn) 

Druce 

Leaves  Leucorrhoea  Successful 

21. Mako/MirchBo

oti 

Solanum nigrum 

L. 

1. Leaf paste 

and 

branches  

2. Whole 

plant 

Decoction  

1. Jaundice  

2. High fever 

 

1. Spermatorrhoea 

Successful 

22. Kashmiri Kiker Prosopis julflora 

Swartz  

   

23.  Pilchi/Lei/Frash TamarixdlocaRo

xb. ex Roth 

1. Bark 

(Bitter and 

Tonic)  

1. Annal Fisher  

2. Cough 

3. Diarrhoea 

4. Dysentry 

5. Pectrol Affection  

6. Piles  

7. Uleers 

8. Leucorrhoea  

9. Spoleen Trouble  

10. Leucoderrma 

 

24.  Chiraita Swertia chiraita Whole plant 

and 

Decoction  

All kinds of fever particularly  

(i) Pneumonia  

(ii) Malaria  

(iii) Typhoid  

 

 

 

Table.2: Ethno-botanical uses of different plant species 
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S. 

No  

Local Name  Scientific Name  Part Used  Fuel Wood  Timber  Fodder  

1. Shrin Albizia lebbek  (L.) Willd  -  Fodder 

2. Kiker Acacia nilotica L. Leaves & 

Wood  

Excellent 

Fuel 

Agricultural 

implements  

-do- 

3. Beri Zizyphus numularia (Burm.f.) Leaves  - - -do- 

4. Shisham Dalbergia sisoo Roxb. Ex DC. Leaves - - -do- 

5. Khagal Tamarix dioica Roxb. ex Roth Stem  Fuel  Building  - 

6. Sufeda Eucalyptus blobulus - - Building  - 

7. Channa Cicer arietinum L. Seed & Stem  Fuel  - Fodder  

8. KhoobKalan Sisymbrium irio Cranz ex 

Stued 

- - - -do- 

9. Jund Prosopis cineraria (L.) Druce) Stem  Fuel   -do- 

10. Gowara Cyamopsis tetragonoloba L. Stem  Fuel  - -do- 

11. Bursin Trifolium repens L. Except roots - - -do- 

12. Jowar Sorghum bicolor (Linn.) 

Moench 

Except roots - - -do- 

13. Bajra Pennisetum typhoideum 

(Burm. F.) Staff & Hubbard  

Except roots - - -do- 

14. Loosen  Trifolium alexandrianum L. Except roots - - -do- 

15 Jowadar Avena sativa Linn.  Except roots - - -do- 

16 Kashmiri 

Kiker 

Prosopis julifora (Sw.) DC. Except roots Fuel  Construction  Fodder paper and 

consmeticindustry 

industry 

17 Wheat 

(Kanak) 

Triticum aestivum Linn.  Hay/Stem  - -  

18 Sarsoon Brassica comperis L.  Stem/Leaves  - - -do- 

19 Kallar grass  Leptochola fusca Stem/Leaves  - - -do- 

20 Juo Hordeum vulgare Linn. Upper part  - - -do- 

21 Gana Saccharum spontaneum Linn.  1. Stem  

2. Thin end of 

the stock (Tili)  

3. Shea thing 

petiole after 

being burnt at 

the lower end 

beaten with a 

mallet yield a 

fiber (Munj) 

 1. Thatching 

and making 

chairs  

2. Making 

baskets and 

screens (sirki)  

3. Munj is 

twisted into 

ropes  

 

22 Kah Saccharum spontaneum Linn    1. Grazing for 

Buflalos 

2. Making brushes  

3. Use to strew on the 

floors of mosques  

23 Dhub Desmostachya bipinnata  (L.) 

stapf 

   Making ropes  

 

MARKET SURVEY  

Table.3: Prices of different species 
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S.No Name of Species  Local Name  Qty (Kg)  Price (Rs.) 

1. Peganum harmalaL.  Harmel 1 50 

2. Cusuta reflexa Roxb.  Ahashbel 1 500 

3. Citrulluscolocynthus (L.) Schrad Tumma 1 50 

4. Tribulus camaldulensis L.  Bhakra 1 100 

5. Calotropis procera R.Br. Ak 1 1000 

6. Eucayptus globules  Sufeda 40 110/(2.7/K.g) 

7. Tamarix dioica Roxb. ex Roth Khagal 40 100 (2.5/kg) 

8. Dalbergia sissoo Roxb. ex DC. Shishum 40 200 (5/kg) 

9. Citrulus colocynthus (L.) Schrad.  Tumma 1 15 

10 Trianthma portulacastrum L.  Biskhapra 1 30 

11. Acacia nilotica L.  GondKiker 1 40 

12. SisymbriumirioCrantz.ex Steud KhoobKalan 

(Chaniakha)  

1 50 

13. Cicer arietinum L.  Channa (Black)  1 20 

14. Cicer arietinum L.  Channa (White) 1 40 

15. Foeniculum vulgare Miller  Sounf 1 20 

16.  Zizyphus nummularia (Burm.f.)  Beri 1 3 

17. - Lahurian 1 1500-28000 

18. Corchorus astuans Linn.  Boophali 1 65 

19. Peganum harmala L.  Harmel 1 40 

20. Tribulus calendulensis L.  Bhakra 1 40 

21. Plantago psilliumForssk.  Isbaghol 1 80 

22. Tribulus cameldulensis L.  Bhakra 1 20 

23. Corchorus astuans Linn.  Boophali 1 150 

 

Statistical Analysis 

Table.1: Variation in the price of fuel yielding species by using ANOVA Statistical Analysis of the price of fuel yielding species of 

Thal 

  
  
  

R
E

P
L

IC
A

T
IO

N
 

                Prices                       Total  

50 40 20 110 

50 50 65 165 

15 20 40 75 

30 40 40 110 

TOTAL: 145 150 165 460 

 

Source of variation  Sum of Squares  Degree of Freedom  Mean Squares  Computed Frequency  

Row means 1383 3 461 F1=2.82 

Column means 54 2 27 F2=.165 

Errors 980 6 163  

Total 2417 11   

         Non-significant 

Table.2: Variation of average monthly wood-waste fuel in summer and winter 

                SUMMER                                       WINTER 

X1 X² 1 X2 X² 2 

40 1600 80 6400 
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40 1600 80 6400 

40 1600 80 6400 

80 6400 1600 25600 

40 1600 80 6400 

80 6400 1600 25600 

80 6400 1600 25600 

40 1600 80 6400 

        At 5% Significant 

 

Table.3: Variation of Fuel Wood Consumption in summer and Winter Seasons 

     WINTER  SUMMER 

X1 X² 1 X2 X² 2 

120 14400 60 6400 

800 640000 600 360000 

240 576000 200 40000 

600 360000 400 160000 

80 6400 40 1600 

240 56700 200 40000 

400 160000 40 1600 

120 14400 80 6400 

94 8836 80 6400 

174 30276 120 14400 

147 21609 94 8836 

120 14400 80 6400 

120 14400 80 6400 

100 10000 100 10000 

120 144000 80 6400 

        At 5% Significant  

  

Table.4: Variations in the kerosene Oil consumption in the summer and Winter 

SUMMER WINTER  

X1 X²  X2 X²  

20 400 25 625 

20 400 25 625 

10 100 15 225 

10 100 15 225 

2 4 4 16 

1 1 2 4 

1 1 2 4 

2 4 4 16 

10 100 15 225 

10 100 15 225 

10 100 15 225 

10 100 15 225 

60 3600 15 225 

http://dx.doi.org/10.22161/ijeab/3.4.15
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.15                                                                                                                             ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                                  Page | 1254 

60 3600 15 225 

60 3600 15 225 

        At 5% Significant 

 

Table.5: Variations in the Wood waste consumption in the summer and Winter 

     SUMMER WINTER  

X1 X² 1 X2 X² 2 

40 1600 80 6400 

40 1600 80 6400 

40 1600 80 6400 

80 6400 160 25600 

80 6400 40 1600 

40 1600 80 6400 

80 6400 40 1600 

40 1600 80 6400 

94 8836 80 6400 

174 30276 120 14400 

147 21609 94 8836 

120 14400 80 6400 

120 14400 80 6400 

100 10000 100 10000 

120 14400 80 6400 

        At 5% Significant   

 

Table.6: Variations in LPG consumption in the summer and Winter 

     SUMMER WINTER  

X1 X² 1 X2 X² 2 

20 400 800 6400 

20 400 800 6400 

10 100 2 4 

10 100 2 4 

2 4 2 4 

1 1 4 16 

2 4 15 225 

10 100 15 225 

10 100 15 225 

10 100 15 225 

60 3600 15 225 

60 3600 15 225 

60 3600 15 225 

60 3600 15 225 

        At 5% Significant 
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Table.7: Variations in the Crop-residues consumption in the summer and Winter 

SUMMER WINTER  

X1 X² 1 X2 X² 2 

120 14400 160 25600 

120 14400 160 25600 

40 1600 80 6400 

400 160000 600 360000 

80 6400 120 14400 

20 400 2 4 

80 6400 160 25600 

10 100 20 400 

        At 5% Significant 

 

Table.8: Variations in the Cow-dung consumption in the summer and Winter 

SUMMER WINTER  

X1 X² 1 X2 X² 2 

120 14400 160 25600 

120 14400 160 25600 

80 6400 160 25600 

800 640000 1000 100000 

40 1600 80 6400 

10 100 10 100 

320 102400 640 409600 

40 1600 80 6400 

40 1600 80 6400 

60 3600 80 6400 

30 900 70 4900 

80 6400 10 10000 

40 1600 20 400 

40 1600 80 6400 

40 1600 80 6400 

60 3600 80 6400 

60 3600 80 6400 

 

 

 

III. DISCUSSION 

Species Used For Different Aliments  

 There are about 24 plant species, which are used 

for different aliments. Ak (calatropis procera) R. Br. is used 

against skin diseases, eczema, toothache, abdominal pain 

and asthema (jadhev, 2008a). Harmal (pognum hermella) is 

used as narcotic, emetic anodyne, hypnotic, anti-lice and 

fumigated by ladies during small-pox. Dried pulp of bitter 

fruit of Tumma (citrullus colocynthus) (L.) Shrad.  is 

effective in constipation(Usmanghani, et al., 1997). Fruit of 

Thumma (citrullus colocynthus) (L.) is useful for the 

stomach ailments and immunity for Rani Khet diseases and 

has cold effects against sun-stroke (Heat). 

Seeds of Khoob Kalan or chanakhla (sysimbrium 

irio) Crantz ex steud  are used as treatment against Typhoid, 

small pox. Whole plant of Sonuf (Foeniculum vulgare) 
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Miller. is used for digestion problems, gas troubles, female 

illness and nervous diseases. 

 Harni Ka Khaj (cistanche tubolose) Wight is effective in 

diarrhoae and cures sores  (Baquar, 1989) and Jawah (carum 

copticum) Benth. is used as blood purifier. Whole plant of 

Boophali (corchorus aestuens) Linn. is used for stomach 

and liver heat . Whole plant of harmal (Pognum hermela) L. 

is used for the defect in the uterus. 

Seeds of Bhakra (Tribulus calendulenisis) L, are 

used for gallbladder illness and kidney allergy. Whole plant 

of  Boophali (corchorus aestuens) Linn. is used for 

maleness in man and leucorrhoea.  

Leaves of Sumblu or norgundani (vitex negundo) 

Linn. are used for wounds, oraktsus, and rheumatic pain. Its 

stem is used for fever. Its juice is useful for gall bladder 

problems. Its root powder is used for menstrual disorder and 

restores fertility. If it is roasted seeds powder and wheat 

flavour is useful for easy delivery. 

 Neelwat (Withania somnifera) L. is used as an 

antiinflamatory and sedatve agent (Williamson et. al., 

2009). Cooked leaves of Bathu (chenopodium album) L. are 

used for coronary troubles. Its leaf extract is useful for piles, 

cough and worms. 

 Plant decoction of drunk (Polygonum plebijum) R. 

Br. is used against colic complaints. Plant ash and oil is 

useful for Eczema. The root of this plant is used in bowel 

complaints and powdered herb is given in pneumonia ( 

Trivedi, 2002). Leaf juice of Jau (Hordeum vulgare) Linn. 

are useful for cataract. Leaves of Jund (Prosopic cineraria) 

(L.) Druce is useful for leucorrhoea.  

 Leaf paste and decoction of Mako or Mirchibooti 

(solanum nigrum) L. is used against jaundice and in case of 

high fever, cough and liver diseases ( Tridevi, 2002). 

 Problems related to herbal medicines Business. 

1 Pure things are not available. 

2 Wild plants are expensive. 

3 Hard work and labour is required.  

4 Most of area is cultivated. 

5 Forests are less, so wild plants have reduced. 

6 Wild plants have high prices. 

7 People discuss more, the prices of medicines. 

8 Pure medicines are not available. 

9 Information about plants is negligible. 

10 Herbal medicines are shelter-classics Govt. is 

not paying any attention. 

11 Trained people are not enough. 

12 Area is being populated. 

13 People do not collect plants due to low prices. 

14 They insist on purchasing low prices. 

People treated per day different places. 

 Mostly 10 people are treated per day at Adhi kot 

almost 80 persons are treated per day at Jamali Baluchan. 

Mostly 20 people are treated per day at Noor pur thal. 

About 50 people are treated per day at Peeluwance and 20 

people are treated at Quluanwala. All classes are treated. 15 

people are treated per day. Mostly poor and middle class are 

treated daily at Biland. 

 Suggestions to increase the cover of the area. 

1. Government should give permission for forest 

plantation by giving free nurseries. 

2. Government should make contact with ther 

farmers. 

3. No of tubewell have to increase. 

4. Farmers should be provided with fir nurrsries 

and plants from the Government nurseries. 

 

Discussion regarding Statistical Analysis and 

Ethnobotany 

A- Variation in the prices of different fuels 

yielding species of Khushab District.  

Variation in the prices of different fuels yielding species of 

Khushab District was determined by analysis of variation 

(ANOVA). Prices vary from Rs.15 to Rs.165 treatments 

and replicates were made and then total was taken. Sum of 

square of treatment, sum of square of columns and sum of 

square of errors were calculated which were 2417, 1383, 54 

and 980 respectively (table 15). 

By using source of variation, sum of square, degree of 

freedom and mean square, row means, and errors was 

calculated. Frequency (f1+f2) was found to know the 

significance of data. f1 was 2.82 which was the more than 

actual value i.e. f2 0.165.  So it was found that the 

variations in prices of different species at that area were 

significant. 
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Abstract— Packaging material is necessary in the 

preservation process. Edible films containing essential 

oils can be incorporated into the conventional food 

packaging systems with a dual purpose, edible and 

natural preservative, that can maintain quality, extend the 

shelf life and reduce the risk of pathogen growth 

specifically in unprocessed or minimally processed foods 

like fruits and vegetables. In present study, pumpkin-

arrowroot starch based edible film incorporated with 

carom seed oil at 0.5%, 1% and 1.5% were prepared and 

studied for the antimicrobial properties. Film with 1.5% 

Carom seed oil showed exceedingly good antimicrobial 

activities against E. coli, Staphylococcus and Aspergillus. 

The films were further studied for physical, mechanical 

and water vapour transmission properties. The results 

indicated that the film with 1.5% carom seed oil did not 

alter the mechanical properties of the film significantly, 

compared to control film and is ideal for coating to 

extend the shelf life of food products.  

Keywords— Edible film, carom seed oil, antimicrobial 

activity, mechanical properties. 

 

I. INTRODUCTION 

Edible films are the films made using edible material and 

can be used on various food products to achieve their role 

in preservation of products (Fakhourietal. 2015). The 

function of edible films is to provide mechanical integrity 

or handling characteristics to the food. These films can 

also act as carriers of active ingredients, such as 

antioxidants, flavours, fortified nutrients, colorants, anti-

microbial agents, or spices (Regalado et al. 2006). Novel 

edible materials have been derived from many natural 

sources that have conventionally been regarded as 

discarded materials or even the low-cost sources which 

are yet to be regarded as a potential base for edible films 

(Shit and Shah 2014). Pumpkin is one of the well-known 

edible plants that is grown all year round. India is the 

second largest producer of pumpkin producing 

35,500,000 metric tonnes per year (FAO, 2008) after 

China. It contains several phyto-constituents belonging to 

the categories of alkaloids, flavonoids, and palmitic, oleic 

and linoleic acids (Yadav et al. 2010). It can be used as a 

low-cost raw material for edible film preparation. 

Plasticizer such as glycerol is added to edible film to 

prevent from becoming brittle while aiding in the 

extensive and flexible properties (Wisetet al. 2014). 

Pectin is often added to films as it provides the properties 

of gel formation and selectivity to gas permeation through 

the film along with providing stability and thickening.  

Essential oils are volatile complex compounds 

synthesized during the secondary metabolism of plants 

and impart antimicrobial properties due to the presence of 

alkaloids, phenols, terpenes and other 

derivatives(Aktharet al. 2014). Extensive research has 

shown that essential oils of oregano (Origanum 

vulgare),cinnamon (Cinnamon casia) and clove (Eugenia 

caryphyllata) are among the most active against strains of 

E. coli, yeasts and moulds (Du et al. 2011). Whey protein 

films with 2% oregano oil was effective against several 

microbes including E. coli O157:H7, Staphylococcus 

aureus, Salmonella enteritidis, Listeria monocytogenes, 

and Lactobacillus plantarum (Ravishankar et al. 2009). 

Carom (Trachyspermumammi) or ajwain seed is an 

aromatic and medicinally important seed spice used as 

flavouring agent and as a digestive stimulant to cure liver 

disorders. The active compounds present in the carom 

seed oil are the phenols especially thymol and some 

carvacrol that provide the antimicrobial properties by 

obstructing the peroxidation of liposome phospholipids in 

a concentration dependent manner (Prashanth et al. 2012).  

Carom seed oil showed antimicrobial activity against S. 

aureus at 1-8 µL/ml, P. aeruginosa at 8-32 µL/mland E. 
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coli at concentrations of 2-32 µL/ml (Zomorodianet al. 

2011). The aim of this work was to develop an edible film 

using carom seed having anti-microbial properties. This 

prepared film can be used to increase the shelf life of food 

products such as fruits, fish, cheese etc. 

 

II. MATERIALS AND METHODS  

2.1 Materials: Pumpkin, Arrowroot starch were 

purchased from the local market in Delhi. Carom seed oil 

was obtained from Mohan Oil Mills, INA market, Delhi. 

Glycerol and Citric acid were obtained from Molychem, 

Delhi. Pectin and L-ascorbic acid were obtained from 

Central Drug House Private Ltd. (CDH), Delhi. Pure 

cultures of E. coli, Aspergillus and Staphylococcus were 

grown and maintained in the microbiology laboratory of 

Institute of Home Economics, University of Delhi, Hauz 

Khas, New Delhi, India. 

2.2 Preparation of the film solution 

2.2.1Pumpkin puree preparation: Pumpkin was 

washed and cut, seeds and peels were removed and then 

it was pressure cooked until soft. It was then pureed 

using a mixer grinder. 

2.2.2 Film preparation:Thirty grams of prepared 

pumpkin puree was taken and diluted with 60 ml 

distilled water to form the desired concentration for the 

film formation.The flowsheet for preparation of film is 

depicted in fig.1. 

 

Prepare 100 ml of 12.5% arrowroot solution at 70-80ºC 

 

Add 4g pectin to the starch solution 

 

Add 0.25g each of ascorbic and citric acid to the above 

mixture 

 

Add 10 ml glycerol and pumpkin puree (30g in 60 ml water) 

 

Add different concentrations (0.5%, 1% and 1.5%) of oil to 

the film mixtures 

 

Homogenize whole mixture for 15 minutes at 8000 rpm 

 

Pour the solution on Teflon plates (20x20 cm) 

 

Dry at room temperature (25-27ºC) for 48 hours 

 

 

Peel off the dried films  

Fig.1: Flowchart for preparation of edible film 

 

2.3 Microbiological Analysis: Microbiological analysis 

was done by agar well diffusion method given by Abbas 

et al. 2016. The test compound was introduced into the 

well and the plates were incubated at 37 ºC for 24 h for 

bacteria and for 5 to 7 days at 28ºC-30ºC for fungi. After 

incubation, the zone of inhibition was calculated and then 

subtracted from the diameter of the agar well. This 

difference was reported as the zone of inhibition of the 

film-forming solutions.  

2.4 Physico-chemical and Mechanical Properties 

2.4.1Thickness: Thickness of the prepared films was 

evaluated by the method given in ASTM D 6988 – 03, 

2004. Measurements were done using manually operated 

thickness gauge. Samples measuring 10 x 10 cm were 

used. The sample was kept on an anvil. The press foot 

was raised and then gently lowered on to the sample. The 

reading on the dial gauge was recorded as the thickness of 

the sample. The above procedure was repeated to at 20 

different locations on the sample to obtain the values of 

thickness. Readings were taken in triplicates for each 

sample and the results were expressed in mm. 

2.4.2 Ash Content and Moisture content: Ash content 

(%) and moisture content (%) of the films were analyzed 

using the methodology given in AOAC (2000). 

2.4.3 Film Solubility: Solubility of the films was 

determined according to the method mentioned by 

Romero-Bastidaet al. 2005. 

2.4.4 Tear strength and bursting strength: Tear 

strength and Bursting Strength of the films was evaluated 

using method given in Rangana (1999). 

2.4.5 Tensile strength: It was conducted in accordance 

with IPC-TM-650 Test Methods Manual, using a 

Paramount digi strength tensile strength tester (capacity: 

250 Kg, sensitivity: 100 grams). Triplicate readings were 

taken for each film and tensile strength was expressed as 

kg/cm2.  

2.4.6 Water vapor transmission rate (WVTR): It was 

evaluated using the dish method given in Rangana (1999). 

2.5 Statistical Analysis : The obtained data was subjected to 

statistical analysis using one-way ANOVA (Post-hoc 

Duncan’s test) to arrive at meaningful inferences at a 

significant level of (p<0.05) using the IBM SPSS Statistics 

22 software. 

 

III. RESULTS AND DISCUSSION 

3.1 Antimicrobial activity: E. coli, Aspergillus and 

Staphylococcus are the most common food spoilage 

micro-organisms and thus were tested for executing the 

antimicrobial properties of the film by the agar well 

diffusion method. The control film solution without any 

carrom oil did not show any inhibitory effect against any 

of the microorganisms (Fig. 3) which confides with the 

results obtained by (Ravishankar et al. 2009) in apple 

puree edible films. 

Film solution incorporated with 1.5% carom seed oil 

showed inhibitory effect against E. coli, Staphylococcus 

and Aspergillus. The film solution showed inhibition zone 

of 11.667 mm against Staphylococcus and 12.667 mm 
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against E. coli. (Fig. 4). Film forming solution with 0.5% 

and 1% carom seed oil also showed inhibitory effect 

against E. coli and Staphylococcus, but the zone of 

inhibition was not as prominent. For Aspergillus, there 

was inhibitory action observed at 1.5% carom seed oil 

concentration (Fig. 4), but not for 0.5% and 1%. The 

activity can be explained by the fact that the addition of 

carom oil into the film solution resulted in diffusion of oil 

through the agar gel and provided a clear zone 

surrounding the film solutions.  

Pure carom oil was also tested for its antimicrobial 

properties. The results showed that pure carom oil has 

inhibitory effect against E. coli, Staphylococcus and 

Aspergillus as no growth of microbial colonies were 

observed on the agar surface (Fig. 2).The strong 

antimicrobial potential of the carom oil is due to thymol 

and its precursors, cymene and terpinene. The results of 

the study are in accordance with the results obtained by 

Zomorodianet al. (2011) which showed the antimicrobial 

activity of carom seed oil (Carumcopticum oil) in 

concentration ranging from1-8 µL/ml for S. aureus and2-

32 µL/ml for E. coli.As film with 1.5% carom seed oil 

showed better antimicrobial activity than film 

incorporated with 0.5% and 1% carom seed oil, therefore 

films prepared with 1.5% carom seed oil were further 

studied for physical, mechanical and water vapor 

transmission rate properties. 

 
Fig.2: Inhibition zone exhibited by pure carom seed oil  

 

 

Fig.3: Inhibition zone exhibited by control film solution 

 
Fig.4: Inhibition zone exhibited by film solution containing 1.5 % carom seed oil 

 

3.2 Film Thickness: Thickness is an important parameter 

in determining the workability of edible films as 

packaging materials for food products because the 

thickness of the films affects other characteristics of the 

films, such as tensile strength, elongation, and water 

vapor permeability and gas transmission rate (GTR) etc. 

GTR is inversely proportional to the thickness. The film 

thickness is dependent on both the composition of film 

and processing conditions (Arhamet al. 2016). The film 

prepared without any carom seed oil (control) had 

Staphylococcus E. coli Aspergillus 

Staphylococcus E. coli Aspergillus 

Staphylococcus E. coli Aspergillus 
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thickness of 0.237 mm and the film incorporated with 

1.5% carom seed oil had the thickness of 0.236 mm. The 

results depicted that there was no significant difference 

(p<0.05) in the films incorporated with carom seed oil in 

comparison to the control films. The plasticizer binds 

with starch to form starch-plasticizer polymer as a result, 

the starch-starch bond is replaced by the starch-glycerol-

starch bond which leads to improvement in the thickness 

of film. Therefore, addition of glycerol in the manufacture 

of edible film resulted in increasing the film thickness 

(Arhamet al. 2016). 

 

3.3 Ash content and Moisture content: It was observed 

that bothcontrol film and film with 1.5% carom seed oil 

had similar ash content of 1%. Moisture content is 

important for the processing and handling of food. The 

moisture content of control film (15.96%) was found out 

to be higher than the film containing 1.5% carom oil 

(14.84%). Other studies also showed similar results as the 

incorporation of the hydrophobic essential oils can affect 

the ability of the film to retain water leading to the 

decrease in moisture content (Ghasemlouet al. 2013). 

 

3.4 Film Solubility: Solubility is a physical property 

related to the ability of edible films to dissolve in water so 

that when ingested it can be digested properly, or if 

discharged into the environment it can decompose 

naturally. It is important that the film has low solubility, 

so that it cannot dissolve on the surface of product and 

retain high water resistance property. And on the other 

side, film with low solubility cannot protect the product 

from humidity and water loss (Arhamet al. 2016). The 

film with 1.5% carom seed oil (6.420%) showed slightly 

higher solubility than the control film (6.324%). But there 

was no significant difference (p>0.05) between the 

control film and film incorporated with oil. 

 

3.5 Tear Strength and Bursting Strength: Higher tear 

values may be needed for machine operations or for the 

package strength while low tear values are necessary and 

useful for the easy opening of some package types 

(Rangana 1999). Films containing 1.5% carom seed oil 

had higher tear strength i.e. 19904 g than the control film 

i.e. 18474.66 g. The results also indicated that there was a 

significant difference (p<0.05) between the films prepared 

with oils. 

Bursting Strength is measure of resistance to rupture and 

primarily as an indication of the suitability of certain fiber 

material and the extent of processing (Rangana 1999). 

After the addition of carom seed oil, the bursting strength 

of the prepared edible film was reduced. The control film 

had the bursting strength of 1.733kg/cm2 and the film 

with carom seed oil had 1.466 kg/cm2. 
 

3.6 Tensile Strength and %  Elongation: Tensile 

Strength (TS) and Elongation at break (EB) are key 

indicators of a films strength and flexibility. The 

estimated values of tensile strength showed that control 

had higher value i.e. 0.139 kg/cm2 and the film 

incorporated with 1.5% carom seed oil had lower value 

i.e. 0.008 kg/cm2. The incorporation of essential oils into 

the film network caused a decrease in tensile strength 

because the stronger polymer-polymer interactions are 

replaced by weaker polymer oil interactions and hence the 

network structure gets weakened (Noshirvaniet al. 2017).  

Other studies also showed similar results as film without 

oil had maximum tensile strength i.e. 38.238 kg/cm2 and 

minimum for film containing cinnamon oil i.e. 10.706 

kg/cm2 (Souza et al. 2013). There was a significant 

difference (p<0.05) between the control sample and the 

film containing 1.5% carom seed oil. Elongation of the 

film decreases with addition of oil as control film showed 

higher Elongation at break value.  

 

3.7 Water Vapor Transmission Rate (WVTR): 

Controlling moisture migration is crucial for maintaining 

the taste, texture and overall quality of packaged food 

products. By knowing the WVTR, the initial and critical 

moisture contents of food and the humidity gradient 

between the inside and the outside of the package, the 

shelf life of the product could be predicted to a fair degree 

(Rangana, 1999). The WVTR of packaging material is 

usually determined by the dish method. The film 

containing carom seed oil (148.59 g/m2/24 hours) showed 

higher water vapour transmission than control film 

sample (117.89 g/m2/24 hours).This phenomenon can be 

explained by the decrease in intermolecular forces of 

attraction between the polymer chains due to the increase 

in plasticizer concentration. The oil, being a plasticizer as 

well, along with glycerol and a firm gel structure 

producing pectin increased the hydrophilic character in 

the film, possibly because of more terpene than fats. The 

increase of hydrophilic to hydrophobic ratio in turn 

increased which promoted the dissemination of water 

molecules through the film. The unsaturated fatty acids in 

carom seed oil decreases the melting point of lipid 

compound, thus explaining the increase in water vapour 

transmission of the film as diffusion increases several 

folds in lipids than in saturated fatty acid or lipids 

(Adjoumanet al. 2017). Moreover, due to double bonded 

linoleic acid (57-66%) being the major component present 

in the carom seed oil (agris.fao.org), as oleic acid aided in 

increasing melting of components, decreasing the density 

of the macromolecular network and thus effectiveness 

against the water transmission (Adjoumanet al. 2017). 
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IV. CONCLUSION 

Film with 1.5% Carom seed oil showed extremely good 

antimicrobial activities against E. coli, Staphylococcus and 

Aspergillus.Carom oil decreased the tensile strength by 

reducing the intermolecular interaction between the 

polymer chains. The film with 1.5% carom seed oil 

exhibited low moisture content which is ideal for a 

packaging material to extend the shelf life of food 

products. Other properties of the film were not 

significantly affected by the incorporation of carom seed 

oil. Our ultimate goal was to develop a commercially 

viable technology for the manufacture of edible films with 

cheaper raw materials incorporated with antimicrobial 

components in an efficient manner for protection of food 

products. Further studies could be conducted to assess the 

sensory characteristics and stability of the films 

incorporated with these essential oils. 
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Abstract—Seriphidium herba-album (syn. Artemisia 

herba-alba) is a medicinal, aromatic, greenish-silver herb. 

It is used widely in folk medicine for treatment of diarrhea, 

abdominal cramps and in the healing of external wounds. 

It's also used for the treatment of diabetes mellitus, 

neurological disorders as epilepsy, Alzheimer’s disease, 

depression and jaundice. In this study we assessed the 

protocol for callus induction, maturation of somatic 

embryogenesis, frequency of germination and conversion 

into plantlets for leaf explants of Seriphidium herba-album 

using different concentrations of PGRs. Highest induction 

frequencies of embryogenic calli occurred after 35 days on 

MS medium supplemented with 1.5 mg L-1 2,4-D and 0.5 

mg L-1 BAP. Optimum MS medium for higher frequency of 

matured somatic embryos was recorded using 5.0 mg L-1 

BAP and 0.5 mg L-1 NAA and somatic embryos also 

induced young in vitro grown plantlets when cultured in 

the medium containing GA3 and kinetin. Hence, attempts 

to induce direct somatic embryogenesis have been 

achieved up to embryo regeneration and maturation. 

Keywords— Seriphidium herba-album, callus induction, 

somatic embryos, plant growth regulators (PGRs). 

Abbreviations— BAP− Benzyl Amino Purine; GA3-

Gibberellic Acid; 2,4-D-2,4-di-chloro-phenoxy-acetic-

acid; MS – Murashige and Skoog medium; NAA − α-

Naphthalene Acetic Acid; Kn– Kinetin; PGRs- Plant 

Growth Regulators. 

 

I. INTRODUCTION 

Seriphidium herba-album (previously named Artemisia 

herba-alba Asso.) known also as desert wormwood 

(known in Arabic as shih, white wormwood, armoise herbe 

blanche). Seriphidium herba-album is a small perennial 

shrub native to northern Africa, western Asia, 

Southwestern Europe, and the Arabian Peninsula, where it 

grows on dry steppes. It grows from 8 to 16 inches tall, is 

strongly aromatic, and is covered with fine glandular hairs 

which give it a grayish aspect (Segal et al., 1987; Nahla et 

al., 2011). Seriphidium herba-album is one of the most 

important medicinal plants that have been used in folk 

medicine for the treatment of gastric disturbances and 

healing external wounds, remission of diabetic symptoms, 

activating the function of the liver, and healing rashes, 

joint pains, inflammations and rheumatoid arthritis, with 

no side-effects (Feuerstein et al., 1986; Essawi and Srour, 

2000). Moreover, experimental evidence showed that S. 

herba-album decoctions have beneficial effects as 

antioxidants as they contain compounds like tannins (Ben 

Abid et al., 2007). S. herba-album was found to have 

antifungal activity against Penicillium citrinum and Mucor 

rouxii due to the presence of carvone and piperitone 

isolated from the fresh leaves of the plant (Mahmoud et 

al., 2007; Boutkhil et al., 2011). The tissue culture of 

various Artemisia species of various Artemisia species is 

largely focused on improving artemisinin production. In 

vitro cultures of this species have been the object of great 

amount of research (Gulati et al., 1996; Nin et al., 1996; 

Honda et al., 2001; Liu et al., 2004; Sujatha and Rajnitha 

Kumari, 2007a; Mannan et al., 2008; Rezvan et al., 2010; 

Gopinath et al., 2014). It is widely known that plants from 

a natural resource or plants propagated by conventional 

means generally produce small quantities of secondary 

metabolites which makes their price very high; hence the 

studies on plant tissues and plant micropropagation offer 

various advantages for obtaining massive amounts plant 

material. The plant micropropagation is an efficient 

method for propagating disease-free and genetically 

uniform plants. It also appears that both liquid and solid 

shoot cultures are a good choice for micropropagation in 
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laboratories because they reduce costs related to the 

automation of the procedure (Honda et al., 2001).The 

artemisinin production in shoot cultures of such s pecies as 

A. pontica, A. judaica, A. vulgaris, A. scoparia, A. 

absinthium and A. annua was investigated by a number of 

researchers (Gulati et al., 1996; Pan et al., 2003; Sujatha 

and Rajnitha Kumari, 2007b; Singh and Sarin, 2010; Kour 

et al., 2014; Dangash et al., 2015). The present study is 

aimed to develop an appropriate and efficient regeneration 

protocol for the medicinal plant Seriphidium herba-album 

from leaf explants using different concentrations of PGRs  

for the first time, which has a high potential to be used in 

conservation and genetic transformation of this important 

medicinal plant. 

 

II. MATERIALS AND METHODS 

Plant material and sterilization. 

Plant materials of Seriphidium herba-album were collected 

from North West coast of Egypt. The leaf explants were 

washed under running tap water for two hours. Surface 

sterilization was carried out under complete aseptic 

conditions in the Laminar Air Flow Hood by using 

aqueous mercuric chloride solution (HgCl2) (0.1% w/v) 

for 5 minutes, then rinsed once with sterile distilled water 

and transferred to 2.5% aqueous solution of sodium 

hypochlorite for 20 minutes at the end of sterilization 

treatment; the explants were rinsed 3-4 times with 

antioxidant solution. Sterilized explants were cut into leaf 

segments (0.5-1.0 cm) and implanted into sterilized media 

containing various combinations of plant growth 

regulators.   

Callus induction.    

Leaf explants were cultured on solidified MS medium 

containing 2, 4-D (1.0-2.0 mg L-1) alone or in 

combination with BAP (0.5-1.5 mg L-1). Media were 

solidified with 2.5 g/L g L-1, subjected to pH 5.8 before 

autoclaving (121°C). A total of 12 different hormonal 

combinations were tested. The effect of the hormonal 

composition was evaluated by counting the calli obtained 

after 35 days of culture in the dark at 25 ± 2°C. Percentage 

of induced callus in each culture was evaluated as follows: 

Number of callus/Total number of explants x100.  

Somatic embryos induction. 

Induced primary somatic embryonic calli were sub 

cultured for further production of embryonic callus and 

their subsequent germination. Medium for induction of 

somatic embryonic callus, their proliferation and 

germination was conducted by transferring the somatic 

embryos into concentration of BAP alone or in 

combination of NAA and different complex additives. In 

defining the media composition, 15 different media 

containing BAP (1.0, 2.0, 3.0, 4.0 and 5.0 mgL-1) alone or 

in combination with NAA (0.5 and 1.5 mgL-1) were tested 

separately for induction of somatic embryogenesis. Calli 

were incubated for eight weeks period in this medium. For 

germination of somatic embryos, MS medium 

supplemented with GA3 (1.0, 2.0 and 3.0 mgL-1) in 

combination with Kn (0.5 and 1.0 mgL-1) were tested. The 

culture was kept in growth room temperature at 25 ± 2°C 

with light intensity 3000 lux for 16 h photoperiod using 

cool white fluorescent lamps in the growth room for 8 

weeks. Data were recorded as number and percentage of 

somatic embryogenesis formation. 

Statistical analysis . 

The experiment was carried out based on complete 

randomized design. Each of the experiments, excluding 

field performance study, was executed in five replicates 

with 20 samples per replication. For in vitro culture 

experiments, every single explant was treated as an 

experimental unit. Analysis of variance (ANOVA) was 

used to statistical analysis of experimental data using 

MSTAT Software (2009). Differences between individual 

means were estimated according to Snedecor and Cochran 

(1982). All values are reported as means ± standard 

deviation. 

 

III. RESULTS AND DISCUSSION 

Embryogenic callus induction. 

Source of plant growth regulator is an important factor for 

impacting callus induction, somatic embryogenesis and 

plant regeneration. In most cases, successful plant 

regeneration needs a mixture of the different auxin and 

cytokinin. Callus were produced in all media containing 

2,4-D alone or in combination with BAP. A considerable 

variation in callus induction percentage and biomass of 

Seriphidium herba-album was detected in parallel with a 

mixture of the different auxin and cytokinin. After 35 days, 

the highest Callus induction percentage (95.44%) was 

recorded with 1.5 mg L-1 2, 4-D and 0.5 mg L-1 BAP 

(Table 1 and Fig. 1A). Highest value of relative water 

content (83.72) was recorded under treatment with 2.0 mg 

L-1 2, 4-D and 1.5 mg L-1 BAP under dark regimes 

compared with other treatments. The results stated that 

RWC is a contributing factor in nature of callus formation 

(friable and creamish green) data not presented. Similar 

results were reported by Anis et al. (2014) of Artemisia 

annua. They reported that embryonic callus induction was 

formed on MS medium supplemented with  2,4-D and 

TDZ.  Dangash et al. (2015) found that callus induction 

from stem explant of Artemisia annua L. plant on MS 

medium containing BAP (0.5 mg L-1) and NAA (1.5 mg 

L-1). While, Nin et al. (1996) reported that no callogenic 

response from leaf explant on PGR-free medium and 

explants died after few days. 2, 4-D as callus inducing 

hormone produced light green, soft, friable and compact 

callus from leaf and stem explants. But at all concentration 
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of 2, 4-D organogenic response was not observed within 

observation time. Etienne et al. (1991) stated that water 

status in the callus is apparently important for initiating 

somatic embryogenesis, and RWC appear to be good 

physiological marker of it embryogenic state.   

Ganesan and Paulsamy (2011) observed 98.66% callogenic 

response from leaf discs with NAA at 0.9 mg L-1 in A. 

annua L. whereas Benjamin et al. (1990) observed callus 

induction from shoot buds using BAP plus IAA for 

Artemisia pallens. 2, 4-D at varying concentration (0.05- 

0.25 mg L-1) in combination with BAP (0.5 mg/l) also 

produced light green and soft callus when supplemented in 

MS medium. When IBA and NAA were combined with 

Kin, the callogenic response was also low and callus was 

not good in texture. Xu and Jia (1996) observed best callus 

result in the presence of 2, 4-D with Kin for Artemisia 

sphaerocephala. 

 

Table.1: Influence of plant growth regulators 

concentrations on callus induction, relative water content 

(%) of the Seriphidium herba-album via leaf explants after 

35 days. 

Relative water 

content 

(RWC) 

Callus induction 

 percentage 

Growth 

regulators 

(mg/l) 

BAP 2,4-D 

h42.50±0.62 j.92±0.3142 0.0 1.0 

39.53±0.30i k.70±0.1339  0.0 1.5 

36.30±0.84j j±0.5240.84 0.0 2.0 

80.51±0.75c c.65±0.2690 0.5 1.0 

78.51±0.92e e±0.7583.70 1.0 1.0 

79.70±0.54d i±1.2077.48 1.5 1.0 

75.60±0.55e a±0.3095.44 0.5 1.5 

71.24±0.92g h.73±1.4548 1.0 1.5 

78.56±0.65e g.56±0.9363 1.5 1.5 

81.35±1.28b b.48±0.8292 0.5 2.0 

72.40±0.85f d.57±1.4387 1.0 2.0 

83.72±0.45a f.90±0.4979 1.5 2.0 

Values are presented by mean ± SE Same letters represent 

no significant differences between means at P ≤ 0.05 level. 

 

Fig.1: In vitro callus induction and Initiation of somatic 

embryogenesis from leaf explant of Seriphidium herba-

album. (A): Induction of callus after 35 days on MS 

.5 mg 0D and -2, 4 1-mg L 5.1 medium supplemented with

. (B): Induction of BAP under dark regimes 1-L

embryogenic callus after eight weeks on the surface of 

primary callus that was induced from callus cultured on 

BAP and 0.5  1-MS medium supplemented with 5.0 mg L

1-mg L 

 

 

Fig. 2: Improved somatic embryo production and plant 

regeneration of Seriphidium herba-album. (A): Matured 

somatic embryos derived from callus cultured for eight 

weeks on MS containing with 5.0 mg L-1 BAP and 0.5 mg 

L-1 NAA under light. (B): small plant regeneration derived 

from callus cultured for four weeks on MS medium 

supplemented with 3.0 mg L-1 GA3 and 0.5 mg L-1 

kinetin. 
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Somatic embryos and development of plantlets . 

The percentage of somatic embryos formation of 

embryogenic callus were 95.30% with the average number 

of somatic embryos per 1.0 g fresh weight of embryogenic 

callus were 86.38 of Seriphidium herba-album. These 

observations were recorded on MS medium supplied by 

5.0 mg L-1 BAP and 0.5 mg L-1 NAA (Table 2 and Fig. 

1B).  For further improvement and maturation of somatic 

embryogenesis, frequency of germination and conversion 

into plantlets, MS basal solid medium supported by GA3 

at (1.0- 3.0 mg L-1) in combination with kinetin (0.5-1.0 

mg L-1) were tested. The results in table 3 show that the 

somatic embryos germination percentage reached the 

highest value of 89.75% by using MS medium 

supplemented with 3.0 mg L-1 GA3 and 1.0 mg L-1 

Kinetin under light (Fig. 3A and B) compared with other 

treatments. Results also show that the mean number of 

shoots on the explant (5.87) treated with MS containing 

3.0 mg L-1 GA3 and 0.5 mg L-1 kinetin was significantly 

higher than the other treatments (Fig 3A and B). While, 

the best results of mean length of shoots formed per 

explant (14.28 mm) were produced on concentration of 3 

mg L-1 GA3 and 1.0 mg L-1 kinetin compared to the other 

treatments (Fig. 4A and B).  

 

Table.2: Influence of plant growth regulators concentrations on percentage of somatic embryos formation /explant and 

average number of somatic embryos/ 1.0 g FW of callus of the Seriphidium herba-album after eight weeks. 

Average number of  

somatic embryos/ 1.0 g 

FW of callus 

Percentage of somatic 

embryos formation 

/explant   

Growth regulators (mg/l) 

NAA BAP 

i 47.52±0.24 k.75±0.3240 0.0 1.0 

49.08±0.72h  48.56±0.54j 0.0 2.0 

66.40±0.56e  g.30±0.3572 0.0 3.0 

72.80±0.25d  d.82±0.4583 0.0 4.0 

81.45±0.84b  c±0.9485.32 0.0 5.0 

52.34±0.33g f±0.2576.46 0.5 1.0 

47.58±0.62i  i.41±0.5565 1.0 1.0 

66.92±0.48e  e.75±1.4079 0.5 2.0 

55.89±0.37f  h.50±0.8268 1.0 2.0 

72.59±0.65d e.40±0.1980 0.5 3.0 

49.53±0.72h  h.50±1.0368 1.0 3.0 

82.44±0.55b  b.80±0.4287 0.5 4.0 

78.25±0.22c e.50±0.3779 1.0 4.0 

86.38±0.98a a±0.5295.30 0.5 5.0 

79.48±0.09c e±0.1880.09 1.0 5.0 

Values are presented by mean ± SE Same letters represent no significant differences between means at P ≤ 0.05 level.    
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Fig. 3: In vitro plantlet obtained from a converted 

somatic embryo. (A): In vitro plantlet derived from 

matured somatic embryos cultured for eight weeks on MS 

containing with 3.0 mg L-1 GA3 and 0.5 mg L-1 kinetin 

under light. (B): MS containing with 2.0 mg L-1 GA3 and 

1.0 mg L-1 kinetin under light. 

 

 
Fig. 4: Sub-culturing of somatic embryo on MS medium 

supplemented 5.0 mg L-1 BAP and 0.5 mg L-1 NAA under 

light (A) and differentiated into multiple shoots and shoot 

elongation on 3.0 mg L-1 GA3 and 1.0 mg L-1 kinetin (B). 

 

Table.3: Influence of plant growth regulators concentrations on somatic embryos germination percentage, average number 

of shoots/explant and mean shoot length of the Seriphidium herba-album after eight weeks. 

Mean shoot 

length  

(mm) 

Mean number 

of 

shoots/explant 

  Somatic embryos 

germination (% ) 

(germinated/embryos 

tested)  

Growth regulators 

(mg/l) 

Kn GA3 

e10.50±0.12 3.54±0.28c f.90±0.7762 0.5 1.0 

12.59±0.25c c±0.093.76 e±0.9568.83 1.0 1.0 

10.30±0.16e b±0.224.59 d.35±0.6578 0.5 2.0 

13.80±0.65b b±0.344.89 c.60±0.3880 1.0 2.0 

11.75±1.02d a±0.255.87 b±0.5984.30 0.5 3.0 

14.28±0.26a b±0.174.95 a±0.6289.75 1.0 3.0 

Values are presented by mean ± SE same letters represent no significant differences between means at P ≤ 0.05 level. 

 

Similar observations were also made by several 

investigators in Artemisia annua L. plants (Gonzalez et al., 

2013; Anis et al., 2014). Also, Vergauwe et al. (1996) 

reported the shoot regeneration from leaf explants of A. 

annua L. on MS medium with 0.05 mg L-1 NAA and 0.05 

mg L-1BAP after 5 weeks of culture. In the present study, a 

result of shoot induction rate is in agreement with the 

report of Dangash et al. (2015)  who showed that the best 

shoot induction 83.6% (2.83± 0.234) was observed on 

BAP (1.5 mg L-1) in combination with NAA (0.05 mg L-

1). At different concentrations of Kin alone or in 

combination with NAA response of shoot induction was 

observed low. At 1.0 mg L-1 Kin, shoot induction was 

56.2%. Also, Banyai et al. (2005) who considered 1mg/L 
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BAP with 0.1mg/L NAA as the best supplemented 

medium for leaf- explants-derived shoot regeneration. 

Almaarri and Yu Xie (2010) reported 100 and 66.6% shoot 

induction in different genotypes of A. annua on MS 

fortified with TDZ (1 mg L-1) and BAP (1 mg L-1), 

respectively. Similar results have also been reported by 

(Sharma et al., 2008; Hailu et al. 2013). In vitro micro 

propagation and organogenesis of various Artemisia 

species have been previously established by using several 

explants in order to produce large number of plants, such 

as Artemisia vulgaris L (Sujatha and Rajnitha Kumari, 

2007b),  Artemisia annua (Ganesan and  Paulsamy, 2011; 

Gopinath et al., 2014). 

 

IV. CONCLUSION 

The different concentrations and combinations of PGRs, 

used in our study, were effective to induce calli, 

maturation of somatic embryogenesis, frequency of 

germination and conversion into plantlets. The 

combinations of 2,4-D and BAP supplemented medium 

induced friable calli in the leaf explants of Seriphidium 

herba-album. The creamish green calli with good growth 

were observed under dark regimes on MS medium 

supplemented with 2,4-D (2 mg L-1) and BAP (1.5 mg L-

1). Somatic embryogenesis was induced from callus 

explant in presence of BAP and Kn as cytokinin. The 

regeneration system developed in this study will be useful 

for plant improvement through indirect somatic 

embryogenesis and genetic engineering of Seriphidium 

herba-album Moreover, this system can be available for 

the clonal propagation in order to obtain the strain 

containing a constant concentration of artemisinin in 

Seriphidium herba-album. 
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Abstract— Non-organik  farming has a great impact on 

creasing agricultural production, but many negative 

impacts such a reduced soil fertility, environment damage 

and also negative impact on human health. The 

government has launched various programs to depelop 

organic farming to encourage farmers to swich to organic 

farming but has not been successful until now. The 

research aims to analyze the persistent determinant of 

non-organic farming by using Interpretative Structural 

Modeling (ISM) analysis. Result of research, there are 

three elements becoming persistent determinant of non-

organic farming, that is: Facilities dan infrastructure of 

organic farming available, application of production 

facilities (fertilizers/chemical pesticides) easy and 

practical, easy market access for non organic products. 

Keywords— Non-Organic Farming, ISM, fertilizers. 

 

I. INTRODUCTION 

 Agricultural development in Indonesia is an 

important part in the implementation of national 

development. Agriculture is placed as a leading sector in 

view of its role in food supply, employment provision, 

foreign exchange contributors through exports, 

encouraging business opportunities and provision of 

production factors. 

       Agricultural systems developed over several 

decades have contributed greatly to improving food 

procurement and improving living standards. The 

agricultural system is known for its green revolution 

technology with the use of superior varieties, the use of an 

organic fertilizer, chemical pesticides and the use of 

agricultural machinery for land processing and harvesting. 

This agricultural system has had a major impact on 

increasing agricultural production, but many negative 

impacts to the environment are reduced soil fertility and 

environmental degradation due to uncontrolled use of 

fertilizers and chemical pesticides, as well as negative 

impacts on human health which in the long run will 

accumulate in the body so that it becomes toxic to human 

health. 

 As a result of these negative impacts, the 

Government launched the organic agriculture development 

program through the commitment of "Go Organic 2010". 

In this commitment, it was proclaimed that in 2010 

Indonesia will become the largest producer of organic 

agricultural products in the world. The "Go Organic 2010" 

program, which includes activities such as organic farming 

technology development, organic farming groups, rural 

development through organic farming, and developing 

organic food marketing strategies. But in fact, organic 

farming has not developed and is still very limited 

products produced. That is, not many farmers who apply 

organic farming business. 

 Other efforts by the government in encouraging 

farmers to shift from non-organic farming to organic 

farming in the form of counseling, training and assistance 

of organic farming equipment / materials have not fully 

received a good response from farmers. Therefore, a study 

is needed to find out the persistent determinant of non-

organic farming, so that comprehensive information can be 

made as a basis for policy making for the development of 

organic farming in the future. 

 

II. RESEARCH METHODS 

A. Research Design 

       This research was designed using descriptive 

research design which was conducted in the form of field 

survey. This design seeks to reveal the things that occur 

descriptively, therefore the findings are deeper, broader 

and more detailed. 

B. Location and Time of study 

 This research was conducted from August to 

September 2017 in Enrekang Regency. Selection of the 

location is done with the consideration that the area is the 

largest vegetable producing center in South Sulawesi so it  

is potentially in the development of organic vegetables. 

Another consideration is that in this area since a few years 

ago there have been some consistent farmer groups on 

organic vegetable farming. 
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Types and Data Sources 

This study uses primary data and secondary data, namely: 

1. Primary data, ie data obtained from field research 

results, other than that obtained from the results of 

discussions and interviews with related parties. The 

interviews were structured on a pre-prepared list of 

questions. 

2. Secondary Data, obtained from literature books, printed 

media, online media and from agencies or institutions 

related to the research, among others: the Office of 

Agriculture and Plantation, BPS, Extension Agency of 

Agriculture and Forestry, Food Resilience Department and 

respectively District Office of research location. 

 

Data Collection Instruments 

Taking / Collecting data with the following stages: 

Sample Determination 

To obtain data, a survey of experts / experts who have a 

level of understanding, mastery, and / or directly involved 

in the field of technical tasks of organic farming. sample is 

determined by purposive sampling consisting of experts / 

practitioners from various institutions / agencies 

concerned) as follows: 

a. Regional Technical Agency in the form of Agency 

1) Regional Development Planning Board 1 Person 

b. Regional Technical Agency in the form of agency / 

Office: 

1) Agriculture Agency 2 Persons  

2) Department of Industry and Trade 1 Person 

3) Food Security Service 1 Persons  

4) Department of Industry and Trade 1 person 

5) Department of Cooperatives, Small and medium  

business, labor  and Transmigration 1 person 

6) Environment Agency 1 person 

7) Village Community Empowerment Department 1 

person 

8) Department of Animal Husbandry and Fisheries 1 

person 

c. Higher Education 1 person 

d. UPT BPTTPH Prov. Sulsel 1 person 

e. Agricultural Extension Worker (PPL) 3 Persons  

f. Farmer Group 2 Persons 

 

Interviewing 

In order to obtain objective data, the implementation of the 

interview is conducted which is preceded by the 

socialization of the research objectives. This socialization 

is intended to provide understanding, importance and 

relevance of elements that have been established with the 

purpose of this study. 

Preparation of Questionnaire 

The questionnaire is prepared using all the elements as a 

grid and arranged in the form of a question by comparing 

the one element to the other in pairs. The questionnaire is 

intended to collect data to be analyzed with Interpretative 

Structural Modeling (ISM), using a comparison 

comparison of contextual relationships using the symbols 

V, A, X and O. 

 

B. Data Analysis Method 

The method of analysis used in this study is Interpretative 

Structural Modeling (ISM) to determine the persistent 

determinant of non-organic farming. Eriyatno in Marimin 

(2004) states that the methodology and techniques of ISM 

are divided into two parts, namely the preparation of 

hierarchy and the classification of sub elements. The basic 

principle is the identification of structures within a system 

that provide a high value of benefits in order to concoct the 

system effectively and for better decision making. Here's a 

brief description of ISM steps: 

1. Identification of elements: The system elements are 

identified and listed. This can be obtained through 

research, brainstorming and others  

2. Contextual relationships: A contextual relationship 

between elements is constructed, depending on the purpose 

of modeling 

3. Structural Self Interaction Matrix (SSIM). This matrix 

represents the element of respondent's perception of the 

element of the intended relationship. There are four 

symbols used to represent the type of relationship that 

exists between the two elements of the system under 

consideration: 

V ... the relation of Ei to Ej, not vice versa 

A ... the relation of Ej's elemen to Ei, not vice versa 

X ... the interrelation relationship between Ei and Ej (can 

be otherwise) 

O ... shows that Ei and Ej are not related 

4. Reachability Matrix (RM): A prepared RM then 

converts the SSIM symbols into a binary matrix The 

following conversion rules apply: 

a. If the relationship Ei to Ej = V in the SSIM, then the 

elements Eij = 1 and Eji = 0 in RM 

b. If Ei's relationship to Ej = A in the SSIM, then the 

elements Eij = 0 and Eji = 1 in RM 

c. If Ei's relationship to Ej = X in the SSIM, then the 

elements Eij = 1 and Eji = 1 in RM 

d. If the relationship Ei to Ej = O in the SSIM, then the 

elements Eij = 0 and Eji = 0 in RM 

e. RM initial modified to show all direct and indirect 

reachability, ie Eij = 1 and Ejk = 1, then Eik = 1 

5. The level of participation is undertaken to classify 

elements in different levels of the ISM structure 

6. Canonnical matrix: grouping elements of the same level 

in developing this matrix. The resultant matrix has most of 

the higher triangular elements is 0 and the lowest is 1. This 

matrix is then used to prepare the digraph. 
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7. Digraph is a concept derived from directional graph, a 

graph of interconnected elements  directly and hierarchy 

level. 

ISM is generated by moving the entire number of elements 

with the description of the actual elements. Therefore, ISM 

provides a very clear picture of the system elements and 

the flow of relationships. 

   

 The ISM output is divided into two according 

to Marimin (2004) ie the Power-Dependent Driver matrix 

and the structural model diagram. Power-Dependent 

Driver Matrix is a rank of each sub element and plot each 

sub element into four sectors along with its coordinates, 

hierarchy can be created every sub element manually. 

Determining the outline of the sub classification of the 

Power-Dependent Driver element is classified into four 

sectors: 

Sector 1: Weak driver-weak dependent variable 

(autonomous) that contains variables that are generally 

unrelated to the system and may have small relationships 

although the relationship may be strong. Sub element of 

element entering sector 1 if, DP value <0.5 X and value D 

<0.5 X, X number of sub elements. 

Sector 2: Weak driver-strongly dependent variable 

(dependent) which contains non-free variables. Sub 

element of element entering sector 2 if, DP value <0.5 X 

and value D> 0.5 X, X number of sub elements. 

Sector 3: Strong driver-strongly dependent variables 

(linkage) that contain variables that must be carefully 

studied because of the unstable relationship between 

variables and each action in this variable can have an 

impact on other variables and influence feedback can 

magnify the impact. Sub element of element entering 

sector 3 if, DP value> 0.5 X and value D> 0.5 X, X 

number of sub elements. 

Sector 4: Strong driver-weak dependent variable 

(independent) that contains the remaining parts of the 

system and called the free variable. Sub element of 

element entering sector 4 if, DP value> 0.5 X and value D 

<0.5 X, X number of sub elements. 

The structural model diagram is the level level of each sub 

element determined by the level separation on the 

Reachability Matrix (RM). The determination of the levels 

of each sub element can be determined from the rankings 

of each sub element. The sub elements are interconnected 

directly and push each level at each level. 

RESULTS AND DISCUSSION 

The result of the study by experts and related parties, the 

persistent determinant of non organic farming in Enrekang 

Regency is translated into 6 elements as shown in table 1. 

The position and weight of each element is presented in 

table 2. The result of grouping into four sectors namely 

autonomous, dependent, linkage, and independent as 

presented in Figure 1. While the interpretation in the form 

of hierarchical structure is presented in Figure 2. 

 

Table.1: Constant determinant element of non organic farming in Enrekang Regency  

No. Element 

1. Facilities available 

2. Application of saprodi (fertilizer, pesticide) is easy and practical 

3. Plant maintenance is easy 

4. Easy market access 

5. Low cost investment 

6. High crop productivity 

  

The result of ISM analysis shows that from 6 (six) elements suspected to be persistent determinant of non organic farming in 

Enrekang Regency, there are 4 (four) elements which are strong determinant as seen in table 2 where DP> 0,50. The four 

determinants are: Facilities available, Easy and practical saprodi application, Easy market access and Low cost in vestment. 

 

Table.2: Position and Weight of Determinant Element of Persistent Non-Organic Farming. 

Posisi Determinan 
Bobot 

DP D 

Independent 

Its influence on the determinant is 

strong, but its relation to other 

activities is weak 

 

1. Facilities available 

2. The production input application is easy and 

practical  

4. Easy market access 

 

1,00 

0,83 

 

1,00 

0,50 

0,50 

 

0,50 

Average 0,94 0,50 

Linkage 

(Its influence on the determinant 

5. Low cost investment 

 

0,67 0,67 
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and its association with other 

activities is strong) 

 

 

Average 0,67 0,67 

Dependent 

(Its influence on the determinant is 

weak but its association with other 

activities is strong) 

3. Plant maintenance is easy 

6. High crop produktivity 

 

0,33 

0,33 

1,00 

1,00 

Average 0,33 1,00 

Autonomous 

(Its influence on the determinant 

and its interrelationship with other 

activities is weak) 

 

- 

 

 

 

- 

 

- 

Average - - 

 

Determinant Element in Sector IV (Independent) 

Against Persistent Non-Organic Farming 

 The results of ISM analysis based on Driver 

Power (DP) - Dependent (D) as shown in Figure 4 show 

that there are three elements that enter into Independent 

sector (IV), namely: (1) Facilities available (2) 

Application of input (fertilizer, pesticides) easy and 

practical and (4) easy market access. This means that 

these three elements have a strong influence in the 

persistent determinants of non-organic farming and their 

association with other low factors. 

Elements The available infrastructure is the main 

determinant of persistent non-organic farming. The 

availability of infrastructure facilities in addition to 

facilitate the farmers in terms of procurement of 

production facilities, cultivation of cultivation, harvest 

and post harvest and marketing of the results also have an 

impact on increasing production and productivity of 

agricultural products. 

 

 

6 

      

  1,4 

      

           

 

5 

      

     2 

      

Independent Linkage  

 

4 

        

  5 

    

           

 

3 

             

             

 

2 

            

3,6  Autonomous   Dependent 

 

1 

             

             

0 1 2 3 4 5 6 

  

Fig.1: DP-P Matrix Element Determinant persistent non-organic farming 

  

Easy market access is another major determinant factor in 

persistent organic farming. Along with the increasing 

availability of road infrastructure, the development of 

information technology and the opening of market access 

between islands of farmers more easily in marketing their 

products. 

 Application of saprodi (fertilizer, pesticide) is 

also a determinant factor in persistent non organic 

farming. The use of fertilizers and pesticides in 

supporting the increase of cultivated plant production is 

needed. Without the use of fertilizer, plant growth will be 

hampered which will impact on the low productivity of 

cultivated plants. Similarly with pesticides, is needed in 

overcoming the pest and disease diseases cultivation 

plants. Uncontrolled attacks of pests and diseases can lead 

to poor quality and quantity of farmers' products and can 

even lead to crop failure. 

 

Determinant Element in Sector III (Linkage) Against 

Persistent Non-Organic Farming 

 The result of ISM analysis shows there is one 

determinant element in Linkage sector to persistent non 

organic farming that is cheap investment cost. This shows 

that the element is strong influence on persistent non 
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organic farming and its dependence on other elements is 

strong. 

Compared with organic farming, non-organic farming 

investment cost is much cheaper because it does not 

require any special treatment and requirement for farming 

land. Land for organic farming around the location of 

non-organic cultivation requires a barrier plant and this 

requires no small cost. Another thing that causes non-

organic farming investment to be cheaper is easy 

transportation access; production facilities in the form of 

fertilizers, pesticides, seeds / seedlings are available and 

the price is cheaper. 

 

Determinant Element in Sector II (Dependent) 

Against Persisten Non Organic Farming 

 The result of ISM analysis shows that there 

are two determinant elements in dependent sectors to 

persistent non organic usatani, that is easy crop 

maintenance and high crop productivity. This suggests 

that both elements have little effect on the persistent 

organic farming and its association with other large 

elements.  Along with the increasingly advanced 

technology in the field of farming management in the 

form of land management, planting, plant maintenance, 

harvesting and post-harvest handling more easily and 

efficiently. 

 

 
Fig.2: The hierarchical structure of persistent 

determinant elements of non-organic farming 

 

 The structure of the persistent determinant 

element of non-organic farming in Figure 5 shows that 

Elements of Infrastructure facilities are available; 

Application of saprodi (fertilizer, pesticides) is easy and 

practical; and easy market access at the highest level 

(level 3). Next on level 2 is the cost of cheap investment. 

While at level 1 (lowest) is easy plant maintenance and 

high crop productivity. 

 

III. CONCLUSION 

 Elements that are strong determinants in 

which farmers do not switch from non organic farming to 

organic farming are: Facilities available, Application of 

production facilities (fertilizers, pesticides) easy and 

practical, and easy market access. These three elements 

are in the Independent position in the DP-P matrix which 

means that the three elements are very strong in the 

persistent Determinants of non organic farming and their 

interrelationship with other weak elements. 
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Abstract—In Egypt, research focusing on estrous 

synchronization in small ruminants based on 

Melengestrol acetate (MGA) supplementation, 

particularly in nulliparous ewes, is still lacking. The 

present work aimed to evaluate effect of long-term and 

short-term administration of melengestrol acetate (MGA) 

treatments on estrus synchronization and reproductive 

performance of nulliparous Barki Ewes. This study was 

performed in Siwa Oasis Research Station (Tegzerty 

Experimental Farm for animal production), belonged to 

Desert Research Center, Egypt. Forty five nulliparous 

Barki ewes with age ranging from 15.5 to 16.5 months, 

and 38 ± 0.23 kg average live body weight were assigned 

to one of three groups: (1) control (C, n = 15); (2) long-

term treatment with MGA (n = 15, 0.22 mg/ewe/d for 14 

days) and (3) short-term treatment with MGA (n = 15, 

0.22 mg/ewe/d for 7 days). At the end of MGA treatment 

(14 or 7 d) all treated ewes were injected by 600 IU 

PMSG intramuscularly. The results showed that, ewes 

treated with MGA exhibited highest (P<0.05) estrus 

response rate (100%) in short term-MGA, followed by 

long term-MGA (93.33%), whereas the lowest was 

observed in control group (80%). Conception rates after 

natural mating were 85.71% and 93.33% for long term 

and short term MGA treated ewes, respectively. However, 

it recorded 100% in the control group. Fertility rate was 

significantly the highest (P<0.05) in short term-MGA 

(93.33%) than other groups (73.33%). There were no 

significant differences (p>0.05) in terms of lambing rate 

and prolificacy among the control and treated ewes. In 

the meantime, mean values of serum estradiol 17-β were 

lower (P≤0.01) in long-term treated ewes compared to 

those of short-term treated ones (27.20±1.78, 

32.67±1.27pg/ml), respectively, while the lowest (P<0.05) 

level was recorded in the control ewes (13.01±1.31 

pg/ml). Furthermore, overall mean values of serum 

progesterone in the control group (1.32 ± 0.09 ng/ml) was  

higher (P<0.05) than those of long- and short-term MGA 

treated groups (1.01 ± 0.13, 0.92 ± 0.11, ng/ml) , 

respectively. It is concluded that reproductive efficiency 

of nulliparous Barki ewes could be improved by short-

term supplementation with MGA. 

Keywords— Melengestrol acetate (MGA), Estrus 

synchronization, Reproductive performance, Barki 

ewes. 

 

I. INTRODUCTION 

Despite growing evidence of applicability of 

estrus synchronization approach in pluriparous ewes, 

limited information is available for exploiting this 

technique in nulliparous ewes. The reduction of age at 

first delivery is a major goal for modern small ruminant's 

production systems (Bandeira et al., 2004). However, it is 

necessary to understand reproductive behavior of 

nulliparous ewes. The first estrus in ewes varies according 

to several factors such as breed and period of the year 

born, while fertility of nulliparous ewes is associated with 

live weight, body condition score, sanitary management 

and nutritional status  (Aktaset al., 2015). Hormonal 

treatment to control ovulation and reproduction is a 

prerequisite for successful breeding and increasing the 

number of pregnant females (Motlomelo et al., 2002).  

In ewes, progestagens are widely used to 

synchronize estrus, and typically result in approximately 

90% estrus exhibition within a 24-hour period and 

conception rate of 70–80% (Evans et al., 2001). Among 

the various methods or biotechnologies, which can be 

employed to control the reproductive cycle of the ewes is 

the use of synthetic progestins, like melengestrol acetate 

(MGA), which represents an ideal choice for this type of 

production in rural areas, where the farmers do not have 

the economic resource and sufficient technology (Álvarez 
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and Ducoing, 2005). MGA is a low cost product, easy to 

administer (can be mixed with feed) and does not cause 

abortion (Salas et al., 2011).The percentage of ewes 

lambing after treatment with MGA has  been reported to 

range from 25 to 85%, and appeared to depend on ewe 

breed (Safranski et al., 1992), length of treatment or 

length of breeding period (Powell et al., 1996), or use in 

combination with gonadotropins (Morrical et al., 1995).  

Melengestrol acetate is attractive to sheep 

farmers, because the cost of treatment is much less than 

that associated with the use of intravaginal sponges. The 

most costly component of the traditional out-of-season 

breeding strategy is eCG/PMSG. Some research has 

called into question the requirement for stimulation of 

follicles with eCG. If the use of eCG proved to be 

unnecessary, it would markedly alter the economics of 

out-of-season breeding programs. Due to the limited 

understanding of nulliparous reproduction, the current 

work was conducted to evaluate effect of long-term and 

short-term Melengestrol acetate treatments on estrus 

synchronization response and reproductive performance 

of nulliparous Barki ewes. 

 

II. MATERIALS AND METHODS 

This study was carried out at Siwa Oasis 

Research Station (Tegzerty Experimental Farm for 

Animal Production), which belongs to Desert Research 

Center, Ministry of Agriculture and Land Reclamation, 

Egypt. Which lies between longitudes (Lat: 29 º 06" 29 º   

24" N Long: 25º 16" 26 º 12" E)), and located 330 Km 

southwest of the Mediterranean shoreline and at 65 Km 

east of the Libyan borders. All animal were kept in semi-

open pens roofed with wood throughout the experimental 

period (April 2016 – February 2017). 

 

Animal's management 

Forty five nulliparous Barki ewes, aged 15.5 –

16.5 months and average body weight of 38 ± 0.23 kg 

were used. Animals were fed a concentrate mixture 

according to their body weight requirements (NRC, 

1985). Of the  mixture contained crude protein not less 

than 14%, crude fiber not less than 15%, ash not more 

than 9%, crude fat not less than 2%, total digestible 

matter not less than 65%, and Egyptian clover (Trifolium 

alexandrinum) hay as a roughage ration ad libitum. Fresh 

water was available to all groups daily. All animals were 

clinically examined and were found to be free of any 

disease or reproductive disorders .  
 

Experimental design  

 The ewes were equally divided into three 

groups:  The first group: (n = 15) served as control. The 

second group: MGA long-term protocol (Long-Term. n = 

15) received 0.22 mg/head/day Melengestrol acetate 

(MGA®200Premix NDC 0009-0952-01, Upjohn 

Company; Michigan, USA) for 14 days. The Third group: 

MGA short-term protocol (Short-Term. n = 15) received 

the same MGA concentration for 7 days. At the end of 

MGA treatment (14 or 7 d) all ewes were injected by 600 

IU pregnant mare serum gonadotropin PMSG i.m 

(Gonaser, Laboratories HIPRA, S. A.-Avoda. Laselva, 

135 17170 Amer (GIRONA), Spain.), and were exposed 

to intact Barki rams (1 ram per 15 ewes) fitted with a 

marking harness with rotation for a 17-day breeding 

period in the control group, and 4 days in the treated  

groups. The chemical composition of (MGA) is presented 

in Table (1). 

 

Table.1: Chemical composition of Melengestrol acetate 200 Premix (MGA). 

 

 

 

 

 

 

 

 

 

Blood samples 

Blood samples were collected from the jugular 

veins of all animals into non-heparinized vacationer tubes 

at MGA withdrawal (day 7 or 14, 0 hr.) and at 24, 48, 72, 

and 96 h after injection of PMSG. Blood samples were 

centrifuged at 3000 rpm for 20 minutes , and serum was 

aspirated and kept at -20 oC until analysis. 

 

Hormonal and serum biochemical analysis 

Serum progesterone (P4) and estradiol 17- β (E2) 

concentrations were analyzed using commercial ELISA 

kits (Monobind, USA) according to Abraham (1981). The 

intra -and inter-assay CV's are (9.3, 9.7 % and 8.2, 95 %), 

respectively. Concentrations of cholesterol (CHO), and 

Glucose (Glu) were determined using colorimetric kits 

(Diamond Diagnostic, Egypt).  

Ingredients Concentration 

Inactive  

    Soybean hulls 96 % 

    Starch 2.98 % 

    Mineral Oil 1 % 

Active  

Melengestrol Acetate 200 mg/kg 

http://dx.doi.org/10.22161/ijeab/3.4.19
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol -3, Issue-4, Jul-Aug- 2018 

 1878-ISSN: 2456                                                                                                                     9http://dx.doi.org/10.22161/ijeab/3.4.1  

www.ijeab.com                                                                                                                                                                           Page | 1278 

Statistical analysis  

A General Linear Model procedure (SAS, 2004) 

was used for the statistical analyses of serum biochemical 

parameters and serum hormones concentrations at hours 

0, 24, 48, 72 and 96 using the following model:  

Yijk = µ + Ti + Hj + THij + eijk 

Where,  

Yijk = Any observation of kth animal within ith 

treatment within jth hour 

µ = Overall mean  

Ti = Effect of ith treatment (i = 1-3) 

Hj = Effect of jth hour (j = 1-5)  

THij = The interaction between treatment and hour  

eijk = Experimental error  

 

Another General Linear Model procedure (SAS, 

2004) was used for the statistical analysis of birth and 

weaning weights and average daily gain for lambs using 

the following model: 

Yij = µ + Ti + eij 

Where,  

Yij = Any observation of jth animal within ith treatment  

µ = Overall mean  

Ti = Effect of ith treatment (i = 1-3)  

eij = Experimental error  

 

Significant differences among means were 

detected using Duncan’s multiple range test (Duncan, 

1955). While, reproductive traits (estrus response), 

(conception, lambing, fertility, prolificacy, mortality and 

weaning rates) and sex ratio were analyzed using Chi-

square test.  

 

III. RESULTS AND DISCUSSION 

Reproductive performance:  

Little research has been focused on estrus 

synchronization in Egyptian sheep using MGA, and no 

results could be found on the feeding with MGA for 

synchronization purpose in nulliparous ewes. The results 

show that estrus synchronization can be done successfully 

in nulliparous Barki ewes with MGA (Table 2).  

The short-term group (7 days) showed the 

highest percentage of ewes responded to estrus 

synchronization (100%) followed by long-term group (14 

days) (93.33%) and control group (80%). Findings of 

estrus rates were in agreement with previous results 

reported by (Powell et., al 1996) who reported that estrus 

response of ewes treated with MGA for 8 days (short-

term) was 90%, while was 92.3% in ewes treated with 

MGA for 14 days (long-term). In another study, 

Windorski et al. (2008) reported that treatment with MGA 

(0.3 mg/ewe/d) for 7 days increased the proportion of 

Rambouillet ewes displaying estrus by 5–20%. Later, 

Rojo and Salas (2015) evaluated the effect of long-term 

(17 days) MGA treatment on the induction and 

synchronization of estrus in ewes and observed that 95% 

of the females exhibited estrus. Likewise, Salas et al. 

(2011)  obtained 100%  ewes in estrus using MGA for 17 

days, which was quite the opposite of what Emsen et al. 

(2011) reported (89% of ewes in estrus using 0.125 mg  

MGA for 12 days (long term) and 62% of ewes in estrus 

using 0.125 mg of MGA for 9 days (short term)), this 

difference of results in both studies may be due to the 

difference in  dose of MGA which was half the dose used 

in this study.  

 

Table.2: Reproductive efficiency of nulliparous Barki Ewes following long-term and short-term protocols of Melengestrol 

acetate treatment (LSM±SE). 

Traits 
Control Long term-MGA Short term-MGA 

N=15 N=15 N=15 

Estrus response rate (%) 

 

80b 

(12/15) 

93.33ab 

(14/15) 

100a 

(15/15) 

Conception rate (%) 

 

100a 

(12/12) 

85.71a 

(12/14) 

93.33a 

(14/15) 

Lambing rate (%) 

 

91.67a 

(11/12) 

91.67a 

(11/12) 

100a 

(14/14) 

Fertility rate (%) 73.33b 73.33b 93.33a 

Prolificacy rate (%) 100a 100a 100a 
a-b values within the same row with different letters differ (P< 0.05).  

Estrus response = number of ewes showing signs of estrus/total ewes treated x100. 

Conception rate = number of ewes conceived / number of ewes showing estrus and mated x100.  

Lambing rate = number of ewes lambed / number of ewes mated x100. 

Fertility rate =number of ewes lambed/total ewes treated x100.  

Prolificacy rate =number of lambs born/number ewes lambed x100. 
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The conception rate (Table 2) was higher (100%) 

in control group than groups treated with MGA (85.71 

and 93.33%) in long and short term groups, respectively. 

The high pregnancy rate observed in the control group 

could be due to the percentage of ewes pregnant to the 

number of ewes which showed signs of estrus , which was 

further lower among groups. In this study conception 

rates in groups treated with MGA are much higher than 

those observed by Emsen et al. (2011), who reported that 

conception rate was 44% in ewes treated with MGA for 

12 days (long-term) and 41% in ewes treated with MGA 

for 9 days (short-term). Findings of pregnancy rates were 

in disagreement with results reported by Keefe and 

Wichtel (2000) when naturally-mated ewes were treated 

with MGA with and without PMSG administration. The 

later authors obtained pregnancy rates of 43.3% and 31% 

for the aforementioned groups , respectively. (Salas et al., 

2011) reported that the conception rate in the 

experimental group with 0.45 mg MGA/head/day for 17 

days was 70% compared with 50% in control group. This 

result was higher than  those obtained by Powell et al. 

(1996), who reported that lambing rate of ewes treated 

with MGA for 8 days (short-term) was 60%, while was 

57.7% in ewes treated with MGA for 14 days (long-term). 

Results of the present study demonstrated that 

lambing rate (Table 2) ranged between 91.67 to 100 % 

and was numerically higher in short-term group (100%) 

than other groups (91.67%), but with no significant 

differences. Our results of lambing rate were higher than 

those obtained in control, MGA and MGA+PG 600 

groups (14.8, 40.5 and 41.2%, respectively) according to 

Safranski et al. (1992). But close to those obtained by 

(Windorski et al., 2008) who found that lambing rate in 

Rambouillet ewes was 80.4, 77.8 and 80.4% in control, 

MGA and MGA+PG-600, respectively. On the other side, 

Powell et al. (1996) compared 8, 11 and 14 days of MGA 

supplementation on lambing rates in out of season 

breeding programs and they concluded no difference. 

Based on these observations and the economics of using 

the product for a shorter period of time, they concluded 

that an 8-day course of treatment was best. 

Fertility rate (Table 2) was found to be 73.33, 

73.33 and 9.33% in the control, long and short terms 

groups, respectively (P < 0.05). This result was higher 

than those obtained by Emsen et al. (2011) who recorded 

fertility percentage of 45% when Morkaraman ewes  were 

treated with 0.125mg MGA/ewe/day for 12 days, whereas 

Castonguay et al. (2002) used 0.4 mg MGA/ewe/day 

during 10 days and obtained fertility rate of 45%. In both 

studies, the low fertility rate may be due to when low 

doses are administered, MGA (≤ 0.12 mg) generates a 

high frequency of luteinize hormone (LH) pulses, 

triggering the development of persistent follicles (Colazo 

et al., 2007), while when high doses are administered (≥ 

0.4 mg), LH suppression can be so intense to the extent 

which inhibits follicular development (Lopez et al 2007). 

It is recommended that the dose of 0.22 mg of 

MGA/ewe/day for 7 days (short-term) is administered, in 

order to get the best response in the lambing rate (100%) 

and fertility rate (93.33%) of nulliparous Barki ewes. 

The percentage of prolificacy obtained was 1.0 

lamb born by ewe for all groups and there was no 

significant difference among the groups. In this study, 

prolificacy rate (number of lambs born/number of ewes 

lambing) did not different among groups which were 1.0 

in the three groups and therefore the use of PMSG had no 

effects on increasing lambs born. This opinion is 

consistent with what Safranski et al. (1992) reported, the 

number of lambs born per ewe lambing (prolificacy rate) 

was not different among treatments or genotypes. 

Consequently, the advantage that was obtained in 

ovulation rate through the use of PG-600 was not realized 

at lambing, although the number of luteal structures 

increased when PG- 600 was injected on the last day of 

feeding MGA, the number of lambs born per ewe was not 

significantly affected. In another work, Windorski et al 

(2008) reported that no significant differences of lambs 

born per ewe lambing between treated and untreated 

groups with MGA, where was 1.82, 1.91 and 1.89 for 

control, MGA and MGA+PG600, respectively. In that 

regard, Keefe and Wichtel (2000) reported that no 

significant differences of lambs born per ewe lambing 

between treated ewes with MGA with and without eCG 

and mated naturally, prolificacy rates were 1.46% and 

1.66%, respectively. 

 

Serum Estradiol 17-β (E2) and progesterone (P4) 

concentrations: 

Changes in serum estradiol 17-β and 

progesterone concentrations in ewes are presented in 

Figure 1(A and B, respectively).  

Overall mean of serum estradiol 17-β 

concentration were lower (P≤0.01) in long-term than in 

short-term groups (27.20±1.78, 32.67±1.27pg/ml, 

respectively) and compared with control (13.01±1.31 

pg/ml). There was no effect or interaction between 

treatments and hours of synchronization (0, 24, 48, 72 and 

96) after MGA withdrawal (figure 1). similar results were 

also obtained in camels (Abd El-Hamid et al., 2016), beef 

heifers (Funston et al., 2002), and ewes (Martínez et al., 

2017; Rojo and Salas, 2015; Powell et al., 1996).The 

changes in serum estradiol 17-β concentration observed in 

the present study are clearly attributed to the changes in 

ovarian kinetics in both MGA-treated groups compared 

with control during the synchronization period.  
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Fig.1: Concentrations of serum estradiol-17β (pg/ml) (A) and progesterone (ng/ml) (B) after MGA feeding at hours of 0, 24, 

48, 72 and 96 of synchronization period in nulliparous Barki ewes. 

 

Progestin treatments inhibited the ovarian 

growth of newer follicles and thereby slightly decreased 

estradiol concentration during the long or short-term (7 or 

14) days of MGA feeding. Serum estradiol increased at 

after withdrawal of MGA feeding (Jabbar et al., 1994). 

In the present study, overall means of serum 

progesterone concentrations in the control group (1.32 ± 

0.09 ng/ml) was  higher (P < 0.05) than those of long- and 

short-term MGA groups (1.01 ± 0.13, 0.92 ± 0.11, ng/ml) 

respectively. There were interactions (P < 0.01) between 

treatment and hours of synchronization. Serum P4 

concentrations in the control and MGA-fed animals were 

affected by time during the experimental period. 

However, in progestin groups serum progesterone 

declined (0.47±0.22, 0.83±0.24 ng/ml) compared with 

control at 48 h of synchronization period, and increased at 

96 hrs., while serum progesterone elevated in control 

group during synchronization period (Figure 1). It seems 

that MGA did not increase the natural progesterone in the 

peripheral circulation after withdrawal; however, it 

mimicked its function on synchronizing ovarian activities. 

This, in turn, should induce follicular growth, accelerate 

ovum development and therefore lower concentration of 

progesterone (Thompson et al., 1990; Scudamore et al., 

1992), while the increased of serum progesterone in 

control group may be due to variations in ovarian activity. 

 

Productive traits: 

From Table (3), there were no significant 

differences among the experimental groups in birth 

weight, mortality rate, weaning rate, weaning weight and 

average daily gain of nulliparous ewes following both 

long-term and short-term MGA treatment. All groups in 

this study had almost the same birth weight being 2.94, 

2.97 and 2.65 kg, for control, long and short term groups, 

respectively. These results were in agreement with those 

reported by Windorski et al. (2008) who concluded that 

no significant differences were observed between groups 

B) 
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treated and untreated with MGA, where  lambs birth 

weights were 4.6, 4.6 and 4.7 kg for control, MGA and 

MGA+PG600, respectively. Also, weaning weights at the 

three months of age were 16.7, 16.6 and 16.2 kg in the 

same groups, respectively. Average daily gain in control, 

long- and short-term groups was estimated to be 153, 151 

and 150 g, respectively. Mortality rate from birth until 

weaning in control, long- and short-term groups were 

9.09, 0.0 and 7.14%, respectively. The fit weaning rates 

were 90.91, 100 and 92.86% in control, long and short 

terms groups, respectively. There was no significant 

difference in sex ratio of lambs among the three groups. 

 

 

Table.3: Productive performance of nulliparous Barki lambs following long-term and short-term protocols of Melengestrol 

acetate treatment (LSM±SE). 

Traits Control Long-Term-MGA  Short-Term-MGA 

Birth weight (kg.) 

(Lambs N) 

2.94a 

(11) 

2.97a 

(11) 

2.65a 

(14) 

Weaning weight (Kg)  

(lambs N) 

16.70a 

(10) 

16.60a 

(11) 

16.20a 

(13) 

Average daily gain (g) 0.153a 0.151a 0.150a 

Mortality rate  9.09a 0.00a 7.14a 

Weaning rate 90.91a 100a 92.86a 

Sex ratio (M/F) 

 

54.55a 

45.45a 

45.45a 

54.55a 

57.14a 

42.86a 
a-d values within the same row with different letters differ (P< 0.05).  

Weaning rate = number of lambs weaned / number of lambs born x100   

 

 

Serum biochemical parameters: 

Overall means of glucose (Glu) concentrations 

decreased (P ≤ 0.01) in both treated groups (69.86±2.12, 

71.96±1.62 mg/dl, respectively) compared with control 

(79.79±1.82 mg/dl). There were interactions (P≤0.01) 

between treatment and hours. Serum glucose 

concentrations were not affected by time (0, 24, 48, 72 

and 96) (Table 4). These data are in agreement with those 

reported by Abd El-Hamid et al. (2016) and El-Sherif and 

Assad (2001). In our results the decreased glucose 

concentrations with increased ovarian activity during 

synchronization period may be due to the uptake of 

glucose by ovarian tissues (Rabiee and Lean 2000). 

Also, overall means of cholesterol (Cho) 

concentrations decreased (P ≤ 0.01) in MGA -treated 

groups (107.19±4.47and 108.96±3.92 mg/dl) compared 

with control (138.13±4.06 mg/dl). However, no 

interactions were detected between treatment and hours. 

Also serum cholesterol concentrations were not affected 

by time (0, 24, 48, 72 and 96) (Table 2). The same results 

were previously reported by Al-Bulushi et al. (2017) and 

Egbe-Nwiyi et al. (2015) in goats and sheep (Kandiel et 

al., 2016) during both synchronization and estrous period. 

Cholesterol is the precursor of the production of steroids 

hormone such as estrogens during ovarian activity (Arther 

et al., 1982). 

 

 

 

IV. CONCLUSION 

Our results of estrus response, fertility and 

lambing rates following melengestrol acetate (MGA) 

elucidate its efficiency when applied in nulliparous ewes. 

Additionally, MGA is a low-cost substance which makes 

it a convenient alternative to hormonal treatments when 

applying estrus synchronization protocols on a large 

scale. In conclusion, estrus can be synchronized and 

improving reproductive performance in nulliparous Barki 

ewes by using short-term MGA treatment (0.22 

mg/ewe/day for 7 days). 
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Table 4. Changes in serum glucose and cholesterol concentrations during synchronization period in nulliparous of Barki ewes (Mean ±SE). 

Parameters 
 

Treatment 
 Hours  Overall 

0  24  48  72  96  

Glucose (g/dl) 

Control 64.05±3.71d 81.09±3.71abc 

 

89.90±3.71a 83.14±4.76ab 80.26±4.18abc 79.79±1.82A 

       

Long-term  72.44±4.07bcd 64.63±5.56d 66.51±4.70d 73.28±4.70bcd 72.60±4.70bcd 69.86±2.12B 

       

Short-term  78.03±3.78abc 66.06±3.44d 69.31±3.78cd 70.94±3.44bcd 75.49±3.78bcd 71.96±1.62B 

       

Overall 71.51±2.22 70.59±2.50 75.24±2.22 75.79±2.50 76.11±2.44  

             

Cholesterol 

(g/dl) 

Control 138.60±8.86 136.24±8.86 137.83±8.86 141.51±8.86 136.47±9.90 138.13±4.06A 

       

Long-term  111.23±9.70 104.80±9.70 106.83±9.70 105.85±11.12 107.23±9.70 107.19±4.47B 

       

Short-term  106.81±8.20 105.69±8.20 112.12±9.07 106.85±9.02 113.36±9.07 108.96±3.92B 

       

Overall 118.88±5.16 115.58±5.16 118.93±5.32 118.07±5.61 119.02±5.52  

               
a-d values within the same row with different letters differ (P< 0.05).  
A,B values within the same column with different letters differ (P< 0.05). 
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Abstract—Plant-parasitic nematode cause economic loss to 

crops throughout the world. Biofumigation is the 

environmental friendly control option for the suppression of 

plant-parasitic as well as other pathogenic soil microbes. 

Glucosinolates are the main active compound present in 

some plants which are responsible for biofumigation 

process. To increase the efficiency of biofumigation 

selection of varieties containing more glucosinolates is 

highly desirable. Plant growth stage, soil temperature, soil 

texture, moisture, soil depth and soil microbes play 

important role in efficient biofumigation. 

Keywords— Biofumigation, glucosinolate compound, 

isothiocyanate compound, plant tissue, soil characteristics, 

soil microorganisms. 

 

I. INTRODUCTION 

Agricultural crops are attacking by d ifferent insects, fungi, 

bacteria, viruses and nematodes. Plant-parasitic nematodes 

are the most common enemy to agricultural production. The 

plant parasitic nematodes cause about $157 billion annual 

losses of economic crops worldwide (Abad et al.,2008). 

Chemical nematicides are considered the most effective 

method in suppressing nematodes  population. The chemical 

nematicides including fumigants such as Ethylene 

Dibromide, 1, 2-Dibromo-3-Chloro p ropane, Chloropicrin, 

Metam-sodium, Dazomet, Methyl Bromide and Methyl 

Iodide whereas non-fumigants nematicides viz., 

Aldoxycarb, Carbofuran, Oxamyl, Fenamiphos, Cadusafos 

and Fosthiazate are the widespread applied methods . These 

synthetic soil fumigants are highly toxic to pests as well as  

many beneficial soil organisms (Schreiner et al., 

2001).Many of these soil fumigants exhibit vertebrate 

toxicity, high cost, resistance phenomena and other 

damaging environmental effects (Cox, 2006). Thus, all 

these negative impacts drive the scientists to find alternative 

methods of management that are sustainable, economically  

viable and non-polluting. For sustainable nematode 

management, it is important to have a holistic approach; 

taking into consideration cultural, b iological and chemical 

options as part of an  integrated management approach.  

Biofumigation and modified/innovative biofumigation are a 

sustainable approach to manage soil-borne pathogens, 

nematodes, insects  and weeds. Biofumigation is defined as 

a process that occurs when volatile  compounds with  

pesticidal properties are released during decomposition of 

plant materials or animal products (Angus et al. 

1994;Halberendt 1996;  Kirkegaard  and Sarwar, 1998;  Bello  

et al., 2000;  Piedra Buena et al., 2007). Numerous studies in 

literature confirmed the ability of certain plants to suppress 

nematodes through the nematicidal activity of the secondary 

metabolites (Chitwood, 2002; Zasada & Ferris, 2004). Most 

research on biofumigation, however, has focused on using 

brassicaceous crops (Kirkegaard and Matthiessen, 2004). 

The suppressive effect of brassicaceous biofumigants on 

soil borne pathogens, weeds, and plant-parasitic nematodes 

has been demonstrated in numerous laboratory, greenhouse, 

and field studies (Ploeg and Stapleton, 2001; Ploeg, 2008;  

Zasada et al., 2010). The mechanism responsible for the 

biocidal effect of decomposing Brassica crops is thought to 

be based on a chain of chemical reactions ultimately  

resulting in the format ion of biologically active products 

(Underhill, 1980). Cruciferous plants belonging to Brassica 

spp. contain glucosinolate compounds which are β-D-

thioglucosides, sulphur containing stable and non-toxic 

compounds located in the cell vacuoles  distinguished from 

one another by differences in their organic side chains (R 

groups) and classified as aliphatic, aromatic or indole 

forms, occur in  all parts of the plant and degrade v ia 

enzymatic hydrolysis  (Chew, 1988; Brown et al., 

1991;Zasada and Ferris, 2004; Padilla et al., 2007). 

Glucosinolates, upon tissue disruption they come in contact 

with myrosinase (= thioglucosidase), an enzyme 

endogenously present in Brassica tissues, but stored in the 

cell walls or the cytoplasm, away from the glucosinolates 

(Poulton and Moller, 1993). The enzymatic hydrolysis of 

glucosinolates produces volatile isothiocyanates (ITCs), 

nitriles, SCN-, oxazo lid inethione, epthionitriles and organic 

thiocyanates (Cole, 1976;  Fenwick et al.,1983; Wathelet et  

al., 2004). The fumigant action of these volatile compounds 

that are released, suppresses plant pathogens soil-borne 

pathogens (Sarwar et  al., 1998; Kirkegaard  et al., 1993;  

Kirkegaard &Sarwar, 1998; Piedra Buena et al., 2007). 
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Although ITCs are considered the most bioactive products, 

other compounds such as non-glucosinolate sulphur 

containing compounds, fatty acids, nitriles and ionic 

thiocyanates may also affect pest and pathogen populations 

(Matthiessen & Kirkegaard, 2006) .The first observations of 

the unique properties of GSLs and ITCs were recorded at 

the beginning of the 17th century (Challenger, 1959). The 

Family Brassicaceae contains more than 350 genera with  

3000 species of which many are known to contain GSL. 

However, GSLs are not confined to brassicas alone. At least 

120 structurally different glucosinolates have been 

identified in 16 different families of angiosperms. At least 

500 species of non-brassica dicotyledonous angiosperms 

have also been reported to contain one or more of the over 

120 known GSLs (Fahey et al., 2001). Each of the GSLs  

has its own chemical property and can be placed in one of 

three different classes, namely aliphatic, aromat ic or indole 

forms (Zasada &Ferris, 2004; Pad illa et al., 2007). There 

are over 100 different types of glucosinolates (Manici et  al., 

2000; Underhill, 1980).  A single Brassica species can 

contain several different types of glucosinulates (Sang et 

al., 1984), and the types and quantities of glucosinolates are 

highly variable between species and even varieties (Rosa et 

al.,1997). As a result, the quantities and types of biocidal 

ITCs resulting from the breakdown of glucosinolates are 

higly variab le. The nemat icidal effect of the tested mustard 

may  possibly be attributed to their h igh contents of certain  

oxygenated compounds which are characterized by their  

lipophilic properties that enable them to d issolve the 

cytoplasmic membrane of nematode cells and their 

functional groups interfering with the enzyme protein struc-

ture (Knoblock et al., 1989; Salem et al., 2015).  

 

II. BIOFUMIGATION PROCESS 

Incorporation the fresh mass of plant residues into the soil 

can be done directly  if the mass is coming from grown crop  

or plant mass taken from elsewhere and  brought into the 

plot or field. If the mass is transported to the field, the soil 

should be well prepared before the incorporation. During  

transportation of these organic materials in the field, care 

must be taken  to retain  the gases produced from 

biodegradation, by covering the piles of the bio -fumigant 

with p lastic until the t ime of applicat ion. Generally  a dose 

of 50 t to 100 t per ha is recommended depending on 

nematode population in  the field.  The bio-fumigant should 

be distributed uniformly and the field should be watered 

until the soil is saturated and cover the soil surface tightly  

with a transparent plastic film for at least 2 weeks. The film 

is removed 3-4 weeks after and the soil slightly removed in  

order to permit the gases to escape from soil. Planting of the 

desired crop can be done 24 hours later. 

 

III. ASPECTS THAT INFLUENCE GSL 

RELEAS E AND ITC ACTIVITY 

3.1. Plants containing GSL  

Most GSL-containing genera, are within the Brassicaceae, 

Capparaceae and Caricaceae families (Rodman, 1981). The 

Family Brassicacea (brassicas) contains more than 350 

genera with 3000 species, of which  many are known to  

contain GSL. However, GSLs are not limited to brassicas 

alone. At least 500 species of non-brassica dicotyledonous 

angiosperms have also been reported to contain one or more 

of the over 120 known GSLs (Fahey et al., 2001). The GSL 

concentration in the cells of the various plants in the 

families differs substantially. Therefore, it is important to 

identify species that will be effective in suppressing soil-

borne pests and diseases, including nematodes. The plant 

species that generally are considered for bio fumigation are 

found mostly in the family Brassicaceae, and include 

Brassica oleracea (broccoli, cabbage, cauliflower, kale), 

Brassica rapa (turnip), Raphanus sativus (radish), Brassica 

napus (canola, rapeseed), cv. AV Jade, Eruca sativa (salad 

rocket, arugula),  cv. Nemat, , B. juncea (Indian mustard) 

cv. Caliente 199, and various mustards, such as Sinapis alba 

(white mustard) cv. Braco (Sarwar et al., 1998; Zasada and 

Ferris, 2004; Hartz et al., 2005; Everts et al. 2006;  

Melakeberhan et al., 2006;  Roubtsova et al. 2007; Ploeg, 

2007; Monfort et  al., 2007;  Lopez-Perez et al., 2010;  Kago  

et al. 2013; Edwards and Ploeg, 2014).  

Kwerepe and Labuschagne (2003) found that cruciferous 

residues  at 60 kg/ha caused a higher reduction of 

M.incognita. Youssef and Lashein (2013) reported that 

crushed cabbage leaves (Brassica oleracea) incorporated 

into the soil at 5 g per pot, 10 days before transplanting of 

tomato cv. Super St rain B under greenhouse conditions 

reduce root-knot nematode population.  

A thorough distribution of the plant tissue prior to soil 

incorporation and sufficient soil moisture at the time of 

tissue incorporation is important (Brown et al., 1991;  

Poulton & Moller, 1993; Morra & Kirkegaard, 2002;  

Matthiessen et al., 2004). This may  be explained by quick 

decomposition of the tested residue in soil on the basis that 

nematic idal activ ity by nitrogenous by products depends on 

the C: N ratio of the amendment (Stirling, 1991). One way  

to ensure the effective release of ITC is to slash the leaves 

with a slasher and then to plough the slashed residues into 

the soil as soon as possible, using a rotavator or d isc 

harrows. A  flail chopper ensures the best macerat ion results 
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and, consequently, a good GL-MYS interaction for the 

release of ITC. The latter technique remains applicable 

particularly for the Brassica spp. such as mustards, which 

have a high GSL concentration in  the above-ground parts of 

the plant. 

The growth stage of the crop (emergence, rosette, 

flowering, seed filling, ripening), the amount of biomass 

produced and the correct incorporation into the soil all 

contribute towards the success of biofumigation (Bellostas 

et al., 2004).The flowering stage of the plant maintains a 

higher GSL content than the vegetative plant parts. The GL-

MYS interaction can  be expected to take p lace more 

effectively later in the growing season, prior to seed set. In 

the root tissue, the concentration of GSL is higher in the 

earlier root growth stage, with decreasing concentrations 

during the root growth cycle. Different types of GSLs are 

present in the roots and shoots of different plant species 

(Van Dam et al., 2009). Studies that were conducted by Van  

Dam et al. (2009), in which the root and shoot GSL of 29 

plant species were evaluated for their GSL concentration 

and profiles, showed that the roots had a higher GSL 

concentration, as well as more d iversity than the shoots. The 

root and shoot concentration of specific GSLs was found to 

differ from one another, with the most prominent indole 

GSL in the shoots being 1H-indol-3-y l GSL, and with the 

roots having higher concentrations of aromatic 2-

phenylethyl GSL.   

The inclusion of sulphur fertilizers may improve the 

nutritional value of Brassica spp. Sulphur forms part of the 

process that takes place in the formation  of secondary 

metabolites . The level of GSLs is dependent on the genetic 

factors of the plant, but can also vary according to 

environmental condit ions and the availability of soil sulphur 

(De Pascale et al., 2007).  

3.2. Soil temperature 

Lopez- Perez et al. (2005) used some plant residues of 

broccoli, melon, and tomato with addition of chicken  

manure in  pot experiments with Meloidogyne incognita 

infested soils and was observed that biofumigation to 

control M. incognita is unlikely to be effective under cool 

conditions but that at soil temperatures around 25ºC, 

broccoli is more effect ive than melon and tomato, and that 

the addition of chicken manure at this soil temperature may  

enhance the efficacy.This corresponds with earlier results 

by Ploeg and Stapleton (2001) and with recommendations 

by Bello  et al.(2004). Low soil temperature slows down the 

enzymatic reaction during biofumigation, and therefore 

incorporation of green manure is not recommended at soil 

temperatures close to 0°C. The presence of organic matter 

seems to have an immobilizing effect on the degradation 

products, thus preventing them from reaching the target 

pests. 

3.3. Soil depth 

Roubtsova et al. (2007) studied the direct  localized and  

indirect volatile effects of amending soil with broccoli  

tissue on M. incognita infested soil. Amending a 10cm layer 

lowered  M. incognita than in the non-amended layers of the 

tubes by 31 to 71%, probably due to a nematicidal effect of  

released volatiles of broccoli. These results suggest that the 

fumigant nemat icidal act ivity is  limited and its effect 

requires a thorough and even distribution of the biofumigant 

material through the soil profile where the target nematodes 

occur.  

Furthermore, the concentration of ITCs produced is also 

influenced by soil texture, pH, and microbial community  

(Bending & Lincoln, 1999; Price, 1999; Morra & 

Kirkegaard, 2002; Bellostas et al., 2004; Griffiths et 

al.,2011). 

 

IV. BIOFUMIGATION IN INTEGRATED PEST 

MANAGEMENT (IPM) 

Biofumigation is a definite choice as part of an integrated 

approach for nematode management and can be 

implemented as a biological alternative or in combination  

with certain chemical options. This will reduce the demands 

on chemical nematicide use. The positive biolog ical activity  

of the GSL degradation products used for the suppression of 

some pathogenic fungi (Manici et al., 1997) and nematodes 

(Lazzeri et al., 1993) serves as an integral part of IPM 

(Lazzeri et al., 2004), because it has been proven to be 

effective against weeds, pathogenic fungi and nematodes 

(Van Dam et al., 2009). In addition to providing some 

disease control, growing and incorporating the biofumigant 

plant improves soil structure, assists in weed control, 

reduces soil erosion and provides organic matter to the 

organic producer for controlling diseases and pests 

(Griffiths et al., 2011).The potential for Brassicaceous 

amendment as part of an IPM approach consists of the role 

of the active compounds, in the direct suppression of 

nematodes, and also the secondary effect in  the soil. The 

secondary effect plays a very  significant part in promoting  

microbial and other microorganism diversity in the soil, and  

therefore can be expected to have a positive impact on the 

stimulat ion of competition among soil-borne diseases in the 

rhizosphere.  

 

V. MANAGEMENT OF PLANT-PARASITIC 

NEMATODES 
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Many Brassica spp. show nematicidal activity on plant-

parasitic nematode species such as M. incognita, M. 

javanica, Heterodera schachtii and Pratylenchus neglectus, 

C. xenoplax and  Xiphinema spp. (Thierfelder & Friedt, 

1995; Potter et  al., 1998; Riga & Collins, 2004;Monfort et  

al., 2007). A liquid formulation has also been developed 

from defatted B. carinata seed meal which has activity 

against M. incognita (De Nicola et al., 2013). 

 

VI. CONCLUSION 

Soil disinfestation is a major approach against soil borne 

micro -organisms. The practical value of using biofumigant 

crops to the farmers should be accessed through several 

factors which include extent of pesticide efficacy, effect on 

crop growth and yield  as well as cost of production. The 

benefits of using biofumigant crops and agronomic 

practices in improving sustainable agricultural production 

require further exp lo itation of GSL and ITC to realize the 

goal of sustainable production with minimal environmental 

impacts. 
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Abstract—The aim of the present study was to explore the 

potential for using aloe vera wastes as amendment for soil 

to improve its fertility.  

Soil was exposed to four concentrations of aloin (rich in 

HAP) for 0, 7, 14 and 28 days. Physico-chemical 

parameters were analyzed: soil Ph, organic matter (OM), 

nitrogen, phosphorus, and cation exchange capacity 

(CEC). The activity of seven enzymes implicated in the C, 

N and S cycles were measured. Microbial Biomass was 

determined by the method of substrate induced respiration. 

BiologEcoplates (Biolog Inc., Hayward, CA) were used to 

estimate soil microbial functional diversity.  

Our findings suggested a decrease on phosphorus and 

nitrogen content and an increase on CEC after aloin 

addition. Also, a decrease on microbial biomass and 

enzymes activities was observed, except for FDA. 

Ecoplates results demonstrate a decrease on microbial 

activities depending on the incubation time. Moreover, our 

results indicated that bacterial communities of the tested 

soils have more affinity to consume substrates as Amino 

acids and polymers.  

Our results should be carefully considered in view of the 

agriculture waists reuse for a sustainable agriculture 

Keywords— Aloe vera, aloin, microbial communities, 

enzymes activities, Ecoplates. 

 

I. INTRODUCTION 

The addition of residues as by-products of crop production 

is a common practice in agriculture. Indeed, previous 

studies have demonstrated that they support farm 

productivity, reduce soil degradation, and improve nutrient 

cycling in the agroecosystem. It has also been reported that 

crop residues improve soil structure and soil protection by 

reducing erosion [1,2], and increasing the stock of plant 

nutrients and soil organic matter content, thus enhancing 

soil fertility [3,4] and crop yields [5].  

Aloe Vera belongs to Liliaceae family is considered as a 

perennial succulent plant. It produced secondary 

metabolites with numerous properties such as antibacterial, 

anti-inflammatory and antioxidant, [6,7]. Actually, the 

industry of aloe vera is in continuous expansion in Tunisia 

generating many wastes which are presenting a real 

problem. For this reason, aloe vera wastes management 

constitute an opportunity both to valorize these wastes and 

in the same time to improve soil fertility. However, 

information’s about the magnitude and the effects caused 

by aloe vera wastes on soil microbial community, 

functionalities and diversity is still scarce.  

Among toxic substances contained in aloin, polycyclic 

aromatic hydrocarbons (PAHs) are known by their harmful 

effect once in the ecosystem; they are one of the most 

common groups with known or potential toxic properties 

[8].  PAHs are a substantial threat to ecological function 

and soil biodiversity [9].The response of microbial 

communities to chronic inputs of PAHs [10,11,12] has 

received little attention compared to the effect of acute 

contaminations [13,14,15]. Indeed, previous studies 

demonstrated that PAH change bacterial communities 

structure and diversity [16,17,18].  

Soil microorganisms are measured using the C and N 

content in the microbial biomass (MBC and MBN). It 

represents collectively the mass of all soil microorganisms, 

considered as a single soil organic matter fraction [19]. 

Among microbial indicators, community-level 

physiological profiles (CLPP), which are assessed using 

BiologEcoPlates™, allow for the detection of multiple 

microbial metabolic activities.  The Biolog™ system has 

been adapted to the investigate the functional diversity of 

soil microbial communities [20,21].On the other hand, 

there is also growing interested in using soil enzymes as 

potential indicators of soil fertility, since enzyme activities 

a sensitive to numerous factors such as climate, type of 

amendment, agricultural techniques, crop type and edaphic 

properties [22,23,24].In addition, due to their importance 

for the soil andtheir rapid response to soil perturbations, 

soil enzymes areconsidered as indicators of soil quality 

[25,26,27,28].Indeed, soil enzyme activities such as 

arylsulphatase, β-glucosidase acid and alkaline 
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phosphatase, urease, anddeshydrogenase are sensitive to 

the presence of pollutant [29,30,31]. 

The fast expanding aloe vera industry in Tunisia urgently 

needs more information on the effect of industrial releases 

(containing the toxic substance aloin) and their 

repercussions on the ecosystem. Little is known about the 

impact of increased aloin reject on soil quality and fertility. 

The present work was conducted to assess the effect of 

Aloe vera wastes on microbiological and physico-chemical 

properties of soils in order to valorize them in sustainable 

agriculture. 

 

II. MATERIAL AND METHODS 

2-1- Experimental protocol 

2-1-1 Soil samples 

The soils used for this research were collected from an 

organic farming plot in the region of ChottMariem. The 

soils were sampled from the depth of 0-15 cm. The 

chemical and physical properties of these soils are 

presented in table 1. Before use, samples were air-dried 

and crushed to pass a (<2 mm) screen. 

2-1-2 Extraction of aloin 

Leaves were sampled from the mature plants of Aloe vera 

(var. barbadensis) (age between three and five years). The 

extraction of aloin was done in three steps (figure 1):  

First, the leaves were washed with water,then rinds were 

removed, and finally, yellow exudate (aloe latex) was 

collected from the leaves after cutting. 

2-1-3 Earthworms Eisenia Andrei 

E. Andrei earthworms [32] were cultured as described in 

the OECD guidelines [33]. Organisms were selected from 

a synchronized culture with a homogeneous age structure. 

Adult worms with clitellum of similar size and weight 

(400-500 mg) were utilized in the experiments. 

2.1-4 Soil contamination and earthworm’s exposure  

Sampled soils were dried and sieved (<2 mm), then 500 g 

were placed in polyethylene pots. In this experience, we 

choose to work on five different concentrations of aloe 

exudates: C1: 1 %, C2: 5%, C3: 10% and C4: 20% in 

addition to the control. These concentrations are relative to 

the weight of the soil. For each concentration, three 

periods of exposition: 0, 7, 14, and 28 were realized. 

At the end of the exposure period, the soil of each pot was 

homogenized.  One part was conserved at 4°C for the 

determination of enzymatic activities and the functional 

diversity, and the other part was conserved at ambient 

temperature for the assessment of microbial biomass and 

the different physico-chemicals analyses . 

2-2- Physico-chimical analyses  

Soil pH was measured in soil suspension obtained by 

shaking 1 g of soil in water (soil/H2O ratio 1:2.5) for 1 

hour and then by using a pH meter (MetrOhm 744). For 

organic carbon analysis, 25 mg of soil crushed at 250 lm 

were decarbonated with hydrochloric acid and then 

analyzed with a CHN analyzer according ISO 10694 

procedure. Organic matter content was calculated by 

multiplying organic carbon concentration by 1.72 [34]. Mg 

was determined digestion using the Hossner method [35]. 

Nitrogen mineralization was determined by measuring the 

production of mineral N (NH4+and NO3-) during 

incubation. measurements were made according to the 

extraction protocol of Li et al., 2009 and with the use of 

Spectroquant® kit tests (Merck) according to the supplier's 

recommendations. 

For the measurement of NH4+, 10 g soil sample (dry 

weight equivalent) was shaken with 50 ml of KCl (2.0 M) 

for 30 min. Filtration was performed with a PES 

polyethersulfone filter (0.45)after centrifugation for 15 

min at 3500 g. Then the use of kit tests ((Spectroquant®, 

Merck)  Well absorbance (690 nm) was measured with a 

BioTek EL800 Universal plate reader (Bio-Tek 

Instruments, Winooski, VT).   

For measurement of NO3-, soil samples of 10 g weighed 

after the 7 day incubation were shaked with 50 ml of 

CuSO4 extraction solution (0.01 M) for 30 min. Filtration 

was performed with a PES polyethersulfone filter (0.45) 

after centrifugation at 3500 g for 15 min. Then we used the 

kit (Spectroquant®, Merck) and finally the NO3- was 

measured with a spectrophotometer at 493 nm. 

The total organic N mineralization was estimated by the 

sum of the ammonification and nitrification rates. 

Phosphorus mineralization was determined by an 

incubation procedure similar to nitrogen mineralization. 

The mineralisation of inorganic P was extracted with 0.5M 

NaHCO3. Then, we use the kit (Spectroquant®, Merck) 

and finally the Phosphate was measured with a 

spectrophotometer at 885 nm. 

According to [36]'s method, the cation exchange capacity 

will be measured with 2.5 g of sol was shaked with 30 ml 

of Bacl2 solution (0.1M) for 1h then centrifuged at 3000g 

for 10min. The supernatant liquid was filtered at 0.45 μm 

and then used for the determination of the content of 

soduim, potasium, calcium and magnesium in ICP-AES. 

2-3 Microbiological analyses 

2-3-1 Microbial Biomass determination by the method 

of Substrate Induced Respiration (SIR) 

Soil respiration was measured in samples at 50% water-

holding capacity using the method of [37]. Fresh soil 

equivalent to 10 g dry soil was weighed intoa plastic 

beaker and supplemented with 10 mg of glucose which 

corresponded to the amount of glucose required for 

obtaining a maximum CO2 flush.  The CO2 production 

rate was measured hourly during one day, using an 

automated IR gas analyzer system (490 MicroGC Agilent). 

Microbial biomass carbon was expressed as µg carbon per 

g soil [38].   
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2-3-2 Enzymes activities assay 

Arylsulfatase, β-Glucosidase and alkaline-acid 

phosphatases activity assays were all based on p-

nitrophenol release, after cleavage of a synthetic substrate 

(p-nitrophenyl sulfate and nitrophenylglucpyranosoide 

respectively). Arylsulfatase and β-glucosidase activities 

were assayed as described by [39]. Alkaline phosphatase 

and acid phosphatase activities were assayed as described 

by [40].  Microplate wells were loaded with 50 µl of a 1:10 

soil distilled water solution, 25 µl phosphate buffer and 50 

µl of the appropriate substrate (71.9 mmol L-1).  

Microplates were incubated for one hour at 37° C. At the 

end of the incubation, after added 125µl 2% Na2CO3 the 

microplates were centrifuged (14,000g for 5 min) and 50 

µl of the supernatant transferred to a second microplate 

containing 250 ml 2% Na2CO3 to stop the enzymatic 

reaction. Well absorbance (410 nm) was measured with a 

BioTek EL800 Universal plate reader (Bio-Tek 

Instruments, Winooski, VT).  The enzyme activity was 

expressed as the quantity of p-nitrophenolμg PNP released 

g−1 soil h−1. 

Deshydrogenase activity was assayed using soil (6 g), 

incubated with triphenyl tetrazolium chloride (3%) for 96 

h in the dark. Methanol was added to terminate the 

enzymatic reaction. The supernatant was filtered and the 

absorbance was taken at 485 nm [41]. The values were 

expressed as μg of triphenyl formazan (TPF) g−1soil h−1.  

Urease (EC 3.5.1.5) activity was assayed as described by 

[42,43,44]. Soil (1.0 g) was weighted into screw-top test 

tube containing 0.5 mL of urea (0.02 M) and 4 mL of 

borate buffer (0.05 M, pH 10.0). After incubation at 37 °C 

for 4 h, the reaction was stopped by addition of 3 mL of 

KCl(2M) and the suspension was mixed for 30 min and 

centrifuged at 13000 rpm for 5 min.5 mL of solution 

containing sodium salicylate, nitroprussate, NaOH (0.3 M) 

and Na-dichloroisocyanide were added to the 1 ml of the 

surnageant. Finally, after agitation at 120 rpm in the dark 

for 30 min, the absorbance was measured at 660 nm and 

the enzyme activity was expressed as mg N-NH4+g−1 soil 

h−1. 

The total enzymatic activity was measured using the 

fluorescein diacetate hydrolysis assay (FDA) [45]. 

Microplate wells were prepared with 100µl of simples and 

were incubated at 37 °C for 2 h with 50µl of phosphate 

buffer Mac Ilvain at PH (7,6 and 8,1) and 25 μl of 4.8 mM 

FDA solution. The suspension was centrifuged at 13,000 g 

at 4 °C for 3 min and 100 μl of supernatant was taken. The 

reaction was stopped by adding 100 μL of acetone. The 

absorbance was measured at 490 nm and the amount of 

FDA hydrolyzed was expressed as μg fluorescein g−1soil 

h−1. 

All measurements were made at ambient soil PH, wells 

with soil and buffer but without substrate were used as 

blanks. The assays were conducted in triplicate thus 

ensuring the reproducibility of the laboratory analyses. 

2-3-3- Functional diversity: BiologEcoplate  assay 

BiologEcoplates (Biolog Inc., Hayward, CA) were used to 

estimate soil microbial functional diversity based on 

utilization of 31 different substrates [46,47,48] 

Wet soils (1g) were added in steril condition to 9 ml 

distilled water 0.85% NaCl and shaked one hour.Then the 

suspension was centrifuged for 5 min at 1300rpm to 

remove soil particles.Then the supernatant with bacteria 

was diluted ten fold in 0,85%NaCl distilled water, and 

used to inoculate BiologEcoplates with 150 μLper well. 

Three replicates per treatment were performed. The plates 

were incubated at 25 ◦C in darkness and the absorbance at 

570 nm was measured every 24 h for seven days and was 

used to calculate three factor of the functional diversity 

indices. Absorbance values were blanked against the 

control and the first factor the average well color 

development AWCD=Σ (C−R)/N was calculated where C 

is color production with each well, R is the absorbance 

value of the plate's blank well, and N is the number of 

substrates (ECO plates, N=31), then the second factor is 

the substrate richness which represents the percentage of 

positive well (absorbance > 250 nm). The third factor is 

the substrate evenness where the functional diversity was 

calculated and classified by six different substrates family 

according to [49]. 

2-4 Statistical analyses 

Resultsare presented as mean ± SD of 3 samples. R 

software was used for all the statistical analysis in this 

paper. The normality of the distribution was tested using 

the Shapiro– Wilk test. For multiple comparisons, a 

parametric one-way analysis of variance (ANOVA) was 

performed on data along with Tukey’s test.. 

 

III. RESULTS 

3-1-Effect of aloin on soil physico-chemical properties  

Soil pH was significantly higher in soils amended with C4 

in all tested conditions compared to control soil and the 

other aloin concentrations. Moreover soil pH increased 

after 7 and 14 days of incubation and decreased after 28 

days for all tested concentrations, except for C 1 one 

(figure 2). No significant difference of organic matter 

(figure 3) between the different tested concentrations was 

observed. However, after 28 days, organic matter 

decreased in all soils, compared to the starting condition.  

Nitrogen content (table 1) of soil following aloin addition 

was the highest with the application of C1 and C2 where 

means were respectively 15,41±3,34 and 13,51±1,91 mg/g. 

After 28 days, nitrogen content decreased in all soils. The 

most important decrease was observed for C1 (50 %).  

Phosphorus content in soil in presence of aloin (table 1) 

was the highest when C2 was applied. After 28 days of 
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incubation, phosphorus content decrease in all conditions, 

except for C3. The most important decrease was noted in 

soils with C1 where means reached 0,09±0,03 mg/g. 

Cation exchange capacity (table 1) was initially higher in 

soils with aloin, in comparison to control one. After 28 

days, CEC increases in all soils. The most important 

increase was observed in the case of C3 and C4 where 

values reached respectively 18,97±0,24 ppm and 

18,72±0,44 ppm. 

3-2-Effect of aloin on soil microbiological activity 

3-2-1-Substrate induced respiration  

The incubation of soils with aloin resulted on a significant 

decrease along the incubation time in all the tested 

conditions, except for C3. The highest microbial biomass 

was found with the addition of the C4 aloin concentration 

where the value reached in the first day of incubation 

5655,75 ± 1010,49 µg carbon g-1 soil (Table 2). 

Moreover, the most important decrease was observed in 

the case of soil incubated with C4 where microbial 

biomass reached 37384,1±544,479 µg carbon g-1 soil after 

28 days of incubation (table 2 ). 

3- 2-2 Soil enzymes activities 

The response of soil enzymes under the effect of aloin 

incorporation is presented in figure 4. Β-glucosidase 

activity was higher in soils amended with aloin, compared 

to control soil. The most significant value was observed in 

the case of C4 initially where the value reached 

250,69±38,16PNP g−1 h−1. However, the activity 

decreased following the incubation time for all the aloin 

concentration.  

The alkaline phosphatase was highest initially with the 

application of C4 concentration where value was 120,41 

±13,25PNP g-1 h-1. Along the incubation time, the 

enzyme activity had the same trend with the application of 

C1 and C2 where alkaline phosphatase decreased, contrary 

to C3 and C4 where enzyme activity increased after 28 

days of aloin addition.  

Acid phosphatase activity was higher initially (0 days) 

with the application of C4 where value was 48,08 ± 

7,001PNP g-1 h-1. However, the enzyme activity 

decreased along the incubation time and reached 

12,73±0,85PNP g-1 h-1 after 28 days of aloin 

incorporation. The same trend was observed for C3 despite 

an increase observed after 7 days. For C1 and C2, an 

increase was observed on acid phosphatase activity after 

28 days of aloin addition.  

The activity of arylsulphatase was highest initially with 

application of C4 where value was 148,97± 32,54 µmol 

PNP.g dry soil
-1.h-1. However, the enzymatic activity decrease 

with the incubation time. The same trend was observed in 

soils amended with all aloin concentrations.  

Urease activity was the highest initially in the case of the 

application of C3 where value was 0,005 ± 0,0001µg 

NH4+g-1 h-1. However, the maximum of urease activity 

was observed with C4 after 7 days of incubation where 

value reached 0,006 ± 0,0003µg NH4+g-1 h-1. Moreover, 

urease activity increased along the incubation time and 

reached the maximum after 28 days of aloin addition for 

all the concentrations applicated except C4 one.  

The dehydrogenase activity was the highest initially in the 

case of C2 and C3 concentration where values were 

respectively 2,179 ±0,05 TPF g−1  h−1 and 2,242 ±0,014 

TPF g−1h−1 . However, the maximum of the enzyme 

activity was noted with C4 after 7 days of incubation 

where mean reached 3,124±0,39 TPF g−1h−1. Moreover, 

dehydrogenase activity decreased along the incubation for 

all the concentrations.  

The FDA activity was more important with the increase of 

the aloin concentration. However, the enzymatic activity 

decreased within the incubation time. This decrease was 

noted especially with C1 where the enzymatic activity 

reached 7,84 ± 0,51µg de TPF/g sol/d.  

3-3 Functional diversity: (Biolog) 

The metabolic activity determined as AWCD (table 3) was 

the maximal at the starting point in soils amended with C3 

and C4 aloin concentrations where values were 

respectively 1,52 ± 0,10 and 1,61 ±0,06. However, AWCD 

significantly decreased along the incubation time.  

Regarding substrate consummation, ecoplates results (fig 

5) suggested that there is no significant effect of the 

exposure period while the dose of aloin significantly 

affected microbial activity in soils. Moreover, amines and 

amides consumption increased as the dose of aloin 

increased, which is not the case for carboxilic acids. In 

general, the microbial communities of the tested soils have 

more affinity to consume Amino acids substrates than 

polymers and various other compounds.  

  

IV. DISCUSSION 

The aim of the present work was to assess firstly the 

impact of aloe vera wastes on physico-chemical properties 

of soils and second how these wastes affect soil 

microbiological activities. Indeed, Aloe vera wastes can be 

used as amendment in soil to improve its fertility. 

However, these waists are rich in natural PAHs such as the 

aloin A and B. Indeed, PAHs are   resistant to be degraded 

tend to accumulate in the soil and potentially threaten soil 

ecology and more in general human health throw food 

chain [50]. So, environmental impact of aloe vera wastes 

must be assessed to avoid soil disturbance. Moreover, the 

impact of HAP pollution on both soil enzymes activities 

and bacterial functional diversity is poorly documented.  It 

is of ecological interest to determine which functional and 

metabolic capabilities are selected for in a bacterial 

community under drastic selective pressure by different 

pollutants.  
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For this purpose, soils were exposed to different aloin 

concentrations. Firstly, their effects on physic-chemical 

properties of soil was determined and secondary, their 

impact on soil microbiological activities was assessed.The 

physicochemical properties were obviously modified after 

28 d of exposure to Aloe vera waste. Soil pH had 

significantly increased with aloin concentration and this 

was probably due to the basic character of this industrial 

waste.  

Furthermore, a slight decrease in OM amount after 28 d 

was recorded but there is no significant effect between 

treatments. As reported by several studies OM is one of 

the most important factor affecting hydrocarbons 

distribution in soils [51,52]. Thus, this decrease must be a 

result of the higher metabolization of those organic wastes 

which can be absorbed by organic matter along 

experimentation as proved by [53]. 

On the other hand, the CEC values increased with 

exposure period in all the experiments, and this could be 

related to the adsorption of the organic molecules to the 

clay particles of experimented soils which can increase the 

exchange capacity of soils and this was proved by [54,55]. 

Moreover, a slight decrease was also observed for nitrogen 

and phosphorus mineralization. This was in concordance 

with the work of [56]. 

Our findings suggested that aloin increases microbial 

biomass in soils in a dose dependant manner. This 

demonstrates that the addition of aloin to soils can act as 

significant sources of carbon for microbial growth and 

activity. Our results are consistent with previous studies 

indicating that the PAH induce microbial biomass in soils 

[57]. Besides being a pollutant with potential toxicity, 

HAPs are also a carbon source that could support bacterial 

growth [58]. The number of benzene rings determines a 

PAH’s ability to stimulate enzymatic activity. Organic 

compounds containing three or four rings constitute a rich 

source of energy and carbon for microorganisms, whereas 

compounds containing a higher number of rings are toxic, 

mutagenic, and carcinogenic [59,60]. However, along the 

time incubation, microbial biomass decreased. This can be 

explained by the fact that carbon sources which were 

provided bt the HAPs decreased along the incubation time. 

Other authors found that depending on its concentration, 

phenanthrene could decrease the bacterial biomass [61] or 

activity [62]. 

The measurement of enzymatic activities was used to 

evaluate soil fertility [63]. Soil enzymatic activities are 

considered to be important soil biological activities 

influenced by contamination occurring in the soil 

ecosystem. Our studies indicated that enzymes activities 

were enhanced by the addition of the aloin. The chemical 

composition of aloe vera contains anthraquinone and 

PAHs which can be sources of energy to bacterial 

communities that enable them to produce enzymes in soils. 

These results are consistent with those of many studies on 

the effects of HAPs on soil enzymes activities [64,65,66]. 

The urease activity is based on hydrolysis urea to carbon 

dioxide and ammonium and it originates mainly from 

microorganisms, plants and animals [67,68,69,70]. An 

increase in urease activity levels in soils treated with aloin 

was observed in our study. Similar results of the 

stimulating effect of PAHs were reported by [65,71]. The 

use of hydrocarbons as substrates for microbial growth 

which use them as a source of carbon and energy is well 

documented. 

Arylsulphatase is produced by bacteria and fungi to limit 

sulphur, [72] , this enzyme catalyzes the hydrolysis of 

sulphate esters in the soil [73]. Its activity in soil is 

correlated with microbial biomass and with the rate of 

immobilization sulfur [74,75]. This can explain the fact of 

the increase in arylsulphatase activity found in our results 

as a consequence of the increase in microbial biomass 

observed. 

β-Glucosidase produces glucose, an important C energy 

source for microbes in the soil [76], by hydrolyzing the 

dimers of glucose produced by cellulolytic 

microorganisms. This enzyme represents a good soil 

quality indicator and can inform about the capacity of the 

soil to stabilize organic matter [77,78]. In fact, for soils 

with aloin only there has been a significant increase which 

can be a result of the activation of this enzyme with the 

addition of aloin.  

Several researchers reported that acid and alkaline 

phosphatase activities were therefore considered as a good 

indicator of soil fertility and play a fundamental role in the 

soil system [79,80]. Aloinenhaced these two enzymes 

activity. In fact, the variation of these enzymes depends 

and are correlated with the phosphate [81] and soil organic 

matter content [82,83],so contrary to other activities, the 

results of phosphatase cannot support to discriminate 

samples, given that this enzyme is both an intra- and extra-

cellular and  the extracellular part is not very sensitive to 

variations in environmental conditions to affect 

microorganisms  [84]. 

The dehydrogenase activity is an indicator of biological 

activity in soils [85], it only exists in living microbes and 

represents active viable and intact cells [86].This enzyme 

acts by oxidizing soil organic matter by acting on the 

transfer of protons and electrons. Therefore the enzyme 

participates in the process of respiration of the 

microorganisms which depends on the conditions and 

properties of the soil [87,88]. Also, a decrease on the 

enzyme activity was observed along the incubation time. 

This was also observed in the work of [89] who noted that 

typically, addition of PAHs reduced dehydrogenase 

activity initially, with activity subsequently recovering to 
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control levels. The higher levels of dehydrogenase activity 

observed in fluoranthene amended soil may reflect that 

degradation of this PAH was proceeding rapidly. This 

would suggest, in the longer term, that PAH amendment, 

whether of 3-, 4- or 5-ring, did not have a toxic effect 

overall. This does not preclude specific toxic effects on 

individual microbial populations which might affect 

degradation rates. 

FDA (fluorescein diacetate) hydrolysis represents a total 

indicator of soil microbial activity; it has the property to 

measure the activities of proteases, lipases and 

esterases[90,91]. Our results showed an increase on this 

enzyme activity with aloin incubation. However, it 

decreased along the incubation time. 

Using community-level physiological profiles 

(BiologEcoplates™), we observed that aloe vera exudates 

had an impact on the community physiology. Indeed, a 

decrease in metabolic activity was observed with the 

application of C3 and C4 and increased with the small 

concentrations. This is in concordance with the work of 

[56]. Moreover, [92] demonstrated that PAH amendment 

had a profound effect on functional catabolic bacterial 

community in sandy pea soil. Moreover, soils tested have 

more affinity to consume substrates of the categories of 

amino acids, polymers and various compounds. These 

observations suggest that the presence of HAPs modified 

the range of substrates and degradation efficiency. This 

observation was also noted in the work of [56]. 

 

V. CONCLUSION 

This work provided clues about a possible positive 

effect of aloe vera wastes incorporation in agriculture soils 

despite the known toxic effects of major constituents such 

as aloin A and B. Indeed, it increased microbiological 

activities in soils even if this effect does not last in time.  

Amendment of Aloe vera residues to soil can be an 

interesting way to valorize these specific wastes and may 

promote sustainable agriculture in regions where aloe vera 

production is the main activity.  
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Fig.1: AloinExtraction .A : Leaves of Aloe veracutted, B : Yellow exudate is collected , C : Aloin 

 

 
 

Fig.2: Changes in soil pH after 0, 7, 14 28 and 60 days of incubation with different concentrations of aloin  

 

 
Fig.3: Changes in organic matter (%)  after 28 days of incubation with different concentrations of aloin . were analyzed by 

ANOVA + Tukey’spost test. a: Statistically significant differences ( n= 10; P<0.01) in comparison with control condition. b: 

Statistically significant differences (n= 10; P<0.01) in comparison with soils exposed to the same condition for 0 d. 
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Fig.4: Enzymes activities in soils with different aloinconcentrations :  A : β-glucosidase , B : Acid phosphatase, C : Basic 

phosphatase, D : urease, E : Arylsulphatase, F : Deshydrogenase, G : FDA. 
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Fig.5: Ecoplates substrates utilization pattern in soils with different aloin concentrations after 0, 7, 14 and 28 days of 

incubation 
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Table 1. Effect of Aloe vera wastes on Nitrogen content, phosphorus content and CEC . #: Statistically significant differences 

(n= 10; P<0.01) in comparison with control condition. *: Statistically significant differences (n= 10; P<0.01) in comparison 

with soils exposed to the same condition for 0 d. 
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Table 2. Substrate induced respiration pattern in soils incubated with aloin  in mg CO2.g-1.h-1. *: Statistically significant 

differences (n= 10; P<0.01) in comparison with control condition. 

 

 

Table 3.Evolution of AWCD in soils with aloinafter 0, 7, 14 and 28 days of incubation . . *: Statistically significant 

differences (n= 10; P<0.01) in comparison with control condition. * 

 

 

 

 

 

 

 

 

 

 

  Nitrogen (mg/g) Phosphorus CEC 

Control 0 days 12,19±2,53 7,33±0,28 9,74±2,44 

28 days 7,66*±0,39 5,60*±0,72 13,67*±1,95 

C1 0 days 15,41± 3,34 6,40±0,78 13,54±1,09 

28 days 7,27*±1,17 0,09*±0,03 13,79±1,25 

C2 0 days 13,51* ±1,91 8,80±0,89 13,43±1,36 

28 days 8,07±0,35 6,71*±0,68 17,91*±3,58 

C3 0 days 11,50±2,92 6,73±1,35 13,49±0,28 

28 days 8,54*±2,21 16,47*±0,79 18,97*±0,24 

C4 0 days 3,47#±0,73 6,76±1,24 13,60±0,54 

28 days 4,86*±1,09 2,86*±1,89 18,72*±0,44 

Condition 0 7 d 14 d 28 d 

T 43337,00± 791,44 38941,9*± 459,21 34201,3*±2593,49 41361,3±2962,69 

C1  47635,69± 9013,11 39725,8*±1091,06  37842,3*±685,06  45256,2±1409,06 

C2 47635,69± 9013,11 45213,5±2878,84  41065,4±1075,6  48398,1*±3257,83 

C3  28959,83*± 975,77 48340,7±3396,91 46137,1±887,24 38631,9*±1675,2 

C4 52655,75* ± 1010,49 52436,75*±1204,45  38327,5*±1525,56  37384,1*±544,479 

Condition 0 7 d 14 d 28 d 

T 0,755 ±0,24  0,670± 0,12 0,707±0,15 0,854± 0,25 

C1 0,820± 0,17  1,281 *± 0,23  1,150*± 0,27  1,022*± 0,14 

C2 1,20* ± 0,05 1,184* ± 0,14 1,242*±0,17 1,144* ± 0,22 

C3 1,520* ±0,10 1,218* ± 0,04 1,242*±0,07 1,230* ± 0,19 

C4 1,617 *±0,06  1,264*±0,04 1,276*± 0,06 1,259*± 0,22 
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Abstract— Seaweed is one of the sea cultivation 

commodities that are easy to be cultivated and have a good 

market prospect in improving coastal community 

empowerment. Moreover, the technology used to cultivate 

seaweed is also simple and inexpensive so it is suitable and 

easily adapted by coastal communities.Type of seaweed that 

has been cultivated in brackish water isGracilaria sp.One 

of the methods used for seaweed cultivation Gracilaria 

verrucosa is the broadcast method or spread.This method 

provides an increase in the growth length from 5 cm to 5.8 

cm for 42 days and the weight of Gracilaria verrucosa 

seaweed from 10 grams to 14.1 gr for 42 days. This growth 

was influenced by ambient temperature including 

temperature 28-33 º C, salinity 5-17 ppt and degree of 

acidity (pH) 5-8. 

Keywords— Broadcast method, environmental factor, 

Gracilariaverrucosa , growth, weight. 

 

I. INTRODUCTION 

Gracilaria is a species of seaweed that increased 

production from 1990 to 2010 [1], the world market 

demand for seaweed continues to increase by 3-5% per year 

[2]. Intensification of Gracilaria cultivation continues to be 

encouraged to meet the needs of industry, one of them by 

expanding the production area. Gracilaria verrucosa is 

mostly cultivated in ponds because it can live in waters of 

15-30 ppt [3]. 

Seaweed cultivation business (Gracilaria sp.) 

Often fails due to lack of attention to several factors that can 

affect the growth rate of seaweed in cultivation, including: 

location of cultivation, management, seeds, season, location 

and especially selected cultivation method. Factors 

mentioned above, greatly affect the level (productivity) 

production of seaweed cultivated [4]. 

Gracilaria verrucosa can be cultivated by several 

methods, one of them using the broadcast method or spread. 

The method is a method commonly chosen by the farmer's 

community because the technology is easy, cheap, without 

the need for extra care [5]. The results of this study are 

expected to contribute as one source of information in an 

effort to support the development of seaweed cultivation 

Gracilaria verrucossa with the use of the broadcast method 

or spread in the pond. 

 

II. MATERIALS AND METHODS 

Time and place.The study was conducted for 42 days. In 

March to May 2018, in the brackish water ponds of 

Pangkah Wetan Village, Ujungpangkah District, Gresik 

Regency, East Java Province. 

Land preparation. Preparation of land by preparing waring 

for happa to be made for seaweed cultivation in ponds. 

Happa is made of black waring with size 3 x 4 x 0.5 with 

four sides, which on each side are given bamboo as a 

rebuttal. 

Procurement and Selection of Seedlings . Seeds used are 

good seeds with the following criteria: 

• cylindrical rod/tallus appearance, clean, fresh, 

hard, not slimy, no fishy smell, and not pale 

• Seeds with many branches and grow centered from 

one part of the base and spread 

• Seed should be homogeneous not mixed with other 

types 

• Selecting seeds with elongated talus ranges from 

15-30 cm 

Seedling. Seeds that have been obtained in pieces weighing 

10 grams and then in stocking by using the method of 

spread (broadcast method). 
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Seedling maintenance and water quality. Seed 

maintenance is done once every week, for 42 days of 

research. Water quality monitoring, such as temperature, 

pH, and salinity, is also carried out. 

Gracilariaverrucosa seaweed growth. Growth and weight 

of Gracilaria verrucosa using formula [6]: 

Growth = 
𝐼𝑛 (𝐿𝑒𝑛𝑔𝑡ℎ 𝑒𝑛𝑑) −𝐼𝑛 (𝑆𝑡𝑎𝑟𝑡 𝑙𝑒𝑛𝑔𝑡ℎ)

𝑡𝑖𝑚𝑒
 x 100% 

Weight (g) = final weight - initial weight 

 

 

III. RESULTS AND DISCUSSION 

Growth 

Based on existing data from figure 1, the growth of 

seaweed each week has increased. The initial length was  

only 5 cm at the beginning of the spread to 5.8 cm. The 

scattering method used has a weakness that is seaweed is 

only spread and located in the bottom of the pond less 

sunlight, thallus many of which are covered in silt deposits 

resulting in inhibition of long growth in seaweed and also 

less current. According to [7] the role of the current is to 

avoid the accumulation of silt and epiphytes attached to the 

thallus, with the presence of mud attached to the seaweed 

thallus indicating that the movement of water at the depth is 

not good because it cannot clean the dirt and the sediment 

attached to thallus that can block the growth of seaweed 

itself. 

Weight 

Based on the graph figure 2 obtained results that 

indicate that the growth of weight in Gracilaria verrucosa 

seaweed in ponds increased weight (g) every week. The 

initial weight of spreading using seed seaweed weighing 10 

grams increased to 14.1 gr. The lack of growth in this study 

can be influenced by environmental factors ie temperature. 

Temperatures in the waters exceed the normal limits of 

seaweed maintenance that is 20-28ºC [8]. In addition, 

factors that affect the growth of seaweed is the intensity of 

sunlight, depth, current, weather and climate. 

Environmental factor. 

Temperature. Water temperature during the study 

is between 28-33 ° C. [9] states that seaweed grows and 

develops well in waters that have a temperature range of 20-

28° C. Temperature affects the process of seaweed breeding 

because it helps the process of photosynthes is in the waters. 

If in temperatures the water does not match will inhibit the 

growth process. 

Salinity.Based on the results of the average pH 

measurement at the seaweed cultivation pond-Gracilaria 

verrucosa ranged from 5-17 ppt. The good salinity 

condition for seaweed growth is between 15-34 ppt  

A degree of acidity (pH). The degree of acidity 

(pH) of the waters during the study ranged from pH 5-8, the 

pH range still qualified as a process of cultivation in ponds. 

As in [9] seaweed growth requires optimal sea water pH 

ranging from 6-9. According to SNI 7579.1 (2010) that the 

pH of waters required for seaweed cultivation ranges from 

7-8.5. 

 

IV. CONCLUSION 

The method used in seedling distribution using the 

spread method. However, by using this method the growth 

of seaweed is <3%. Long growth increased from 5 cm at 

baseline to 5.8 cm at the end of the study. The initial weight 

of the spreading using the seaweed seeds weighing 10 

grams increased to 14.1 g until the end of the study for 42 

days. Environmental factors include water temperature 

during the study of 28-33 ° C, salinity 5-17 ppt and pH 5-8. 
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Fig.1: Graph of Seaweed Growth 

 

 
Fig.2: Graph of Growth Rate of Seaweed 
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Abstract— The microbiological quality of freshly 

processed and hawked kunnu-zaki drinks, a common 

Nigerian non-alcoholic beverage was investigated in 

some selected towns in Osun State, South Western 

Nigeria. A total of nine (9) towns were assessed. Kunnu-

zaki drinks were purchased from these towns on twelve 

different occasions for a period of six month. The samples 

were microbiologically analyzed using standard methods. 

pH values ranged from 3.09 - 4.21 in East and West 

senatorial district. The TTA of the samples ranged from 

0.32 - 0.49 in Central and East senatorial district. All the 

screened drink samples had varying levels of bacterial 

contamination ranging from 4.2 x 103 to 15.0 x 103 

CFU/ml, 4.1 x 104 to 9.6 x 104 CFU/ml and 3.5 x 105 to 

9.0 x 105 CFU/ml for total bacteria, coliform and E. coli 

count respectively. Total coliform count on MPN ranged 

from 3 MPN/ml to 93 MPN/ml. 77.78% of the total 

sampled drinks (n=108) that is (84/108) had bacteria and 

fungi count. While all the drinks sampled had total  

coliform count on MPN exceeding the recommended safe 

level of zero organisms detectable per 100ml. Seven (7) 

bacteria species were isolated from the kunnu-zaki drink 

sampled. The bacteria isolated were Escherichia coli , 

Bacillus species, Staphylococcus species, Pseudomonas 

species, Streptococcus specie, Enterobacter species, and 

Klebsiella species. Fungal count ranged from 3.3 x 106 to 

8.0 x 106 CFU/ml respectively. Four (4) fungi were also 

isolated which include Aspergillus fumigatus, Penicilium 

italicum, Aspergillus niger and Aspergillus flavus. It can 

therefore be concluded that the presence of these isolated 

organisms in kunnu-zaki samples analyzed in Osun State 

could serve as indicator for the need to promote 

awareness about the possible health hazards that could 

arise due to the unhygienic ways of handling and 

processing of the beverage. 

Keywords— Physico-chemical analysis, Bacteria count, 

Coliform count (MPN), Fungi count and Frequency of 

Isolated organisms. 

 

I. INTRODUCTION 

Beverage is a liquid drink prepared for human 

consumption (Robert, 2006). The word “beverage” has 

been derived from the Latin word “bever” meaning rest 

from work. After work, one tends to feel thirsty due to 

fluid loss through perspiration and one is inclined to drink 

water or other potable beverages to compensate fluid loss. 

Beverages are potable drinks which have thirst-

quenching, refreshing, stimulating and nourishing 

qualities (Achi, 2005). By refreshing, one means the 

replenishment of fluid loss from the body due to 

perspiration. Nourishment is provided by the nutrients in 

the beverages, especially fruit juices.  

Kunnu-zaki (Millet drink) also referred to as “sweet 

kunnu-zaki” is a popular traditional and important cereal 

based, non- alcoholic fermented beverage (Adejuyitan et 

al., 2008) made from pearl millet (Pennisetum glaucum), 

maize (Zea mays), or sorghum (Sorghum bicolor), grains 

but the most commonly used basic ingredient is millet. 

Maize (Zea mays), millet (Pennisetum glaucum), rice 

(Oryza sativa) and sorghum (Sorghum bicolor) cereals 

provide mainly carbohydrates and low quality protein 

(Steinkraus, 1997). It is generally acceptable and widely 

consumed throughout Nigeria by children and adults as 

breakfast drink or food supplements and also a weaning 

food for infants due to its refreshing qualities most 

especially in the northern parts and it is consumed 

throughout the year mostly during dry seasons 

(Elmahmood and Doughari, 2007). Kunnu-zaki is a 

refreshing drink usually used to entertain visitors, 

appetizers and is commonly used or served at social 

gatherings both rural and urban centers, hawked in the 

motor parks, school premises and market places (Amusa 

et al., 2005). It is a staple beverage that is relatively 

nutritious and affordable when compared to other 

carbonated and non-carbonated drinks (Adejuyitan et al., 

2008). It has low viscosity, a sweet-sour taste depending 

on the level of fermentation and is milky cream in 

appearance (Adeyemi and Umar, 1994). It has immense 
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social, economic, nutritional and medicinal benefits to 

most consumers (Akoma et al., 2006). The preparation of 

locally fermented foods like kunnu-zaki has become a 

technology in many homes particularly in rural 

communities and more recently in the urban areas where 

more women have developed the skill and commercial 

production which has helped to alleviate poverty amongst 

the people (Essien et al., 2011).  

Kunnu-zaki is been prepared from local cereals which are 

very common and part of our staple food substances. It is 

relatively produced in low cost which makes it not 

expensive because grains and other ingredients used for 

production are locally sourced and are mostly grown 

within the savannah region of Nigeria such as Bauchi, 

Kano, Sokoto and Kastina states (Adebayo et al., 2010) 

and almost throughout the years, most especially the 

savannah belt of West Africa and the packaging materials 

are also available, cheap and easily affordable.  

Cereals are grains or edible fruits of the grass -monocot 

family that may be cultivated and used as foods. In India 

and Africa, cereals products comprise 80% or more of the 

average diet, 50% in Central and Western Europe and 

between 20-25% in the U.S. (Onwueeme and Finha, 

1991). Millets are cereal crops or grains for foddler and 

human food (Ray and Sivakumar, 2009). Millets are in 

the family of cereals grown globally with differential 

importance across continents and within regions of the 

world. It is consumed as staple food and drink in most 

areas. Across Africa several indigenous foods and drinks 

are made from flour/meal and malt of millet. They are 

nutritionally equivalent or superior to other cereals 

(Obilana and Taylor, 2002). In the Northern area of 

Nigeria Millet is known as Jero, ‘Oka baba’ in yoruba 

land and in America, it is known as milo. It can be stored 

for 6 months without any significant spoilage. Millet are 

highly tolerant and are very nutritious containing low 

phytic acid and are rich in dietary fiber, iron, phosphorus, 

potassium, magnesium, zinc, thiamine, riboflavin calcium 

and vitamin B (niacin, B6 and folic acid) which make 

millet more superior than most cereals, are now being 

enhanced through biofortification and micronutrient 

research (Obilana and Taylor, 2002) which are essential 

for body growth and development. It is easily digested 

and gluten-free, an excellent choice for anyone with 

gluten-intolerance (Oladele and Aina, 2007).  

Kunnu-zaki processing is mostly done by women using 

simple household equipment and utensil depending on 

cereal availability. Kunnu-zaki is produced from malted 

millet; a portion of the cereal is malted, dried, ground and 

then mixed with the uncooked portion. The mixture is 

then added to the cooked portion and stirred vigorously 

and allowed to ferment (Akoma et al., 2012). Spices such 

as ginger (Zingiber officinales), alligator pepper 

(Afromonium melegueta), red pepper (Capsicum species), 

black pepper (Piper guineense) and cloves (Syzygium 

aromaticum) are commonly added to improve flavor and 

taste while honey, sweet potatoes and sugar are also 

added to act as a sweetener (Ahmed et al., 2003). The 

processed kunnu-zaki is usually packed for sale either in 

nylon or in a plastic container and can also be stored in 

refrigerators. Some people in some regions prefer it with 

pepper and sugar while some with little or no pepper and 

sugar (Adeyemi and Umar, 1994).  All these ingredients 

perform one function or the other in the course of the 

preparation. The most abundant constituent of kunnu-zaki 

is water and it acts as the medium in which all other 

constituents are dissolved and contain only traces  amount 

of inorganic substances. Spices are usually added in small 

quantities to improve taste and flavor. Because these are 

agricultural commodities, they may contain a high level 

of microbial impurities (Adeyemi et al., 1994; Bibek, 

2001). The quality and quantity of the products depend 

largely on the quality of the ingredients and its proper 

handling in the course of production by the producer. 

Hence, kunnu-zaki samples for different market in Osun 

state are purchased to determine the microbial and fungi 

load. 

 

II. MATERIALS AND METHODS 

STUDY LOCATION 

Osun State is located in the South Western part of 

Nigeria. It covers an area of approximately 14,875 square 

kilometers, lies between longitude 04 00E and latitude 05 

558 and is bounded by Ogun in South, Kwara in North, 

Oyo in West and Ondo States in the East. It total 

population is approximately 3,416,959. 

COLLECTION AREAS  

Samples were collected and analyzed from nine (9) major 

markets using Senatorial districts West, East and Central 

to ensure adequate representation of samples in Osun 

State Nigeria, which include three (3) popular towns from 

each Senatorial district. The towns are: Gbongan, Ikire 

(Sabo market) and Apomu all in Osun West Senatorial 

districts, Ipetu-Ijesa, Ikeji-Arakeji and Owena-Ijesa all in 

Osun East Senatorial district, Ada, Ikirun (Oja tuntun) 

and Ororuwo all in Osun Central Senatorial district.   

COLLECTION OF SAMPLES  

Freshly prepared kunnu-zaki samples were purchased in 

plastic containers (as packaged by the seller) from 

different Senatorial market locations within Osun State. 

The samples were labeled and held at 4 0C by placing 

them in refrigerated coolers and conveyed in an ice 

packed cooler and transported to Microbiology and 

Biochemistry Department Laboratory of Joseph Ayo 

Babalola University within three hours (3 hours) of 

collection for microbiological and physico-chemical 

analysis respectively.  A total of 108 kunnu-zaki drinks 

samples were purchased and sampled. The period of 
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study was six months. All samples were subjected to the 

same analysis. 

 

PHYSICO-CHEMICAL ANALYSIS OF KUNNU-

ZAKI 

The rate of fermentation by each bacterium on the kunnu-

zaki sample was assessed by testing for pH and (TTA) 

Titratable acidity (AOAC, 2005). 

DETERMINATION OF pH OF THE SAMPLES 

The pH of the samples was determined using a laboratory 

pH meter (Jenway 3015, model 10). The pH was 

measured by putting 10 ml of the kunnu-zaki into a 

beaker and readings were taken by dipping the electrode 

into the kunnu-zaki samples (rinsing out the electrode 

with distilled water), and measurements taken from the 

display screen when the readings stabilized (Ofori et 

al.,1994).  

DETERMINATION OF TOTAL TITRATABLE 

ACIDITY (TTA) 

This is to measure the acidity in a sample. The Total 

Titratable acidity (TTA) calculated as percentage lactic 

acid was determined following the method described by 

(AOAC, 2005). 

PROCEDURE 

A 10 ml of kunnu-zaki sample was measured into a dried 

conical flask, 3 drops of phenolphthalein indicator was 

added and the flask thoroughly shaken. It was then 

titrated against 0.1 M NaOH (Sodium hydroxide) to a 

pink colour end-point (compared against a white 

background) and the titre volume was noted and 

calculated.  

DETERMINATION OF MICROBIAL COUNT  

This was carried out using standard microbiological 

techniques following appropriate dilution on agar plates 

of Nutrient Agar (NA) for bacteria count, MacConkey 

Agar (MCA) for coliform count, Eosin Methylene Blue 

agar (EMB) for E. coli and Potato Dextrose Agar (PDA) 

for fungi count. The agar media were of oxoid grade 

using pour plate method (Lateef et al., 2004).  

PROCEDURE 

Serial dilution was carried out using 1 ml of kunnu-zaki 

samples into9 ml of water. Stocks were prepared in test-

tubes serially in rows containing 9.0 ml of distilled water 

representing each sample from each location (APHA, 

2001). Then from each suspension 1 ml of dilution was 

pipette into a set of Petri-dishes and was overlaid with 20 

ml of freshly prepared Nutrient agar (NA), MacConkey 

(MCA) and Eosin methylene blue (EMB) while others 

were overlaid with 20 ml of freshly prepared potato 

dextrose agar (PDA) treated with chloramphenicol (1 per 

100 ml) prior to sterilization.  Colonies which develop 

after incubation for 18 to 24 h at 37 0C on the cultured 

plates were counted using Gallenkamp colony counter 

and were sub-cultured to obtain pure isolates. The pure 

isolates were aseptically transferred into Nutrient agar 

slants and incubated. After 24 h incubation morphological 

characterization and biochemical tests were carried out on 

the isolates to aid identification to genus level on bacteria 

(Cowan and Steel 1985). The purified fungal isolates 

were identified on the basis of standard cultural, 

morphological and microscopic characteristics as 

described by (Samson et al., 1988). The fungal isolates 

were sub-cultured on to a sterile fresh media and 

incubated at room temperature for 3-5 days. 

Morphological identification was based on colour, 

textures spreading rate of each colony on the Potato 

dextrose agar plate. 

DETERMINATION OF MOST PROBABLE 

NUMBER (MPN) 

The multiple tube method was used to estimate coliform 

numbers. The presumptive, confirmed and completed test 

was done by adding varying quantities of kunnu-zaki such 

as 0.1 ml, 1.0 ml and 10 ml to varying quantities and 

strength of MacConkey broth in test tubes containing 

Durham tube (APHA, 2001). The MPN of coliforms 

present in the sample was estimated by making reference 

to McCrady table or probability table (APHA, 2001). 

 

III. RESULTS AND DISCUSSION 

The results show that the pH of the samples ranged from 

3.09 - 4.21 in East and West Senatorial district (Table 1).  

The result of the analysis revealed that all samples used 

have an acidic pH range of 3.09 - 4.21. The level of 

acidity of kunnu has been reported by several researchers 

including Efiuvwevere and Akoma, (1995) and Akoma et 

al., (2006). 

The TTA of the samples ranged from 0.0032 - 0.0049 in 

central and east Senatorial district (Table 2). East 

Senatorial district had the highest TTA values of kunnu-

zaki drink in the month of July according to the period of 

samples collection.  

All the kunnu-zaki drinks sampled were contaminated 

with varying level of bacterial load ranging from 4.2 x 103 

to 15.0 x 103 CFU/ml in West and East Senatorial district 

(Table 3). This is in agreement with the findings of 

Hatcher et al., (1992), Elmamood and Doughari, (2007), 

Lawal (2012) and Aboh and Oladosu, (2014) who 

reported a total bacterial count of 5.0 x104 to 2.0 x 106, 

1.0 x 102 to 8.9 x 104 CFU/ml, 5.0 x 104 to 1.79 x 105 

CFU/ml and 5.1 x 102 to 2.0 x 108 CFU/ml respectively.  

The high bacteria count observed in this study might be 

attributed to factors such as the environment, which 

include exposure of the foods (kunun-zaki) to air, soil, 

type of water used in processing, post production 

operations and personal hygiene of the handlers (Kawo 

and Abdulmumin, 2009; Aboloma, 2008). Exposure of 

the foods to air or dust at the point of sale is likely to 

increase the counts of the bacteria as virtually most of the 
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bacteria are carried in aerosols by dust and air (Karagozlu 

et al., 2007). Also, during production, most handlers 

sometime dip their hands into the containers while 

making kunun-zaki. 

The total coliform bacterial count in the kunnu-zaki drink 

samples using MPN method ranged from 3 MPN/ml to 43 

MPN/ml in East, 3 MPN/ml to 93 MPN/ml in West and 3 

MPN/ml to 39 MPN/ml in Central. All the samples 

108/108 (100%) of the kunnu-zaki samples examined had 

coliform count (Table 4). The result shows that West 

district had the highest total coliform count. 

Seven (7) bacteria genera were isolated from the kunnu-

zaki drink samples. These include Escherichia coli, 

Pseudomonas species, Staphylococcus species, 

Enterobacter species, Klebsella species, Streptococcus 

species and Bacillus species. The detection of S. species 

was equally isolated by Olasupo et al., (2002) from wara 

and kunun-zaki, a cereal based, non-alcoholic beverage, 

also by Aboh and Oladosu, (2014) from kunun-zaki. The 

presence of organisms like Bacillus species, 

Streptococcus has  been reported by Adeyemi and Umar, 

(1994) and Ayo, (2004) who also isolated these 

organisms from kunun-zaki. The presence of Klebsiella 

species as recorded in this study is usually associated with 

faecal contamination. Being an enteric bacterium its 

presence indicates poor practices among handlers. Due to 

the significance of the faecal-oral route transmission for 

many bacterial food-borne diseases, basic hygiene 

measures assume a decisive importance in food safety 

management (Uzeh et al., 2006). The high occurrence of 

E. coli (77.78%) in kunnu-zaki is an indication of faecal 

contamination. Ironically, most food handlers do not 

practice good personal hygiene and do not follow good 

manufacturing practices, which could reduce the 

occurrence of such bacteria in foods (Bukar et al., (2009); 

Kawo and Abdulmumin, (2009)). Egbere et al., (2007) 

reported the presence of organisms like Bacillus cereus, 

Staphylococcus aureus and Escherichia coli  (PHLS, 

1996). It is possible that contamination by these 

pathogens could have occurred during sieving and 

packaging, as most of the people involved in the 

production, packaging and hawking do not take necessary 

precautions, and as such contamination could be very 

prominent (Elmamood and Doughari, 2007).Gadaga et 

al., (2004) reported that pathogens have been isolated 

from some fermented foods and some laboratory tests 

have shown the possibility of pathogens to survive and 

grow in some fermented foods. He said post processing 

contamination is often cited as the major cause of food 

poisoning, this agrees with the observation made as 

regards the source of kunnu collected for this study which 

is not really hygienic. Gadaga et al., (2004) equally said 

that Escherichia coli, is the most commonly encountered 

pathogens in African fermented food. This tally with the 

types of organism isolated in this study. The occurrence 

of bacterial pathogens in fermented foods suggests a need 

for caution in the consumption of this beverage. The 

source of contamination may also have come from the 

spices used as additives (Essien et al., 2011 and Lawal, 

2012). 

Fungal count ranged from 3.3 x 106 to 8.0 x 106 CFU/ml 

in West and Central district (Table 5). A total of Four (4) 

different moulds were isolated from the kunnu-zaki drink 

samples in the course of study. These were Aspergillus 

fumigatus, Penicilium italicum, Aspergillus niger and 

Aspergillus flavus. 

The frequency of occurrence of the organisms isolated 

from kunnu-zaki drink samples are shown in Table 6. 

Escherichia coli and Streptococcus species were found in 

77.78% (84/108) of samples examined, Pseudomonas 

species (33%), Staphylococcus species (66.67%), 

Enterobacter species (55.56%), Klebsella species 

(44.44%), Bacillus species (33.33%), Aspergillus flavus 

was found in 77.78% (84/108) of the samples examined, 

Aspergillus fumigatus (44.44%), Penicilium italicum 

(66.67%) and Aspergillus niger (55.55%). Aspergillus 

species is ubiquitous, aerobic fungi that can survive in air, 

dust.  The presence of fungi may be attributed to the 

acidic nature of the sample since it has been observed that 

molds are capable of utilizing organic acids. Also the 

presence of fungi in the food may lead to food poisoning 

and contaminated fungi result in the production of 

undesirable odour, colour changes and loss of taste of the 

sample. The presence of these organisms in the sample 

may be due to the nutritional composition of the millet; 

these nutrients are present in different proportions. 

Aspergillus flavus is a common mold in the environment, 

and can cause storage problems in stored grains. It can 

also be a human pathogen, associated with Aspergillosis 

of the lungs and sometimes causing corneal, otomycotic 

of aflatoxin and nasoorbital infections. Aspergillus flavus 

spores are allergenic (Klich, 2007). Ijabadeniyi (2007) 

and Omemu (2011) isolated Penicillium, Aspergillus, 

Mucor and Rhizopus during the early stage of maize 

fermentation for ogi production.  

The bacterial and fungal counts showed that all the 

kunnu- zaki sampled had a high prevalence of these 

contaminants and spoilage organisms which of course is 

of great concern. They are therefore considered 

microbiologically unsafe for human consumption when 

not hygienically prepared and utensils cleaned regularly. 

Clusters of infection caused by the organisms have been 

linked to poorly maintained utensils, poor personal 

hygiene, improper storage facilities, and poor water 

supply (Oyelana and Coker, 2012). Also it can be linked 

to unhygienic human handlers, dispensing of the extract 

into bottles, addition of flavors and sweeteners and 

process of cooling of the extract (Omemu et al., 2007a). 
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Many native African beverages are little known outside 

the parent continent. Effort should be made to improve in 

the quality, shelf-life and production process of these 

indigenous beverages so that large- scale production for 

export outside the continent can be carried out. Many 

people now prefer imported and exotic beverages because 

of their attractive form, long shelf life, ease of 

transportation and other forms of utility which consumers 

associate with them (Achi, 2005). As of now, there are no 

industries involved in production of Kunnu-zaki. Kunnu-

zaki is widely believed to be of immense social, economic 

and medicinal importance to its numerous consumers 

(Akoma et al., 2006). 

 

Table.1: pH Values of Kunnu-zaki Drink Sampled from Some Selected Towns in Osun State. 

pH VALUES 

 MONTHS 

 

JUL AUG SEP OCT NOV DEC 

TOWNS   

  Gbongan 3.93 3.90 3.86 3.92 3.89 3.92 3.88 3.87 3.93 3.88 3.91 3.92 

Ikire 4.03 3.98 4.00 3.99 4.01 4.03 4.02 4.01 4.00 4.01 3.97 4.00 

Apomu 4.20 4.18 4.16 4.19 4.20 4.14 4.13 4.17 4.19 4.16 4.21 4.15 

Ipetu-Ijesha 3.83 3.84 3.86 3.33 3.50 3.85 3.55 3.40 3.78 3.80 3.88 3.60 

 

Owena 3.89 3.51 3.65 3.99 3.55 3.19 3.09 3.67 3.68 3.88 3.85 3.89 

 

Ikeji-

Arakeji 3.60 3.50 3.58 3.63 3.45 3.52 3.57 3.48 3.56 3.59 3.60 3.58 

 

Ada 3.94 3.90 3.91 3.93 3.80 3.79 3.88 3.91 3.93 3.69 3.89 3.91 

 

Ikirun 3.75 3.69 3.72 3.74 3.68 3.75 3.73 3.66 3.69 3.72 3.71 3.77 

 

Ororuwo 3.73 3.72 3.71 3.70 3.67 3.73 3.69 3.71 3.70 3.66 3.72 3.69 

 

Table.2: Total Titratable Acidity Values for Kunnu-zaki Drink Sampled from Some Selected Towns in Osun State. 

TITRABLE ACIDITY VALUES 

 MONTHS 

  JUL AUG SEP OCT NOV DEC 

TOWNS   

  Gbongan 0.0038 0.0041 0.0036 0.0038 0.0039 0.0037 0.0035 0.0040 0.0039 0.0037 0.0039 0.0041 

Ikire 0.0036 0.0040 0.0042 0.0037 0.0041 0.0041 0.0039 0.0036 0.0038 0.0040 0.0033 0.0037 

Apomu 0.0035 0.0038 0.0039 0.0036 0.0038 0.0036 0.0040 0.0038 0.0041 0.0041 0.0038 0.0036 

Ipetu-

Ijesha 

0.0037 0.0041 0.0043 0.0039 0.0040 0.0038 0.0039 0.0041 0.0038 0.0037 0.0035 0.0039 

Owena 0.0049 0.0047 0.0037 0.0040 0.0038 0.0036 0.0037 0.0038 0.0037 0.0039 0.0040 0.0038 

Ikeji-

Arakeji 

0.0040 0.0039 0.0038 0.0041 0.0036 0.0038 0.0037 0.0034 0.0041 0.0040 0.0039 0.0038 

Ada 0.0037 0.0045 0.0038 0.0038 0.0039 0.0039 0.0037 0.0038 0.0039 0.0041 0.0040 0.0041 

Ikirun 0.0036 0.0038 0.0040 0.0040 0.0041 0.0039 0.0032 0.0037 0.0044 0.0040 0.0039 0.0041 

Ororuwo 0.0039 0.0041 0.0037 0.0039 0.0038 0.0040 0.0036 0.0041 0.0040 0.0039 0.0039 0.0038 
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Table.3: Bacterial Count (CFU/ml) of Kunnu-zaki Drink Sampled from Some Selected Towns in Osun State. 

BACTERIAL COUNT (CFU/ml) 

MONTHS 

 

TOWNS  

JUL 

 

AUG 

 

SEP 

 

OCT 

 

NOV 

 

DEC 

 

 

  

Gbongan 

9.7 

 ×103 

9.0 

×103 

8.2 

×103 

9.5 

×103 

4.2 

×103 

8.0 

×103 

7.9 

×103 

7.5 

×103 

8.4 

×103 

8.6 

×103 

6.5 

×103 

7.0 

×103 

Ikire 

6.5 

×103 

7.0 

×103 

7.5 

×103 

8.0 

×103 

8.0 

×103 

9.0 

×103 

7.6 

×103 

9.2 

×103 

9.3 

×103 

8.8 

×103 

10.0 

×103 

9.5 

×103 

Apomu 

8.0 

×103 

8.8 

×103 

8.0 

×103 

9.1 

×103 

9.6 

×103 

8.9 

×103 

7.3 

×103 

7.4 

×103 

6.0 

×103 

9.2 

×103 

8.5 

×103 

6.4 

×103 

Ipetu-

Ijesha 

6.6 

×103 

7.8 

×103 

6.8 

×103 

6.1 

×103 

9.5 

×103 

7.4 

×103 

8.6 

×103 

6.6 

×103 

8.8 

×103 

9.3 

×103 

7.7 

×103 

8.1 

×103 

Owena 

15.0 

×103 

6.1 

×103 

5.3 

×103 

4.9 

×103 

7.6 

×103 

9.7 

×103 

6.0 

×103 

7.1 

×103 

6.6 

×103 

9.1 

×103 

5.5 

×103 

7.1 

×103 

Ikeji-

Arakeji 

9.0 

×103 

7.5 

×103 

7.1 

×103 

5.2 

×103 

5.5 

×103 

7.3 

×103 

8.0 

×103 

8.5 

×103 

9.2 

×103 

7.3 

×103 

7.0 

×103 

8.1 

×103 

Ada 

6.6 

×103 

4.7 

×103 

8.2 

×103 

6.7 

×103 

7.3 

×103 

8.4 

×103 

6.6 

×103 

9.1 

×103 

7.5 

×103 

6.2 

×103 

7.5 

×103 

7.5 

×103 

Ikirun 

10.0 

×103 

8.2 

×103 

8.3 

×103 

9.9 

×103 

5.0 

×103 

8.9 

×103 

9.5 

×103 

9.0 

×103 

8.1 

×103 

9.7 

×103 

6.0 

×103 

9.1 

×103 

Ororuwo 

7.5 

×103 

9.1 

×103 

8.6 

×103 

9.5 

×103 

8.0 

×103 

7.2 

×103 

9.5 

×103 

7.1 

×103 

7.2 

×103 

6.7 

×103 

9.0 

×103 

6.2 

×103 

 

 

Table.4: Coliform Count (MPN McCredy or Probability Table) of Kunnu-zaki Drink Sampled from Some Selected Towns in Osun 

State. 

COLIFORM COUNT MPN/ml 

 MONTHS 

TOWNS  

JUL 

 

AUG 

 

SEP 

 

OCT 

 

NOV 

 

DEC 

 

  Gbongan 9 3 7 3 3 43 11 28 75 93 3 4 

Ikire 20 43 28 21 20 39 3 23 4 23 13 11 

Apomu 7 3 4 7 7 4 3 11 9 11 23 28 

Ipetu-Ijesha 11 23 21 7 3 4 4 20 28 43 3 3 

Owena 4 7 4 11 13 3 21 21 28 3 4 7 

Ikeji 11 21 13 7 4 3 7 20 11 43 28 39 

Ada 3 4 11 9 20 21 4 3 7 7 3 3 

Ikirun 7 9 13 4 3 11 21 11 13 3 4 4 

Ororuwo 3 4 11 39 13 9 3 11 39 4 11 3 

Legend: 

MPN= (Most Probable Number) 
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Table.5: Fungi Count of Kunnu-zaki Drink Sampled from Some Selected Towns in Osun  State. 

FUNGI COUNTS (SFU/ml) 

  MONTHS JUL AUG SEP OCT NOV DEC 

TOWNS   

Gbongan 

4.5 

×106 

5.0 

×106 

3.3 

×106 

6.5 

×106 

4.0 

×106 

5.0 

×106 

4.1 

×106 

4.3 

×106 

6.0 

×106 

4.7 

×106 

5.1 

×106 

4.6 

×106 

Ikire 

4.2 

×106 

5.8 

×106 

3.3 

×106 

5.9 

×106 

5.0 

×106 

6.0 

×106 

5.7 

×106 

6.7 

×106 

6.9 

×106 

6.4 

×106 

5.0 

×106 

6.0 

×106 

Apomu 

5.0 

×106 

4.7 

×106 

6.0 

×106 

6.8 

×106 

6.9 

×106 

5.6 

×106 

5.0 

×106 

5.2 

×106 

6.3 

×106 

7.8 

×106 

6.5 

×106 

5.8 

×106 

 

Ipetu-

Ijesha 

3.9 

×106 

5.8 

×106 

4.6 

×106 

4.0 

×106 

7.6 

×106 

4.8 

×106 

7.0 

×106 

5.0 

×106 

5.8 

×106 

5.0 

×106 

4.9 

×106 

5.5 

×106 

Owena 

4.8 

×106 

4.3 

×106 

4.2 

×106 

3.8 

×106 

6.0 

×106 

6.8 

×106 

4.1 

×106 

5.3 

×106 

5.0 

×106 

6.4 

×106 

4.2 

×106 

5.9 

×106 

Ikeji-

Arakeji 

4.9 

×106 

6.4 

×106 

5.8 

×106 

4.0 

×106 

3.5 

×106 

5.1 

×106 

6.3 

×106 

6.0 

X106 

4.9 

X106 

5.8 

×106 

4.9 

×106 

6.0 

×106 

Ada 

5.3 

×106 

3.8 

×106 

6.0 

×106 

5.8 

×106 

6.0 

×106 

5.8 

×106 

4.8 

×106 

6.1 

×106 

5.7 

×106 

4.9 

×106 

6.0 

×106 

5.3 

×106 

Ikirun 

5.0 

×106 

5.9 

×106 

5.1 

×106 

8.0 

×106 

4.3 

×106 

6.9 

×106 

5.7 

×106 

4.6 

×106 

6.0 

×106 

6.5 

×106 

4.5 

×106 

7.0 

×106 

Ororuwo 

6.0 

×106 

5.7 

×106 

5.5 

×106 

5.9 

×106 

5.5 

×106 

5.8 

×106 

7.9 

×106 

5.5 

×106 

5.0 

×106 

4.8 

×106 

6.5 

×106 

5.0 

×106 

 

 

Legend:                                                                                                                                                                                 

Sfu/ml = Spore forming unit per ml   

 

Table.6: Frequency of Occurrence of Organisms Isolated From Kunnu-Zaki Drink Sample From Some Selected Towns in 

Osun State. 

           

Isolates Gbongan Ikire Apomu Ipetu Owena Ikeji Ada Ikirun Ororuwo 

%  

Occurrence 

           

Pseudomonas 

species 

- + - - + + - - - 33.33 

Bacillus species 

Klebsiella species 

- 

- 

- 

+ 

+ 

+ 

- 

- 

+ 

+ 

- 

+ 

+ 

- 

- 

- 

- 

- 

33.33 

44.44 

Aspergillus 

fumigates - - - + + + - + - 44.44 

Aspergillus Niger + + + - + - - + - 55.55 

Enterobacter species + + - + - - - + + 55.56 

Staphylococcus 

species 

+ - + - + + - + + 66.67 

Penicilium italicum + - + - + + + + - 66.67 

Escherichia coli + + + + + - + + - 77.78 
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Streptococcus 

species 

- + + + - + + + + 77.78 

Aspergillus flavus + + + + + - + - + 77.78 

 

 

IV. CONCLUSION 

It is well known that kunnu-zaki is one of the locally made 

beverages that people purchase regularly for its cheap cos t, 

sweet taste and its nutritional values.  The presence of these 

isolated organisms in kunnu-zaki samples analyzed in Osun 

State could serve as indicator for the need to promote 

awareness about the possible health hazards that could arise 

due to handling and processing of the beverage. The range 

of microorganism isolated pose serious threat to food safety 

and hence the need to ensure microbial safety during the 

production and distribution of this drink that is widely 

consumed in some towns in Osun State, Nigeria. 
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Abstract—Chitosan play an important role as an 

antifungal against Botrytis cinerea and the effect was a 

concentration dependent. The obtained results of in vitro 

experiment demonstrated that chitosan (4%) decreased 

radial growth of B. cinereato 2 %. Invivo the severity of 

infection reduced from 59.8 and 100.0 to 9.7, 33.8 and 

40.1 in first, second and third week’s storage periods at 

13C, respectively. Also, chitosan coating (4%) 

significantly caused an increase in fruit firmness whereas 

TSS was decreased with an increase by increasing in 

storage time. However,Vitamin C gave fluctuated results 

by increasing storage time. Gamma irradiation at 2.5 

KGy reduced severity (%) of infected fruits from 55.5, 100 

and 100 to 31.7, 45.9 and 49.9 and in healthy fruits 

severity (%) reduced from 48.9, 100 and 100 to 23.3, 25.1 

and 29.1 in different storage periods 1, 2 and 3 weeks, 

respectively. Similarly, chitosan as well as gamma 

irradiation combination induced a significant increase of 

peroxidase enzyme (POD) activity. Induced changes in 

surface morphology and damage of cell structure caused 

by using chitosan shown by scanning electron 

microscopy. Also, gamma irradiation causes changes in 

hyphea structure and in surface morphology but 

combination of gamma irradiation with chitosan was 

more effective in altering fungus morphology and cell 

structure damage and no spore forming. This providing 

the efficiency of combination on reducing disease severity 

(%) of strawberry.  

Keywords— gamma irradiation, chitosan coating, 

strawberry fruits. 

 

I. INTRODUCTION 

Strawberries (Fragaria x ananassa Duch.) was a 

highly perishable fruit in a postharvest stage due to fungal 

infections. The shelf-life of fresh fruits at low temperature 

(0-4oC) was around 5 days. 

Braun and Sutton (1987) showed the postharvest 

decay represent major losses in horticultural industry. 

Losses during storage and shipment of fruits by Botrytis 

cinerea and Rhizopus stolonifer caused gray mould and 

soft rot, diseases, respectively. 

Application of fungicides is most effective method 

to control postharvest disease. However, chemical control 

program face imminent problem first there are reports of 

on increasing number of fungicide-resistant strains of 

postharvest fungi and second due to health risk concerns. 

Thus, there is a growing need to one tactic that is being 

actively pursued involves: the use of bio-active 

substances(Tarek 2004). 

Chitosan, a high molecular weight cationic 

polysaccharide has been shown to be fungicidal against 

several fungi (El-Ghaouth et al., 1990). 

Vargas et al., (2006) found that, chitosan 

treatment of strawberry fruits delayed the occurrence of 

fungal infections compared with the uncoated fruits which 

started to decay from the beginning of storage. 

Gianfranco Romanazzi, et al. (2013) found that 

the commercial chitosan formulation was effective in the 

control of gray mold and Rhizopus rot of strawberries 

when immersed in this solution and preserved for 4 days 

at 20±1C°.Shiekh, et al. (2013) confirmed that the 

chitosan is edible active coatings, maintain the quality and 

expand shelf-life of fresh fruits and prevent microbial 

damage. 

Milena Petriccione et al. (2015); Reported that 

chitosan coating significantly reduced water loss and 

delayed the qualitative changes in color,titratable  acidity  

and ascorbic acid content of strawberry also chitosan 

coating enhanced the activity of some antioxidant 

enzymes, preventing flesh browning and reducing 

membrane damage. 

Chu et al. (2015); gamma irradiation was 

evaluated for its in vitro and in vivo antifungal activity 

against Botrytis cinerea on cut rose varieties. The 

irradiating dose required to reduce the population by 90% 

was 0.99 kGy. Gamma irradiation showed complete 

inhibition of spore germination and mycelia growth of B. 

cinerea especially 4.0 kGy in vitro. 
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Combinatory treatments have also widely been 

investigated to give synergistic effects. Gamma 

irradiation in combination with other treatments (e.g ., 

heat, washing, modified atmosphere storage and edible 

coating process) give an effective result in extending 

shelf-life of the fruits. (Hussain et al., 2013). 

 

II. MATERIALS AND METHODS  

Strawberry fruits collected from different fields of 

El-Sharkia governorate were classified into two groups 

healthy and decayed fruits. Decayed fruits were examined 

after 3 day of storage at 13C. The developing fungal 

colonies were picked up and examined. 

Isolation, purification and identification of causal 

organisms:  

Rotted fruits of strawberry were rinsed several time 

with sterilized water, surface disinfected by 70% ethanol, 

dried and cut into small pieces. These parts were 

cultivated in sterilized Petri dishes contained potato 

dextrose agar (PDA) and incubated at 20C for 3 days. 

The growing fungi were isolated and purified on PDA 

and identified. The purified cultures were maintained on 

PDA and identified according to Raper and Thom 

(1968) in Mycological Lab.2 (ML2), Faculty of Science, 

Zagazig University. The media used for identification was 

Czapek’s  – Dox agar medium. 

 

Isolation purification in vitro antifungal activity of 

chitosan: 

The antifungal activity of chitosan against Botrytis 

cinerea were determined using PDA plates amended with 

(1˛2 and 4%) chitosan. The PDA plates were prepared 

then inoculated with disks (3mm diameter) of fungal 

growth taken from 7 days old culture of Botrytis cinerea. 

The linear growth of the fungus was measured when 

control plates reached full growth. 

Preparation of inoculums 

Botrytis cinerea was isolated from infected 

Strawberries and maintained on Potato dextrose agar 

(PDA). Condia of B. cinerea were recovered by filtering 

the mycelial suspension of 2 weeks old culture through 3 

layers of sterile cheese cloth. The concentration of the 

conidial suspension was adjusted to 2 x 105 conidia per 

mL. 

In vivo antifungal activity of chitosan 

Strawberries were immersed in a conidial 

suspension of B. cinerea containing 0.1% tween 80 and 

allowed to air dry at room temperature for 2 hrs. in order 

to fixed fungal infection. Different concentrations (0, 1, 2 

and 4%) of chitosan were added individually to 

Erlenmeyer flasks (250ml capacity). Each contain 100 ml 

sterilized potato dextrose agar (PDA) media. The 

prepared media were poured in sterilized Petri dishes. 

After solidification, the dishes were inoculated singly at 

the center with equal discs (3 mm diameter) of fungal 

growth taken from 10 days old culture grown on PDA 

medium incubated at 20 C. The linear growth of tested 

fungi was measured when the control plates reached full 

growth and the percentage of growth inhibition (%) 

calculated .Three replicates were used for each treatment. 

After treated healthy and infected strawberries with 

chitosan or with gamma irradiation Strawberry fruits were 

examined for diseases assessment (Severity %) through 

different storage periods (weeks) under 13C. 

Radiation: Strawberry fruits were exposed to 

different gamma irradiation doses 1.0, 1.5 and 2.5 KGy in 

Indian Co60 gamma cell at the dose rate was 2.45kGy/hr 

at the time of experiment. Each treatment was replicated 

three times, each replicate contain 15 fruits. All 

treatments fruits and control were packed in perforated 

plastic containers and stored the Strawberry fruits were 

examined for disease assessment at different storage 

periods. 

Chitosan treatment: chitosan solutions were 

prepared by dissolving 1, 2 and 4 gm of chitosan in 100 

mL of distilled water with 2 mL acetic acid. Then heating 

with constantly agitation for 24 h. The obtained solution 

was adjusted to pH 5.5 by sodium hydroxide 0.1N; than 

0.1 mL of tween 80 was added (El-Ghaouth et al., 1991). 

Sprays of the different coating chitosan concentrations 

were applied and then stored the treated fruits . 

Quality parameters: 

1- Total soluble solids (TSS): TSS content expressed in 
0(Brix) was determined using a ago (Japan) NI 

refractometer according to Kader (1991). 

2- Firmness: Firmness (Firm) was measured as the 

maximum penetration force reached during tissue 

breaking of each fruit with hand penetrometer 

equipped with 1-9 mm diameter plunger (g/Cm2) 

according to Kader (1991). 

3- Ascorbic acid (Vitamin C): Ascorbic acid content 

was determined by titration in the presence of 2.6 

dichlorophenol- indophenol dye as an indicator 

against 2% oxalic acid solution as substrate. Ascorbic 

acid was calculated as milligram L - ascorbic acid per 

100 mL of juice as described by Lucoss (1994). 

Determination of peroxidase activity: 

 Samples of infected strawberry fruits treated 

with each antioxidant at 8 g/L, caraway oil at 700 µl/L 

and 2.5 kGy radiation dose, were collected after 10 days 

storage at 13C for peroxidase activity assay. Also, 

infected fruits without treatment were used as control. 

Enzyme extract was obtained by grinding fruits tissues (2 

ml/g fruits tissue) in 0.1 M sodium phosphate buffer at 

pH (7.1) in a porcelain mortar and extracted. The 

extracted tissues were strained through four layers of 
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cheesecloth. Filtrates were centrifuged at 3000 rpm for 20 

min. at 6C. The clear supernatants were collected and 

considered as crude enzyme extract. Peroxidase activity 

was expressed as changes in absorbance/min at 425 nm 

according to the method of Allam and Hollis 

(1972).Determination of peroxidase enzyme was 

conducted in Central Lab. of Biotechnology, Plant 

Pathology Research Institute, Agricultural Research 

Centre, Egypt. 

Scanning electron microscopy: Mycelia of B. cinerea 

grown in PD broth medium treated with chitosan 4 %  

and that from non-treated (control) were fixed in 2.5% 

glutaraldhyde at 4C for 24 hr and post–fixed in 1.0% 

osmium tetraoxide for one hr at room temperature 

(Harley and Fergusen, 1990). The specimens were then 

dehydrated with ascending concentrations of acetone, 

critical point dried, and finally sputter coated with gold. 

The examination and photographing was done through 

Joel Scanning Electron Microscope (JSM – 1200 EX). 

Conclusion 

       This study demonstrated that chitosan play an 

important role as an antifungal against Botrytis cinerea  . 

Also, chitosan coating (4%) significantly caused an 

increase in fruit firmness whereas TSS was decreased 

with an increase by increasing in storage time. However 

,Vitamin C gave fluctuated results by increasing storage 

time. Gamma irradiation at 2.5 KGy reduced severity (%) 

. but combination of gamma irradiation with chitosan was 

more effective in altering fungus morphology and cell 

structure damage and no spore forming. This providing 

the efficiency of combination on reducing disease severity 

(%) of strawberry.   
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Experimental design and statistical analysis: 

All treatments in this study were arranged in 

complete randomized design. The obtained data were 

subjected to analysis of variance using the general linear 

module procedure of SAS (1985), where appropriate 

treatment means were separated using Duncan’s multiple 

range test (Duncan 1955) and all percentages were 

transferred to angles before statistical analysis. 

 

III. RESULTS 

Antifungal activity of different chitosan concentrations on 

Botrytis cinerea 

The obtained data from Table (1) and Fig. (1) show 

that the correlation between increased chitosan 

concentrations with decreased the linear growth of 

Botrytis cinerea. 

Table.1: Effect of different chitosan concentrations on 

radial growth of Botrytis cinerea 

chitosan 

concentrations %  

Linear growth 

(cm) 

inhibition %  

0 9.0 0.0 

1 7.0 30 

2 5.0 50 

4 2.0 80 

* Means having the same letters in each column are statistically 

insignificant at 5% level 

 

 
Fig.1: Effect of different gamma irradiation and chitosan treatment on (severity%) of   strawberries fruits gray mold at 

different storage periods (weeks) at 13C. 
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Table.2: Effect of different gamma irradiation and Chitosan treatment on (severity %) of strawberries fruits gray mold at 

different storage periods (weeks) at 13C. 

Storage 

periods 

(weeks) 

Gamma 

doses 

kGy 

Severity %  Chitosan 

%  

Severity %  

Infected Healthy Infected Healthy 

 

1 

0 

1 

1.5 

2.5 

55.5A 

45.3B 

38.4C 

31.7D 

48.9A 

40.1B 

29.8C 

23.3D 

0 

1 

2 

4 

59.8A 

31.1B 

20.1C 

9.7D 

42.4A 

21.6B 

7.2C 

2.4D 

 

2 

0 

1 

1.5 

2.5 

100.0A 

73.8B 

65.6C 

45.9D 

100.0A 

45.5B 

41.7C 

25.1D 

0 

1 

2 

4 

89.4A 

57.3B 

39.9C 

33.8D 

77.66A 

30.1B 

20.4C 

16.9D 

 

3 

0 

1 

1.5 

2.5 

100.0A 

80.8B 

69.7C 

49.9D 

100.0A 

54.4B 

46.3C 

29.1D 

0 

1 

2 

4 

100.0A 

62.5B 

53.4C 

40.1D 

100.0A 

40.4B 

28.1C 

19.2D 

* Means having the same letters in each column are statistically insignificant at 5% level. 

 

Data in Table (2) show that effect of different 

gamma irradiation doses (1, 1.5 and 2.5 KGy) and 

different chitosan concentrations (0, 1, 2 and 4%) coating 

on severity (%) of strawberry fruits at 13C for different 

periods (1, 2, 3 weeks). 

The obtained data show that as chitosan % 

increased the severity % decreased. The lowest severity % 

obtained at 4% chitosan. Also as the storage period 

increase the severity % increased. Moreover, as storage 

period increase the severity (%) increased, and different 

doses of gamma ray decreased the severity (%) and at 2.5 

KGy is the effective dose decrease severity (%) in 

different storage periods. 

Effect of chitosan treatments concentrations, storage 

time (weeks) and Botrytis cinerea infection on some 

strawberries quality parameters. 

Data in Table (3) show that interaction between 

storage time and chitosan treatments on quality 

parameters of strawberry fruits, Data indicate that, 

treating strawberries with chitosan significantly decreased 

the values of TSS by increasing storage time (1, 2, 3 

weeks) while an opposite effect was obtained in firmness 

which increased by using chitosan coating at different 

concentrations (0, 1, 2 and 4%), since at 4% chitosan give 

the highest values of firmness at different storage periods. 

Vitamin gave fluctuated values by increasing storage 

time. 

 

Table.3: Effect of chitosan treatment concentrations, storage time (weeks) and Botrytis cinerea infection on some 

strawberries quality parameters at 13C. 

Storage 

periods 

(weeks) 

Chitosan 

%  

TSS (Brix) Firmness (g/Cm2) Vitamin C   

Healthy Infected Healthy Infected Healthy Infected 

 

1 

00.0 

1 

2 

4 

7.21A 

7.01B 

6.88C 

5.9B 

8.21A 

6.73B 

6.87C 

7.1D 

423.3A 

422.5B 

448.7C 

450.1D 

404.1A 

400.0B 

453.7C 

457.6C 

0.020A 

0.027B 

0.019A 

0.018A 

0.030A 

0.025B 

0.018C 

0.015C 
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2 

00.0 

1 

2 

4 

5.9A 

6.13B 

5.7C 

5.4C 

6.33A 

7.1B 

6.12A 

5.91C 

342.7A 

345.8B 

352.1C 

359.3D 

299.1A 

301.8B 

330.9B 

345.5C 

0.019A 

0.020B 

0.023B 

0.019A 

0.023A 

0.025B 

0.022A 

0.021A 

 

3 

00.0 

1 

2 

4 

6.01A 

5.79B 

5.68C 

5.35D 

6.01A 

5.93B 

5.01C 

4.13D 

225.8A 

235.3B 

240.2C 

245.7C 

198.01A 

200.0B 

214.8C 

220.6D 

0.029A 

0.028B 

0.029A 

0.031C 

0.027A 

0.025B 

0.024B 

0.030C 

* Means having the same letters in each column are statistically insignificant at 5% level 

 

Combination of gamma irradiation and chitosan on 

strawberry fruits gray mold at different storage 

periods (weeks) at 13C. 

Data in Table (4) show that combination effect of 

gamma ray (2.5 KGy)  and  chitosan (4%) on severity (%) 

of gray mold on strawberry fruits . The  combination 

between gamma ray (2.5 KGy)  and  chitosan (4%)  was 

more effective to reduce severity (%) as compared when 

we used chitosan (4%) alone or when used gamma rays at 

(2.5 KGy) alone, since combination reduced severity (%) 

from 55.5, 48.9 to 8.5, 2.1 for infected and healthy fruits 

respectively at first week, from 100.0, 100.0 to 19.9, 8.7 

for infected and healthy fruits respectively at second week 

and at third week severity (%) of infected and healthy 

fruits decreased from 100.0, 100.0 to 24.7, 18.9 

respectively. 

 

Table.4: Combination of gamma irradiation and chitosan on strawberry fruits gray mold (severity %) at different storage 

periods (weeks) at 13C. 

Storage periods 

(weeks) 

Treatments Severity %  

Infected Healthy 

 

1 

Control 

Chitosan (4%) 

2.5 KGy 

2.5 KGy + Chitosan (4%) 

55.5A 

10.8B 

31.7C 

8.5D 

48.9A 

4.5B 

26.3C 

2.1D 

 

2 

Control 

Chitosan (4%) 

2.5 KGy 

2.5 KGy + Chitosan (4%) 

100.0A 

33.8B 

48.9C 

19.9D 

100.0A 

16.9B 

25.1C 

8.7D 

 

3 

Control 

Chitosan ( 4%) 

2.5 KGy 

2.5 KGy + Chitosan (4%) 

100.0A 

40.1B 

49.9B 

24.7C 

100.0A 

19.2B 

29.1C 

18.9B 

* Means having the same letters in each column are statistically insignificant at 5% level. 

 

Effect of gamma irradiation (2.5 kGy), chitosan (4% ) 

and combination between gamma irradiation and 

chitosan on peroxidase enzyme activity in strawberry 

fruits infected with B. cinerea and stored for one week 

Results in Fig(2) Show that strawberry fruits inoculated 

with B.cinerea treated with combination of  chitosan (4%) 

and gamma irradiation 2.5kGy  induce higher activity of 

peroxidase (POD) enzyme. followed by chitosan(4%) and 

gamma irradiation 2.5 kGy irrespectively as compared 

with control fruits after one week storage periods . 
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Fig.2: Effect of gamma irradiation (2.5 kGy),chitosan (4%) and combination between gamma irradiation and chitosan on 

peroxidase enzyme activity in strawberry fruits infected with B. cinerea and stored for one week  

 

Scanning electron microscopy 

Fig. (3) showed the morphological changes 

occurred in hyphae and conidiophores of B. cinerea  

treated with chitosan(4%) , gamma irradiation 2.5 kGy 

and combination between chitosan (4%) and gamma 

irradiation2.5kGy irrespectively 

 
Fig.3 A) Control                 

 

 

 Fig.3 B) Chitosan treatment 

 

 

Fig. (3C) Gamma irradiation treatment  

 

 

Fig. (3D)    combination treatment 

Fig.3: Scanning electron microscopy examinations of B. cinerea 

as affected by chitosan and gamma irradiation 

 

It was found that control fungus B. cinerea have 

normal hyphea, sporangium, sporangiophore and normal 

cell wall and spore(Fig. 3A). 

Chitosan treatment(4%) induced changes in surface 

morphology and cause damage to cell structure of 

B.cinerea and sporangiophore without spore(Fig. 3B). 
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Gamma irradiation induced changes in surface 

morphology and cause damage to hypha also an affected 

sporangiophore(Fig. 3C). 

The combination effect of chitosan(4%) and 

gamma irradiation2.5kGy on B. cinerea show more 

destructive effect in surface morphology and more 

effective damage to cell structure , corrugate surface and 

no spore found (Fig. 3D). 

 

IV. DISCUSSION 

Several studies have been performed to extend 

strawberry fruits shelf-life, using alternative methods 

rather than chemicals to avoid residues such as fungicide 

residues for the fruit itself (Peng and sutton, 1991) and 

to avoid pathogen populations from developing resistance 

to pesticides (Bakkali et al., 2008). 

Chitosan, a high molecular weight cationic 

polysaccharide, has been shown to be fungicidal against 

several fungi (El-Ghouth et al., 1990). 

The obtained results show that chitosan (4%) 

reduced the severity % of gray mold on different storage 

period and these results are in agreement with Li and Yu 

(2000). Confirmed the potential effect of chitosan to 

protect postharvest brown rot of peach caused by M. 

fructicola by decreasing the incidence, prolonging the 

incubation period and reducing of brown rot is correlated 

with chitosan induction of defence response, in addition 

to its antifungal property. Romanazzi et al.(2000) 

reported that strawberries dipped in 1% and 0.5% 

chitosan decreased the gray mold infection from natural 

inoculum after 10-days storage at 0C. Followed by 4 

days shelf-life. Casariego(2004) confirmed that chitosan 

films were also reported to inhibit the growth of fungi and 

yeasts in the area of contact, forming a halo of inhibition 

on the inoculated plates. 

Atiaet al., (2005)suggested that the mechanism by 

which chitosan coating reduced that decay of strawberries 

appear to be related to its fungistatic property rather than 

to its ability to induce defense enzymes such as chitinase, 

chitosanase and -1,3-glucanase.and its capacity to 

stimulate plant defence mechanisms ( Aziz, et al.,2006) 

Ribeiro et al. (2007)explained that strawberry in 

non-climacteric fruits, but has a high postharvest 

respiration rate, which leads to a rapid deterioration at 

room temperature, coating with 1% chitosan reduced the 

growth rate of microorganisms in strawberries. 

Romanazzi (2010)confirmed that pre-harvest and 

postharvest chitosan treatments of table grapes, 

strawberries and sweet cherries reduce their decay under 

field and during storage. 

Besides its antifungal activity, chitosan also has the 

potential for inducing defenserelated enzymes (Bautista-

Bonas et al.,2006) and phenolics in plants 

(Benhamou,1996). 

Ben-Shalom et al., (2003) demonstrated that POD 

activity was elicited by chitosan in cucumber, resulting in 

an increase in resistance againstB. cinerea. Liu et 

al.(2007)confirmed that chitosan inhibit the growth of B. 

cinerea and P. expasumin vitro and potently induce 

defense reactions in tomato fruits. 

Li et al. (2000)used chitosan as a semi-permeable 

coating and found that it can maintain the qualities of the 

treated fruit and prolong its storage life, chitosan slows 

down the aging process of peaches by decreasing 

respiration rate and ethylene production, reducing 

malondialldehyde(MDA) production, stimulate 

superoxide dismutase(SOD) activity and maintaining 

membrane integrity. 

Chitosan has a double mechanism of action: it  

reduces the growth of decay causing fungi, and it induces 

resistance responses in host tissues. With this double 

effectiveness chitosan can be considered as the first 

compound of a new class of plant protection products 

(Atia et al., 2005). 

Hernandez-Lauzardoetal. (2011) demonstrate the mode 

of action of chitosan on different fungal pathogen. They 

reported that molecules of chitosan can penetrate the 

intracellular level and interact with intracellular structure 

and cause damage. 

Greater effects of chitosan to inhabit the growth of B. 

cinarea and cause serious damage to cell structure as well 

as the ability to form an impervious layer around the cell, 

therefore, chitosan could be considered as a potential 

alternative for synthetic fungicides  (Silva Junior et 

al.,2014). 

SEM  show that chitosan causing  changes on 

morphology of B. cinerea and cause damage to cell 

structure also gamma irradiation cause changes in surface 

morphology and cause damage to hypha also effect on 

sporangiophore but combination between chitosan(4%) 

and gamma irradiation 2.5 kGy show more destructive 

effect in surface morphology and more damage to cell 

structure. these result arein agreement with Swelim 

(2004) who confirmed that scanning electron microscope 

showed that the decrease in sporulation and morphology 

abnormalities of Fusarium solani were occurred after 

irradiation with 6 , 8  and 10 kGy. Meanwhile low dose 

levels of 1, 2 and 3 kGy cause malformation and 

compactness of mycelia as well as absence of sporulation 

in F. verticillioides. 

Our results indicated that treating strawberries with 

chitosan significantly decreased the value of TSS by 

increasing storage time( weeks) while an opposite effect 

was obtained in firmness which increased by chitosan 

coating but vitamin C would not be detected in clear level 

of amounts. These results are in agreement with El-
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Gaouth (1991) and Luna et al., (2001) who reported that 

greater firmness of fruits such as strawberries, tomatoes 

and peaches were obtained when fruits coated with a 

chitosan. Also, Dam and Nguyen 2011 suggested that, 

all chitosan treatments enhanced the firmness of 

strawberries fruits compared to untreated fruits. 

Gamma irradiation doses reduced the severity (%) 

of strawberry fruits in our obtained results and 2.5 kGy 

doses was the most effective doses decreased the severity 

% these obtained results are in agreement with Shadia 

and Ehab (2011) who confirmed that gamma radiation 

decreased the percentage of infection of strawberry fruits 

artificially inoculated with B. cinerea and naturally 

infected at 2.5 KGy compare with control. 

The combination of chitosan and gamma radiation 

indicated that this treatment was the more effective in 

reducing severity (%) as compared when use every one 

alone. 
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Abstract— Corn (Zea mays L.) is one of the most important 

cereals in Côte d'Ivoire. However, Corn seeds and 

seedlings are susceptible to infection by a number of 

soilborne fungi which caused seeds decay before or after 

germination. The objective of this study is to evaluate the 

suppressive effect of Four plants compost teas 

(Chromolaena odorata, Ricinus communis, Nicotiana 

tabacum, Azadiracta indica) on Corn damping off. In vitro 

assays showed a most suppressive effect of C. odorata and 

R. communis compost teas on mycelial growth of 

pathogenic fungi. Results of in vivo trials showed 

significant reduction of Corn seedlings diseases incidence 

and high seed germination percent after treatment with C. 

odorata, R. communis and A. indica compost teas. No 

efficiency effect was noted with N. tabacum compost tea. 

This study demonstrated the usefulness of compost tea as 

an efficient biological tool for the control of fungi 

responsible of corn damping-off. 

Keywords— Corn, damping-off, fungi, compost tea. 

 

I. INTRODUCTION 

Corn (Zea mays L.) is an annual tropical 

herbaceous plant of the family Poaceae and it is one of the 

most important cereal grains grown worldwide. Corn is the 

world’s top most cereal crop in terms of total production 

and productivity after wheat and rice (FAO, 2006). Corn is 

the second most important food crop in Côte d'Ivoire after 

rice with an annual production of about 600 000 tones 

(FAO, 2014). This commodity is widely grown for its 

starch-rich grains. It is also used as a forage plant in some 

localities. Corn is  also the principal staple cereal diet of 

most of the Ivorian people who mainly lives in the North. 

In the last twenty years, Corn cultivation has experienced 

a considerable development of its market with urbanization 

and especially the establishment of food industries (Boone 

et al., 2008). 

However, several diseases are observed on Corn 

and cause significant yield reduction (Sétamou et al., 

1998). This decrease in yield is linked to the action of 

certain fungi that can have adverse effects on the aerial 

organs (ears, leaves and stems) or on the root system thus 

reducing the productivity of the plant. According to Harvey 

et al (2006), fungi such as Aspergillus sp., Pythium sp., 

Fusarium sp. and Rhizoctonia sp. would be responsible for 

root rot and seeding of corn.  

Synthetic fungicides remain the most widely used 

control measure against fungal plant diseases. Although 

relatively effective, synthetic fungicides have two major 

drawbacks: their generally widespread lack of long-term 

efficacy caused by the development of resistance in plant 

pathogens (Avis, 2007). The fungicides, however, can 

have a negative effect on human health and the 

environment (Perez-Garcıa et al. 2011) 

A possible alternative to synthetic chemical 

fungicides is to exploit the antimicrobial activities of 

compost teas. The potential of compost tea in the 

suppression of plant pathogens has been demonstrated 

(Litterick et al., 2004). Recently, compost teas from sheep 

manure compost showed antimicrobial activities against 

phyllosphere (Koné et al., 2010) and rhizosphere (Dionne 

et al., 2012) pathogens of tomato (Solanum lycopersicum 

L.) plants. In addition, Compost teas was considered safer 

for health and the environment (Siddiqui et al., 2009).  

The objective of this study is to identify the fungi 

responsible of seed-borne fungi in Corn seeds collected 

from different areas and evaluate compost tea of four plants 

on some fungal pathogens. 

. 

1. MATERIALS AND METHO DS  

1.1. SAMPLING AND ISO LATIO N O F FUNGI  

Samples of ungerminated corn kernel showing rot 

symptom were removed 15 days after planting from Corn 

fields in three cultivation areas of Northern Côte d’Ivoire 

(Katiola, Korhogo, Odienne). Samples were transported to 

the laboratory for fungi isolation. To obtain fungal 

population from rotten Corn kernel, samples were 

disinfested in 2% sodium hypochlorite for 3 min, rinsed 

twice in distilled water for 5 min and air-dried at 26ºC for 

1 to 2 h in a sterile Lamina flow hood. Sterilized kernels 

were placed into Petri dishes contained PDA medium, each 
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medium containing 3 kernels was incubated at 28±2°C. 

Mycelial growths from the corn kernel were transferred 

(picked with flamed needle from the periphery of growth) 

to fresh PDA plates. Sub-culturing was carried out to 

obtain pure isolates which were maintained on PDA. To 

confirm the identification of isolated fungi, microscopic 

observation of the morphological characteristics of the 

isolates, grown for two weeks in Petri dishes containing 

Potato Dextrose Agar (PDA), was performed using 

identification keys (Botton et al. 1990, Barry and Barnett, 

1972). The frequency of each isolated fungi was calculated 

by using the following formula (1)  

F (%) =
Nc

Nt
× 100    (1) 

Where, F: Frequency (%), Nc: Number of genus or species 

isolated, Nt: total number of isolates 

 

1.2. PATHOGENICITY TEST 

1.2.1. INOCULATION OF SEEDS 

Isolated fungi were analysed for their capacity to 

inhibit seed germination and the development of roots. 

Briefly, kernels corn was surface-disinfected for 3 min in 

2% sodium hypochlorite, rinsed twice with distilled water. 

Corn kernels were immersed for 1mimute in a 106mL-1  

micro conidial suspension and placed into Petri dishes on 

sterile water saturated filter paper. three dishes containing 

15 seeds each were used for each isolated fungi and un-

inoculated seeds were used as controls. After 8 days, 

disease symptoms were estimated by determining the 

percentage of germinated seeds. 

 

1.3. EVALUATION OF ANTIFUNGAL ACTIVITY 

OF COMPOST TEA  

1.3.1. PREPARATION OF COMPOST TEA 

Four extracts prepared from different compost (C1, C2, 

C3, and C4) were used (Table1). Original composts were 

produced according to an aerobic process (Znaidi, 2002). 

Extract production consists on suspending composts in tap 

water (1 :5, v/v) in 20 litter plastic container and s tirring 

the mixture daily for about 10 min during an extraction  

period of 5 days (Weltzein, 1992). After the incubation 

period, the mixture was filtered through cheesecloth (250 

µm) and the obtained extract were stored at 4 °C. 

Table.1: compost ingredients 

Composts Compositions 

C1 20 % Cm+ 80 % Chromolaena 

odorata leaves 

C2 20 % Cm+80 % Ricinus 

communis leaves 

C3 20 % Cm+80 % Azadirachta 

indica leaves 

C4 20 % Cm+80 % Nicotiana 

tabacum leaves 

Cm : Cattle manure 

1.3.2. EFFECT OF COMPOSTS TEAS ON THE 

MYCELIAL GROWTH OF CORN DAMPING-O FF 

FUNGI 

Antifungal activity of compost tea was evaluated 

using three fungi cultured on agar plates at concentration 

60 g L−1 and unamended media were used as controls. The 

prepared composts teas were added to conical flasks 

containing previously sterilized and cooled agar medium. 

After thorough mixing, 15mL of media were poured into 

sterilized Petri dishes 9 cm in diameter. Fungal plugs 

(0.5mm in diameter) were removed with a cork borer from 

the growing margin of each fungus colony and placed at 

the center of the test plate. Five replications were made for 

each treatment and the cultures were incubated at room 

temperature. Colony diameter was measured in two 

directions daily until the fungus covered the whole of the 

agar in the control plate. Data were expressed as growth 

rate (mm/day) relative to control. Percentage inhibition 

(mycelial growth) was determinate. 

1.3.3. IN VIVO EFFECT OF COMPOST TEAS  

AGAINST KERNEL CORN PATHOGENS 

Corn seeds were disinfected for 3 min in 2% 

sodium hypochlorite and rinsed with sterile distilled water. 

After drying, seeds were placed under sterile conditions in 

Petri plates on filter papers soaked with sterile distilled 

water. Seed germination was assessed after 4 days in a 

growth chamber at 27 °C (Hibar et al., 2005). For each 

fungal pathogen, germinated seedlings were drenched with 

100 ml of conidia suspension (106 conidia mL-1). For non-

inoculated control distilled water was used. Then 

inoculated seedlings were transferred to plastic pots filled 

with the following substrates: T0: CMS (Corn Meal Agar) 

+20 mL of distilled water (control), T1: CMS+20 mL of C1, 

T2: CMS+20 mL of C2, T3: CMS +20 mL of C3, T4: CMS 

+20 mL of C4. The experiment was carried out in a growth 

chamber at 27°C with a 12- hour-photoperiod. For each 

treatment 15 pots were used and 3 seeds were planted per 

pots. Seedlings were watered daily. As a measure of 

disease severity, seedling stands were counted 25 days 

after inoculation. Low percent seedling stands indicated 

high disease severity, whereas high percent-seedling 

stands indicated high disease suppressiveness. Percent-

seedling stands were calculated and the mean value of five 

replications was considered. 

1.4. STATISTICAL ANALYSIS 

Means and standard error of the mean were 

calculated for the mycelial growth inhibition and 

germinated seeds after composts teas treatment measured 

for the three sets of experiments in each case. These means 

were statistically compared using the LSD Fischer test was 

used to determine if they were significantly different at P 

< 0.05. 
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II. RESULTS 

2.1. Identification and frequency of isolated fungi 

In total, seven fungal genera associated with corn 

kernel rot was isolated on PDA medium and were 

identified based on the morphologic and cultural 

characteristics as Aspergillus sp, Colletotrichum sp, 

Fusarium sp, Pythium sp, Rhizoctonia sp, Rhizomucor sp, 

Trichoderma sp. Trichoderma sp. was the most commonly 

isolated fungal species among all of the isolates obtained 

(48.06%) followed by Fusarium sp. (34.73%) and 

Rhizoctonia sp (13.53%). Aspergillus sp (3.42%) and 

Colletotrichum (6.23%) had the lowest isolation rates 

(Figure 1).  

 
Fig.1: Proportion of fungal species in the mycoflora of 

Corn grain 

2.2. PATHOGENICITY TESTS 

The pathogenicity test with fungi associated with 

corn kernel rot was carried out. Results based on the in 

vitro seeds inoculation test showed significant pathogenic 

effects of Pythium, Fusarium and Rhizoctonia on seeds 

germination and seedlings health due to high infection. 

Pythium sp and Rhizoctonia reduced significantly seeds 

germination with percentage germination of 5 and 2% 

respectively. Seeds infected by Fusarium sp showed 

percentage germination of 55%. The seed samples 

inoculated with Aspergillus sp, Colletotrichum sp, 

Rhizomucor sp and Trichoderma sp showed similar 

percentage germination with the control seeds (Figure 2). 

 

 

Fig.2: Fungi virulence assay on corn seed 

a: Rhizomucor sp, b: Colletotrichum sp, c: Aspergillus sp, 

d: Fusarium sp, e:Trichoderma sp, f: Pythium sp, g: 

Rhizoctonia sp, h: control 

 

2.3. SUPPRESSION OF MYCELIAL GROWTH BY 

PLANTS COMPOST TEA 

Results showed that the tested compost teas 

induced a significant interaction with the tested 

phytopathogenic fungi. The radial growth of Pythium, 

Rhyzoctonia and Fusarium noted after 7 days of 

incubation, was significantly (p ˂ 0.05) reduced in 

compararison to the controls. In fact, Chromolaena 

odorata (C1) and Ricinus communis (C2) compost tea 

reduced significantly mycelial growth of all tested fungi 

with inhibition rates ranged from 85 to 100%. The compost 

tea C3 was also effective against Rhizoctonia sp and 

Fusarium sp with inhibition ratios of 94.09 and 95.78 % 

respectively. Compost tea C4 showed the less inhibitory 

effect reducing mycelial growth of Pythium and Fusarium 

by approximately 45 and 50% respectively (Table 2).  

 

Table.2: In vitro effect of compost teas on mycelial 

growth of Pythium, Rhizoctonia, Fusarium 

Compost 

teas 

Mycelial inhibition rate (% ) 

Pythium Rhyzoctonia Fusarium 

C0 34,59±5,30e 22,36±2,63c 43,33±2,88d 

C1 92,82±1,93a 94,09±1,93b 97,46±0,00b 

C2 85,23±1,93b 96,62±1,46b 100,0±0,00a 

C3 65,40±7,30c 94,09±1,46b 95,78±1,46b 

C4 45,56±3,34d 100,00±0,00a 50,21±6,97c 

F 10.42 8.40 10.35 

P 0.015 0.038 0.015 

 

Within a column, means with the same letter are not 

significantly different according to Fisher’s LSD test (P = 

0.05). 

 

2.4. IN VIVO EVALUATION OF THE EFFECT OF 

COMPOSTS ON CORN KERNELS GERMINATION  

The percentage germination of corn kernels 

varied significantly according to compost tea treatments. 

In fact, the lowest percentage germination ranged from 

16.29 to 53% was observed on the inoculated soil without 

compost tea treatment (T0) and soil treated with nicotiana 

tabacum compost (T4) (Table 3). In these subtract seedling 

showed disease symptoms include rotted seed that is soft 

and brown, rotted roots with a wet and slimy appearance. 

Above ground symptoms include damping-off after 

emergence and seedlings that turn yellow, wilt and die. 

Results recorded on inoculated soil treated with C. odorata 

and R. communis compost showed highest percentage 

germination (100%). C. odorata and R. communis 

exhibited remarkable potency in suppressing seeds rot and 

seedling blight (Figure 3). 
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Table.3: In vivo effect of compost teas on corn kernels 

germination. 

Compost 

teas 

treatment 

Germination rate (%) 

Pythium Rhyzoctonia Fusarium 

T0 44,44±8,11d 16,29±3,39d 43,40±10,02c 

T1 100a 100a 100a 

T2 100a 100a 100a 

T3 91,11±8,01b 94,07±5,59b 95,55±5,87b 

T4 53,12±5,87c 43,70 ±5,59c 47,41±6,78c 

Within a column, means with the same letter are 

not significantly different according to Fisher’s LSD test 

(P = 0.05). 

T0 control ; T1 : C. odorata compost tea treatment ; T2 : R. 

communis compost tea treatment ;T3 : A. indica compost 

tea treatment ; T4 : N. tabacum compost tea treatment  

 

 

 

 

 

 

Fig.3: Corn seedlings diseases incidence after treatment 

with compost teas 

T0: Inoculated soil without compost tea treatment, T1 : C. 

odorata compost tea treatment ; T2 : R. communis compost 

tea treatment ;T3 : A. indica compost tea treatment ; T4 : N. 

tabacum compost tea treatment  

 

III. DISCUSSION 

Based on morphological characteristics, seven 

fungal genera were identified in total after isolation from 

corn kernels samples showing rot symptoms. These genera 

include Aspergillus sp, Colletotrichum sp, Fusarium sp, 

Pythium sp, Rhizoctonia sp, Rhizomucor sp, Trichoderma 

sp. In this present study most of the obtained fungus genera 

(Colletotrichum sp, Rhizomucor sp, Trichoderma sp, 

Aspergillus sp) were saprophytic. Survey conducted by 

Niaz et al. (2009) showed that these fungi were frequently 

found in corn kernel. The abundant growth of saprophytic 

fungi on Corn seeds implies that storage problems should 

also be studied. It is now imperative that efforts should be 

made to continuously evaluate the seed health of Corn 

seeds produced in Côte d’ivoire. This current survey 

showed that Fusarium sp, Pythium sp and Rhizoctonia sp. 

induced corn kernel rot and seedling blight. Recent study 

conducted by Tesfaye and Dawit (1998) in Ethiopia  

showed that several phytopathogenic species included 

Fusarium spp were found to be associated with damaged 

corn kernel. (Girma, 2009) also identified Fusarium 

species associated with Corn grain in Ethiopia. 

Kommedahl (1981) observations revealed that symptoms 

caused by these pathogens are: failure to emerge, wilting, 

chlorosis or yellowing, root rot and poor rot development. 

Concerning Phythium sp , Zhang et al. (2000) confirms that 

a variety of Pythium spp. have the capacity to reduce 

germination and cause lesions on roots of corn and soybean 

seed and seedlings. Investigations conducted by Dorrance 

et al. (2004) showed that Pythium spp. frequently are 

associated with seed and seedling diseases, and commonly 

have been isolated from corn.  

The aqueous extracts of composts leaf of 

Chromolaena odorata, Azadiracta indica and of Ricinus 

communis showed a more significant antifungal activity 

against Pythium sp., Rhyzoctonia sp. and Fusarium sp. 

Compost treatments significantly reduced the incidence of 

the disease on seed germination. No disease was observed 

in soils treated with Chromolaena odorata and Ricinus 

communis composts. Our results are in agreement with 

those obtained by Scheuerell and Mahaffee in 2004. These 

authors have shown that the irrigation by compost extract 

of a culture substrate inoculated with Pythium ultimum at 

reduces the effect of cucumber blight caused by this 

pathogen. The study conducted by El-Masry et al. (2002) 

showed that the compost extract can control several 

pathogenic fungi like Pythium debaryanum, Sclerotium 

bataticola and Fusarium oxysporum f. sp. lycopersici. In 

addition, Khaled et al. (2005) showed that the treatment of 

the growing medium, used for growing tomato plants, by 

the various compost extracts interfered with F. oxysporum 

infection. F. sp. radicis-lycopersici and its expression, 

which greatly reduced the incidence of the disease. 

Compost tea effectiveness could be explained by 

antifungal substances contained in leaves of each plant. 

Monisha et al. (2013) and Koumaglo et al. (2009) 

suggested that the aqueous extract of Chromolaena 

odorata and Ricinus communis leaves had antifungal 

properties due to the presence of compounds such as 

phenols, tannins and flavonoids. Le Page and Bousquet 

(2007) showed that several organic chemicals present in 

compost or released by compost inhabiting 

microorganisms provided disease suppressive effects, 

including phenolic compounds, volatile fatty acids and 

salicylic acid.  

To summarize the present study showed that 

compost tea prepared from various plants leaves had 

negative effect on corn kernel pathogenic fungi (Fusarium 

sp, Pythium sp, Rhizoctonia sp). They could constitute a 

promising alternative for a biological control of seed and 

seedling diseases and reduces the abusive use of synthetic 

fungicides. However, a more field comprehensive survey 

is needed to confirm our findings in the field under natural 

conditions. 
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Abstract— This paper reviews the potential sustainable 

agricultural bioindustry development based on animal 

feed and organic fertilizer through an integration between 

crops cultivation with livestock production. This bio-

industrial development could be carried out successfully 

in Indonesia, including in the region of North Sulawesi 

Province. Cattle feed bioindustry could be developed 

from biomass of cassava plantation, such as the cassava 

leaves, tubers and cassava peelers. Whereas, the solid 

and liquid organic fertilizers bioindustry could be 

developed from cattle feces and urine. Agricultural 

bioindustry can be carried out in all areas of North 

Sulawesi Province, because almost in every district has 

beef cattle and cassava plants. The largest cassava 

production in North Sulawesi Province are in the 

regencies of Bolaang Mongondow, Sangihe Island  and 

Talaud Island. Whereas the highest population of beef 

cattle are in the regencies of Bolaang Mongondow, North 

Bolaang Mongondow, Minahasa, North Minahasa and 

South Minahasa. Therefore, this type of bioindustry will 

be well implemented in the three regencies of Bolaang 

Mongondow, Minahasa and North Minahasa, as there are 

large cassava plants and with a high livestock population 

in these three areas. Although numbers of beef cattle 

population are also higher in some other regencies, but 

the production of cassava in those areas are still very 

small.  

Keywords—Animal feed, Beef cattle, Bioindustry, 

Cassava, Organic fertilizer. 

 

I. INTRODUCTION 

Cassava is one of the staple foods in addition to rice and 

maize in Indonesia and is also a staple food for most of 

the population residing in tropical climates. Cassava is 

also a source of food that plays an important role for food 

security in developing countries, especially in addressing 

the impacts of climate change (Koswara, 2013; Krisdiana, 

2015). According to ISB (2016) in 2015 Indonesia 

produced more than 24 million tons of cassava per year 

and later in 2016, the national production reached 27 

million tons. Indonesia is among the world's three largest 

cassava producers after Nigeria and Thailand. Indonesia 

also could become the world's largest cassava producer 

country if the cassava cultivation diversification is done 

intensively and continuously and the opportunity to 

export cassava is still to be done to other countries 

including China, Korea and Europe. 

     Cassava is widely consumed wherever the plant is 

cultivated either regionally, nationally, or ethnically, such 

as for staple foods, snacks, dessert and so on. Around 200 

million people or nearly a third of the sub-Saharan 

African population also make cassava an important 

regional food. In Nigeria for example, cassava tubers and 

leaves not only serve as an important source of calories 

but also as a major source of income for rural households. 

Cassava is also food and income sources for over 30 

million farmers and many craftsmen and traders in 

Nigeria (Abdoulaye et al., 2014). Also, in Ghana about 

46% of the country's GDP is contributed by cassava trade. 

Almost every farming family in the country grows 

cassava that contributes daily caloric intake of at least 

30% of the population in the country. 

     At present time, cassava has been commercially 

processed into various types of food in the form of fried 

or other types of chips made from cassava flour with 

some additional flavorings (Koswara, 2013; Ahza et al., 

2015). The tender taste can replace the potatoes. Cassava 

is used in cholent in some households, can be processed 

into cassava starch flour used in bread, noodles, cakes and 

cookies. However, cassava can not last long in a fresh 

state, so it must be processed first into other more durable 
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forms, such as cassava chips, cassava flour, fermented 

cassava, and others. 

     In 2015 the Government of Indonesia has launched a 

concept for developing bioindustry farming system in the 

Agricultural Development Master Plan of the year 2015-

2040 (MOA, 2014). To accelerate the improvement of 

quality, added value and competitiveness of agricultural 

products (including plantation and livestock), sustainable 

agricultural bioindustry development based on animal 

feed and organic fertilizer through an integration between 

crops cultivation with livestock is expected to become 

one of the bioindustrial development that will be 

successful in Indonesia, including in the region of North 

Sulawesi Province. Integration system of cassava 

cultivation and beef cattle production has a great potential 

for the bioindustry development, which is in the form of 

bioindustry of animal feeds and organic fertilizer. Cattle 

feed bioindustry could be developed from biomass of 

cassava plantation including the cassava leaves and 

cassava peelers. Whereas, organic fertilizer bioindustry 

could be developed from cattle feces and urine. In the 

concept of agricultural bioindustry it is not only to 

produce processed food products but also production of 

non-food products and energy. The implementation of 

this concept aimed at optimizing the potential of land 

resources that are formed in the agricultural area scale. 

 

II. POTENTIAL OF CASSAVA 

CULTIVATION IN NORTH SULAWES I 

PROVINCE 

In North Sulawesi Province, corn and tuber crops are 

alternative food after rice. Cassava is one of the staple 

food of the people in the archipelago region of North 

Sulawesi including Talaud and Sangihe Islands. Cassava 

tubers that are often planted and consumed are the white 

and yellow/ivory tubers. Cassava planted in this area is 

more prevalent in dry land areas with sufficient water 

availability and rainfed water. As reported that cassava 

plants are tolerant of soils that have low fertility  and 

drought as well resistant to pests and diseases (Aboki et 

al., 2013). Cassava plants in North Sulawesi are also 

planted among the coconut plants with a wide spacing of 

the coconut. 

     Based on data from ISB of North Sulawesi Province 

(2016), the average cassava productivity in this area is 

still quite low, which is only 12.280 tons/ha. In addition, 

there is also a decline in the harvested area and the 

cassava production in the period of 2010-2015. Cassava 

production in 2010 was 84,083 tons but it was decreased 

in 2015 to only 44,134 tons. This is mainly due to the 

decreasing in harvested area which was 6,424 ha in 2010 

and it was decreasing steadily within 5 years period to 

3,594 ha in 2015 (Table 1). This decrease in harvested 

area is due in part to changes in the use of agricultural 

land (land conversion) that turns into land for housing, 

factories/industries and so on. 

     The largest cassava production in North Sulawesi 

Province in 2015 are in the regencies of Bolaang 

Mongondow (7,998 tons), Sangihe Island (6,851 tons) 

and Talaud Island (6,212 tons). In addition, in the 

Minahasa regency and the surrounding areas also have a 

quite large cassava production which are between 2,417 

and 4,506 tons. The production of cassava in these areas 

exceeds the need for consumption of local communities. 

So that some of them are exported to other areas in need. 

While in some other areas cassava is only grown by 

farmers for their own consumption purposes. 

 

III. INNOVATIONS OF CASSAVA 

CULTIVATION TECHNOLOGIES 

The principal objective of rural agricultural development 

is to improve the welfare of peasant communities as 

measured by the level of real income or average consumer 

spending per capita. Technological improvements, such 

as improved varieties, are the most important factors in 

improving agricultural productivity and poverty reduction 

in the long term. The use of cassava superior varieties 

accompanied by integrated crop management can produce 

as much as 30-35 ton/ha, and even when using higher 

input, it can reach up to 80-100 ton/ha (ICFCRD, 2012). 

Now, there are also some types of superior and fast 

harvested cassava available, such as Malang-1 variety, 

with a production between 45-59 tons/ha or an average of 

37 tons/ha, and Malang-2 variety, with an average 

production between 34-35 tons/ha. Up to 2014, the 

Indonesian Agency for Agricultural Research and 

Development (IAARD) has released as many as 11 

varieties of cassava, including: Adira-1, Adira-2, Adira-4, 

Malang-1, Malang-2, Darulhidayah, UJ-3, UJ-5, Malang-

4, Malang -6, and UK-2 (ILTCRI, 2016). 

     To improve cassava productivity, technology should 

be adopted in the production process and the adoption rate 

of new technology is highly correlated with the 

profitability, level of risk associated with it, capital 

requirements, agricultural policy and socio-economic 

characteristics of farmers. The adoption of innovation is 

the final step in the decision-making process to make full 

use of innovations will have a positive impact on the 

farmers or user’s  welfare level. Increased adoption of 

agricultural technology provides an opportunity to 

increase production, substantial income and to reduce 

food insecurity (Nata et al., 2014). The adoption of 

agricultural technology depends on the personal, social, 

cultural and economic factors as well as on the 
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Table.1: Harvested area, Yield and Production of Cassava in North Sulawesi  Province, in 2015. 

No. City/Regency Harvested Area 

(Ha) 

Yield (Ton/Ha) Production (Ton) 

1.   Bitung City 179 12.100 2,165.90 

2.   Bolaang Mongondow 654 12.230 7,998.42 

3.   Bolaang Mongondow East 134 12.260 1,642.84 

4.   Bolaang Mongondow North 60 12.250 735.00 

5.   Bolaang Mongondow South 103 12.270 1,263.81 

6.   Kotamobagu City 28 12.070 337.96 

7.   Manado City 82 12.060 988.92 

8.   Minahasa 356 12.240 4,357.44 

9.   Minahasa North 367 12.280 4,506.76 

10.   Minahasa South 275 12.280 3,377.00 

11.   Minahasa South-East 197 12.270 2,417.19 

12.   Sangihe Island 553 12.390 6,851.67 

13.   Sitaro Island - - - 

14.   Talaud Island 501 12.400 6,212.40 

15.   Tomohon City 105 12.050 1,265.25 

North Sulawesi Province 3,594 12.280 44,134.32 

        Source:  ISB of North Sulawesi Province (2016). 

 

characteristics of the innovation itself. Increased adoption 

of agricultural technology also has a positive impact on 

poverty reduction and improving human welfare (Challa 

and Tilahun, 2014). 

     Ojo and Ogunyemi (2014) have analyzed factors 

influencing the adoption of improved cassava production 

technology at the Ekiti State, Nigeria. The results of 

socio-economic analysis revealed that approximately 73.3 

percent of respondents adopted improved cassava 

production technology. The cost and return analyses 

showed that cassava production benefits the adopters of 

improved cassava production technology and has a higher 

and significant net return rate compared to the non-users. 

Furthermore Adetule et al. (2017) has also undertook 

research at the Ekiti State, Nigeria, on factors influencing 

the adoption of improved crop varieties by cassava 

farmers. The study showed that the majority (55.8%) of 

farmers finally adopted, 19.3% were in the trial phase, 

7.2% were still evaluating, 13.8% had shown interest to 

know more about improved varieties while only 3.9% 

said that they newly realize better cassava cultivars are 

available in the city. 

     A study aimed to assess the impact of adoption of 

improved cassava varieties on the welfare of cassava-

producing households was carried out by Afolami et al. 

(2015) in two states in Southwestern Nigeria. TME 419 is 

the most widely adopted varieties among cassava varieties 

introduced in the state with 60.2% of farmers adopting 

this varieties. The results also showed that adoption of 

improved cassava varieties in the study area increases the 

annual income and annual consumption expenditure by 

cassava farm households thus improving their welfare. 

The adoption of improved cassava varieties is therefore 

pro-poor community with the adopters having lower 

poverty rates than the non-adopters. Significant 

relationships were found between marital status of 

farmers, agriculture as main occupations, farming 

experience, access to cassava cutting in villages, radio use 

and adoption of improved cassava varieties. 

     Pingmuanglek et al. (2017) has compared the 

conventional system of cassava starch production by 

incorporating an increase of one change in the practice of 

crop production, transportation and starch production. In 

an improved scenario of crop production, some nutritional 

management practices are applied together with 

optimization of fertilization. Flour mills have been 

modified to improve water recycling and reduce losses to 

reduce input of cassava. Reduction of starch loss was 

achieved in fiber and pulp separation processes in which 

the largest starch loss occurs. The results showed that 

technological and management improvement scenarios 

can reduce consumption of all resources and emissions 

including cassava (4%), fertilizer (50%), water (30%), 

wastewater (40%) and energy (8%). All dregs of cassava 

can be used to produce ethanol as well as for animal feed. 

All waste water can be reused for irrigation in the cassava 

plantation areas. 

     According to Qurrahman et al. (2014), the use dry land 

for intensive cassava production without applying 

sustainable cultivation techniques has the potential to 

cause soil damage, so it is necessary to use the organic 

fertilizer. Otherwise, agricultural activities will be high 

investment with low yields due to the uncontrolled use of 

synthetic chemicals that become dangerous for the 

ecosystem. To protect the ecosystem, organic farming 

needs to be practiced properly without the use of 

http://dx.doi.org/10.22161/ijeab/3.4.26
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol -3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.26                                                                                                                      ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                           Page | 1334  

hazardous chemicals and replace them with organic 

fertilizers, bio-pesticides, and others. The results of 

Mathias and Kabambe (2015) study stated that the use of 

organic fertilizer can improve soil structure to facilitate 

root penetration and cassava tubers formation. Similarly, 

nutrients contained in organic fertilizers are released more 

slowly and stored longer in the soil allowing longer 

residual effects. Although manure and dolomite can be 

replaced by adding urea fertilizer to 500 kg/ha, but 

manure is superior in terms of soil treatment (Radjit et al., 

2014). One effort to increase the availability of organic 

fertilizer is to conduct a system of cassava crop farming 

with beef cattle production. 

     Perfect soil treatment is considered the most important 

to improve cassava productivity. This is because the dry 

lands cultivated for cassava plants by farmers generally 

have relatively hard soil layers so that the good soil 

processing that could make the land become looser is 

needed, which makes the cassava plants can grow 

optimally (Ariningsih, 2016). Deliyana et al. (2016) 

showed that minimum tillage and herbicides application 

caused the highest increased in growth of cassava 

compared to the complete soil preparation + herbicide, 

minimum soil preparation and complete soil preparation 

only. The complete soil preparation system + herbicide 

produced highest cassava production and the amount of 

nutrient transported crops (i.e. N, P and K and C-plant) 

compared to the minimum soil preparation + herbicide, 

minimum soil preparation and complete soil preparation. 

The complete soil preparation and herbicides are more 

advantageous than complete soil preparation, minimum 

soil preparation and minimum soil preparation + herbicide 

in the second growing season. 

     In the irrigation method, the most important 

technological component is the volume of water supply as 

needed in the cassava plantation on dry land and frequent 

drought that causes the decreasing of crop yield and 

causing the dry cassava crop and non-optimal production, 

cassava tubers become small, or even cause the crop 

failure (Ariningsih, 2016). To anticipate the occurrence of 

drought, the drought tolerant superior varieties such as 

Malang-6, Malang-4 and Adira-4 varieties should be 

used. All these three varieties are suitable as raw 

materials for starch industry because they have high yield 

potential and have high starch levels as well, although the 

flavor of the tubers is rather bitter (Wahyuni, 2015). 

 

IV. BEEF CATTLE FARMING CONDITION IN  

NORTH SULAWES I PROVINCE 

North Sulawesi province has big potential or opportunity 

for cattle raising. This is due to the support of natural 

resources (lands, feeds), human resources and has good 

market prospects and potential. In addition, cattle 

business is also a source of regional revenue through the 

inter-provincial and inter-island trades. 

     At present, about 60% of the meat requirement is 

fulfilled by pork, however the Government of North 

Sulawesi Province will develop an artificial insemination 

program to increase beef production to meet the national 

needs. North Sulawesi Province has a large area with a 

total land area of 1,527,219 hectares that can be used for 

crops, horticulture and plantation areas. In North Sulawesi 

Province, cattle are maintained in an integrated manner 

with plants known as plant integration systems with 

livestock. Integration of cattle business with crops can 

gain a positive influence on the cultivation, social and 

economic community. 

     Cattle business in North Sulawesi Province is 

generally extensive or livestock still traditionally 

maintained. Cattle rearing is done with a binder and 

moved system with feeding in the form of green grass and 

corn straw. Cattle is brought to the grazing area in the 

morning with the distance from the house about 1-3 km, 

then in the afternoon the cow was taken back to its shade 

accompanied by additional feed grass and corn straw. The 

allocation of daily cattle management can take about 2-4 

hours/day depending on the distance of the grazing areas 

and the number of cows owned by farmers. 

     The Agriculture and Livestock Service Office of North 

Sulawesi Province has undertaken various measures to 

develop livestock farms in the province. One of these 

policies was to provide cattle to several farmer groups. To 

increase the livestock productivity, it is necessary to 

increase the calf birth, shortening the calving interval, 

extend the production period. Successful cattle raising is 

strongly influenced by various interrelated factors, such 

as education, input use, marketing, planning and others. 

The success of cattle business depends on three elements: 

breeds, feed and management. The North Sulawesi 

province has the potential to be a cattle center in the 

eastern part of Indonesia. 

     Based on the Agricultural Census data of 2013 (ISB, 

2014) it was reported that the highest population of 

livestock breed in the North Sulawesi Province is Pigs 

(123,943 heads), while the number of beef cattle is only 

96,628 heads and goats are 10,776 heads (Table 2). In 

addition, there are also few numbers of horses and dairy 

cattle kept farmers in this province. In general, beef cattle 

are found throughout most of the North Sulawesi 

province, with the highest number are in the following 

regencies: Bolaang Mongondow (19,993), Minahasa 

(16.089), as well as in regencies of North Bolaang 

Mongondow, North Minahasa and South Minahasa with 

an average amount of 12,197 heads. 
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V. CASSAVA AS FEED INGREDIENTS FOR 

ANIMALS 

One way in anticipating the problem of limited sources of 

feed for livestock and as an effort for feed cost efficiency, 

is to find the new feed materials in the form of 

agricultural wastes which have not been generally used by 

farmers or known as unconventional feed materials. In 

some areas there are several types of agricultural crops 

and plantations wastes that have not been used as feed 

materials by farmers other than rice straw and corn 

leaves. These include: corn beard, soybean shell, cassava 

peelers, cocoa husk, cocoa shell and coffee shell; but in 

some other areas there are already using the material as 

animal feed. 

      

 

Table.2: Population (heads) of Beef cattle, Goats and Pigs raised by farmers in North Sulawesi Province, in 2015. 

No. City/Regency Beef Cattle Goats Pigs 

1.   Bitung City 2,145 681 4,519 

2.   Bolaang Mongondow 19,993 1,642 14,839 

3.   Bolaang Mongondow East 2,372 1,384 571 

4.   Bolaang Mongondow North 12,287 1,769 361 

5.   Bolaang Mongondow South 3,255 691 39 

6.   Kotamobagu City 1,678 239 1,005 

7.   Manado City 2,290 315 3,755 

8.   Minahasa 16,089 542 32,987 

9.   Minahasa North 12,651 1,185 13,434 

10.   Minahasa South 11,654 440 14,589 

11.   Minahasa South-East 3,126 851 6,862 

12.   Sangihe Island 1,595 644 7,584 

13.   Sitaro Island 71 112 9,536 

14.   Talaud Island 748 128 7,625 

15.   Tomohon City 2,674 153 6,237 

North Sulawesi Province 92,628 10,776 123,943 

           Source:  Agricultural Census data of 2013 (ISB, 2014). 

All parts of the cassava plant in general, can be used as  

animal feed. Leaf parts can be used as a source of protein 

that can be given in dry or silage form. Stems can be 

mixed with leaves as ingredients in concentrate feeds. 

Tubers can be converted into pellets. There are also 

cassava peelers which are the main cassava plant wastes 

in developing countries. Cassava peelers can be given to 

cattle directly or after fermented.  

     Feed ingredients derived from postharvest cassava 

wastes include cassava tubers, cassava stems, cassava 

leaves, dried cassava and cassava pomade, are classified 

as feeds with an easily digestible carbohydrate source. 

Cassava pomade can be dried prior to use or can be used 

as a substrate to produce single cell proteins. Some 

research results in the use of cassava as ruminants feed 

has been done for both small and large ruminants. The 

utilization of cassava in the form of dried cassava or 

cassava pomades is the most commonly used as a best 

concentrate for beef or dairy cattle.  

     The use of cassava pomade as an energy source in a 

concentrate mixture of up to 45% to replace corns did not 

affect the milk production of dairy cow (Suksombat and 

Lounglawan, 2004). This will greatly benefit small 

farmers because the price of the cassava pomade is 

cheaper than the price of corn. The effects of feed 

containing cassava (tubers and leaves) were investigated 

for feed intake, weight gain, feed conversion ratio, egg 

production performance and egg quality for 5 weeks of 

experimental feeding in laying hens in Myanmar. The 

results showed that, up to 40% of corn can be replaced 

with cassava to increase egg production and egg quality. 

Moreover, the substitution of cassava leaves with cassava 

tubers was more efficient in reducing cholesterol content 

in egg yolks (Kyawt et al., 2015).  

 
VI. ALTERNATIVE ENERGY SOURCE 

FROM ANIMAL WASTES 

Wastes in the form of feces and cow urine are commonly 

used as organic fertilizer by most of farmers. However, 

most of these types of wastes are immediately taken to the 

filed without being previously composting. Though the 

feces are still hot and can disrupt the growth of plants. 

Therefore, to overcome this problem, biogas installation 

can be provided, and farmers will get gas as fuel, solid 

organic fertilizer, and liquid organic fertilizer from the 

remaining fermentation of organic materials in the biogas 

digester. It also can reduce the pollutions caused by stacks 

of feces. 

     Hasiholan et al. (2016) examined the production, 

productivity, hydraulic retention time, and quality of 
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biogas made from cassava tubers and leaves with cow 

dung as the starter. It was concluded that the substrates 

compositions significantly affected the total biogas 

production, but it did not have significantly effect on 

biogas productivity. The highest biogas production (6,995 

ml) was obtained from the composition of 25% of cassava 

tubers and 75% of cattle manure. The farmers’ perception 

and their willingness to adopt the biogas technology in 

Indonesia is very good. Cattle manure will not only 

produce biogas that can be used by the local people for 

cooking, but it is also needed to overcome air pollution 

and disease hazard arising from untreated cow dung 

(Asmara et al., 2013). 

     The process of biogas making begins by inputting the 

livestock wastes in the form of dirt, feed residues, urine 

and wastewater into the biogas reactor. The stages of the 

biogas manufacturing process are as follows: a) The 

biogas input materials (in the form of fresh livestock 

organic wastes) mixed with water, with a ratio of 1 part of 

wastes and 1 part of water. b) The mixture is stirred, then 

flowed into the biogas reactor to the maximum extent of 

the discharge hole. c) Fermented for 2-3 weeks period, 

with the position of the gas control valve and the gas 

valve expenditure to the stove are in a closed state. d) The 

result of the fermentation process can be seen at the end 

of the second week, the mild biogas will be accumulated 

at the top of the reactor dome. e) The first gas formed is 

removed until a typical biogas smell comes out. f) If the 

use of biogas is used every day, then the filling of biogas 

input materials is also carried out every day. g) Biogas 

production will take place continuously, depending on the 

filling and maintenance of the installation. h) The entry of 

pesticides, disinfectants, detergent/soap/shampoo 

solutions into the biogas reactors, should be avoided 

(Widodo and Asari, 2011). The raw biogas cannot be used 

directly as fuel because it still contains CO2 and H2S 

which will decrease the heating value and could cause 

corrosion in the biogas storage vessels. Enrichment of 

biogas could be done by removing the CO2 and H2S 

contents which will significantly improve the quality of 

the biogas (Akila et al., 2017). 

 
VII. BIOSLURRY FROM BIOGAS DIGESTER AS 

ORGANIC FERTILIZER 

The sludge comes out of a biogas installation is called the 

bio-slurry and this can be used as an organic fertilizer in 

the solid or liquid form (Amir, 2016). The solid in the wet 

or dry form can be used directly as crops fertilizer as it 

has been decomposed during the fermentation process in 

the biogas digester/reactor. This solid contains very small 

quantities of pathogenic microorganisms so that it is very 

good to be used a media for planting mushrooms or plant 

nurseries. Oktavia and Firmansyah (2016) introduced a 

biogas technology to reduce the economic costs of 

households in Tanjung Bulan Village in Prabumulih City, 

South Sumatra. It was concluded from the study that the 

biogas program was very beneficial for the community in 

the Village. There were three main benefits perceived by 

the community, including a) Biogas could be used as a 

substitute for the liquid petroleum gas (LPG) which has 

been used previously by the community. b) The biogas 

byproducts have been widely used as organic fertilizers. 

(3) From the social point of view, the program has also 

educated the community to utilize the livestock manure 

that has been considered by the community as waste can 

provide an economic and environmental benefits. 

     The by-products of the biogas technology which are 

processed into organic fertilizers could increase soil 

nutrients, save costs for fertilizer purchases and increase 

public incomes (Rajendran et al., 2012). The process of 

making organic liquid fertilizer is as follows: The sludge 

output from the biogas reactor is filtered by a fine sieve 

and the water is collected in a plastic drum. To improve 

the quality of the fertilizer, it is necessary to add such 

other ingredients as bone meal, egg shell flour and blood 

meal. All these ingredients are thoroughly mixed and 

fermented for a 7 days period. The fluid is then filtered 

again by using a cloth then the cloth is squeezed. The 

liquid is then collected in plastic drums and allowed to 

stand for 3-4 days and frequently stirred or aerated to 

remove the residual gases. Furthermore, the liquid is left 

without stirring for 2 days to settle the particles and the 

liquid becomes clearer. The liquid is then packed in 

plastic bottles and ready to be used or sale. 

 

VIII. INTEGRATION OF CASSAVA 

CULTIVATION WITH BEEF CATTLE 

HUSBANDRY 

The model of integration between crops and livestock or 

often called integrated agriculture, is to combine the 

livestock production and farming activities. This model is 

often called as zero-waste farming or bio-industrial 

farming, because the livestock wastes are used as 

fertilizer, and the agricultural wastes as animal feeds. 

     The agricultural bioindustry is an agricultural system 

which in principle manages and/or utilizes optimally all 

biological resources including agricultural biomass and/or 

organic wastes, for the welfare of society in an ecosystem 

in harmony. The key word of this bioindustry farming 

system lies in all biological resources, biomass, and 

agricultural wastes (including livestock), science and 

technology, bioprocess, utilization and genetic 

engineering. Therefore, this farming system will produce 

high value food products and bioproducts, zero waste, 

biorefinery and sustainable. 

     The interaction between crops and livestock should be 

complementary, supportive and mutually beneficial, to 

encourage increased production efficiency and increased 
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profitability of its farm operations. Some references state 

that the integration model is directed to the concept of 

food products, feed sources, renewable energy and soil 

fertility (Anugrah et al., 2014; Amir, 2016). 

     The concept of cassava crops and cow production 

integration is presented in Fig. 1 (Amir, 2016). This zero-

waste model is directed to a net production as an effort to 

extend the production cycle by optimizing the by-

products. As it has been explained previously that the 

main products of beef cattle production are meat/carcass 

and manure as its by-products. Livestock manure is then 

processed into the biogas and fertilizer for cassava plant. 

Cassava has the main product of tubers with tubers 

peelers and leaves as the by-products which could be 

processed into cow feed in the form of silages and 

concentrates. By applying this integration model, the 

concept of bio-industrial agriculture is expected to be 

formed by itself. 

     The activities of agricultural bioindustry in the form of 

integration of beef cattle production with cassava plants 

can be carried out in almost all areas of North Sulawesi 

Province. This is because almost in every district has beef 

cattle and cassava plants, except in the Sitaro Island that 

does not have cassava plantation. The implementation of 

this agricultural bioindustry in North Sulawesi Province 

will be able to be implemented well in three regencies, 

namely Bolaang Mongondow, Minahasa and North 

Minahasa. In relation to these three areas, there are large 

cassava plants (Table 1) and with a high livestock 

population (Table 2). Cassava plants are also present in a 

quite large amount in the regency islands of Sangihe (553 

ha) and Talaud (501 ha), but the beef cattle exists in these 

regions are only in a few number. Therefore, beef cattle 

population in both areas should be increased through 

various government programs. 

     The number of beef cattle population is also high in 

the regencies of North Bolaang Mongondow (12,287 

heads) and South Minahasa (11,654 heads). However, the 

production of cassava in these regions are still very small. 

Therefore, it is necessary to increase the amount of 

existing cassava productions by increasing the planted 

areas or using superior cassava varieties, so that it can 

support the integration activities between beef cattle 

production with the cassava plants. 

 

IX. CONCLUSION 

Agricultural bioindustry can be carried out in all areas of 

North Sulawesi Province, because almost in every district 

has beef cattle and cassava plants. This bioindustry will 

be well implemented in three regencies including Bolaang 

Mongondow, Minahasa and North Minahasa, as there are 

large cassava plants and with a high livestock population 

in these three areas. Although numbers of beef cattle 

population are also higher in the regencies of North 

Bolaang Mongondow and South Minahasa, but the 

production of cassava in these regions are still very small. 

So that, to support the agricultural bioindustry, it is 

necessary to increase the amount of existing cassava 

productions in these areas by increasing the planted areas 

or using the superior cassava varieties. 

 

 
Fig. 1:   The Diagram Concept of Integration between Cassava Cultivation and Beef Cattle Husbandry  

(Adopted from Amir, 2016). 
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Abstract— The present work reports the seasonal 

phenology of the reptiles of the "Castel di Guido" Natural 

Park near Rome (Northern Latium, Italy). During field 

observations, between September 2014 and July 2016, 

transects were carried out along the ecotones of the park, 

in order to describe the period of seasonal activity of the 

reptiles present. The area is characterized by 

Mediterranean mesothermal climate. In the 

Mediterranean area, reptiles have a broader annual 

activity range than other European regions, greatly 

reducing winter latency. Reptile activities start very early, 

in some case it is possible to observe the snake Hierophis 

viridiflavus and  lizards, such as Podarcis muralis and 

Podarcis siculus,  in thermoregulation activity  in the 

middle of winter.   The mild climate that is recorded on 

average in autumn favors the activity in the period 

between September and December; Zamenis longissimus 

is observed regularly in October. Testudo hermanni 

mates regularly in autumn and it is active until the first 

decade of December. The research shows that during the 

winter period reptiles can be observed in activity; for 

some species, Chalcides chalcides, Podarcis sp., 

Hierophis viridiflavus, this seems to be a remarkable 

datum that broad considerably the annual phenology 

reported in the literature. 

Keywords — Mediterranean environment, phenology, 

reptiles, winter activity. 

 

I. INTRODUCTION 

The present study illustrates the phenology of the reptiles 

of the “Castel di Guido” Natural Park (Northern Latium, 

Italy) (Figure 1); the data relative to the reptiles species 

observed in the course of herpetological research are 

reported. In many species, biological activity and 

reproduction times are determined by a combination of 

endogenous cycles and exogenous signals; in particular 

for reptiles, ectoderm species that have body temperatures 

generally close to those of their environment, temperature 

and humidity influence many aspects of their biology 

(Whittier & Crewe, 1987). 

In the literature, the phenology of reptiles varies a lot  

according to the latitude and the different habitats, as well 

as to the seasonal climatic trends that can vary from year 

to year (Sindaco et al., 2006; Corti et al., 2010). 

In Europe, certainly a distinction in phenological 

activities is observed in the continental climate range 

compared to the Mediterranean climate zone where the 

activities of reptiles begin very early compared to other 

environments in Europe (Bologna et al., 2000; Bologna et 

al., 2007).  

In some cases it is possible to see in thermoregulation 

some lizards, such as Podarcis muralis (Laurenti, 1768) 

and Podarcis siculus (Rafinesque Schmaltz, 1810), in 

December and January; also Hierophis viridiflavus has 

been observed in mid-winter activity (Pizzuti Piccoli, 

2016; Cattaneo, 2017). 

The work doesn’t concern Emys orbicularis (Linnaeus, 

1758), Anguis veronensis Pollini, 1818, Hemidactylus 

turcicus (Linnaeus, 1758) and Tarentola mauritanica 

(Linnaeus, 1758), for which observations were based 

exclusively on the absence presence data. (Pizzuti Piccoli 

et al., 2017a; Pizzuti Piccoli et al., 2017b). 

 

II. STUDY AREA  

The present study was carried out in the Castel di Guido 

Natural Park, within the homonymous public farm, 

located in the Municipality of Rome, in the stretch 

between the 16th and the 20th km of the main road 

Aurelia. The public farm is under the direct management 

of the Municipality of Rome since 1978 and it produces 

cereals, fodder and cattle, bred in the stable (Italian 

Friesian cow) and in a wild state (Maremmana cow). The 

farm extends for 1966 ha and is characterized by hilly 

areas that degrade towards the coastal plain; the 

maximum altitude reached is 80 m above sea level, while 

the minimum altitude reaches about 10 m asl. The activity 
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of man has further modified the territory, leading to the 

formation of mosaics of small natural areas, interesting 

because characterized by relict vegetation (Chirici et al., 

2001). 

Climatically the area is part of the Mediterranean 

Transitional Region, with mild climate, due to the 

proximity of the sea (Blasi, 1994). The minimum 

temperatures are recorded in January (average value 3.0 ° 

C), the highest in July and August (average value 30.0 ° 

C); rarely there are values below 0 ° C and above 40 ° C. 

In autumn there is maximum rainfall (over 275 mm), but 

also in spring there are frequent rains (175 mm) (Table 2) 

(Mangianti & Perini, 2001). 

The study area is characterized by an evident vegetation 

complexity and by a great floristic richness, which can be 

seen in the various habitats present. Of the 1966 hectares 

of the Farm, 17% (366 hectares) is occupied by crops 

such as durum wheat, maize, barley, olive groves, and 

alfalfa meadows, 22% ( 430 hectares) by natural coppice 

woods with prevalence of Quercus ilex Linnaeus, 1758 

and Quercus pubescens Willd., 1805, 22% (433 hectares) 

is used for permanent pasture, 28% (552 hectares) is 

covered by pine woods and areas of reforestation, while 

the remaining part of the territory is occupied by roads, 

farmhouses, stables and irrigation canals. (Filesi, 2001; 

Bartolucci & De Lorenzis, 2004). 

The birds of the Park are represented by numerous 

resident and migratory species (Cecere, 2006); among the 

most representative mammals we find Hystrix cristata 

Linnaeus, 1758, Vulpes vulpes Linnaeus, 1758, Meles 

meles Linnaeus, 1758, Martes foina Erxleben, 1777, 

Erinaceus europaeus Linnaeus, 1758 and Muscardinus 

avellanarius Linnaeus, 1758 (Imperio et al., 2007). 

Remarkable the presence, recently proven, of the wolf, 

Canis lupus Linnaeus, 1758. The amphibians of the area 

are represented by five species: common toad Bufo bufo 

(Linnaeus, 1758), emerald toad Bufotes balearicus 

(Boettger, 1880), Italian tree frog Hyla intermedia 

Boulenger, 1882, green frog Pelophylax bergeri (Gunther, 

1986) / Pelophylax kl. hispanicus (Bonaparte, 1839) and 

smooth newt Lissotriton meridionalis (Boulenger, 1882) 

(Pizzuti Piccoli & De Lorenzis, 2015). Reptiles are well 

represented with the confirmed presence of 14 species 

present (Table 1). (Pizzuti Piccoli et al., 2017). 

 

III. MATERIAL AND METHODS 

Data collection took place between September 2014 and 

July 2016; surveys were carried out weekly; the detection 

method adopted was that of the linear transect with "sight 

counts", V.E.S. = Visual Encounter Surveys (Heyer, 

1988; Crosswhite et al., 1999; Greenwood & Robinson, 

2006). As a transept was chosen a linear path of 2,200 

meters, crossing all the representative environments and 

the ecotonal zones present; the presence of animals in the 

five meters on the right and on the left of the transept 

were considered (Hofer et al., 2002). 

Field work was conducted following the regulations and 

with all the necessary authorizations for this kind of 

study. 

 

IV. RESULTS 

The data collected for the species are shown below. 

 

Testudo hermanni Gmelin, 1789 

During the field surveys, 38 specimens of Testudo 

hermanni were observed and captured. The species in the 

Mediterranean area is normally found from March to 

November, with bimodal activity in June and September 

(Calzolai & Chelazzi, 1991, Mazzotti et al., 2002). In the 

site the first observations date back to the first days of 

March and the species mates regularly in autumn; 

noteworthy the finding of a moving specimen on 10 

December 2015(Figure 2). 

 

Chalcides chalcides (Linnaeus, 1758) 

Along the transept 14 specimens of Chalcides chalcides 

were observed; all the specimens presented the coloring 

with longitudinal dark stripes. In the literature, the species 

is active from spring to early summer, from the end of 

July a phase of sporadic activity begins until September 

and it has a winter latency from October to March 

(Sindaco et al., 2006). 

Field observations confirm the start of activities in March, 

with observations also in August; in the study area 

individuals in activity were found until the end of 

October. 

 

Podarcis muralis (Laurenti, 1768), Podarcis siculus 

(Rafinesque Schmaltz, 1810) and Lacerta bilineata 

Daudin, 1802 

Podarcis siculus, appears to be more numerous than 

Podarcis muralis, the latter presents the typical color of 

the subspecies nigriventris (Sindaco et al., 2006). The 

two species appear to be well separated in habitat 

habitation. P. siculus appears to be confined to prairie 

areas, while P. muralis has been observed mainly in areas 

with tall trees, often above the trunks of trees. 

Lacerta bilineata is present above all in the areas close to 

the watercourses and in the borders of Rubus sp. 

The phenology observed (Figure 3) indicates an intense 

activity for the three species between May and June; for 

Lacerta bilineata we also assist to significant activities in 

April; a further peak we find in the month of September 

(end of August - September for Podarcis siculus). In 

general, specimens were already active during the first 

sunny days of January, with a progressive increasing of 
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biological activity with the peak in May and June. In the 

late autumn period we find specimens in activity until 

November. Between November and January the 

observations refer to specimens in basking activities, we 

have no data on trophic activity in this period; trophic 

activity and reproductive activity are observed from 

March. The observations are consistent with the data 

reported in the literature (Capula et al., 1993; Caldonazzi 

et al., 2002; Di Cerbo e Ditizio, 2008; Tenan, 2007). 

 

Elaphe quatuorlineata (Bonnaterre, 1790) 

For this species, the data in literature report individuals in 

activity between March and October (Pozio, 1976; 

Capizzi et al., 1996; Cattaneo, 2005; Cattaneo, 2017). 

The individuals observed during the research were found 

in the time range of April and July in both study years, 

confirming the phenological information in literature 

(Figure 4). 

 

Hierophis viridiflavus (Lacépède, 1789) 

Among the snakes, Hierophis viridiflavus is the most 

frequent; it has been observed 32 times along the transects  

in the ecotonal bands and, to a lesser extent, has been 

found in areas covered by tree vegetation and close to 

household goods. Found mainly on the ground, still or 

moving. For the species, the bibliographic data show 

activities from February to October (Capula et al., 1997; 

Capula & Luiselli, 1995; Filippi & Luiselli, 2000). In the 

study area, the species is observed regularly, albeit with 

few specimens, even in the months of November 

December and January. 

 

Zamenis longissimus (Laurenti, 1768) 

The species is present in the park, where it was found 

with five individuals in the ecotonal zones. The 

observations fall within the season range (between March 

- April and October - November) reported in the literature 

(Sindaco & Silvano, 1991; Gomille, 2002); interesting the 

observation of two individuals in October. 

 

Natrix helvetica (Lacepède, 1789) 

Natrix helvetica is the least common snake; it should be 

noted that the particular ecology of the animal, that needs 

presence of water bodies, makes it less observable in the 

habitat investigated with the transects. However its 

presence is confirmed with the capture of some 

individuals in the phenological range, described in 

literature for the species, between March and September 

(Gentili & Zuffi, 1995; Kindler et al., 2017). 

 

Vipera aspis (Linnaeus, 1758) 

In the area Vipera aspis was observed only in the period 

between April and July, despite being known, for the 

coastal Tyrrhenian locations, observations throughout all 

the year (Zuffi et al., 1999b; Grano et al., 2017). 

 

V. CONCLUSION 

The periods of activity of the observed species often 

appear in line with those in other Mediterranean coastal 

areas (Cattaneo, 2005, Mayor et al., 2006; Corti et al., 

2010; Pizzuti Piccoli, 2016). The research shows that, 

during the winter period, reptiles can be observed in 

activity; for some species, Chalcides chalcides, Podarcis 

sp., Hierophis viridiflavus, this seems to be a remarkable 

fact that would greatly broaden the annual phenology  

(Figure 5). It is evident that these activities in the late 

autumn and winter can be correlated with seasonal 

climatic trends, which often offer mild, or even warm, 

winters (Table 2), favoring the activity of reptiles 

(Bologna et al., 2000; Bologna et al. ., 2007). In 

conclusion, the work carried out offers a contribution to 

the knowledge of the phenology of reptiles in the 

Mediterranean environment of the Tyrrhenian coast, with 

particular reference to the area of the Roman coast. It will 

certainly be important to investigate the phenology of the 

observed reptiles for the site, in order to obtain a more 

appropriated knowledge of the reptiles present. 
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Table 1. The reptile species observed in the “Castel di Guido” Natural Park. 

Species observed 

European pond terrapin Emys orbicularis 

Hermann’s tortoise Testudo hermanni 

Mediterranean house gecko Hemydactilus turcicus 

European common gecko Tarentola mauritanica 

Italian  slowworm Anguis veronensis  

Italian three-toed skink Chalcides chalcides 

Common wall lizard Podarcis muralis 

Italian wall lizard Podarcis siculus 

Western green lizard Lacerta bilineata 

Four-lined snake Elaphe quatuorlineata 

Western whip snake Hierophis viridiflavus 

Aesculapian snake Zamenis longissimus 

Grass snake Natrix helvetica 

Asp viper  Vipera aspis 

 

Table 2.  Monthly averages of meteorological data in the period 1987 – 2017 

 (Rome Ciampino Station) - Source www.ilmeteo.it. 

Month T min T max Rain Humidity 

January 3 °C 12 °C 103 mm 77 % 

February 4 °C 13 °C 99 mm 75 % 

March 5 °C 15 °C 68 mm 72 % 

April 8 °C 18 °C 65 mm 73 % 

May 11 °C 23 °C 48 mm 71 % 

June 15 °C 27 °C 34 mm 68 % 

July 17 °C 30 °C 23 mm 67 % 

August 18 °C 30 °C 33 mm 66 % 

September 15 °C 27 °C 68 mm 69 % 

October 11 °C 22 °C 94 mm 74 % 

November 7 °C 16 °C 130 mm 78 % 

December 4 °C 13 °C 111 mm 78 % 

  

 

 

http://dx.doi.org/10.22161/ijeab/3.4.27
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.27                                                                                                                      ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                           Page | 1345  

 

Fig.1: The “Castel di Guido” Natural Park. 

 

 

Fig.2: Testudo hermanni specimens observed during the study period. 
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Fig.3: Observations during the study period of the lizards. 

 

 

 

Fig.4: Observations of snake species during the study period. 
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Fig.5: Seasonal observations of all reptile species during the study period. 
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Abstract— The study examined the economic analysis of 

sesame production compliant withagricultural restructuring 

plan in rural areas of Vietnamese Mekong Delta . 

Conditional non-probability sampling technique was 

employed to select 90 respondents who have produced 

sesame rotationally on rice field in summer-autumn crop 

season. Primary data were analyzed using both descriptive 

and inferential statistics including percentage, frequency 

and farm budget model. Gross Margin analysis was used to 

estimate cost, returns sesame production in the study area. 

The study revealed that the average cost, revenue, gross 

margins of production per hectare was 17.60, 37.38 and 

20.56 million VND, respectively.Moreover,the average rate 

of returnsalsoindicated that with every 1,000 VND invested 

to sesame production, a farmer made a profit of 1,390 

VND. As a result, it can be concluded that sesame farming 

is profitable in the context of agricultural restructuring 

strategy from rice to other crops in Mekong Delta region. It 

is recommended that smallholders should take initiative in 

participation in sesame cooperatives and ‘big field’ model 

to be more beneficial to inputs price, harvested machine 

and formal credit in the beginning of each season.  

Keywords— economic analysis, sesame, smallholders, 

profitable, gross margins, ‘big field’ model. 

 

I. BACKGROUND 

Sesame is one of the plants that has oil and has high 

levels of oil in the grain of which products are both used in 

food and other purposes such as industry, handicraft 

industry, pharmaceuticals, and biofuel production 

(RichardBell, 2008).Rotational and intercropping sesame 

cultivation have the positive effect of limiting pests and 

diseases, increasing productivity and improving the quality 

of land. In Thailand, sesame crop is mainly rotated with rice 

crop. Recommendations in Thailand suggest that rotation 

cultivation destruction of post-harvest residues are always 

necessary in order to prevent some important diseases to 

rice and sesame. (Pornparn and Sorasak, 2001). 

The study by Ibrahim et al. (2014) also reported that 

sesame is one of the major industrial crops produced in 

northern Kordofan, Sudan and mainly for sesame oil 

production. Random sampling technique was used to survey 

205 farmers. Results showed that the technical efficiency of 

crop production ranged from 11% to 100% with an average 

error of 84% for sesame. Average technical performance 

indicates that there are opportunities to increase by 16% the 

total output of sesame by introducing certain inputs by 

adopting existing technologies by farm households have a 

good technique. 

When evaluating the profitability of sesame cultivars 

in Nigeria, Abu et al. (2012) used Cobb-Douglas analysis to 

determine the technical efficiency, distribution and 

economic efficiency of sesame-seed farmers in the state of 

Nasarawa. They used a targeted sampling technique to 

collect data from 194 sesame households. Technical 

analysis shows that production scale and pesticides are not 

significantly correlated to technical efficiency, while seed, 

labor and fertilizer are statistically significant for efficiency. 

In recent years, sesame cultivation area in 

Vietnamese Mekong Delta has been increasing rapidly 

because of the agricultural restructuring plan in some 

localities. In An Giang, Can Tho, Dong Thap and Long An 

provinces, there are about 7,000 ha of sesame, occupying 

17% of national area, of which Dong Thap and An Giang 

are the two provinces with the highest average productivity 

of 1.2- 1.4 tons/ha (MARD, 2017). 

In Vietnam, many researchers consider that the 

competitiveness of the national vegetable oil industry is still 

http://dx.doi.org/10.22161/ijeab/3.4.28
http://www.ijeab.com/
mailto:bich.tho.canh@gmail.com


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.28                                                                                                                             ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                                  Page | 1349  

weak because the raw material for production is mainly 

sesame oil, peanut oil and rice bran, the remaining 90% of 

raw materials have to be imported from abroad. Vegetable 

oil extraction outside the jungle also includes other crops, 

including soybean and groundnut, both of which are 

suffering from a lack of raw materials. Due to this shortage, 

Vietnam has to import 1.0 - 1.3 million tons of soybean 

annually (7 times the domestic production of soybean) to 

process vegetable oil and animal feed. (Vietrade, 2012). 

Sesame cultivation on rice field in Mekong Delta is 

still spontaneous with smallfarms, farmers mainly use their 

own experience in using fertilizers and pesticides and the 

low application of mechanizationintopeoducing stagesis still 

a big matter of concern.For the above reasons, economic 

analysis of sesame planting model in Mekong Delta is 

necessary to promote new directions for this crop variety 

and potential economic development of the whole region in 

the future. 

 

II. METHODS 

Research area 

 Can Tho, Dong Thap and Long An provinces were 

chosen as the study area in Vietnamese Mekong Deltasince 

data from MARD, DARD and related research results have 

indicated that by 2016 these are the three largest areas of 

sesame production and have relatively potential growth 

when comparing to farming models in other provinces. 

Sampling techniques 

 Conditional non-probability sampling methodwas 

used to collect primary data since sesame households 

located scatteredly in rural regions and their production 

usuallyfluctuate each year due to the risk related to market 

price. 

 

Table.1:  Proportion of Sesame Farmers Selected from 

Communes 

Province District Commune No. of 

households 

Cần Thơ Ô Môn Thới Long 30 

Đồng 

Tháp 

Cao Lãnh Tịnh Thới 30 

Long An Vĩnh Hưng Khánh 

Hưng 

30 

Total 90 

Source: Field Survey, 2016 

 

Due to the limitation of time and research budget, 

sample size was 90 units (sesame growers). The structure of 

sample observations is illustrated that 30 farmers located in 

O Mon District (Can Tho), 30 farmers from Cao Lanh 

District (Soc Trang) and the last 30 ones from Vinh Hung 

District (Long An). 

Primary data were collected by interviewing 

personally 90 farmers in the three districts using structured 

questionnaire to record information on household resources 

and sesame production in 2016 crop year. 

Method of data analysis 

 Descriptive statistics like means, percentages, 

standard deviation and frequencies were used in analyzing 

socioeconomic characteristics of respondents.  

 Gross Margin (GM) analysis (Olukosi and 

Erhabor, 1988) was used to determine the mean gross 

margin per hectare, the mean total revenue per hectare, the 

mean total variable cost per hectare, the highest cost 

incurred by the respondents as well as the mean output 

obtained by the respondents. 

 The GM analysis of sesame production in Mekong 

Delta was expressed as: 

GM= TR – TVC - - - - - - (1) 

 Where    

 GM = Gross margins per hectare 

 TR = Total revenue per hectare 

 TVC=Total variable cost per hectare 

The estimation of GM served as a profit index of sesame 

producers in the study area. The higher the GM the more 

likely a sesame farm was considered to be profitable and the 

smaller the GM, the lesser the profit possibility. 

III. EMPIRICAL RESULTS 

Socio-economic characteristics of sesame growers 

 Table 2 showed that majority (93.3%) of the 

respondents were male and be within the age group Older 

than 50 years old (52.2%). The productive group of sesame 

in Vietnamese Mekong Delta, young farmers who are 

always active and ready to adopt new technique, occupied 

just a proportion of 12%. This can be considered as a 

disadvantage of sesame production since older farmers are 

more likely to apply traditional seasonal crops calendar and 

not willing to change to another new ways of using 

fertilizers and pesticides. 

Table.2: Socioeconomics characteristics of sesame farming 

households 

Item No. of 

respondents 

Percentage (%) 

Gender   

Male 84 93.3 

Female 6 6.7 

Age   
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From 21 to 30 7 7.8 

From 31 to 40 11 12.2 

From 41 to 50 25 27.8 

Older than 50 47 52.2 

Education   

Uneducated 2 2.2 

Primary school 36 40.0 

Secondary school 38 42.2 

High school 11 12.2 

Undergraduate 3 3.3 

Family size   

From 1 to 3 4 4.4 

From 3 to 5 38 42.2 

More than 5 48 53.3 

Total farm size (ha)   

From 0.1 to 1 44 48.9 

From 1 to 1.5 8 8.9 

More than 1.5 38 42.2 

Input contract   

Yes 6 6.7 

No 84 93.3 

Output contract   

Yes 0 0 

No 90 100 

Source: Field Survey, 2016 

 Figures on educational level indicated that 42.2% 

of sesame growers have secondary education. This was 

followed by the primary and high school groups with 40% 

and 12.2% respectively. There was only 3.3% of 

undergraduate respondents.  

 Most of farmers (53.3%) belonged to households 

with more than 5 members, followed by those with the 

family size of 3 to 5 persons constituting 42.2%. It can also 

be seen that 48.9% of sesame growers own from 0.1 to 

hhhhhhhhhn6y51 hectare land size for production. This 

result indicated that the largest proportions of total farm 

holdings in the study area are small scale holdings. 

 Input contracts obtained by 6.7% of respondents 

here were small contracts for purchasing fertilizers, 

pesticides between farmers and local agencies. Most of 

local farmers have to buy inputs on credit and give partial 

payment. About contract of consumption, 100% of sesame 

households have no guarantee for selling their products. 

After harvesting, farmers retains a small portion for food 

and seeds, and the rest for sale. For that reason, 

unexpectedly output price alwaysdependson middle-men or 

local traders and becomes a great concern of farmers. 

 

Table.3: Distribution of respondents by sesame output per 

hectare 

Yield (kg/ha) No. of 

respondents 

Percentage 

From 100 – 

300  

4 4.4 

From 301 – 

600 

8 8.9 

From 601 – 

900 

22 24.4 

From 901 – 

1200 

17 18.9 

From 1201 – 

1500 

19 21.1 

More than 

1500 

20 22.2 

Total 90 100 

Mean 1100.92  

SD 514.594  

Source: Field Survey, 2016 

 Table 3 showed that majority of the farmers 

(24.4%) obtained sesame yield of 601-900kg per hectare 

and followed by those respondents (22.2%) who obtained 

sesame output of more than 1500 kg per hectare. Those 

respondents who obtained sesame yield of 1200 – 1500 kg 

per hectare accounted for 21.1% of the total sample. Only 

3.3% of the respondents have sesame yield of less than 300 

kg per hectare. The mean sesame stands at 1100.92 kg per 

hectare. 

 

Table.4: Mechanization application in each step of sesame production 

 
Level 1 

0% 

Level 2 

< 25% 

Level 3 

< 50% 

Level 4 

< 75% 

Level 5 

> = 75% 
Total 

Step 1. Ploughing 21 5 15 18 21 80 

Step 2. Planting  64 1 6 5 2 78 

Step 3. Fertilizing 80 0 1 0 1 82 

Step 4. Spraying pesticide 14 7 23 20 24 88 
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Step 5. Pumping 2 12 20 18 35 87 

Step 6. Harvesting 78 0 1 2 6 87 

Step 7. Transporting 24 16 20 6 2 68 

Step 8. Shell seperation 27 0 14 18 25 84 

Step 9. Storage 69 4 0 0 0 73 

Source: Field Survey, 2016 

 

 

Mechanization was mainly used in soil preparation, 

spraying pesticides, irrigation and shellseparation steps. 

Level 5 (more than 75% of application) was highly used in 

the two stagespumping (35 respondents) and shell 

separation (25 respondents), followed by spraying 

pesticides (24 respondents) and ploughing (21 respondents) 

steps. In these production stages, mechanical machinery is 

used primarily by re-using machinery from rice production 

because of their same function withmany types of crops. At 

the same time, planting, fertilizing, harvesting, storage 

(drying and stocking) stages were done with an average of 

0% mechanization.Especially,farmers have to harvest 

sesame by hands because there are no specialized harvested 

machine to use for this important stage in Mekong region. 

This is the reason why farmers will have to use more hired 

labor costs for the production of sesame in hand-work steps. 

 

Table.4: Cost and return analysis of sesame production in 

Vietnamese Mekong Delta 

 Mean 

(thousand 

VND/ha) 

Std. Dev. 

Total Revenue (TR) 37386.60 18600.478 

Seed cost  514.21 284.408 

Fertilizer cost  4989.79 2473.417 

Pesticides cost 4630.72 4035.756 

Family labour cost 7278.51 6760.751 

Hired labour cost 5382.78 3642.505 

Mechines cost 649.46 909.290 

Hired machines cost 1438.99 1545.778 

Total Variable Costs 

(TVC) 

17606.04 7532.430 

Gross Margins (GM) 20558.08 14681.324 

Average Rate of 

Returns 

1.39  

Source: Field Survey, 2016 

 

 In the crop season of 2016, seasame production 

achieved a total revenue of 37.38 million VND. However, 

the result would be better if there was no price pressure 

from the middle-man and natural plant disease affected 

productivity. 

 The average profit of sesame farmers was 20.56 

million VND/ha, lower than that one of 34.26 million 

VND/ha in Tan’s research (2016) on sesame in Dong Thap 

province. With an average profit of more than 20 million 

VND per hectare in a 2.5-month crop, this was a relatively 

high result compared to the same period of summer-autumn 

rice crop. A typical example of Dao (2015) study in 2012, 

Cao Lanh district, Dong Thap province, summer-autumn 

rice crop yield was 5.8 tons/ha, with11 million VND/ha of 

profit and another study by Cuong (2013) also indicated that 

the profit of summer-autumn rice crop in O Mon District, 

Can Tho City is 11.63 million VND/ha. Therefore, the 

profit of sesame plants is 2 times higher than that of rice in 

the same summer-autumn crop. 

 In general, based on the results of the analysis of 

the financial performance indicators, we can conclude that 

with every 1,000 VND invested into production, it is about 

1,390VND of profit to be made. It can be seen that sesame 

cultivation on rice field in Mekong Delta provinces  has a 

positive performance, although it is not too high.In next 

years, ifsmall-scale area will possibly be concentrated into 

bigger farms,sesame production will totallybring such a 

potential economicdevelopment for the whole region in the 

context of restructuring the mainly-wet rice agriculture into 

other positively more profitable crops. 

 

IV. CONCLUSIONS AND 

RECOMMENDATIONS 

 This study analyzed the economic indicators of 

smallholder sesame growers in the three provinces Can Tho, 

Long An and Dong Thap in Vietnamese Mekong region. 

Rotational sesame production on the rice field has become 

one of the most popular models chosen by farmers in recent 

years. Through the Gross Margins item, the model has 

proven that sesame plants are more economically efficient 

than rice production in the same crop season.The results of 

this study would help providing significant reference 

sourcefor farmers who possibly want to change their main 

product and local policy makers who give decisions about 
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which crops to produce in regions in the context of severve 

climate change. 

 In the year 2016, the production of sesame in the 

Mekong Delta achieved high yield and returns but the 

financial efficiency was not much positive for famers to 

totally change from rice to sesame in a long-term period. 

Cost items in the production process were occupied such a 

big proportion, especially fertilizer, pesticide and labor 

costs. For that reason, farmers must use fertilizer properly 

under the guidance of agricultural officers, avoiding the use 

of old practices that could affect negatively to  their 

products. The Department of Agriculture and Rural 

Development should organize more frequent training 

courses to help people improve knowledge, farming skills  

and technology related to sesame production. 

 The formation of cooperatives for sesame is very 

necessary to help making production process stable, 

reducing input price, stabilizingoutput price of sesame by 

using contracts to help farmers avoid the market risks . In 

addition, the government should mobilize farmers to 

convert the sesame in accordance with the master plan into 

"big fields", thereby reducing the area of summer-autumn 

rice season. At the same time, to invest in irrigation system 

to ensure sufficient supply of water for sesame in the dry 

season, promote mechanization in production, planning raw 

material areas and associate with enterprises to buy 

products for farmers. 
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Abstract— This paper analyses the perceptions of 120 

landowner-households of Nanadai Clan of Gaire Village in 

Central Province and Sek Clan of Madang Province 

concerning breaking apart of communal ownership of 

customary land in PNG. Previous researches have argued 

that there is lack of a clear distinction between individual 

and communal property rights in some parts of Papua New 

Guinea. The existing weak land administration system and 

mechanisms have contributed immensely towards tearing 

apart the bond and connections between clan members and 

the dismantling of communal land ownership in Papua New 

Guinea thus, compromising national land administration 

values and standards. Current practices reveal that 

customary land is held at the sub-clan, family and 

individual levels, while the major clans just bear ownership 

name-tag. The existing land legislation in Papua New 

Guinea recognises that ownership of customary land is 

vested in the clans, however, the realities on the ground 

from the findings of this research indicate otherwise. 

Therefore, this paper calls for the strengthening of the weak 

land administration functions and mechanisms together 

with the review of all existing laws to improve the standards 

of land administration system in the country. This paper 

argues that communal land ownership in Papua New 

Guinea is slowly breaking apart causing disharmony 

between  

Keywords— Communal ownership, Clans, Land 

Administration System and Land Administration 

Standards.  

 

I. NATURE OF CUSTOMARY LAND 

PROBLEM IN PNG 

Man and land in Papua New Guinea  are inseparable and 

the association between the two is at the heart of the 

economic, cultural and spiritual foundations of society, 

which invariably underpins the individual’s and group’s 

sense of social identity and belonging (Koczberski, 

Numbasa, Germis and Curry, 2017; Sillitoe, 1999). This 

link to social and cultural identity also underpins the 

common view among landowners that land is inalienable. 

Even customary land that has been acquired by the state or 

converted to freehold title is rarely seen as being alienated 

permanently from customary ownership (Chand and Yala, 

2006; Filer and Lowe, 2011; Curry et al., 2012). 

Customary land tenure arrangements vary across the 

country, but generally, under customary tenure, rights to 

land are based on a mixture of descent, residence and 

participation in communal activities (Cooter, 1991; 

Larmour, 1991; Curry, 1997; Koczberski et al., 2017 & 

2009). Exclusive individual landownership and inheritance 

are generally limited in PNG.  

ILG incorporation is already being seeing as the major 

problem because what the major clan holds is just the 

skeleton or structural frame of ownership but the control 

and use of the customary land is fully vested in individuals 

and family units in some communities in PNG (Karigawa 

2016). Traditionally, land ownership through communal 

arrangements keeps the clans/tribes in Papua New Guinea 

intact but in the modern economy; it becomes an obstacle to 

economic and other forms of development on customary 

land (Karigawa, Babarinde and Holis, 2016; Curry et al., 

2012).  

Lakau (1991) and Armitage (2002) have argued that 

legislations in PNG dealing with land directly or indirectly 

are too many and most of these laws are not compatible to 

one another creating more problems for the already weak 

land administration system in PNG. This argument is 

supported by Martin (2005); Grant, Ting and Williamson 

(1999) whilst Green Peace Australia Pacific (2012) stated 

that land grabbing issues in PNG is a result of the weak land 

administration system.  

The purpose of this study is to investigate the causes of 

communal land ownership break-down and suggest way 

forward to mitigate these challenges and thereby prevent 

further disintegration of customary land tenure in PNG. The 

paper consists of six sections. After the introduction and 

problem statement in the first section, Section 2 presents an 

overview of communal land ownership in PNG, followed 
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by an outline of the hypothesis and research questions in 

Section 3. The research method and findings are presented 

in Sections 4 and 5 respectively, while the concluding 

section (Section 6) summarizes the paper and offers some 

advice in terms of policy implications of the findings. 

II. AN OVERVIEW OF COMMUNAL LAND 

OWNERSHIP IN PNG 

The complexity of the manner in which customary land is 

owned in PNG cannot be denied. Communal land 

ownership is recognised by the existing land legislation, 

which denies individual ownership - a bond that has created 

a strong relationship between man and his land over the 

years. Champagne (2017) has observed that distribution of 

land resources has worked for many indigenous nations for 

thousands of years. The tribal entities managed the land 

collectively. However, there are rules that uphold the rights 

of tribal sub-groups for access to land sufficient for their 

livelihood. The land is held not only for gathering food and 

resources, but tribal members have an obligation to 

maintain the land in good use for future generations.  

Since the families, clans or villagers that use land 

expect to live in the same area for many future generations, 

the tribal members have a vested interest in maintaining the 

ecological and cultural soundness of their allocations. 

However, during the course of maintaining the land for future 

generations by individuals, their fathers transfer ownership 

from the main clan to individuals and families. This is the 

birth of a mixed communal ownership in PNG. Cousins 

(2009) in reviewing the work of Bruce (1986) regarding 

communal ownership in African nations stated that 

“communal tenure systems are in fact mixed  tenure regimes, 

comprising variable bundles of individual, family, sub-group 

and larger group rights and duties in relation to a variety of 

natural resources”. Therefore, communal ownership of land 

began to shift towards ownership, control, use and dispos ition 

by specific groups within the main community, together with 

land obligations that are vested in those specific groups (sub-

clans) and individuals. 

Curry et al. (2012) strongly argued that the 

“adaptations and modifications to customary land tenure 

by landowners in response to these key drivers offer 

lessons to inform land reform policies”. They further 

stated that “whilst customary land tenure is recognised in 

PNG’s Constitution, it has largely been considered 

problematic in discussions of land reform.” Land reform 

in PNG and elsewhere in the Pacific has been dominated 

by the assertion that customary tenure is incapable of 

providing secure property rights necessary for facilitating 

investment and the commercial use of land. Thus, attempts 

at land reform in PNG have been based on the notion that 

secure individual property rights through land titling and 

tenure conversion are a prerequisite for building a 

favourable investment climate and fostering economic 

development. 

The analysis from the African countries and other 

indigenous countries around the globe reveals that there is 

significant shift from communal ownership to individual 

ownership. Elahi (2013) argues that PNG should shift from 

communal to privatised ownership to make land accessible for 

agricultural development and this has been supported by some 

other studies (e.g. Karigawa, Babarinde and Holis, 2016; 

Curry et al., 2012), which claim that communal ownership is 

an obstacle to economic development in PNG. Thus, there are 

already clear indications that PNG is slowly moving towards 

private ownership of customary land although it is not legally 

recognised yet.  

Although there are already laws in place protecting 

customary land from being sold and leased, there are 

continuous sales of customary land across PNG. In most 

cases, land sales tend to be through informal verbal 

agreements between the transacting parties, with an 

individual’s access and use rights to the land loosely 

defined (Curry et al., 2012). Members of the broader 

landowner groups are sometimes not aware that land has 

been ‘sold’ to an ‘outsider’ but this can sooner or later 

become a major source of discontent within the major 

landowner group. Disputes over ‘purchased’ customary 

land (and even over land initially gifted to migrants) have 

been increasing over the past 10 years. These disputes 

arise not so much because migrants and landowners have 

different understandings of land use rights – e.g. the right 

to plant oil palm - but rather because they have different 

perceptions of land ‘ownership’, which  means that their 

respective interpretations of the obligations and 

expectations associated with land transactions can be very 

different (Curry et al., 2012). 

Therefore, a significant challenge for policy makers in 

PNG will be how to deal with the proliferation of informal 

(and sometimes illegal) land transfers taking place, as 

landowners develop their own arrangements for land 

mobilisation outside government structures, and as they 

seek to capitalise on the demand for urban and rural land 

by land-poor migrants”. How policy makers can develop 

an effective reform program and land administration 

system to accommodate the range of informal and semi-

formal arrangements already well established will be one 

of the principal challenges for land reform in PNG. 

Customary land in PNG has gone through a lot of land 
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reforms in the past to present. Past land reforms were 

geared towards security of tenure while current land 

reforms are more about transforming customary land into 

a saleable commodity that can be transacted in the open 

market (Curry et al., 2012).  

 

III. HYPOTHESIS AND RESEARCH 

QUESTIONS 

Having regard to the above situation analysis, this paper 

attempts to test one hypothesis and answer four research 

questions. The hypothesis states that: Communal land 

ownership is slowly breaking apart in PNG communities. 

The four research questions are as follows: 

i) What are the main causes of communal land 

ownership break-down in PNG? 

ii) What are the flaws in the land administration 

system in PNG? 

iii) What are the views of customary landowners 

regarding the protection by existing land laws 

and the customary land title?; and  

iv) What is the way forward for customary land 

ownership in PNG? 

 

IV. METHOD 

The paper uses a stratified random sample to gather the 

perceptions of respondents selected from two sub-clans in 

PNG. A stratified random sample is a sampling method that 

requires the population to be divided into smaller groups 

called strata from which random samples are taken.  

This research is based on two sub-clans of Laurina Clan of 

Gaire Village in Central Province and Sek Clan of Sek 

Island in Madang Province. A representative sample size of 

120 landowners, representing 67% of the total population of 

360 landowners was interviewed. Table 1 illustrates the 

sampling frame and sample size. 

 

Table.1: Sample Population 

Stratified Random Sample Selection 

 

Major Clan 

Name 

 

Sub-clan 

Total 

population 

(main clans) 

Total 

Population 

(sub-clan) 

Sample 

(%) 

 

Target 

 

Total Number 

Returned 

 

Total Returned 

(%) 

Laurina Nanadai 500 160 50 80 64 80 

Sek Clan Panuwadan 700 200 50 100 56 56 

Total 1,200 360 100 180 120 67 

Source: Author, 2018 

 

Primary data was obtained through questionnaires, 

interviews and site observations, while secondary data was 

sourced from relevant literature and public records. Data 

was analysed using SPSS, excel and statistics, particularly 

Chi-square Test (2). At this juncture, it is worthy of note to 

add that the research leading to this paper faced two main 

limitations. First, funding constraints made it impossible for 

the author to investigate more clans in other parts of PNG. 

Second, the researcher was unable to investigate a 

matrilineal system, thus both sample populations are from 

the patrilineal system in PNG.  

 

V. FINDINGS AND DISCUSSIONS 

In this section, an attempt is made to test the hypothesis and 

answer the four research questions posited in Section 3 of the 

paper.  

i) Test of Hypothesis 

Ho: Communal land ownership is not slowly breaking apart in 

PNG communities. 

H1: Communal land ownership is slowly breaking apart in 

PNG communities. 

This above hypothesis (H1) can be tested using current 

indications of customary land ownership in PNG. The 

protection over customary land by existing laws gives full 

recognition to the clans and tribes to own and control 

customary land while individuals, families and smaller groups 

have user rights over the land. Any land dealings on 

customary land are done through their ILGs. Findings of the 

research indicate that major clans and the sub-clans have very 

little control over the land. Currently ownership of the land 

vests in families and individuals. Figure 1 shows the responses 

of landowner households regarding ownership of land at the 

current time in PNG.  
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Fig.1: Various levels of customary land ownership 

Source: Author, 2018 

 

On the hand, the results from the landowners regarding the flaws in the land administration system are presented in Figure 2.   

 
Fig.2: Land Administration flaws in PNG  

Source: Author, 2018 

 

The results from the perception of landowners regarding the 

land administration system in PNG already reveal that there 

is high level of corruption and bribery in the system thus 

destroying the land administration system in the country. 

This is followed by poor recording system, lengthy 

processes and confusing to the land owners and old systems 

still in use. This paper argues these factors have contributed 

immensely towards tearing apart of the customary land 

tenure system in the country.  

Moreover, current indications reveal that many members of 

the major clans do not have the right to use land that is 

owned by the other member of the clan. Its use must come 

with consent from the one who claims to be the owner. 

Land disputes are becoming common between members  of 

0

5

10

15

20

25

30

35

Individuals Families Sub-clans Major Clans

Nanadai Clan

Panuwadan Clan

22%

42%

28%

8%

Processes too Lenghty & Confusing
Corruption & Bribery
Poor Recording System

http://dx.doi.org/10.22161/ijeab/3.4.29
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.29                                                                                                                          ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                                  Page | 1357  

the same clan. The respondents argued that land is more 

secured and easily accessed when it is individualised than 

when it owned by the community under the ILGs. The 

proponents of strong individual rights have suggested that a 

registered individual title, backed by effective land 

administrative systems, provides the greatest certainty and 

security. For example, Carson (2009) pointed out the same 

argument regarding communal ownership in Africa claiming 

that “there are ambiguities in the legal system and institutional 

configurations that were inherited during the colonial era and 

reproduced after independence.” The results have indicated 

that communal land ownership in PNG is no longer intact 

and it is gradually breaking apart. About 54% and 70% of 

the respondents from Panuwadan and Nanadai clans 

respectively claimed that PNG customary land interests and 

rights have been inherited by families and individuals. 

Therefore, based on these findings, our hypothesis is 

supported by available data. 

 

ii) Research Question 1: What are the main 

causes of communal land ownership break -

down in PNG? 

The research has identified five main causes (Figure 2) of 

communal land ownership break-down in PNG. The two 

very significant results are: (a) Benefits are not equally 

distributed, which accounts for 46% of reasons given by the 

respondents and (b) Increase in population (27% of 

responses obtained). These two are followed by land 

disputes within the clan (13%), shortage of land or land not 

easily accessed (4%). It is contended that the weak land 

administration system and incompatibility of land laws 

(Lakau 1991), together with other land-related issues have 

caused this break-down in the tenure system. Thus, there 

will be problems of incorporating ILGs under big clans, 

particularly when it comes to property listings of the ILG.  

 
Fig.3: Causes of Communal Ownership Break -down in PNG  

Source: Author, 2018 

 

The most likely scenario is that ILGs will have to negotiate 

with the individuals and families for release of the land to 

be listed under its property listing. However, our past 

experience reveals that individuals claiming ownership over 

customary land that was held and controlled by major clans 

in the past have been claiming bigger cuts from the 

proceeds of the land than any other ordinary land owners.  

 

iii) Research Question 2: What are the flaws in 

the land administration system in PNG? 

Land administration systems (LAS) are about addressing 

land problems by providing basic infrastructures for 

implementing land-related policies and land management 

strategies to ensure social equity, economic growth and 

environmental protection. Moreover, land administration is 

the manner in which the rules of land tenure are applied and 

made operational. The land administration system in PNG 

has faced a lot of challenges in the past to present date and 

appears to be weak as claimed by Armitage (2002), 

Goldman (2005) and Lakau (1991). This paper supports the 

findings of previous studies in this regard as indicated in 

Figure 3.  
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Fig.4: Land Administration System (LAS) in PNG 

Source: Author, 2018 

 

This research supports the findings of Grant, Ting and 

Williamson (1999), when they stated that “the humankind-

land relationship is dynamic and change is occurring at a 

pace faster than at any other time in history”. Global 

economic, social and technological factors, the need for 

sustainable development of land, and macro–economic as 

well as micro–economic reforms are having a substantial 

impact on land administration systems. Most land 

administration systems today are not adequate enough to 

cope with the increasingly complex range of rights, 

restrictions and responsibilities in relation to land, which are 

influenced by such factors as water, indigenous land use, 

noise and pollution together with other land-related 

activities. In short, land information and land administration 

systems need to be re-engineered and allowed to evolve to 

face the increasing complexity of the humankind-land 

relationship. For PNG to meet world standards in terms of 

valuation and land administration system, it has to address 

the flaws in the land administration system. This paper 

argues that the break-down of the tenure system is the result 

of the weak land administration system that PNG has 

experienced over the past many years. The variables used in 

the Chi-square Test are as follows: Land administration 

system, land laws, land disputes and security of tenure thus 

yielding a Chi-square Value of (2) of 2.01 and P Value of 

0.61 or 61%. Thus, the weak but positive correlation shown 

in Table 2 and the Chi-Square Test Value of 2.01 and P 

Value of 0.61 together with the results in Figure 3 calls for 

re-engineering of the land adminis tration system to meet the 

increasing and complex nature of customary land tenure in 

PNG to avoid the total break-down of the customary land 

tenure system. 

Table.2: Correlation Analysis of Tenure Breakdown and Land Administration System in PNG 

 

Variables  

Pearson Correlation (r) 

Nanadai Clan  Panuwadan Clan  

Variable 1 

Break-Down of Communal Land Ownership  

1 0.379** 1 0.377** 

 0.000  0.000 

64 64 56 56 

Variable 2 

 Land Administration System in PNG 

0.379** 1 0.377** 1 

0.000  0.000  

64 64 56 56 

**. Correlation is significant at the 0.01 level (2-tailed) for both sample groups  

Source: Author, 2018 
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The Pearson Correlation (r) of 0.38 indicates that there is a 

positive but weak correlation between communal ownership 

and the land administration sys tem,   has 61% chances of 

breaking down in PNG societies if the land administration 

system is not overhauled and existing land laws are not 

reviewed to meet the current ownership status quo and 

development aspirations of landowners in Papua New 

Guinea. 

By re-engineering the land administration paradigm, it 

should address issues such as multiple titles, ILG fissioning, 

land dispute resolutions, land grabbing, fraudulent land 

registration, and other land administration issues. 

 

i) Research Question 3: What are the views of 

customary landowners regarding the 

protection by existing land laws and the 

customary land title?  

The existing land laws together with the Constitution of the 

Independent State of PNG give full protection over 

customary land. Therefore, it can be concluded that there is 

full tenure security. However, even though the laws are very 

clear on the sale, lease and other dealings on customary 

land, landowners are still defying the protection given by 

law and continuously sell customary land to foreigners. The 

findings of this research in Figure 3 reveal that landowners 

are dissatisfied that land laws are not protecting the rights of 

the landowners and there is already a sense of insecurity 

among the landowners over their customary land. However, 

it is hoped that the recent amendments of the ILG Act, the 

Land Registration Act and the Land Act currently under 

review will bring new hopes to the landowners.  

Moreover, the results reveal that about 23% of the 

landowners (Figure 4) claim that the customary land title 

that is currently issued to the ILGs is not clearly defined by 

law. The title is claimed to be a freehold interest but the 

characteristics of the customary land title does not fit into 

any of the freehold interest categories. Therefore, it is very 

confusing to say that it is a freehold interest. Moreover, the 

ILG Act states that upon registration, all customs cease to 

operate for the duration of the title but on the other hand, 

the nature of the land remains customary land, thus this 

paper argues that there are still some elements of custom 

embedded in it. 

 
Fig.4: Views of Landowners regarding PNG’s Existing Land Laws 

Source: Author, 2018 

 

Therefore, it can be concluded that by default, the law calls 

the title a freehold interest but in reality, it is not a freehold 

interest. This paper argues that the best category that this 

title can fall under is the sui generis group of properties 

because the customary land title is very unique and special. 

Sui generis groups or classes of properties are unique and 

special classes of properties that are set aside from the rest 

of the properties. Thus, the customary land title in PNG best 

fits categorization into the sui generis class of properties.  

 

VI. CONCLUSION AND POLICY 

IMPLICATIONS 

The purpose of this paper is to analyse the perceptions of 

landowners in regard to communal land ownership break-
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down in PNG and suggest ways to resolve the issues. Two 

customary landowner groups were investigated through 

stratified random sampling of two sub-clans namely 

Nanadai Clan of Gaire Village of Central Province and 

Panuwadan Clan of Sek Island in Madang Province. Both 

sub-clans are from the patrilineal societies and appear to be 

from the coastal regions of Papua New Guinea. Due to 

varying customs across all communities in PNG, the views 

of the landowners vary according to the way they interact 

with their land. This paper argues that communal 

landownership in PNG is slowly breaking apart.  

There is a positive but weak correlation (38%) between 

communal land ownership break-down and land 

administration system indicating that the land 

administration system in PNG is weak for purposes of 

managing the affairs of customary land tenure in these 

challenging times. Furthermore, there is a negative 

perception by the landowners regarding the land laws in 

PNG suggesting that current land laws are not protecting the 

landowners’ rights fully thus huge tracks of customary land 

were taken away from the landowners Green Peace 

Australia (2012). The findings supported the argument by 

Champagne (2017) stating that Indigenous  nations are 

confronted with small and often shrinking land bases that do 

not provide the necessities of food and resources for 

growing populations. Privatisation of land takes land and 

resources out of collective tribal management. It is difficult 

to reclaim privatised land allotments once tribal members 

are granted them, usually by government policies. Thus, the 

concept of land ownership in PNG is particularly 

problematic, as is the idea that before “ownership” all 

things were held in common with everybody having equal 

rights to the same thing, or belonged to nobody as claimed 

by Du Plessis & Frantz (2013). Du Plessis & Frantz (2013) 

in reviewing the work of Bennett (2004) highlighted that “it 

is more likely that, before the concept of individual 

ownership emerged, only rights of use were protected”. 

With the introduction of commerce, an exchange value had 

to be attached to a commodity, and in this context 

ownership provided the answer in securing the property. 

With ownership came the idea of “absoluteness” that 

implied that one person could hold all the entitlements in a 

certain property, and dispose of it at free will. This differs 

remarkably from the pre-colonial era where different 

interests in the same property could vest in different 

holders, and where these interests are furthermore flexible 

and ever changing. Therefore, this paper argues that the 

findings from the literature together with the findings of this 

research assert that communal ownership in PNG is slowly 

breaking apart.  

The findings of this paper are important for policy 

formulation and implementation and review of the existing 

land laws in Papua New Guinea for good and secured 

tenureship particularly on customary land. The complexity 

of the customs cannot be denied and customary 

landownership in PNG evolved around these complex 

customs.  

Thus, to answer the last research question, this 

paper recommends key strategies that could be adopted to 

mitigate the challenges facing customary land tenure as 

follows:  

 Re-engineering the Land Administration System 

Land administration is the foundation of tenureship in any 

country, thus it forms the basis for valuation, land 

administration mechanisms and property management. The 

land administration system in PNG is an adopted system 

from the colonial era. Thus it is believed that land problems 

had been inherited all along. Many of the concepts used are 

foreign concepts that PNG needs to revise to suit the needs 

of our tenure system and land development aspirations of 

the landowners in the country. Re-engineering the Land 

Administration System should mitigate issues such as: 

 

a) Double titling; 

b) Land grabbing; 

c) ILG fissioning; 

d) Security of Tenure; 

e) Flexibility for collateral purposes and  

f) Many other land administration related issues 

The above issues are believed to be some of the 

contributing factors towards the break-down of communal 

ownership in PNG  

 

 Review of all land laws  

The results from this research have indicated that laws are 

not protecting the rights of the land owners and there is 

already a sense of insecurity regarding the laws. Moreover, 

the Land Act 1996 states clearly that customary land should 

not be sold to any other persons except to the State. 

However, there is evidence of increasing customary land 

sales. Thus there is a great deal of need to toughen the 

existing laws to protect landowners from losing their land. 

Moreover, these laws must be compatible to each other to 

avoid confusion among the landowners. The titles given to 

landowners must be given the full strength like any other 

titles.  
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 Institutional Involvement – A wake up call to 

PNGIVLA  

The Papua New Guinea Institute of Land Administrators 

and Valuers (PNGIVLA) must take a leading role and be 

active in the formulation of the Land Policies and review of 

Land legislation and any other land-related dealings in 

PNG. The experts in Valuation, Land Administration and 

Property Management in PNG are the members of the 

Institute. The Institute must be vocal in all bad land dealings 

and must put forward proper mechanisms to mitigate the 

issues of land administration, valuation and property 

management before calling for adopting world standards. 

The Institute must be neutral to fight for justice for the 

landowners. It must be at the forefront to stand side-by-side 

with the Department of Lands and Physical Planning 

fighting against the giants of land grabbing to reclaim land 

for the land owners that were lost in the past and continue to 

fight to protect the land rights and resources of the 

indigenous people of PNG. Moreover, the paper argues that 

PNGIVLA should be active in recommending its members 

for Valuer Registration because the strength of the institute 

lies with its registered valuers and financial members.  

It is the view of this paper that PNGIVLA will compromise 

the world standard in valuation, land administration and 

property management disciplines if its backyard contains a 

backlog of unresolved issues or is not actively involved in 

decision-making regarding efficient land dealings in PNG.  

 Codification of PNG Norms and Customs with 

respect to Communal Ownership  

This concept is adopted from Karigawa, Babarinde and 

Holis (2016) and Du Plessis & Frantz (2013). This paper 

understands that with the advent of constitutionalism in 

Papua New Guinea, customary laws (made of traditional 

norms and customs) will of necessity be elevated alongside 

Statutory provisions (such as Acts of Parliament) and 

Common Law being recognised and accepted as one of the 

sources of law in the country. However, these norms and 

customs appear to be very complex in nature. Dealing with 

these norms and customs is not an easy task for land 

administrators and valuers when it comes to customary land 

dealings. Therefore, this paper argues that the on-going 

codification of customs in PNG, like that of South Africa 

and other some other African countries be pursued to a 

logical conclusion to cover all the 22 provinces in PNG. 

The codification of traditional norms, values and customs 

will create flexibility needed in dealing with customary land 

in PNG.  
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Abstract— The degree of spoilage of fish and beef in a 

daily simulated market style of southwest, Nigeria  was 

determined by Trimethylamine (TMA) levels in each sample 

using the standard pictrate technique. 100g of each of the 

three different parts of a bull (liver, meaty and fatty tissues) 

and fresh African cat fish (Clarias gariepinus) (liver, meaty 

portion and head) were purchased twice a week for five 

weeks from the abattoir and Oja-Oba market in Akure 

respectively. The samples were subjected to ambient 

temperature and their degree of spoilage was assessed after 

3 hours, 6 hours and 9 hours of purchase. The results 

showed that, there was no significant difference (P≥ 0.05) 

in the effect of time (hours) on TMA concentration in 

different parts of the fish and bull samples, though, the 

mean concentration of TMA in the fish samples increased 

with time. However, the degree of spoilage is slower in the 

bull compared to the fish samples but higher in the late 

evening (9 hours). Hence, buying and selling of beef in the 

late evening should be discouraged to avoid consumption of 

unwholesome meat with high TMA concentrations, while 

fish should be stored-frozen and sold in deep freezers.  

Keywords: Beef spoilage, Fish spoilage, 

Trimethylamine (TMA). 

 

I. INTRODUCTION 

Fish and meats are important components of human diet. 

Their nutritive value and palatability are widely 

appreciated. Despite the relevance of fish and meat in 

human diet as well as in the economy of Nigeria, a large 

quantity of fish and beef are prone to spoilage which could 

be as a result of activity of pathogenic bacteria and fungi 

thus, making fish or meat unfit for human consumption. 

Spoilage of fish and beef is a problem for livestock 

producers, retailers and consumers; it could result to food 

wastage and consequently economic losses leading to 

reduction in the profit made by farmers. The practice of 

freezing and selling of spoilt fish and beef is a great public 

health hazard. As a result, there is a considerable universal 

interest in spoilage rate of tropical fish and meat from 

animals in response to ambient temperature in order to 

curtail the rising incidence of diseases resulting from food 

borne sources. Fish bacteria are very sensitive to 

temperature and the rate at which bacteria multiply depends 

upon environmental temperature and this leads to spoilage 

(Doyle, 2007, Nuin et al., 2008). Trimethylamine (TMA), 

(CH3)3N is a tertiary amine which is gaseous at normal 

temperature and has a characteristic smell of rotting fish. 

Trimethylamine content is an indicator of meat/fish quality, 

and picric acid reaction to form an intensely yellow 

coloured pi-complex and is a standard method for its 

determination (Francisco et al., 2010). The TMA content 

determines the flavor of meat and it is also an important 

factor which determines the natural quality of meat 

(Mohammod et al., 2013). Trimethylamine (TMA) levels 

are used universally to determine microbial deterioration 

leading to spoilage of both fish and meat. The amount of 

TMA produced is a measure of the activity of spoilage 

bacteria in the flesh, thus it is an indicator of spoilage 

(Dalgaard et al., 2006).   

Unfortunately, there is notable dearth of information in 

terms of previous studies describing or comparing the 

degree of spoilage of fish and beef sold at various markets 

in the south west Nigeria, at different hours of the day in 

response to ambient temperature. Hence, this study was 

conducted to; determine and compare the degree of spoilage 

of fish and beef in response to time and ambient 

temperature by chemical analysis of Trimethylamine 

(TMA) levels in fish and beef samples measured using the 
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standard picrate technique described by Muray and Gibson, 

(1972a and b) and to ascertains the wholesomeness of fish 

and beef offered for sale at different hours of the day at Oja-

Oba market in Akure, Southwestern, Nigeria. 

 

II. MATERIALS AND METHODS 

Study Area 

This experiment was carried out in the nutrition 

laboratory of the Department of Animal Production and 

Health, Federal University of Technology, Akure, Ondo 

state, Nigeria 

Collection of samples 

Three samples each of different part of a bull (liver, 

meaty and fatty portion) and fresh African cat fish 

(Clarias gariepinus) (liver, meaty portion and head) 

were purchased twice a week for five weeks from 

abattoir and Oja-Oba market in Akure respectively and 

transported to the laboratory. The baseline temperature 

of the samples were recorded immediately after 

purchased with a resistance thermometer probe and 

tagged as the control. The samples were then subjected 

to ambient temperature and their degree of spoilage was 

evaluated after 3 hours, 6 hours and 9 hours of purchase. 

Spoilage was assessed by chemical analysis of the level 

of Trimethylamine (TMA) in each of the purchased 

samples were measured using the standard pictrate 

technique described by Muray and Gibson, (1972a and 

b). 

 Statistical analysis 

Data obtained was analyzed (SAS version 9.1)  using a 

factorial analysis to test  the significant difference in the 

mean values of TMA concentration and ambient 

temperature of fresh fish and beef samples at different 

stages of spoilage while separation of  means was done 

using the Duncan’s Multiple Range Test,  

the difference in mean was considered significant at 

P≤0.05. 

 

III. RESULTS 

Table 1 shows the mean values of TMA concentration 

(µg TMA /100g ) of liver, meaty portion and head of catfish 

at different hours of the day. There was significant 

difference (P≤0.05) in the TMA concentration of the liver, 

meaty portion and head of catfish as the time (hours) 

increases from 0 – 9 hours. However, there was no 

significant difference (P≥ 0.05) in the TMA concentration 

among the liver, meaty portion and head of catfish at 0 

hours, 3 hours, 6 hours and 9 hours. 

Table.1: Effect of time (hours) on TMA concentration 

(µ𝑔 𝑇𝑀𝐴 /100𝑔   ) of different parts of fish (Mean ± 

SD) 

Time 

(hours) 

Liver Meaty 

portion 

Head 

0 2.090 ±0.006d 2.148±0.009d 2.036± 

0.007d 

3 3.665±0.040c 3.591±0.051c 3.770± 

0.067c 

6 5.552±0.087b 5.424 ±0.110b 5.789 

±0.055b 

9 10.303±0.131a 10.067±0.120a 10.966 

±0.218a 

(a-d) = mean values on the same row with different 

superscript are significantly different (p<0.05). SD = 

Standard Deviation 

Table 2 shows the mean values of TMA concentration 

(µg TMA /100g ) of liver, meaty and fatty tissues of bull at 

different hours of the day. There was significant difference 

(P≤0.05) in the TMA concentration of the liver, meaty and 

fatty tissues of the bull as the time (hours) increases from 0 

– 9 hours with fatty tissues giving the higher mean values of 

TMA concentration (µg TMA /100g ) at 3 hour 

(3.389±0.014a), 6 hour (4.447±0.052a) and 9 hour (8.237±

 0.046a) respectively. 

 

Table.2: Effect of time (hours) on TMA concentration 

(µ𝑔 𝑇𝑀𝐴 /100𝑔  ) of different parts of bull (Mean ± SD) 

Time 

(hours) 

Liver Meaty 

portion 

Fatty tissue 

0 1.948 

±0.004d 

1.894±0.007d 1.795±0.013d 

3 3.243±0.008b 3.161±0.012c 3.389±0.014a 

6 4.335±0.007b 4.290±0.008c 4.447±0.052a 

9 7.767±0.048a 7.173±0.118b 8.237± 0.046a 

(a-d) = mean values on the same row with different 

superscript are significantly different (p<0.05). SD = 

Standard Deviation 

Table 3 shows the mean values of ambient temperature (0C) 

of liver, meaty portion and head of catfish at different hours 

of the day. At 0 hour, the analysis of variance shows that 

the ambient temperature of  liver, meaty portion and head of 

catfish different significantly (P≤0.05) from the ambient 

temperature of the liver, meaty portion and head of  catfish 

at 3 hours, 6 hours, 9 hours. However, there was no 

significant different (P≥ 0.05) in the ambient temperature 

among the liver, meaty portion and head of catfish at 3 

hours, 6 hours and 9 hours. 
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Table.3: Effect of time (hours) on ambient temperature 

(0C) of different parts of fish (Mean ± SD) 

Time 

(hours) 

Liver Meaty 

portion 

Head 

0 29.390±0.382a      27.290 

±0.215c 

27.610± 

0.230b  

3 30.800 

±1.274a 

29.620±1.007a 30.280±1.073a 

6 31.650 

±1.147a 

30.520 

±1.080a 

30.900±0.995a 

9 30.170 

±0.381a 

29.390 

±0.300a 

30.900±0.995a 

 (a-b) = mean values on the same row with different 

superscript are significantly different (p<0.05). SD = 

Standard Deviation 

Table 4 shows the mean values of ambient temperature (0C) 

of liver, meaty and fatty portion of the bull at different 

hours of the day. The analysis of variance shows that there 

was significant difference (P≤0.05) in ambient temperature  

of the liver, meaty and fatty tissues of the bull as the time 

(hours) increases from 0 – 9 hours with fatty tissues giving 

the higher mean values of ambient temperature at 3 hour 

(34.320±1.361a), 6 hour (36.280±1.222a) and 9 hour 

(32.691±0.489a)respectively. 

 

Table.4: Effect of time (hours) on ambient temperature 

(0C) of different parts of bull (Mean ± SD) 

Deviation 

Time 

(hours

) 

Liver Meaty 

portion 

Fatty tissue 

0 27.510 ± 

0.250b 

28.830±0.239
b 

28.360±0.29

0b 

3 32.230±1.072
b 

31.250±0.883
c 

34.320±1.361a 

6 33.790±1.111
b 

32.400±0.808
c 

36.280±1.22

2a 

9 29.440±0.338
bc 

29.590±0.368
bc 

32.691±0.489a 

(a-c) = mean values on the same row with different 

superscript are significantly different (p<0.05). SD = 

Standard Deviation 

 

IV DISCUSSION 

From the study, the TMA concentration of different parts of 

the fish and bull at different hours of the day were not 

significantly different (P≥ 0.05) from each other though, the 

mean value of TMA concentration of different parts of fish 

(liver, meaty portion and head) as well as different parts of 

bull (liver, meaty and fatty portion) increased as the time 

(hours) increased. The mean values of TMA concentration 

in the head of the sacrificed fish was slightly lower at the 

start of the experiment than that of liver and meaty portion 

of the same fish, but the opposite was the case at the end of 

the experiment (9 hours after) where the TMA 

concentration was higher in the fish head than that of liver 

and meaty portion. This implies that rate of spoilage is 

faster in fish head compare to other parts  such as liver and 

meaty portion. This could be as a result of myriad of 

spoilage microorganisms inhabiting the gills of the fish. 

The longer the period of exposure of fish or beef to ambient 

temperature, the higher the level of TMA in the sample, 

hence, the faster the rate of spoilage, this increase in TMA 

level in response to time and ambient temperature was also 

observed by Adeyemo et al., (2008).This study also 

revealed that the mean values of TMA concentration in the 

fatty tissues of the bull was slightly lower at the start of the 

experiment compared to liver and meaty portion of the 

same animal but at 3 hours, 6 hours, and 9 hours of the 

experiment, the mean values of TMA concentration of the 

fatty tissues were slightly higher than other parts of the bull 

(liver and meaty portion), similar to observations by Zeev 

et al., (2002).This could be due to increase in ambient 

temperature at this hour of the day which enhanced the 

proliferation of microorganism and hence, the degree of 

spoilage. These findings indicated that the rate of spoilage 

is faster and higher in fatty tissues than other parts of the 

bull. 

  Comparatively, this study showed that the rate of spoilage 

is faster in fish liver both at the start and end of the 

experiment than that of bull. More so, the meaty portion of 

the fish spoils faster than that of the bull due to higher level 

of TMA in the meaty portion of fish both at the start and 

end of the experiment. The activities of microorganisms are 

largely responsible for spoilage of fish and meat leading to 

increase in the TMA level in the affected fish and meat 

(Adeyemo et al., 2008).  

High ambient temperature enhances the multiplication of 

putrefactive organisms leading to spoilage. Spoilage 

bacteria respond to temperature and the extent at which 

bacteria proliferate depends largely on environmental 

temperatures which result into spoilage of fish and meat. 

The higher the ambient temperatures, the faster the spoilage 

rate of different parts  of the fish and meat in the tropical 

environments.  The assessment of rate of spoilage of 

different parts of fish by exposure to ambient temperature 

revealed no statistically significant difference at (P≥ 0.05) at 

3hours, 6hours, and 9hours of the experiment. At zero hour, 
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the analysis of variance shown that the ambient temperature 

(0C) of  fish liver, meaty portion as well as  fish  head 

different significantly at (P≤0.05) from exposure of 

aforementioned samples to  ambient temperature (0C) at 3 

hours,6 hours, 9 hours, this  difference in ambient 

temperature could be attributed to vagaries nature of climate 

and weather. The assessment of rate of spoilage of different 

part of bull by exposure to different ambient temperatures at 

3 hour, 6hour, and 9 hour showed that mean values of 

ambient temperatures of  fatty tissues were significantly 

different at (P ≤ 0.05) than other parts such as and meaty 

portion. This indicates that degree of spoilage is higher in 

fatty tissues than other parts of bull, as a result, fatty tissues 

spoil faster when compared with  others due to increase in 

ambient temperature which corroborates the growth of 

putrefactive organisms.  

 

IV. CONCLUSION 

This experiment is relevant to this study environment 

because marketing of fish and beef is done under 

unmanipulated tropical temperature which enhances the 

growth of natural mesophilic microorganisms on tropical 

fish species and meat from animals. This observation of 

fish and beef in response to daily ambient temperature 

enables the understanding of the gradual spoilage of the 

fresh meat and fresh fish which in turn provide useful 

information for marketing and distribution of fish and meat 

in the tropical environment. Based on the results of this 

experiment, it can be concluded that the degree of spoilage 

is slower in beef compared to fish under the same condition 

such as period of exposure to different ambient 

temperature. 

 

V. RECOMMENDATIONS 

It is therefore recommended that buying and selling of meat  

in the late evening should be discouraged to reduce the risk 

of consumption of unwholesome meat by the public due to 

decay/putrefaction which increased TMA recorded in this 

study indicates. Consumers should endeavor to purchase 

meat within a short time after slaughtering process to 

prevent the consumption of unhygienic meat especially 

where storage facility is in doubt. Fish should be well 

frozen, stored and sold in deep freezers. Fishmongers and 

butchers should be enlightened via extension services on 

hygienic handling of fish and meat to avert multiplication 

of bacteria. 
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Abstract— The effects of the mineral composition of 

nutrient solution (Hoagland and Arnon (HA), Quoirin 

and Lepoivre (QL), Murashige and Skoog (MS), and 

Woody Plant Medium (WPM)), cutting type (softwood, 

semi-hardwood and hardwood) and cutting position 

(basal, medial, and apical)  on sprouting and rooting 

performance of Argania spinosa cuttings were 

investigated. According to the results, the nutrient 

solution, cutting type and cutting position had an effect on 

the sprouting and adventitious rooting ability of A. 

spinosa cuttings. The leafy semi-hardwood cuttings taking 

from the basal positions and irrigated with Hoagland 

solution performed best and produced the highest number 

of roots (44.63), root length (28.86 cm), and had the 

highest rooting and survival percentage (63.81% and 

96.09%, respectively). The nutrient solution applications 

caused a notable increase in sprouting and rooting 

potential of the argan tree. The highest values were 

recorded for HA and QL, while the MS and WPM gave 

the poorest result and the greatest mortality rate of 

cuttings.  

The cuttings type had also a pronounced effect on 

vegetative propagation of A. spinosa. The leafy semi-

hardwood cuttings performed better than the leafy 

softwood cuttings, whereas leafless hardwood cuttings 

were completely unable to sprout and root even when 

treated with nutrient solutions. Thus, vegetative 

propagation of A. spinosa can best be achieved using 

basal leafy semi-hardwood cuttings irrigated with 

Hoagland nutrient solution. 

Keywords— Argania spinosa, cutting, nutrient solution, 

rooting, vegetative propagation. 

 

I. INTRODUCTION 

Argania spinosa (L.), commonly known as the argan tree, 

is a thorny evergreen tree. Its main natural distribution 

extent is limited to the south-west of Morocco, from the 

Atlantic coast and Souss plains to bordering slopes of the 

Anti-Atlas and High Atlas mountains, between Oued 

Tensift to the north and Oued Draa to the south 

(Emberger 1925; Msanda, 1993). The argan forest is 

recognised by UNESCO since 1998 as a biosphere 

reserve with a rich natural biodiversity. It’s an 

indispensable component of the ecological balance of 

semi-arid south-western ecosystems of Morocco (Msanda 

et al., 2005). In fact, A. spinosa is recommended as a 

climate change mitigation species because it acts as a 

barrier against desertification, protects the soil against 

erosion, retains water moisture, restores soil fertility and 

provides a very favorable area for intercropping or fallow 

management by its deep root system (Morton and Voss, 

1987; M'hirit et al., 1998). The argan tree is still 

reproduced through seeds but does not guarantee the 

production of a high-performance material. Although the 

seeds can germinate readily, the gradual destruction of the 

argan forest coupled with unsustainable seeds harvesting 

methods, overgrazing and the reconversion of the argan 

woodland into intensive agriculture systems are posing an 

increasing threat to natural regeneration, reducing the 

population size, and could result in fewer individuals of 

this species (Nouaim et al., 2002). Therefore, an 

alternative method such as clonal propagation is required 

for mass multiplication of elite genotypes obtained in 

breeding programs or selected from natural populations 

(Hartmann et al., 1997). Compared to other vegetative 

propagation techniques, the use of cuttings is considered 

as the most efficient and low-cost method (Leakey, 2004). 

It’s an efficient method for producing large numbers of 

uniform plants, but it does not always succeed due to 

some difficulties of rooting and subsequent growth that 

can be observed (De Vries and Dubois, 1988; Dubois  and 

De Vries, 1991). The rooting potential of stem cuttings 

varies considerably among plant species, some can easily 

root while others remain recalcitrant even with the 

application of growth regulators (De  Klerk et al., 1999). 

Rooting in stem cuttings of woody species is a complex 
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process that is affected by a combination of physiological 

processes in the leaf and stem portions of the cuttings. 

Each of these processes is influenced by numerous 

morphological and anatomical factors which result from 

interactions with the genetic background, age, ontogenetic 

phase, culture conditions of the stock plant and post-

severance treatments such as plant growth regulators and 

composition of the nutriment solution (Németh, 1986; 

Hartmann et al., 2002). Based on the species being 

propagated, the cutting maturity and a specific type of 

cutting are usually required. Some species root more 

easily with softwood, others require semi-hardwood 

cuttings, and still, others may root easier when hardwood 

cuttings are used (Greenwood and Hutchison, 1993; 

Hartmann et al., 2002). Moreover, adventitious root 

ability may vary between cuttings from different nodal 

positions, especially in woody species  (Hansen and 

Kristensen, 1990; Bredmose et al., 2004). The position of 

the cutting on the stock plant affects the bud break and the 

shoot growth (Bredmose and Hansen, 1996; Husen and 

Pal, 2007; Otiende et al., 2017). The nutritional approach 

suggested that nutritional factors rather than growth 

substances are involved in regulating plant growth and 

development including rooting process (Fageria and 

Moreira, 2011). The metabolism of adventitious rooting is 

influenced by mineral nutrients of the stock plant or of its 

cuttings during propagation (Haissig, 1986). Indeed, the 

mineral nutrients are able to influence adventitious 

rooting, either by inhibiting or increasing the number of 

adventitious roots or by modulating the root length. 

Therefore, rooting may be increased if stock plants or 

cuttings are properly supplied with a combination of low 

to moderate amounts of other macro- or micro-nutrients 

ordinarily required for satisfactory plant vigour (Eliasson, 

1978). This study was undertaken to investigate the 

influence of the mineral composition of the nutritive 

solution, cutting position and cutting type on sprouting 

and rooting ability of Argania spinosa cuttings. 

 

II. MATERIALS AND METHODS 

1. Sources and preparation of cuttings 

Cuttings were collected from adult Argania spinosa trees 

from the Arboretum of Oued Cherat, province of 

Bouznika in Morocco (33°81'96" N ; 7°11'03" W; 45 m 

altitude), which is located within 2000 m of the Moroccan 

Atlantic coast and with an average annual rainfall of 460 

mm.yr-1. The selected trees were growing in wild 

conditions and showing superior phenotypes with very 

good crown diameter, fruits shape and caliber. Shoots 

were collected by using sterile pruning scissors from the 

tree crown in the early morning and were kept in 

perforated plastic bags inserted in a cool box to prevent 

drying during collection before being taken to the 

laboratory. Prior to insertion in the rooting medium, 

cuttings were stored in a dark cold room (4°C) during 48 

hours. The terminal node of the shoots was excised, then 

cuttings were excised and kept separately according to the 

position on the stock plant (basal, medial and apical), then 

they were classified with regard to cutting types. Actually, 

hardwood (leafless) cuttings were taken in winter. 

However, softwood (green and tender wood; leafy) 

cuttings were taken in spring and semi-hardwood (semi-

lignified; leafy) cuttings were taken in summer. Healthy 

cuttings were screened to (10 ± 0.5) cm length with at 

least six nodes. Leaves were excised from the down part 

so that only four leaves remained on the cuttings to 

minimize water stress caused by transpiration. To 

minimise fungal attacks, a chemical surface disinfection 

was applied on these cuttings for 10 min with a 0.2% 

(w/v) fungicide solution (Dithane-M45) and subsequently 

washed with sterile distilled water. The apical cut ends of 

the treated cuttings were sealed with tree wound dressings 

to reduce the water loss, prevent diseases and decay. The 

base of each cutting was wounded (basal cut just below a 

node), then it was soaked for 5 min in 3000 mg.L-1 of 

indole-3-butyric acid (IBA), this concentration proved to 

be the most successful in a study conducted by our team 

(currently being published). Prepared cuttings were 

immediately placed in 1000 cc polyethylene (PE) pots 

containing sterilized sieved sand placed in greenhouse 

under the natural conditions of luminescence and 

humidity and a mean temperature of 32 ± 2 °C, at the 

biotechnology unit of the Regional Center of Agricultural 

Research of Rabat, INRA-Morocco. To harden the plants, 

rooted cuttings with roots of more than 1 cm long and 

without symptoms of fungal diseases were transferred to 

4500 cc polyethylene (PE) pots containing a mix of 

sterilized sieved sand, sterilized forest soil and peat moss 

(1:1:1 v/v). These pots were then placed in the green 

house, at a spacing of 20 cm × 20 cm. The growing 

cuttings were monitored for a two year period. Cuttings 

were regularly watered every 2 days with tap water and 

received weekly applications of nutrient solution 

Hoagland and Arnon (HA; Hoagland and Arnon, 1950), 

Quoirin and Lepoivre (QL; Quoirin and Lepoivre, 1977), 

Murashige and Skoog (MS; Murashige and Skoog, 1962), 

and Woody Plant Medium (WPM; Lloyd and Mc Cown, 

1980). The macronutrients were added separately from 

stock solutions. A combined stock solution is made up 

containing all micronutrients except iron. Iron is added as 

ferrous sulphate heptahydrate (FeSO4.7H2O). The pH of 

the nutrient solution was adjusted to a value of 5.6 ± 0.2.  

2. Experimental design and treatments 

The experiment was organised according to a randomized 

complete block design (RCBD). Thirty two replications 

were used in four blocks for each treatment. The 

experiment tested three cutting types (leafy softwood 

(SW), leafy semi-hardwood (SHW) and leafless 
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hardwood (HW) stem cuttings), three cutting positions 

(apical, medial and basal position), four nutrient solution 

treatments (Hoagland and Arnon (HA), Quoirin and 

Lepoivre (QL), Murashige and Skoog (MS), and Woody 

Plant Medium (WPM)) and their interactions. 

3. Data collection 

After 12 weeks, the cuttings were scored for the number 

of leaves (NL), leaf size in cm2 (LS), number of sprouts 

(NS), length of the longest sprout cm (SL), sprouting rate 

(SP %), number of roots (NR), length of the longest root 

in cm (RL), and rooting rate (RP %). Finally, the survival 

rate (SR %) was recorded 48 weeks after rooting 

induction, a period that has been considered sufficient to 

measure the survival of rooted cuttings. 

4. Statistical analysis  

The data collected were submitted to tests of analysis of 

variance (ANOVA) for treatment effects of the general 

linear model (GLM) procedure in SAS program version 

9.1 (SAS Institute, Cary, NC, USA) for all the evaluated 

parameters. Comparisons between treatments were 

performed by using Duncan’s Multiple Range Test 

(DMRT) with at least 95% level of statistical reliance, and 

as a result, homogenous groups were acquired and 

interpreted. All data were reported as means ± standard 

deviation (SD). Before statistical analysis, data were 

converted by angular transformation (X = arcsine √Y) for 

sprouting, rooting and survival ratios. 

 

III. RESULTS  

1. Effect of the nutrient solution, cutting type and 

position on the number of leaves and leaf size of 

Argania spinosa cuttings 

1.1. Number of leaves 

The highest number of leaves was obtained from 

hardwood cuttings, followed by the semi-hardwood 

cuttings, although softwood cuttings tended to produce 

the lowest result (Table 1). The lignification trend in the 

number of leaves was also similar for cutting position. 

Over the entire experimental period, basal position had a 

highest leaf number, followed by the medial position 

(Table 1). In our study, the highest number of leaves for 

basal hardwood cuttings was observed with MS solution 

(36.25 ± 0.73), while softwood cuttings treated with 

WPM solution presented the lowest number of leaves and 

exhibited several nutrient-deficiency symptoms and 

chlorosis on their leaves.  

1.2. Leaf size 

Leaf size had a mean per cutting significantly greater in 

hardwood cuttings, followed by semi-hardwood then 

softwood cuttings (Table 1). The highest mean for leaf 

size was observed in cuttings taken from the basal 

position followed by cuttings  of medial position then 

apical position (Table 1). The results presented herein 

indicate that leaf size of basal softwood cuttings treated 

with WPM or HA was generally lower (9.90 ± 0.46 cm² 

and 11.19 ± 0.49 cm², respectively) than that for basal 

hardwood cuttings irrigated with either QL or MS (24.96 

± 0.53 cm² and 28.93 ± 0.71 cm², respectively). 

The mean number of leaves and size were significantly (P 

< 0.01) affected by the nutrient solution, cutting type and 

cutting position, while interactive effect of nutrient 

solution, cutting type and cutting position had a 

significant (P < 0.01) effect only for leaves size (Table 2). 

 

Table.1: Effects of nutrient solution, cutting type and cutting position on mean values of the number of leaves (NL) and leaf 

size cm2 (LS) of Argania spinosa cuttings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Within each treatment, value marked by the same letter are not significantly different (Duncan’s Multiple Range  Test 

(DMRT), P < 0.05, mean ± SD, n = 32). 
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Table.2: Analysis of variance (ANOVA) for effect of nutrient solution, cutting type, cutting position and their interactions on 

the number of leaves and leaves size (cm2) of Argania spinosa cuttings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nb. = number. 

2. Effect of the nutrient solution, cutting type and 

position on the number of sprouts and sprouts length 

of Argania spinosa cuttings  

2.1. Number of sprouts 

Semi-hardwood cuttings gave the best sprouting yield and 

produced the largest number of sprouts, followed by 

softwood, whereas hardwood cuttings failed to produce 

shoots (Table 3). Cuttings taken from the medial 

internodes were the ones which produced the greatest 

number of sprouts in comparison with the basal position, 

though the apical position didn’t sprout at all (Table 3). In 

our study, analysis of variance revealed that the cuttings 

taken from the medial position of semi-hardwood branch 

treated by the QL solution produced the maximum 

number of sprouts (1.81 ± 0.13), followed by WPM (1.75 

± 0.09) then basal softwood cuttings irrigated by HA and 

MS solutions (1.31 ± 0.11 and 1.13 ± 0.05, respectively). 

Besides, cuttings irrigated with WPM solution were 

characterized by short and thin shoots, with small, narrow 

leaves and cuttings irrigated with MS were observed to 

develop more shoot tip necrosis.  

2.2 Sprouts length 

The influence of the cuttings type on sprouts  length 

revealed that semi-hardwood cuttings performed best and 

produced longer shoots than softwood cuttings  (Table 3). 

Moreover, cuttings at the middle position showed the 

highest shoot length values per cutting (Table 3). The 

results revealed that the longest sprouts were recorded on 

the medial position of the semi-hardwood cuttings with 

the use of QL (16.88 ± 0.6 cm) (Figure 1), followed by 

the WPM solution (16.13 ± 0.66 cm). 

Significant differences (P < 0.05) existed between the 

mean number of sprouts and sprouts length produced by 

cuttings at the various stages of development and at 

different position on the branch of the stock plant, as well 

as the differences between the cuttings sprouts length 

produced by cuttings treated by different nutrient 

solutions (Table 4). Although the mean number of sprouts 

were not significantly (p = 0.075) affected by nutrient 

solution and also there were no significant differences in 

term of interaction for sprouts number and length (p = 

0.188 and p = 0.179, respectively). 

Table.3: Effects of nutrient solution, cutting type and cutting position on mean values: number of sprouts (NS) and sprout 

length in cm (SL) of Argania spinosa cuttings. 
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Within each treatments, value marked by the same letter are not significantly different (Duncan’s Multiple Range Test 

(DMRT), P < 0.05, mean ± SD, n = 32). 

 

Table.4: Analysis of variance (ANOVA) for effect of nutrient solution, cutting type, cutting position and their interactions on 

the number of sprouts and sprout length (cm) of Argania spinosa cuttings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nb. = number. 

3. Effect of the nutrient solution, cutting type and 

position on number of root and longest root length of 

the Argania spinosa cutting 

3.1. Number of roots 

The highest number of roots was produced from semi-

hardwood cuttings, followed by softwood cuttings , while, 

the hardwood cuttings  (which included developing leaves) 

failed to root completely. In addition, the cuttings from 

the basal part of the branch exhibited a markedly superior 

number of roots than medial position. However, cuttings 

from the apical position didn’t root at all (Table 5). The 

greatest number of roots was obtained on cuttings sourced 

from the basal position of semi-hardwood which were 

irrigated with HA (44.63 ± 0.69) (Figure 1), followed by 

QL solution (40.63 ± 0.88), whereas the poorest roots 

number was recorded for the basal softwood cuttings 

irrigated with MS and WPM solutions (31.06 ± 0.89 and 

32.88 ± 0.82) respectively. 

 

3.2 Root length 

Semi-hardwood cuttings showed the longest roots, 

followed by softwood. Furthermore, the basal position has 

given the highest values, followed by the medial position 

(Table 5). Basal semi-hardwood cuttings treated with HA 

solution showed the longest roots (28.86 ± 0.75 cm) 

(Figure 1), followed with QL (26.19 ± 0.68 cm). 

However, the shortest roots were recorded for the basal 

softwood cuttings irrigated with MS and WPM solution 

(22.00 ± 0.84 cm and 22.38 ± 0.56 respectively). The 

results indicate that nutrient solution, cutting type, cutting 

position has very significantly (P < 0.01) affected both the 

mean number of roots and their length, while interactive 

effects of nutrient solution, cutting type and cutting 

position was significant (P < 0.01) only for the number of 

roots produced (Table 6). 

 

Fig. 1: (A) Argania spinosa semi-hardwood cuttings 

inserted in a sterilized sieved sand rooting medium, 

distributed according to a Randomized Complete Block 

Design (RCBD) under non-mist greenhouse conditions (1 

week). (B) Sprouted basal leafy softwood cuttings 

irrigated with Quoirin and Lepoivre (QL) nutrient 

solution (12 weeks). (C) Rooted basal leafy semi-

hardwood cuttings freshly removed from the sand rooting 

medium (48 weeks). (D) Well-developed roots of basal 

leafy semi-hardwood cuttings irrigated with Hoagland & 

Arnon (HA) nutrient solution (72 weeks). 

 

http://dx.doi.org/10.22161/ijeab/3.4.31
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.31                                                                                                                     ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                           Page | 1374  

Table.5: Effects of nutrient solution, cutting type and cutting position on mean values of number of roots (NR) and root 

length in cm (RL) of Argania spinosa cuttings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Within each treatments, value marked by the same letter are not significantly different (Duncan’s Multiple Range Test 

(DMRT), P < 0.05, mean ± SD, n = 32). 

 

Table.6: Analysis of variance (ANOVA) for effect of nutrient solution, cutting type, cutting position and their interactions on 

number of roots and root length (cm) of Argania spinosa cuttings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nb. = number. 

4 Effect of the nutrient solution, cutting type and 

position on sprouting percentage, rooting percentage 

and survival rate of Argania spinosa cuttings 

 4 .1 Sprouting percentage 

Sprouting response was dependent on explants type, with 

a maximum sprouting being obtained through semi-

hardwood cuttings, followed by softwood, though 

hardwood cuttings did not sprout at all for any of the four 

nutrient solutions. Moreover, medial cuttings had the 

highest sprouting yield, followed by cuttings of the basal 

position (Table 7). The highest sprouting percentage of 

cuttings was recorded when the medial semi-hardwood 

cuttings were irrigated with the QL solution (85.69 ± 

01.07 %), whereas the lowest sprouting ratio was 

recorded on basal softwood cuttings treated by MS 

solution (64.59 ± 1.70 %). 

4.2 Rooting percentage 

The semi-hardwood cuttings rooted significantly better 

than other cuttings type, with a higher rooting percentage 

(Table 7). Rooting yield varied among nodal positions, 

with a sequential decline in performance from basal to 

apical position. Basal semi-hardwood cuttings irrigated 

with HA produced relatively more roots (63.81 ± 1.89) %, 

followed by QL (58.59 ± 1.37) %, and the basal position 

of softwood cuttings irrigated with MS solution exhibited 

the lowest rooting rate (46.09 ± 0.68) %. 

4.3 Survival rate 

Semi-hardwood cuttings rooted more frequently and had 

lower mortality rates than softwood and hardwood 
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cuttings (Table 7). The overall survival of rooted cuttings 

increased significantly between apical and basal positions. 

Indeed, basal position had the highest survival results, 

followed by cuttings of the medial position, whereas the 

cuttings from the apical position were completely decayed 

(Table 7). The cuttings taken from the basal position of 

semi-hardwood cuttings irrigated with HA solution had 

the highest survival rate per cutting (96.09 ± 0.29) %, 

followed by the QL solution (93.75 ± 0.39) %. However, 

basal softwood cuttings treated with MS solution had the 

poorest survival rate (48.44 ± 1.17) %. Some softwood 

cuttings irrigated with MS solution showed symptoms of 

apical necrosis and were unable to grow. 

The analysis of variance indicates a significant 

difference for the mean of sprouting, rooting rate and 

survival percentage for each factor studied separately  

(nutrient solution, type and position of cuttings) (p < 

0.05), though the nutrient solution × cutting type × cutting 

position combinations were significant only for the 

survival rate (Table 8).  

Table 7: Effects of of nutrient solution, cutting type and cutting position  on mean values of sprouting percentage (SP), 

rooting percentage (RP), and survival rate (SR) of Argania spinosa cuttings. 

Within each treatments, value marked by the same letter are not significantly different (Duncan’s Multiple Range  Test 

(DMRT), P < 0.05, mean ± SD, n = 32). 

 

Table.8: Analysis of variance (ANOVA) for effect of nutrient solution, cutting type, cutting position and their interactions on 

sprouting percentage, rooting percentage, and survival rate of Argania spinosa cuttings. 
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IV. DISCUSSION 

The present results indicate a significant effect of cutting 

type on the success of sprouting, rooting and survival 

rates for A. spinosa cuttings. Vegetative propagation of 

argan trees  can best be achieved using semi-hardwood 

cuttings followed by softwood cuttings. The findings 

from this study for high sprouting and rooting ability of 

semi-hardwood cuttings are in accordance with results 

obtained for other tree species, such as Moringa oleifera, 

where semi-hardwood and hardwood cuttings performed 

best and produced the highest number of shoots and the 

longest shoots, while the shortest shoots were produced 

on softwood cuttings (Antwi-Boasiako and Enninful, 

2011); Stevia rebaudiana, where semi-hardwood cuttings 

were more successful than softwood cuttings (Abdullateef 

and Osman, 2012); Duranta repens, for which semi-

hardwood and hardwood cuttings rooted significantly 

better than softwood cuttings with a higher percentage of 

rooted cuttings, a greater number of roots and longer roots 

length per rooted cutting (Okunlola, 2013); Bougainvillea 

glabra, in which root number was higher for semi-

hardwood compared with softwood cuttings (Seyedi et al. 

2014). Semi-hardwood cuttings are generally considered 

easy to propagate due to its low production of secondary 

metabolites in comparison with hardwood cuttings 

(Hartmann et al. 1997).  

In addition, the hardwood cuttings prepared had no 

leaves, therefore their dependence on photosynthetic 

activity for rooting and bud formation was denied, which 

adversely influenced their sprouting, rooting and survival 

efficiency. This lack of sprouting and rooting 

performance of hardwood cuttings could also be 

pronounced by the early appearance of leaves which 

could lead to resource depletion before rooting (Antwi-

Boasiako and Enninful, 2011). Moreover, this increase in 

rooting potential of semi-hardwood cuttings may be due 

to their lignification, which increases  their ability to 

withstand dry or other adverse conditions. Therefore, they 

survived in moist soil until the roots formed, whereas 

softwood cuttings are delicate, dried-out rapidly and much 

more subject to attacks by various fungal diseases 

(Longman, 1993). In fact, the maintenance or presence of 

leaves on semi-hardwood and softwood cuttings 

influenced sprouting and rooting due to their ability to 

produce auxins and carbohydrates (Hartmann et al., 

1990). 

The analysis of variance indicated that significant 

differences existed in terms of sprouting and rooting 

ability of A. spinosa cuttings taken from different cutting 

positions of stock plants shoots. The highest root number, 

root length, rooting percentage and survival rate was 

observed in cuttings taken from a basal position, followed 

by those taken from a medial cutting position. However, 

the cuttings made from an apical position hadn’t rooted at 

all. The observations showed that rooting response of A. 

spinosa is a function of nodal position and the cuttings 

rooted better if taken from a basal position of the stock 

plant. These results are in agreement with those obtained 

previously for other tree species such as Azadirachta 

indica (Palanisamy and Kumar, 1997), Rosa hybrida 

(Bredmose et al., 2004; Otiende et al., 2017), Dalbergia 

sissoo (Husen, 2004), Ulmus villosa (Bhardwaj and 

Mishra, 2005), Tectona grandis (Husen and Pal, 2007), 

Dalbergia melanoxylon (Amri et al., 2010) and 

Pterocarpus santalinoides (Ky-Dembele et al., 2016). 

Better rooting of cuttings made from basal position 

followed by cuttings from middle position then from an 

apical position. This may be associated with certain 

environmental factors  such as luminous intensity, 

photoperiod, temperature (Hansen, 1986) or by changes in 

the extent of lignification and the degree of secondary 

thickening along the stem (Girouard, 1969; Hartmann et 

al., 1997). There are also physiological and anatomical 

factors which may influence the performance of cuttings 

from different nodal positions such as leaf water potential, 

leaf age, stomatal distribution, stem diameter, wood 

structure and xylem elements (Hartmann and Kester, 

1990). These factors could influence the distribution of 

available mineral nutrients, endogenous growth regulators  

and carbohydrates in both the mother plant and the 

cuttings sampled (Leakey and Coutts, 1989). Leakey 

(1983) stated that the poor rooting of apical cuttings  may 

be due to less favorable water relations and increased 

susceptibility to water stress in young cuttings. Otherwise, 

this may be due either to an inhibitory effect of auxins 

produced during root initiation (Smith and Wareing, 

1972) or to low carbohydrate concentrations in the apical 

portion (Palanisamy and Kumar, 1997). 

 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.22161/ijeab/3.4.31
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.31                                                                                                                     ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                           Page | 1377  

Table.9: Ion concentrations of nutrient solutions (Hoagland and Arnon (HA), Quoirin and Lepoivre (QL), Murashige and 

Skoog (MS), and Woody Plant Medium (WPM)). 

 

Finally, there was a significant difference between the 

four nutrient solutions studied. The results presented 

herein indicate that MS and WPM media were superior to 

HA and QL for the number of leaves and leaf size. The 

sprouting percentage, the number of shoots and shoot 

length on QL and WPM media might be preferred to the 

one on HA and MS, while HA and QL were superior to 

WPM and MS for survival rate, rooting percentage, 

number of adventitious roots and their elongation. A 

number of studies have pointed out that nutrient uptake is 

closely related to the sprouting and rooting proprieties: 

Blomstedt et al. (1991) found that root proliferation of 

Eucalyptus regnans was greater by using HA or WPM in 

comparison with MS. Wang (1991) also observed a 

higher degree of multiple shoot formation of Prunus 

communis explants on WPM and QL than on MS. 

However, Abousalim and Mantell (1994) indicated that 

the shoot-tip necrosis is a frequent and persistent problem 

in shoot cultures of Pistacia vera, by adding a standard 

MS solution. Pérez-Tornero and Burgos (2000) reported 

also that WPM produced chlorosis in the leaves of Prunus 

armeniaca. The differences observed among these 

nutrient solutions could be explained by their total ionic 

strength. Indeed, HA solution has a total ion concentration 

equivalent to 32% of MS, WPM 45% and QL is 73% MS 

(Table 9). In fact, plants growing on a concentrated 

nutrient solution developed a short, compact, and densely 

branched root system, while on dilute solutions or water 

the roots were long and more sparsely branched (Forde 

and Lorenzo, 2001). This increase in the level of mineral 

nutrition benefits the shoot rather more than the root, 

whereas nutrient deficiency often induces an increased 

root/shoot ratio (Chapin, 1980). Otherwise, after 

separation from the stock plant, cuttings have a fixed 

mineral nutrient pool. The mineral nutrient pool in the 

cutting may even decline as a result of leaching during 

propagation (Blazich et al., 1983). Therefore, the low 

rooting and survival percentages of MS solution may be 

http://dx.doi.org/10.22161/ijeab/3.4.31
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explained by its excessive nitrogen content for the A. 

spinosa cuttings, while the leaves chlorosis of WPM 

solution could be due to its low nitrogen content. The full-

strength MS is high in ammonium (20.6 mM) and nitrate 

ions (39.4 mM) followed by QL and WPM (5 mM), 

whereas HA is a solution with the lowest ammonium 

content (2 mM). Macronutrients of HA contain a 

NO3−/NH4+ ratio (7) much higher than the other nutrient 

solutions. However, MS has the lowest NO3−/NH4+ ratio 

(1.9). High endogenous nitrogen levels in cuttings seem to 

enhance shoot growth if the level of nitrogen exceeds the 

optimum for root primordium initiation and development 

(Brouwer, 1962). Furthermore, the decrease in rooting 

potential of A. spinosa cuttings due to an increased 

nitrogen supply in MS solution may be due to a decrease 

in the processes of carbon assimilation and partitioning 

(Druege et al., 2000). Basu and Ghosh (1974) reported 

that the rooting cofactor activity was inversely related to  

nitrogen supply. High ratios of total available 

carbohydrates/total nitrogen (C/N) and total 

phosphorus/total nitrogen (P/N) increased anthocyanin 

pigmentation in the shoot induced an increased rooting 

cofactor activity in the cuttings tissues. Our observations 

indicated that MS and WPM produced shoot-tip necrosis, 

shoot hyperhydricity and the lowest rooting percentage 

and survival rate. This observed responses may be due to 

the slightly low calcium contents of WPM and MS (3 mg) 

in comparison with HA (4 mg) and QL (5 mg) (Table 9). 

Indeed, the low availability of calcium may influence 

rooting because the endogenous pool of these minerals is 

poorly transported in the phloem (Eliasson, 1978). 

Moreover, It has been shown to act as a secondary 

messenger at the crosstalk of auxin and nitric oxide 

signaling pathways of adventitious roots formation 

(Lanteri  et al., 2006), to be involved in cell division and 

root primordia elongation process (Burstrom, 1968; 

Imaseki, 1985). 

 

V. CONCLUSION 

The results of this study revealed that sprouting and 

rooting success of Argania spinosa cuttings were 

significantly influenced by nutrient solution, cutting type 

and nodal position. The hardwood cuttings taken from the 

basal position with MS solution gave the best number of 

leaves (36.25) and leaves size (28.93cm²). The highest 

number of sprouts (1.81), sprouts length (16.88 cm) and 

sprouting percentage (85.69 %) were recorded in leafy 

semi-hardwood cuttings from medial position and treated 

by QL solution. The leafy semi-hardwood cuttings taken 

from basal position and irrigated with Hoagland solution 

produced in average more roots (44.63), longer roots 

(28.86 cm), and had higher rooting and survival 

percentages: 63.81 % and 96.09 %, respectively. The 

results of the present study clearly indicated that the 

cuttings from adult A. spinosa trees can be propagated 

using basal semi-hardwood cuttings receiving Hoagland 

nutrient solution. Further work could focus on the needs 

of each nutrient for A. spinosa cuttings to produce high 

quality materials for planting argan orchards and 

promoting sustainable arganiculture programs. 
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Abstract— The SHC is a simple document, which 

contains useful data on soil based on chemical analysis of 

the soil to describe soil health in terms of its nutrient 

availability and its physical and chemical properties. The 

SHC is a simple document, which contains useful data on 

soil based on chemical analysis of the soil to describe soil 

health in terms of its nutrient availability and its physical 

and chemical properties. An amount of Rs 568 

crore (US$89 million) was allocated by the government 

for the scheme. In 2016 Union budget of India,100 

crore (US$16 million) had been allocated to states for 

making soil health cards and set up labs. The target for 

2015–16 was to collect 100 lakh soil samples and test 

these for issue o f soil health cards. The government plans 

to distribute 14 crore soil health cards by 2017. it is 

therefore, important to find out the impact and awareness 

associated with farmer towards the usefulness and 

application of Soil Health Card on their agricultural 

production, diversification and cropping pattern. 

Considering the above points, an effort will be made to 

conduct study with the following objective with 120 

beneficiaries of KVK Ujjain, M.P.  The main findings is 

majority of beneficiaries were found to have high level of 

awareness about various components of soybean 

production technology followed by medium and low level 

of awareness about various components of Soybean 

production technology. 

Introduction 

Soil is one of the elements required for farming as it 

provides nutrients to the plants. Healthy soil containing 

all the elements for growth and development of crop and 

on the other hand soil deprived of one or more elements 

either reduces production or degrades quality of crops. 

Proportion and quantity of macro and micro  nutrients 

refers to the soil health. As far as agriculture production 

is concerned, soil health plays a vital role in ensuring 

sustainable production with optimizing the utilization of 

fertilizers and reducing its wastage. Soil Health Card 

(SHC) is a scheme launched by the Government of India 

in February 2015 in Gujarat. The SHC is a simple 

document, which contains useful data on soil based on 

chemical analysis of the soil to describe soil health in 

terms of its nutrient availability and its physical and 

chemical properties. status of farmers. 

Madhya Pradesh is known as the Soybean bowl of India, 

because major chunk of Soybean production is 

contributed by Madhya Pradesh State alone. Nutrients 

are essential for plants’ growth and development. When 

soil nutrients are missing or in short supply, plants suffer 

from nutrient deficiency and stop growing. Then, 

application of fertilizers to soils as per requirement is 

very important to provide balanced nutrients to the plants 

grown on it. Considering the growing importance of soil 

testing. 

Keywords—  Soil Health Card, Soybean Production, 

Soybean bowl of India. 

 

OBJECTIVE 

To know the awareness of SHC holders regarding its 

utility. 

 

REVIEW LITERATURE 

          Patel and Chauhan (2012) in  their study revealed 

that more than one third (35.00%) of farmers had neutral 

attitude towards soil health card programme, while 20.00 

per cent of farmers had strongly favourable attitude. 

Equal number (17.00%) of farmers had unfavourable and 

strongly unfavourable attitude towards soil health card  

programme. Rest of them (11.00%) had favourable 

attitude towards soil health card programme. 

         Hossen et al (2013) reported that most of the 

respondents (77.00%) had positively  observed the climate 

change occurred and only 23.00 per cent did not realize 
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about climate change. They further 26 found that most of 

the farmers (57.2%) had no idea about soil carbon but 

they followed various soil management practices (crop 

rotation 90.3%, irrigation 98.96% and fertilization 96.8%) 

for better crop production which helps to increase soil 

organic carbon in the farmer’s field.  

        Abebe and Abera (2014) indicated that there was a 

significant difference between farmers and Agricultural 

and Rural Development workers regard ing their 

perception towards gender and gender mainstreaming, 

moderately  female farmers have higher degree of 

perception than male farmers in rural areas. Relatively  

female workers have higher degree of perception than 

male workers in  Agricultural and Rural Development 

workers. 

 

METHODOLOGY 

For fulfilment of these objectives, the mult istage 

sampling technique has been adopted for selection of 

sample for present study. Ujjain d istrict comprises of six 

development blocks. All the six development blocks of 

the district comes under the SHC for Soybean production 

out of which one block i.e . Ujjain was selected due to 

higher number of SHC holders in the block .Ujjain b lock 

constitutes of twenty five v illages out of which  four 

villages, were selected by the SHC Center for improved 

cultivation practices of Soybean production, namely  

Undasa, Madhaopura, Narvar and Chandesara villages. 

List of 300 SHC holders (2015-16) of the selected four 

villages was obtained from KVK, Ujjain and 120 farmers 

have been selected randomly for present study. 

 

RESULT & DISCUSSION 

Level of Awareness of Soil Health Card beneficiaries 

regarding Soybean production technology: 

Awareness is defined as knowledge about something 

exists, or understanding of a situation or subject at the 

present time based on information or experience. It is a 

quality or state of being aware. For the present 

investigation, the awareness level of selected 

beneficiaries of SHC regarding Soybean production 

technology was assessed and was presented in the table 

below: 

 

Table: Distribution of beneficiaries according to  their extent of awareness in respect of SHC regarding Soybean production 

technology.  (n=120) 

S.No            Components         Extent of  Awareness 

    Least          Partial    Full 

1. Ploughing and land preparation 22 

(18.33) 

40 

(33.34) 

58 

(48.33) 

2. Improved varieties of Soybean 

(JS-9305 and JS-335) 

18 

(15.00) 

45 

(37.50) 

57 

(47.50) 

3. Seed treatment (Carbendazim+captan@3 gm/kg 

seed) 

20 

(16.67) 

48 

(40.00) 

52 

(43.33) 

4. Soil type 22 

(18.33) 

41 

(34.16) 

57 

(47.50) 

5. Method of sowing(By Seed-Drill & acc. to the 

availability of machinery)  

15 

(12.50) 

46 

(38.33) 

59 

(49.16) 

6. Cropping pattern 30 

(25.00) 

32 

(26.66) 

58 

(48.33) 

7. Cropping diversification 28 

(23.33) 

52 

(43.33) 

40 

(33.34) 

8. Type of fertilizer 30 

(25.01) 

45 

(37.49) 

45 

(37.50) 

9. Fertilizer dose application 35 

(29.16) 

43 

(35.83) 

42 

(35.00) 

10. Integrated weed management 28 

(23.33) 

36 

(30.00) 

56 

(46.67) 

11. Integrated pest management 32 

(26.66) 

42 

(35.00) 

46 

(38.33) 

12. Level of production 30 

(25.00) 

40 

(33.34) 

50 

(41.66) 

(Figure in parentheses shows percentage)  
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The above table describes the distribution of SHC 

beneficiaries as per their obtained mean score of 

knowledge in the sub component of the programme. 

 i. Awareness regarding ploughing and land 

preparation: 

Regarding awareness of field  preparation showed, out of 

the total beneficiaries, majority of the beneficiaries 

(48.33%) pertained high level of awareness followed by 

partial awareness (33.34%)   and least awareness 

(18.33%). 

 ii. Awareness regarding improved varieties of 

Soybean: 

Regarding awareness of improved varieties of Soybean 

JS-9305 and JS-355 showed, out of the total beneficiaries, 

majority of the beneficiaries (47.50 %) pertained high 

level of awareness followed by part ial awareness 

(37.50%)  and least awareness (18.33%). 

 iii. Awareness regarding seed treatment: 

Regarding awareness of seed treatment 

(Carbendazim+captan@3 gm/kg seed) showed, out of the 

total beneficiaries, majority of the beneficiaries i.e. 

(43.33%) pertained high level of awareness followed by 

partial awareness (40.00%) and least awareness (16.67%). 

 iv. Awareness regarding soil type:  

Regarding awareness of soil type showed, out of the total 

beneficiaries, majority of the beneficiaries (47.50%) 

pertained high level of awareness followed by partial 

awareness (34.16 %) and least awareness (18.33%). 

 v. Awareness regarding method of sowing: 

Regarding awareness of method of sowing (By Seed-Drill 

& acc. to the availab ility of machinery) showed, out of the 

total beneficiaries, majority  of the beneficiaries (49.16 %) 

pertained high level of awareness followed by partial 

awareness (38.33%) and least awareness (12.50%). 

 vi. Awareness regarding cropping pattern: 

Regarding awareness of cropping pattern showed, out of 

the total beneficiaries, majority of the beneficiaries 

(48.33%) pertained high level of awareness followed by 

partial awareness (26.66%) and least awareness (25.00%). 

 vii. Awareness regarding cropping diversification: 

Regarding awareness of cropping diversification showed, 

out of the total beneficiaries, majority of the beneficiaries 

(43.33%) pertained partial level of awareness followed  by 

high awareness (33.34%) and least awareness (23.33%). 

 viii. Awareness regarding type of fertilizer: 

Regarding awareness of type of fertilizer (FYM, Organic 

and Inorganic) showed, out of the total beneficiaries, 

majority of the beneficiaries (37.50%) pertained high 

level of awareness followed by part ial awareness 

(37.49%) and least awareness (25.01%). 

  ix. Awareness regarding Fertilizer dose application: 

Regarding awareness of Fertilizer dose application 

(N:P:K; 20:40:20) showed, out of the total beneficiaries, 

majority of the beneficiaries (35.83%) pertained partial 

level of awareness followed by high awareness (35.00%) 

and least awareness (29.16%). 

  x. Awareness regarding integrated weed 

management: 

Regarding awareness of integrated weed management  

showed, out of the total beneficiaries, majority of the 

beneficiaries (46.67%) pertained high  level of awareness 

followed by partial awareness (30.00%) and least 

awareness (23.33%). 

 xi. Awareness regarding integrated pest management: 

Regarding awareness of integrated pest management  

showed, out of the total beneficiaries, majority of the 

beneficiaries (38.33%) pertained high  level of awareness 

followed by partial awareness (35.00%) and least 

awareness (26.66%). 

 xii. Awareness regarding level of production: 

Regarding awareness of level of production showed, out 

of the total beneficiaries, majority of the beneficiaries 

(41.66 %) pertained h igh level of awareness followed by 

partial awareness (33.34%) and least awareness (25.00%) 

respectively. 

Regarding awareness of field  preparation showed, out of 

the total beneficiaries, majority of the beneficiaries 

pertained high level of awareness followed by partial 

awareness and least awareness respectively. This result 

revealed that soybean growers have more awareness of 

field preparation because they are fully determined 

towards gaining the high production. 

Regarding awareness of improved varieties of Soybean 

JS-9305 and JS-355 showed, out of the total beneficiaries, 

majority of the beneficiaries pertained high level of 

awareness followed by part ial awareness and least 

awareness respectively. The result revealed that the 

improved varieties of soybean give yield than the local 

variety of soybean. 

Regarding awareness of seed treatment 

(Carbendazim+Captan@ 3gm/kg seed) showed, out of the 

total beneficiaries, majority of the beneficiaries pertained 

high level of awareness followed by partial awareness and 

least awareness respectively. This increases the diseases 

resistance of seeds which leads into higher production. 

With respect to awareness of soil type showed, out of the 

total beneficiaries, majority of the beneficiaries pertained 

high level of awareness followed by partial awareness and 

least awareness respectively. The main reason behind the 

result is applicab ility of soil health card and high numbers 

of literate beneficiaries. 

Regarding awareness of method of sowing (By Seed-Drill 

& acc. to the availab ility of machinery) showed, out of the 

total beneficiaries, majority of the beneficiaries pertained 

high level of awareness followed by partial awareness and 

least awareness respectively. 
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Regarding awareness of cropping pattern showed, out of 

the total beneficiaries, majority of the beneficiaries 

pertained high level of awareness followed by partial 

awareness and least awareness respectively. 

Regarding awareness of cropping diversification showed, 

out of the total beneficiaries, majority of the beneficiaries 

pertained partial level of awareness followed by h igh 

awareness and least awareness respectively. 

Regarding awareness of type of fertilizer (FYM, Organic 

and Inorganic) showed, out of the total beneficiaries, 

majority of the beneficiaries pertained high level of 

awareness followed by part ial awareness and least 

awareness respectively. 

Regarding awareness of Fertilizer dose application 

(N:P:K; 20:40:20) showed, out of the total beneficiaries, 

majority of the beneficiaries pertained partial level of 

awareness followed by h igh awareness  and least 

awareness  respectively. 

Regarding awareness of integrated weed management 

showed, out of the total beneficiaries, majority of the 

beneficiaries pertained high level of awareness followed  

by partial awareness and least awareness respectively. 

Regarding awareness of integrated pest management  

showed, out of the total beneficiaries, majority of the 

beneficiaries pertained high level of awareness followed  

by partial awareness and least awareness respectively. 

Regarding awareness of level of production showed, out 

of the total beneficiaries, majority of the beneficiaries 

pertained high level of awareness followed by partial 

awareness and least awareness respectively. 
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Abstract— Fuelwood is the major source of energy for 

tea drying in Sri Lanka. High moisture content and 

presence of latex in the wood are the two main problems 

in using Cluisia as a fuelwood in tea drying. This study 

was carried out at Moussakellie tea factory and 

Hapugastenne estate in Maskeliya to evaluate Clusia 

rosea as a fuelwood species in tea drying. Two fuelwood 

combinations were evaluated by estimating Specific 

Fuelwood Consumption (SFC). Moisture content of 

Clusia wood were measured in relation to stem girth and 

methods of processing. Wood production of Clusia 

coppice managed under a six year rotation was 

measured.  

The study clearly shows that Clusia rosea is a suitable 

fuelwood species for tea drying. Clusia showed a higher 

energy value as inclusion of it in the fuelwood mixtures 

caused a significant reduction in the Specific Fuelwood 

Consumption (SFC). Clusia wood can be mixed up to 

50% with wild wood for tea drying without causing 

deposition of latex on heat tubes by maintaining flue gas 

temperature above 1000C. Results of the study also 

showed that splitting and peeling are effective methods in 

removing moisture from Clusia wood. The study also 

identified the relationship between moisture content and 

moisture loss with stem girth.  The biomass production of 

Clusia is found to be comparable with common fuelwood 

species used in tea drying. The study also revealed some 

characteristics of Clusia that contributes to its invasive 

behavior.   

Keywords— Alien invasive species Clusia rosea, coppice 

management, latex in fuelwood and tea drying. 

 

I. INTRODUCTION 

Tea industry is the largest industrial fuelwood consumer 

in Sri Lanka utilizing approximately 33% of the total 

industrial consumption (Haskoning, 1989; 

Koneswaramoorthy et al, 2004). Fuelwood is used for 

generation of heat for withering green leaf and tea drying 

in Sri Lanka (De Silva, 1994; Gunasena and Mohamed, 

1998). About 22.4 MJ of thermal energy or 1-2kg of 

fuelwood is required to produce 1kg of made tea 

(Mohamed, 1998). The quantity of fuelwood is 

dependent upon the type of wood, efficiency of the 

furnace and the drier, type of manufacture and waste heat 

recovery system. A fuelwood to made tea ratio of 1:1 can 

be considered as very satisfactory. However, the 

efficiency of most furnaces used in the tea industry are 

very low, only have 55-65%. Hevea brasiliennsis, 

Eucalyptus grandis, Paraserianthus falcataria, 

Calliandra calothyrsus and Gliricidia sepium are the 

main species of fuelwood used in Sri Lankan tea 

industry. These species possesses characteristics that are 

typical of fuelwood species such as high growth rate, high 

calorific value, low leaf: stem ratio, high coppicing ability 

and also good burning properties (NAS, 1980; Gunasena 

and Pushpakumara, 1998). However, increasing fuelwood 

demand for the tea industry is difficult to meet through 

the established species as remaining underutilized lands 

in the tea growing regions are not suitable for growing 

them due to low soil depth and high rockiness .    

Clusia rosea grows as an evergreen shrub to large tree. It 

is a hardy plant and exhibits Crassulacean Acid 

Metabolism (CAM) (Lee et al, 1989). This is a 

photosynthetic mechanism which aids in conserving 

moisture. Clusia rosea is a tree that can grow on infertile 

rocky lands. It  can  even  es tab lis h  on  wet  mosses 

g rowing  on  rock s urfaces . It is also known for high 

growth rate and high biomass production. It is commonly 

known as pitch-apple, cupey or autograph tree (Florida 

Native Plant Society, 2013). Clusia rosea is commonly 

identified in Sri Lanka as “Gal goraka, Ambul gas, Gal 

idda” in Sinhala and “Pulichcha” in Tamil. It is listed as 
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an invasive species in Sri Lanka (MMD&E, 2015). 

Clusia rosea, a member of the family Clusiaseae, is a 

terrestrial or epiphytic tree or shrub native to Mexico, 

Florida and Central America, the Caribbean and northern 

South America (Wright, 1868; Francis, 1994; Dehgan, 

1998; Starr et al, 2003; Gilman and Watson, 2014). The 

growth habit of Clusia is that it produces a cluster of 

stems (stools) from its base.  

Clusia has naturalized in certain up country areas (high 

elevations) in Sri Lanka (Pebotuwage et al, 2012). It is 

widely used as a fuelwood for tea drying and for 

domestic cooking by the local communities in the 

Maskeliya region (Hitinayake et al, 2012). They peel and 

split the wood to accelerate drying prior to use them in 

cocking stoves. The villagers use the Clusia roots to tie 

the bundles of fuelwood. Clusia poles are used for 

construction of temporary houses and also as fence posts. 

The leaves of Clusia rosea are used to feed the goats. 

There are two problems of using Clusia fuelwood in tea 

drying. Clusia wood has a yellow-white, resinous latex 

(Gilman and Watson, 1993). Before the furnace get 

heated to higher temperature, the latex present in Clusia 

wood evaporates and get deposited on the metal tubes in 

the furnace that convey heat, also on other parts of the 

furnace and the drier, reducing their efficiency 

(Raveendran, 2015). High moisture content of Clusia 

wood is the other issue for using it as a fuelwood 

(Raveendran, 2015).    

The objective of the present study was to evaluate Gal 

goraka (Clusia rosea) as a fuelwood species in tea drying. 

Hence, estimation of specific fuelwood consumption 

(SFC) of fuelwood mixtures involving Clusia rosea, 

method to minimize deposition of latex on furnace 

especially on tubes that convey heat and also on drier 

when using Clusia rosea as a fuelwood, to study t h e  

moisture loss of Clusia rosea in relation to the girth 

classes, drying period and method of processing and to 

evaluate the biomass production of Clusia coppice were 

identified as the specific objectives of the study .  

 

II. MATERIALS AND METHODS 

This study was conducted during 2015 at Mousakelleie 

tea factory and Hapugastenne tea estate located in the 

Maskeliya region, Nuwara Eliya district. Both 

Mousakelleie tea factory and Hapugastenne estate are 

located in the up country wet zone at elevations 1372m 

and 1205m amsl, respectively. The mean annual rainfall 

in this area ranges between 2763-3517mm and average 

annual temperature is 20.40C (Anon, 2018). 

 

Experiment 01: Specific fuelwood consumption (SFC) 

of fuelwood mixtures containing Clusia rosea 

As said before when Clusia is used as a fuelwood in 

tea drying, the latex present in its wood will get 

deposited on heat conveying tubes and other parts of 

furnace reducing its efficiency. Hence Clusia is always 

used in combination with wild wood by the tea factories 

in the Maskeliya region as a means of minimizing this 

problem. Two fuelwood mixtures containing Clusia 

commonly used in the tea factories in the Maskeliya 

region were selected for evaluation under this 

experiment: 75% wild wood + 25% Clusia and 50% wild 

wood + 50% Clusia. Wild wood contains approximately 

80% Albizzia and 20% Calliandra. These fuelwood 

mixtures were evaluated by estimating their Specific 

Fuelwood Consumption (SFC).  

Drier output (kg of made tea per hour), fuelwood feeding 

rate (kg of fuelwood fed per hour), flue gas temperature 

and inlet temperature of the drier were measured. Specific 

Fuelwood Consumption (SFC) was estimated by dividing 

fuelwood feeding rate (kg/hr) by the drier output (kg/hr).  

During the experimental period efforts were made to 

maintain the flue gas temperature and drier inlet 

temperature at a constant range and also to maintain the 

fuelwood feeding rate normally practiced at the factory. 

It took one day to complete a replicate of a fuelwood 

mixture. Four replicates from each mixture was used in 

the experiment. After 4 days, heat tubes were 

examined to check whether the latex of Clusia rosea 

is deposited on them.  

Data were analyzed by applying sample t-test using SAS 

package. 

 

Experiment 02: Moisture loss from Clusia rosea in 

relation to the girth classes, method of processing and 

drying period 

The experiment consisted of 24 treatment combinations 

due to three factors (stem girth class , method of 

processing and drying period) and their levels (4x3x2). 

The stems of felled trees were separated into four girth 

classes (4-8cm, 8-12cm, 12-16cm and >16cm). Two 

methods of processing that is peeling and splitting of 

wood were evaluated by comparing with the control 

(unprocessed wood). Moisture content of wood was 

measured at the time of harvesting and after four weeks in 

the storage shed. Samples were oven dried at 103
◦
C till 

they reach a constant weight (oven dried weight). 

Moisture content was measured using following formula: 

 

Moisture content (%) =  

Initial weight (g)–Oven dried weight (g)   × 100%  

              Initial weight (g) 

 

The experiment design was a three factor factorial 

completely randomized design. Mean separation was 

done using Least Square Mean separation method (LSM). 
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Experiment 03: Biomass production of Clusia rosea 

Fuelwood production of naturally regenerated Clusia rosea 

stand managed under simple coppicing system on a six 

year rotation was measured. A plot of 4x5m was harvested 

to measure the biomass production. The bottom girth, top 

girth and the length of each stem were taken. The girth of 

stems ranged from 4-16 cm. Wood volume was measured 

using following formula: 

                               Wood volume = (A1 + A2) L  

                                                                 2 

Key: A1- Cross sectional area at the top of stem, A2- 

Cross sectional area at the bottom of stem, L-Length of 

the stem 

After harvesting the stems in the selected plot, number of 

fruits and number of seeds were counted to understand 

the regeneration potential of Clusia rosea. 

The experimental design was a single factor completely 

randomized design.  Mean separation was done using 

Least Significant Difference method (LSD). 

 

III. RESULTS AND DISCUSSION 

Experiment 01: Specific Fuelwood Consumption 

(SFC) of fuelwood mixtures consisting Clusia rosea 

Fuelwood mixture 1 showed significantly high SFC when 

compared to the mixture 2. The SFC of mixture 1 and 2 

were 1.02 and 0.84, respectively. Average fuelwood 

feeding rate for mixture 1 and 2 were 257 kg/hr and 203 

kg/hr, respectively. High  fuelwood  feed ing  rate 

(h igh  SFC) is  an  ind icat ion  fo r low efficiency of 

the fuelwood mixture (i.e. it consumes relatively high 

quantity of fuelwood to produce a kilogram of black tea). 

The results also indicates that Clusia has got a higher 

energy value when compared to wild wood as  the mixture 

2 that contained higher proportion of Clusia wood showed 

a low SFC.    

Average drier inlet temperature was 2680F for mixture 1 

and 2660F for mixture 2. The inlet temperature was 

slightly low with mixture 2 as fuelwood mixture 

contained relatively high proportion of Clusia. 

Maintaining a high inlet temperature will be a 

challenge when proportion of Clusia is high in the 

fuelwood mixture. Average flue gas temperatures 

maintained at the ID fan (temperature of hot air near the 

blower fan) with mixture 1 and 2 were 1080C and 1100C, 

respectively. The study also showed that these 

temperatures were high enough to minimize the 

deposition of latex on heat conveying tubes when above 

two mixtures of fuelwood is used. 

 

Experiment 02: Moisture loss from Clusia rosea in 

relation to the girth classes, method of processing and 

drying period 

1. Moisture content at the time of harvesting 

Heating value of wood is largely determined by its 

moisture content. Drying of wood increases the calorific 

value of most type of fuelwood from about 4000 kcal/kg 

to 6500 kcal/kg (Jayatunge, 2014). In order to get 

maximum fuel use efficiency and performance, fuelwood 

requires to be cut to a uniform length of about 30cm and 

a diameter of 15cm and to have a maximum moisture 

content of 15% (Jayatunge, 2014).  

 

The results of the experiment shows that moisture 

content was significantly high (P=0.05) in girth class 4-

8 cm when compared to other girth classes at the time 

of harvesting (Table 1). But the difference between girth 

classes 8-12cm (57.57%) and 12-16cm (56.49%) was 

non-significant. The highest moisture content was 

showed with the girth class 4-8cm (59.92%) and the 

lowest was with  girth class >16 cm (53.58%). The 

highest moisture content was showed by the unprocessed 

wood in girth class 4-8cm and the lowest by the peeled 

wood in girth class 4-8 cm. This shows that moisture 

content is high when the wood is thin and also when the 

bark is intact. This relationship is largely determined by 

the presence or absence of the bark and the proportion 

of the bark in the wood sample. This is because the bark 

contains more moisture than the inner parts of the stem 

and also the proportion of the bark in a wood sample is 

higher when the stem girth is smaller.  

When consider the methods of wood processing, 

differences in mean moisture content between peeled 

(52.64%) and split wood (58.49%) was significant 

(P=0.05), but the differences between split wood and 

unprocessed wood (59.54%) was non-significant 

(P=0.05). The differences in moisture content between 

unprocessed and peeled wood across all girth classes 

except girth class >16 cm is significant (P=0.05). As 

said before, the above differences are largely determined 

by the presence or absence of the peel, as peel contains 

more moisture than the inner part of the stem. 

Differences in moisture content among girth classes of 

peeled wood was non-significan t (P=0.05).  

 

Table.1: Moisture content (%) at the time of harvesting. 

Girth 

class 

(cm) 

Processing method 

Unprocessed 

wood - Control 

Split wood Peeled wood 

4-8cm 64.53±1.24a 64.17±1.20a 51.08±0.73d 

8-12cm 61.24±1.52b 59.41±0.58c 52.06±1.05d 

12-16cm 58.04±0.23c  57±1.41c 54.44±0.27d 

>16cm 54.37±1.28d  53.4±1.42d 52.98±0.17d 

Mean 59.54±4.12 58.49±4.28 52.64±1.41 

 

2. Moisture content after four weeks from harvesting 

Moisture content of Clusia wood varied significantly 

(P=0.05) after four weeks in storage in relation to girth 

class and method of processing (Table 2). The highest 
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moisture content was recorded in wood with girth class 

>16cm (34.83%) and the lowest was with class 4-8cm 

(21.08%). But the moisture content didn’t differ 

significantly between girth classes 8-12cm (29.27%) and 

12-16cm (32.53%). This shows that the rate of moisture 

loss from wood decreases with increasing girth.  

Moisture content after four weeks in the storage differed 

significantly (P=0.05) when wood was processed 

differently.  The highest moisture content was recorded 

with unprocessed wood (35.65%) and the lowest with 

wood stored after removing the peel (24.75%). Also, it 

was found that moisture content was significantly 

different (P=0.05) between unprocessed wood and split 

wood in relation to girth class. The highest moisture 

content was recorded by the unprocessed wood in girth 

class >16 cm and lowest moisture content by the split 

wood in girth class 4-8 cm. The differences between 

mean moisture content between split wood and peeled 

wood in girth class 4-8 cm and >16 cm were non-

significant (P=0.05). 

 

Table.2: Moisture content (%) after four weeks from 

harvesting. 

Girth 

class 

(cm) 

Processing method 

Unprocessed 

wood-Control 

Split wood Peeled wood 

4-8cm 28.44±1.40b 16.8±1.30c 18.01±0.86c 

8-12cm 33.51±0.35b  32.24±0.93b 22.08±2.36c 

12-16cm 39.65±1.07a 30.32±1.34b 27.64±0.61bc 

>16cm 41±1.13a  32.2±5.65b 31.3±2.70b 

Mean 35.65±5.43  27.89±7.26 24.75±5.62 

3. Moisture loss after harvesting 

Differences in moisture loss among girth classes during 

the first four weeks after harvesting was significant 

(P=0.05) (Table 3). The highest mean moisture loss 

(38.84%) was recorded with girth class 4-8 cm and the 

lowest (18.75%) with girth class >16 cm. This shows 

that when girth increases the rate of moisture loss was 

low.  

Also moisture loss varied significantly (P=0.05) among 

wood that were processed differently. The highest 

moisture loss (30.6%) was recorded with split wood and 

the lowest (23.9%) with unprocessed wood. The 

moisture loss differed significantly between unprocessed 

wood and split wood in girth class 4-8 cm. The highest 

moisture loss was showed in split wood in girth class 4-

8 cm. Moisture loss didn’t differ significantly among 

different wood processing methods in girth class 8-12 

cm. The lowest moisture loss was recorded with 

unprocessed wood in girth class >16 cm. 

 

 

 

Table.3: Moisture loss (%) during the first four weeks 

after harvesting. 

Girth 

class 

(cm) 

Processing method 

Unprocessed 

wood-Control 

Split wood Peeled wood 

4-8cm 36.1±2.65b 47.37±0.09a 33.07±1.6b 

8-12cm 27.72±1.86b 27.17±1.51b 29.99±3.42b 

12-16cm 18.39±1.3c 26.68±2.75b 26.8±0.9b 

>16cm 13.36±0.15d 21.19±4.2c 21.69±2.53c 

Mean 23.89±9.42 30.6±10.83 27.88±4.82 

 

Experiment 03: Biomass production of Clusia rosea in 

a coppice stand 

A Clusia stand managed under simple coppice system on 

a six year rotation was clear felled (harvested) by cutting 

the stems at the ground level. The resulted stems (copse 

or rods) were sorted based on their average girth (Table 

4). Majority of the stems resulted after coppicing the 

stools (stumps) were in the girth class 8-12 cm (9.8 stems 

per stool) followed by girth classes 4-8cm and  12-

16cm. Also the stems of the girth class 8-12cm 

recorded the highest wood volume. Wood volume per 

stool with 4-8cm, 8-12cm and 12-16cm girth classes were 

5830cm3, 15842cm3 and 6036cm3, respectively (Table 4). 

In the Clusia stand there were about 4845 stools per ha. 

Hence, the total wood volume harvested from a hectare of 

Clusia coppice under six year rotation was 129 cubic 

meters and it is highly comparable with commonly used 

fuelwood species in tea drying. For example, fuelwood 

production of Eucalyptus grandis and Pariserianthus 

falcataria are 40-200 cu. m per ha and 30-50 cu. m per 

ha, respectively (NAS, 1980).  

 

Table.4: Size of stems and wood volume resulted from 

harvesting a 4x5m plot in the Clusia coppice. 

Girth class (cm) Average Number 

of stems 

Wood volume per 

stool (cm3) 

4-8cm 7.3 5830 

8-12cm 9.8 15842 

12-16cm 2.3  6036 

Total 19.4 26708 

In addition to aggressive growth rate which will enable 

the species to over compete the other species easily, the 

study also revealed some other important reasons 

underlying its  invasive behavior. The seed production of 

Clusia was estimated. The average number of seeds per 

fruit and the average number of fruits per stool was 41.5 

and 55, respectively and therefore, the average number of 

seeds per stool was about 2283. As mentioned above, 

there were 4845 stools per ha in the Clusia stand.  Hence, 

about 11.06 million seeds are produced by a one hectare 

stand. This is in addition to prolific vegetative 

propagation ability of species where even a small piece of 

stem can get easily establish as a plant. 
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IV. CONCLUSIONS 

The results of this study shows that Clusia rosea can be 

considered as a suitable fuelwood species for tea drying. 

The inclusion of Clusia in the fuelwood mixtures has 

decreased the Specific Fuelwood Consumption (SFC), 

significantly. The study also shows that Clusia wood 

can be mixed up to 50% with wild wood for tea drying 

without causing considerable problem due to the 

deposition of latex on heat tubes. This was achieved by 

maintaining flue gas temperature near to the blower fan 

above 100
◦
C. It was found that splitting and peeling are 

effective methods to dry Clusia wood. The study also 

identified the relationship between moisture content and 

moisture loss with the stem girth. The biomass production 

of Clusia is found to be comparable with common 

fuelwood species used in tea drying. Further, earlier 

studies have showed that calorific value of Clusia is 4155 

kcal/kg (Hitinayake et al, 2012) and which is well above 

the minimum accepted (3500 kcal/kg) for fuelwood 

species (Gunasena and Pushpakumara, 1998). The study 

also revealed some important characteristics of Clusia 

that contributes to its invasive behavior.  
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Abstract— The aim of this study was to assess the degree 

of variation between 32 accessions of wild einkorn 

(Triticum boeoticum Boiss .) on the basic 

morphophysiological and anatomical characteristics of 

the flag and subflag leaves. The experiment was carried 

out during 2016 – 2017 growing seasons in the 

randomized block design in four replications and 10 m2 

plot size. Significant differences among the accessions for 

all studied characters were recorded. The epidermis of 

the studied 32 accessions was constructed by strongly 

elongated prosenhyme cells with flexous walls. The 

stomatas were with oval to elliptic shape, about 1.5 times 

longer than wide. The most variable character was the 

total chlorophyll content. Accessions with numbers 

B6E0416, B6E0413, B6E0398 and B6E0392 had the 

largest amount of chlorophyll pigments exceeding the 

average standard almost twice. The water-to-biomass 

ratio in the flag leaf was the greatest for B6E0378, 

B6E0389 and B6E0401, while for the subflag leaves 

B6E0379, B6E0401 and B6E0385 were with the highest 

amount of water per unit of dry mass. The correlation 

between intensity of transpiration and the fresh and dry 

mass of leaves were slightly negative for flag leaf and 

slightly positive for subflag leaf. The water content of the 

subflag leaf had a stronger influence on the 

morphophysiological parameters compared to the water 

content of the flag leaf. PC-analysis grouped accessions 

according to similarity on the basis of investigated 

morphophysiological and physiological characters in two 

components in the factor plane.  

Keywords—wild einkorn, anatomy of leaf, 

morphophysiological characters of leaves, correlation, 

PC-analysis. 

 

I. INTRODUCTION 

Drought is known to limit plant productivity in many 

regions of the world (Chartzoulakis et al., 2002). Water 

deficit is also known to alter a variety of biochemical and 

physiological processes ranging from photosynthesis to 

protein synthesis and solute accumulation (Hu & 

Schmidhalter, 1998). Photosynthesis is the key process of 

primary metabolism, and its capacity can influence plant 

performance and productivity (Lawlor & Tezara, 2009; 

Pinheiro & Chaves, 2011). The extent to which 

photosynthetic capability is maintained during periods of 

water stress and the ability of rapid recovery of 

photosynthesis after rewatering may play an important 

role in plant adaptation to drought environments. In order 

to preserve photosynthesis under drought conditions, 

plants have evolved physiological processes to maintain 

to some extent tissue turgor and stomatal opening 

(Chartzoulakis et al., 2002). Stomata regulate CO2 

diffusion into, and water diffusion out of, plant leaves 

(Chaves et al., 2002). Under water-deficit conditions, 

plants close stomata to prevent major water loss; this, 

consequently, reduces photosynthesis via decreased influx 

of CO2 (Pinheiro & Chaves, 2011). In the long-term 

response to water deficit, stomatal conductance can be 

influenced by leaf anatomical traits such as stomatal 

density and size, which can vary to acclimate to the 

environment (Xu and Zhou, 2008; Franks & Beerling, 

2009; Ouyang et al., 2017). Leaf anatomical 

characteristics are considered the true indicators of stress 

influence (Aberentthy et al., 1998). Number of epidermal 

cells decreases progressively with the increase in water 

stress, but number of stomata decreases slightly (McCree 

& Davis, 1974). Drought resistant wheat genotypes had 

greater stomatal frequency than susceptible genotypes in 

drought conditions, and drought susceptible genotypes 

had higher frequency than drought resistant in irrigated 

conditions (Nayeem, 1989). Thickness of leaf, cuticle, 

epidermis, hypodermis, and number of stomata generally 

increased under water stress while the number of hair and 

stomatal length decreased (Hameed et al., 2002). 
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Wild wheat species have great potential as a source of 

genetic traits to improve the drought resistance of wheat 

cultivars because wild wheat species are highly tolerant to 

drought stress (Budak et al., 2013). The wild wheat 

species, Triticum boeoticum Boiss., is more tolerant to 

drought than other wheat relatives, such as Triticum 

dicoccoides (Körn. ex Asch. & Graebn.) Schweinf., 

Triticum araraticum Jakubz. and common wheat cultivars 

(Sultan et al., 2012; Hui Liu et al., 2015).  

There is little information regarding to the variation of 

morphophysiological and anatomical characteristics 

leaves of Triticum boeoticum Boiss. The importance of 

the internal exposed surface of the leaves for plant 

activity is well recognized, еspecially in certain 

phenological stages of development of the crop, i.e. the 

critical period (from 20 days before flowering to10 days 

after flowering) and the grain filling period. These phases 

are of great importance for the generation of number of 

grains and its final weight, respectively. Water, oxygen 

and carbon dioxide are exchanged through this surface 

and the rates of most cellular activities depend on this 

exchange (Filgueira & Golik, 2003).  

The aim of this study was to assess the degree of variation 

between 32 accessions of wild einkorn (Triticum 

boeoticum Boiss.) on the basic morphophysiological and 

anatomical characteristics of the flag and subflag leaves 

as indicators of dry resistance. 

 

II. MATERIAL AND METHODS 

Field experiment 

The study was conducted in the experimental field of 

IPGR – Sadovo, in the period 2016 - 2017 with 32 

accessions from the ex situ collection, belonging to the 

species Triticum boeoticum Boiss. The experiment was 

carried out in the randomized block design in four 

replications and 10 m2 plot size, after the predecessor 

peas. Normal agronomic and cultural practices were 

applied to the experiment throughout the growing 

seasons. Type of bush (at tillering), ligule-presence, 

auricles -length, leaf-flag attitude (at the beginning of 

heading), and leaf pubescence were determined according 

to international descriptor for genera Triticum 

(Anonymous, 1984). In phase of end of heading were 

made biometric measurements of the following 

parameters: length and width of flag and subflag leaves. 

From each accession, 30 leaves were collected for 

biometrical measurements. Leaf area was calculated by 

the formula of Kerin at al. (1997), Chanda et al. (2002) 

and Berova et al. (2004): 

A=k*l*b, where: 

k- coefficient, different for each genera (0.65); 

l - length of the leaf along the central vain; 

b - maximum leaf width. 

Laboratory experiment 

Fresh (FW, g) and dry weight (DW, g) of flag and subflag 

leaves are determined using a precision electronic 

analytical balance OHAUS AS60-USA. Dry weight of 

leaves is determined by drying the leaves at 104ºC for 1 

hour or until reaching a constant mass in three 

consecutive measurements (Beadle, 1993). 

Water content (WC) in flag and subflag leaves is 

determined by calculating the water to dry weight ratio- 

gH2O/gDW. 

Intensity of the transpiration (T) in flag and subflag leaves 

is determined by method of Ivanov et al. (1950) with 

modifications by Georgiev & Valchev (1991). 

Chlorophyll content meter (CCM-200, Opti-science, Inc., 

NH, USA) is used to measure the total chlorophyll count 

in the leaves. 

The microscopic observations of the epidermal cells of 

the 32 accessions were made with light microscope 

Olympus CX22LED, with total magnification 400. The 

following characters of flag leaves are analyzed: length 

and width of stomata and length and width of epidermal 

cells. 

Statistical analyzes 

The mean data from all characters were used to analyze 

the variance according to Lydansky (1988). LSD test was 

carried out to explore the significance of differences 

between mean standard and respective accession in the 

data set.  

Phenotypic correlations were calculated by using of 

phenotypic variances and covariance. The phenotypic 

correlations thus calculated were tested for significance 

(Lydansky, 1988). 

PC-analysis was applied to group accessions according to 

similarity on the basis of morphophysiological and 

physiological characters in two components in the factor 

plane.  

Statistical analyses were performed using the statistical 

program SPSS 19.0. 

 

III. RESULTS  AND DISCUSSION 

Leaf anatomy 

For genus Triticum is typical the isolateral leaf structure, 

stomata are situated at both sides of leaf (amphystomatic 

leaf) and absence of accompanying cells – stomata of 

anomocyte type. It is considered that the bigger number 

of accompanying cells is typical for the evolutionary 

primitive plant families of monocotyledons (Ninova, 

1995), so the absence of these cells in genus Triticum is a 

sign of evolutionary higher stage (Uzundzhalieva et al., 

2017). 

The epidermis of the studied 32 accessions from Triticum 

boeoticum Boiss. species was constructed by strongly 

elongated prosenhyme cells with flexous walls (Fig.1). 

The cell length varied from 444.71 µm for B6E0414 to 

1468.14 µm for (B6E0412A). The length of epidermal 
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cells in seventeen of accessions was above 1000 µm. The 

width of the epidermal cells in five of the studied samples 

had proven differences in compare with the mean 

standard of the trial. The smallest cells had B6E0414 – 

444.71 µm long and 34 µm wide (Table 1). The stomatas 

were with oval to elliptic shape (Fig.1), about 1.5 times 

longer than wide. The average length and width of 

stomata was respectively 381.14 µm and 235 µm. The 

longest stomata had B6E0397 (449 µm), B6E0410 (466 

µm) and B6E0413 (470.14 µm), while the widest stomata 

had B6E0401 (279.56), B6E0398 (279.57 µm), B6E0380 

(280.86 µm), B6E0410 (293.71 µm), B6E0390 (297.71 

µm), B6E0400 (347.57 µm). The values of coefficient of 

variation (CV, %) were above 20% for length of 

epidermal cells and width of stomata (21.06% and 

21.30%, respectively) (Table 1). 

 

 

Фиг.1 Epidermal cells in Triticum boeoticum Boiss. 

 

 

Table.1: Anatomical characters of flag leaf in 32 accessions of Triticum boeoticum Boiss. 

Accessions 
Length of epidermal 

cells, µm 

Width of epidermal 

cells, µm 

Length of stomata, 

µm 

Width of stomata, 

µm 

St 1009.57 172.86 381.14 235.00 
B6E0378 796.28 180.71 402.29 264.57* 
B6E0379 965.00 180.57 335.00* 246.86 
B6E0380 717.14 191.43 371.14 280.86*** 
B6E0381 1068.00 184.43 392.71 234.57 
B6E0382 1040.86 183.86 389.14 245.86 
B6E0383 909.28 152.57 405.43 215.14 
B6E0385 836.43 182.23 417.14 246.29 
B6E0386 1278.43 192.29 444.29** 228.43 
B6E0387 1163.00 160.29 385.71 242.29 
B6E0388 732.00 180.00 359.29 194.14** 
B6E0389 1113.57 187.86 439.43** 274.86** 
B6E0390 761.28 209.29** 403.29 297.71*** 
B6E0392 984.00 167.57 386.00 263.71* 
B6E0397 1164.57 232.71*** 449*** 159.43*** 
B6E0398 755.14 205.57** 346.00 279.57*** 
B6E0399 1049.00 171.00 347.29 222.57 
B6E0400 1120.71 209.00** 446.86** 347.57*** 
B6E0401 1338.14 180.86 396.43 279.56*** 
B6E0401A 1190.00 178.71 379.00 261.57* 
B6E0402B 862.86 169.29 314.14** 215.86 
B6E0405 1078.71 186.29 392.86 224.86 
B6E0410 1145.14 186.71 466.00*** 293.71*** 
B6E0412A 1468.14** 185.14 346.71 238.14 
B6E0412B 1082.86 151.14 390.86 224.29 
B6E0413 1062.86 150.57 470.14*** 188.43*** 
B6E0414 444.71* 34.00*** 122.43*** 70.00*** 
B6E0415 836.86 141.57* 318.29** 203.29* 
B6E0416 1176.71 150.14 404.00 186.86*** 
B6E0418B 1289.57 162.57 363.29 183.71*** 
B6E0420 1002.86 121.43*** 381.57 242.71 
B6E0421 889.43 164.29 343.71 190.14*** 
B6E0423 974.43 184.71 387.86 266.29* 
LSD0.5 335.04 23.87 39.64 24.33 
LSD0.01 442.18 31.50 52.31 32.11 
LSD0.001 568.03 40.47 67.20 41.25 
CV, % 21.06 19.40 16.25 21.30 
*р<0.05, **р<0.01, *** р<0.001 

 

Morphological characters 

Accessions from analyzed wild einkorn (Triticum 

boeoticum Boiss.) are characterized with prostrate type of 

bush (>70º), present of legule and medium size of 

auricles. The leaves are hairy, which is a typical 

characteristic for accessions from species Triticum 

boeoticum Boiss. (Empilli et al., 2000). Leaf-flag attitude 

was dropping (91-135º) in 24 of accessions, while in 
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B6E0397, B6E0401, B6E0412A and B6E0423 it was 

semi-upright (15-45º). Accessions with number B6E0379, 

B6E0390, B6E0392, B6E0416 had horizontal leaf-flag 

attitude. 

1. Flag leaf 

1.1. Morphophysiological characters  

In Table 2 are presented the results from the biometric 

analysis of the morphophysiological characters of the flag 

leaves - length (L, cm) and width (W, cm) of leaves, leaf 

area (LA, cm2), fresh weight of flag leaf (FW, g), dray 

weight of flag leaf (DW, g). Length of the flag leaf varied 

between 6.83 cm and 15.33 cm. Accessions with numbers 

B6E0416 and B6E0413 are characterized with proven the 

longest leaves, respectively 15.33 cm and 15.17 cm, while 

B6E0380 and B6E0423 were proven the shortest (7.03 

cm and 6.83 cm). The average width of the flag leaf was 

0.52 cm. In B6E0389 (0.73 cm) and B6E0416 (0.80 cm) 

are recorded the largest values for this characters against 

the average experience standard at level of statistical 

significance p≤0.01 and p≤0.001. With the largest leaf 

area were B6E0416 (8.15 cm2), B6E0389 (5.66 cm2) and 

B6E0413 (5.57 cm2), while with the smallest B6E0423 

(1.50 cm2) and B6E0380 (1.68 cm2). The fresh weight of 

flag leaf of samples B6E0416, B6E0413 and B6E0400 

was the largest and exceeds the average standard value of 

about 38.0%. Accession B6E0423 had the lowest fresh 

mass value that was below the average standard. In the 

morphophysiological indicator dry biomass, samples 

B6E0416, B6E0413 and B6E0400 accumulate the most 

biomass, the value of which was about 30.0% above the 

average standard. On the other hand, sample B6E0423 

had the lowest biomass accumulation, respectively 0.0149 

cm2 (Table 2). 

1.2. Physiological characters 

The water-to-biomass ratio shows the water content in the 

flag leaf. This ratio was the greatest for samples B6E0378 

(1.84), B6E0389 (1.78) and B6E0401 (1.73). In accession 

with number B6E0389, good hydration is combined with 

a large leaf area, whereas samples B6E0378 and B6E0401 

had leaf area below the average standard. The lowest 

water content had B6E0401A, for which one of the 

smallest leaf area was also measured (Table 2).  

Transpiration refers to evaporation from plant tissue. The 

process is quite passive, driven by the water vapor 

difference between the stomatal cavity (or intercellular 

space) and the surrounding air. When stomata are open, 

almost all transpiration occurs through the stomata, but 

plants also transpire through the cuticular layer, which is 

referred to as cuticular transpiration (Kubota, 2016). The 

morphological characteristics of the leaves and the plant 

as a whole, as well as the factors of the environment, 

influence the intensity of the transpiration (Tzvetkov & 

Anev, 2017). 

The highest intensity of transpiration was reported for 

B6E0380 (0.540 mg/cm2/1 min), B6E0388 (0.465 

mg/cm2/1 min) and B6E0423 (0.440 mg/cm2/1 min), with 

B6E0380 having leaf area, water content and dry mass of 

leaf below the value of the average standard. For the 

remaining accessions B6E0388 and B6E0423, similar 

values were observed for leaf areas and dray weight of 

flag leaf, indicating low transpiration efficiency in these 

accessions. For samples with the highest dry mass of leaf, 

water content and leaf area values, the intensity of 

transpiration was about the average standard (Table 2).  

The chlorophyll content is an important experimental 

parameter in the agronomy and in the plant biology 

research (Lamb et al., 2012). It shows alteration 

depending on many edaphic and climatic factors such as 

salt stress, light, water stress, air pollution, fertilizing and 

also it shows alteration depending on time in vegetation 

period (Sevik et al., 2012). In our experiment the amount 

of chlorophyll expressed as a total chlorophyll content 

index (CCI) ranged from 2.51 to 20.89. One of the 

reasons for the strong variation in the value of CCI is the 

difference in time of occurrence of the seed filling phase 

of the accessions as well as its duration. Accessions with 

numbers B6E0416, B6E0413, B6E0398 and B6E0392 

had the largest amount of chlorophyll pigments exceeding 

the average standard almost twice. The first two samples 

are characterized with maximum values of the leaf area, 

fresh and dry mass of leaves (Table 2). 

2. Subflag leaf  

2.1. Morphophysiological characters  

The length of the subflag leaf ranged between 14.03 cm 

and 27.47 cm, and samples with numbers B6E0383 

(27.47 cm), B6E0399 (27.37 cm), B6E0413 (26.83 cm) 

and B6E0416 (25.93 cm) exceed significantly the average 

values of the experiment. They had also the largest leaf 

area. The smallest leaf area had B6E0423, the difference 

from the standard was almost three times. The width of 

the subflag leaf ranged from 0.6 cm to 1.1 cm, with the 

magnitude of range greater than this of the flag leaf. 

Accessions B6E0399 and B6E0416 had the widest leaves, 

and samples with numbers B6E0414 and B6E0415 had 

the narrowest leaves. With the highest fresh mass of the 

subflag leaves were B6E0399, B6E0386 and B6E0383, 

their average values being higher than the average 

standard by 35.0%. B6E0399 and B6E0383 were also 

indicative of the previous characters. The lowest fresh 

mass of subflag leaf is reported for B6E0401A. The 

largest dry mass had B6E0399, B6E0392 and B6E0416. 

Their values exceed the average standard by more than 

30.0%. The lowest dry mass had B6E0401A. It was the 

only one of all accessions with an average dry mass 

below 0.05 g (Table 3).  
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Table.2: Morphophysiological characters flag leaf in the end of the heading phase and total leaf chlorophyll content index 

(CCI) 

Accessions FW,  

g 

DW, 

 g 

WC, 

g H20/g DW 

L, 

cm 

W, 

cm 

LA, 

cm2 

T 

mg/cm2/1 min 

Total  

CCI 

St 0.0777 0.0322 1.42 10.35 0.52 3.67 0.306 8.28 
B6E0378 0.0580 0.0174 1.84 7.83 0.33* 2.26 0.300 6.54 

B6E0379 0.0732 0.0280 1.68 9.56 0.53 3.33 0.330 11.81 

B6E0380 0.0497 0.0212 1.37 7.03* 0.37 1.68 0.540* 13.07 

B6E0381 0.0771 0.0322 1.48 8.4 0.53 2.94 0.403 8.77 

B6E0382 0.0746 0.0341 1.27 10.3 0.53 3.63 0.233 7.70 

B6E0383 0.1152 0.0456 1.52 13.1 0.6 4.99 0.289 6.69 

B6E0385 0.0797 0.0300 1.65 9.83 0.53 3.47 0.335 12.88 

B6E0386 0.1046 0.0432 1.39 11.67 0.63 5.27 0.294 6.89 

B6E0387 0.0781 0.0307 1.52 10.63 0.63 4.69 0.295 8.80 

B6E0388 0.0645 0.0254 1.59 8.26 0.43 2.32 0.465 3.57 

B6E0389 0.1014 0.0362 1.78 11.5 0.73** 5.66* 0.276 3.31 

B6E0390 0.101 0.0387 1.66 11.33 0.53 4.02 0.368 5.84 

B6E0392 0.093 0.0366 1.53 10.2 0.5 3.32 0.388 16.33* 

B6E0397 0.056 0.0242 1.32 8.93 0.47 2.78 0.372 11.90 

B6E0398 0.067 0.0268 1.50 9.29 0.5 3.02 0.299 18.33* 

B6E0399 0.099 0.0418 1.38 11.33 0.67 5.31 0.376 12.79 

B6E0400 0.1209 0.0480 1.52 12.93 0.53 4.47 0.333 3.63 

B6E0401 0.0797 0.0293 1.73 10.4 0.53 3.63 0.395 2.93 

B6E0401A 0.0409 0.0208 1.00 8.03 0.33* 1.76 0.285 2.51 

B6E0402B 0.0566 0.0234 1.40 8.83 0.3** 1.74 0.307 6.13 

B6E0405 0.0779 0.0332 1.35 9.53 0.47 2.91 0.129 3.43 

B6E0410 0.0809 0.0361 1.23 10.5 0.53 3.68 0.106 3.39 

B6E0412A 0.0732 0.0308 1.36 10 0.53 3.53 0.275 3.52 

B6E0412B 0.0701 0.0296 1.35 11.67 0.53 4.08 0.181 4.07 

B6E0413 0.1212 0.0537* 1.26 15.17*** 0.57 5.57 0.355 15.14 

B6E0414 0.0437 0.0191 1.29 9.86 0.43 2.77 0.135 14.46 

B6E0415 0.0631 0.0311 1.02 11.38 0.47 3.71 0.215 7.27 

B6E0416 0.1256 0.0578* 1.16 15.33*** 0.8*** 8.15*** 0.271 20.89** 

B6E0418B 0.0755 0.0329 1.31 10.97 0.57 4.26 0.273 4.71 

B6E0420 0.0616 0.0252 1.43 10.03 0.43 2.94 0.359 2.51 

B6E0421 0.0730 0.0309 1.36 10.7 0.57 3.94 0.179 6.86 

B6E0423 0.0310 0.0149 1.15 6.83* 0.33* 1.50 0.440 11.24 

LSD0.5 0.050 0.019 0.579 2.76 0.16 1.98 0.226 7.915 

LSD0.01 0.067 0.025 0.771 3.66 0.21 2.63 0.301 10.446 

LSD0.001 0.086 0.032 0.998 4.72 0.27 3.39 0.389 13.419 

CV, % 30.23 30.66 14.12 18.82 21.62 37.61 31.28 59.53 

*р<0.05, **р<0.01, *** р<0.001 

Length of leaf (L, cm), and width of leaf (W, cm), leaf area (LA, cm2), fresh weight of leaf (FW, g), dray weight of leaf (DW, 

g), water content (WC, g H20/g DW), transpiration (T, mg/cm2/1 min), total leaf chlorophyll content index (CCI), coefficient 

of variation (CV, %) 

 

2.2. Physiological characters 

Accessions with numbers B6E0379, B6E0401 and 

B6E0385 were with the highest amount of water per unit 

of dry mass. B6E0423 had the smallest water content. 

With the lowest water content per unit of dry mass was 

B6E0423, the difference with the leading accessions was 

about 1 g. For this sample, the lowest values for leaf 

width and leaf area were also reported. The highest 

intensity of transpiration was found in samples B6E0381, 

B6E0388 and B6E0398 and respectively the lowest 

intensity in accession B6E0401A. In B6E0381 and 

B6E0398, strong transpiration was combined with 

relatively high values of fresh and dry mass. Compared to 

them, in sample with number B6E0388, transpiration was 

ineffective. In B6E0401A there was, also an ineffective 

transpiration (Table 3). 
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Table. 3: Morphophysiological characters of subflag leaf in the end of the heading phase  

Accessions 
FW,  

g 

DW,  

g 

WC, 

g H20/g DW 

L,  

cm 

W, 

cm 

LA, 

cm 

T, 

mg/cm2/1 min 

St 0.227 0.083 1.728 20.23 0.84 11.37 0.231 

 B6E0378 0.2365 0.0938 1.41 19.73 0.83 11.88 0.195 

B6E0379 0.2478 0.0808 2.52* 19.57 0.97 12.4 0.209 

B6E0380 0.1968 0.0677 1.90 15.67 0.73 7.72 0.275 

B6E0381 0.2468 0.0804 2.07 18.33 0.73 8.93 0.332 

B6E0382 0.2537 0.0899 1.76 23.77 0.8 12.36 0.259 

B6E0383 0.3096 0.1095 1.81 27.47** 0.9 16.07* 0.285 

B6E0385 0.2745 0.0862 2.14 20.77 0.97 13.08 0.238 

B6E0386 0.3209 0.1112 1.88 22.73 0.97 14.37 0.316 

B6E0387 0.2599 0.0899 1.87 21.8 0.97 13.76 0.257 

B6E0388 0.1891 0.0655 1.93 15.9 0.83 8.79 0.329 

B6E0389 0.2489 0.0888 1.78 20.9 1.03** 13.96 0.217 

B6E0390 0.2401 0.0791 2.07 19.77 0.97 12.49 0.222 

B6E0392 0.3397 0.1251 1.72 23.33 1* 15.17 0.254 

B6E0397 0.2021 0.0686 1.94 19.33 0.97 12.2 0.260 

B6E0398 0.2069 0.0730 1.93 14.72* 0.8 7.85 0.317 

B6E0399 0.4006* 0.1482** 1.72 27.37** 1.1*** 19.48*** 0.175 

B6E0400 0.3017 0.1049 1.84 23.63 0.83 13.18 0.285 

B6E0401 0.2183 0.0674 2.21 19.23 0.87 11.1 0.253 

B6E0401A 0.1061 0.0443 1.36 16.23 0.6*** 6.33* 0.082* 

B6E0402B 0.1315 0.0506 1.57 14.03* 0.67* 6.11* 0.171 

B6E0405 0.2924 0.1080 1.78 21.2 0.87 12.39 0.179 

B6E0410 0.1973 0.0832 1.50 19.5 0.77 10.02 0.166 

B6E0412A 0.2502 0.0935 1.71 21.53 0.93 13.39 0.217 

B6E0412B 0.1775 0.0720 1.47 22.37 0.63** 9.13 0.156 

B6E0413 0.2508 0.1091 1.23 26.83** 0.8 13.98 0.235 

B6E0414 0.1466 0.0573 1.55 19.7 0.63** 8.14 0.207 

B6E0415 0.1192 0.0533 1.22 18.67 0.63** 7.71 0.116 

B6E0416 0.2780 0.1134 1.48 25.93* 1.07** 18.03** 0.202 

B6E0418B 0.1668 0.0675 1.48 17.37 0.97 10.93 0.166 

B6E0420 0.1472 0.0540 1.72 17.5 0.7* 7.96 0.264 

B6E0421 0.1472 0.0540 1.72 18.33 0.83 9.92 0.246 

B6E0423 0.1222 0.0610 1.11 14.10* 0.53*** 4.99** 0.299 

LSD0.5 0.130 0.046 0.758 4.86 0.14 4.01 0.134 
LSD0.01 0.173 0.061 1.009 6.45 0.19 5.33 0.178 

LSD0.001 0.224 0.079 1.307 8.31 0.24 6.87 0.231 

CV, % 35.07 33.05 18.57 21.75 20.72 34.31 29.50 

*р<0.05, **р<0.01, *** р<0.001 

Length of leaf (L, cm), and width of leaf (W, cm), leaf area (LA, cm2), fresh weight of leaf (FW, g), dray weight of leaf (DW, 

g), water content (WC, g H20/g DW), transpiration (T, mg/cm2/1 min), coefficient of variation (CV, %) 

 

Correlation between investigated characters  

Correlations between the morphophysiological and 

physiological characters reported for the flag and the 

subflag leaves were with moderate and strong positive 

values with a proof of up to 1% (table 4 and table 5).  

There were some differences in the calculated correlation 

between the morphophysiological and physiological 

indicators of both types of leaves. The relationship  

between intensity of transpiration with the fresh and dry 

mass of leaves, were slightly negative for flag leaf and 

slightly positive for subflag leaf, respectively. The water 

content of the subflag leaf had a stronger influence on the 

morphophysiological parameters compared to the water 

content of the flag leaf, with significant at p≤0.05. For 

both types of leaves, the CCI value affected positively on 

the most of the characters, with stronger impact on the 

flag leaf (table 4 and table 5). 

 

 

 

 

 

http://dx.doi.org/10.22161/ijeab/3.4.34
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.34                                                                                                                     ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                           Page | 1397  

Table. 4: Correlation between morphophysiological and physiological characters of flag leaf 

Characters FW DW WC L W LA T CCI 

FW 1.000 0.971** 0.171 0.886** 0.654** 0.862** -0.083 0.477** 

DW   1.000 -0.061 0.915** 0.670** 0.889** -0.164 0.501** 

WC     1.000 -0.081 0.036 -0.040 0.353** -0.059 

L       1.000 0.583** 0.861** -0.261 0.408* 

W         1.000 0.894** -0.262 0.423** 

LA           1.000 -0.268 0.538** 

T             1.000 0.068 

CCI               1.000 

*р<0.05, **р<0.01, *** р<0.001 

FW - fresh weight of leaf, DW - dray weight of leaf, WC - water content in the leaf, L- length of leaf, W - width of leaf, LA - 

leaf area, T - Intensity of the transpiration in the leaf, CCI - Chlorophyll content index. 

 

Table. 5: Correlation between morphophysiological and physiological characters of subflag leaf  

Characters FW DW WC L W LA T CCI 

FW 1.000 0.948** 0.407* 0.774** 0.758** 0.886** 0.271 0.308 

DW   1.000 0.119 0.835** 0.699** 0.896** 0.123 0.330* 

WC     1.000 0.032 0.418* 0.231 0.481** 0.036 

L       1.000 0.544** 0.872** -0.031 0.193 

W         1.000 0.876** 0.088 0.315 

LA           1.000 0.025 0.303 

T             1.000 0.125 

CCI               1.000 

*р<0.05, **р<0.01, *** р<0.001 

FW - fresh weight of leaf, DW - dray weight of leaf, WC - water content in the leaf, L- length of leaf, W - width of leaf, LA - 

leaf area, T - Intensity of the transpiration in the leaf, CCI - Chlorophyll content index. 

 

Principal component analysis (PC-analysis) 

PC-analysis was applied to group accessions according to 

similarity on the basis of investigated 

morphophysiological and physiological characters in two 

components in the factor plane. The values of the two 

components to each of the study parameters for flag and 

subflag leaves were calculated empirically (Table 6). The 

analysis shows that the first component explains 63.16 % 

of the total variation in the trial with flag leaves and 

62.16% of the total variation in the experiment with 

subflag leaves, the second - 20.57 % and 21.11%, 

respectively for the experiments with flag and subflag 

leaves. Two factors explain total 83.73 % of the variation 

in the experience with flag leaves and 83.27% in the 

experience with subflag leaves. First factor had an 

important role to justify alteration of FW, DW, L, W and 

LA, while second factor was in positive correlation with 

WC and T (Table 6). 

Distribution of evaluated accessions in the coordinate 

system of PC1 and PC2, presents the grouping of 

accessions according to similarity of traits: FW, DW, L, 

W, LA, WC and T both for experiment with flag leaf (in 

left ) and experiment with subflag leaf  (in right) (Fig. 2). 

The accessions grouped in the upper left quadrants had 

positive values for PC1 and negative values for PC2 (high 

FW, DW, L, W, LA and low WC and T). The samples 

classified in the upper right quadrants had posit ives 

values for both factors (PC1 and PC2). Accessions in the 

below left quadrants had respectively negative values for 

both factors. The samples in the below right quadrants are 

characterized with negative values for PC1 and positive 

values for PC2. Some of the accessions are separated as 

“detached” from other. For the both experiments these 

accessions were B6E401A, B6E415 and B6E0388. 

B6E401A and B6E415 had low values of all characters 

included in the factor analyses. B6E0388 is characterized 

with high value of T and moderate value of WC in the 

both types of analyzed leaves. B6E0416 is characterized 

with the highest values of L, W, LA, FW, DW as well as 

with low values of WC and T of the flag leaf, while 

B6E399 for the subflag leaf. 
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Table. 6: Factor analysis of traits using principal components analysis in the trials with flag and subflag leaves in 32 

genotypes from Triticum boeoticum Boiss. 

Characters 

Rotated Component Matrix  

in the trial with flag leaf 

Rotated Component Matrix  

in the trial with subflag leaf 

Components Components 

1 2 1 2 

FW - fresh weight of leaf,  0,95 0,17 0,92 0,30 

DW - dray weight of leaf 0,95 -0,06 0,95 0,05 

WC - water content in the leaf 0,01 0,84 0,15 0,87 

L- length of leaf 0,92 -0,23 0,91 -0,16 

W - width of leaf 0,89 0,00 0,79 0,35 

LA - leaf area 0,96 -0,11 0,98 0,08 

T - Intensity of the transpiration in the leaf -0,08 0,81 0,01 0,80 

Eigen values 4,42 1,44 4,35 1,48 

Proportional variance, % 63,16 20,57 62,16 21,11 

Cumulative variance, % 63,16 83,73 62,16 83,27 

 

 

 

Fig.2: Distribution of evaluated accessions within the factor plane according to similarity of traits: FW - fresh weight of leaf, 

DW - dray weight of leaf, WC - water content in the leaf, L- length of leaf, W - width of leaf, LA - leaf area, T - Intensity of 

the transpiration in the leaf, both for experiment with flag leaf (in left ) and experiment with subflag leaf (in  right) 

 

IV. CONCLUSION 

Analysis of variance showed highly significant 

differences among the accessions for all anatomical, 

morphological and physiological characters included in 

the study for the flag and subflag leaves. The most 

variable character was the total chlorophyll content. 

B6E0416 and B6E0413 are characterized with the largest 

leaf area, fresh and dry mass of the flag leaves and high 

total chlorophyll content. Low transpiration efficiency of 

flag leaf was detected for B6E0380, B6E0388 and 

B6E0423. An ineffective transpiration of subflag leaf had 

number B6E0388 and B6E0401A. The correlation 

between intensity of transpiration and the fresh and dry 

mass of leaves were slightly negative for flag leaf and 

slightly positive for subflag leaf. The water content of the 

subflag leaf had a stronger influence on the 

morphophysiological parameters compared to the water 

content of the flag leaf. The total chlorophyll content in 

the leaves expressed through CCI value affected 

positively on the most of the morphophysiological and 

physiological characters, with stronger impact on the flag 

leaf. PC-analysis grouped accessions according to 

similarity on the basis of investigated 

morphophysiological and physiological characters in two 

components in the factor plane. First factor had an 

important role to justify alteration of fresh weight of leaf, 
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dray weight of leaf, length of leaf, width of leaf, and leaf 

area, while second factor was in positive correlation with 

water content in the leaf and intensity of the transpiration. 
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Abstract— Molecular characterisation of local tomato 

cultivars – Ibadan Local (IbL), Ife and JM94/46 (JM) 

were assessed using simple sequence repeat (SSR) 

markers. Out of ten SSR primer pairs used, three primer 

pairs were able to differentiate amplified genomic DNA of 

the cultivars. Unweighted Pair Group Method Using 

Arithmetic Average (UPGMA) cluster analysis of the data 

showed a close relationship between IbL and Ife with a 

genetic distance (GD) of 0.067; Ife and JM had GD of 0.2 

and JM and Ife had GD of 0.25.  

Keywords— Genetic Distance, Local cultivars, Nigeria, 

SSR Markers, Tomato. 

 

I. INTRODUCTION 

The genetic analysis of relatedness between or within 

different species, populations and individuals is a 

prerequisite towards effective utilization and protection of 

plant genetic resources (Weising et al. 1995). The use of 

molecular markers in the characterization of much 

diversified materials offers a unique opportunity to define 

significant marker- trait associations of biological and 

agronomic interest; it also has  proven to be a valuable 

tool in the evaluation of genetic variation both within and 

between species (Powell et al. 1996).  

The genome of tomato plant is one of the most 

investigated plant genomes (Foolad 2007) and recent 

studies show that several researchers have characterized 

tomato varieties of interest using molecular markers. 

Random amplified polymorphic DNA (RAPD) marker 

studies in tomato has been conducted by El-Hady et al. 

(2010), Comlekcioglu et al. (2010), Naz et al. (2013), 

Mazzucato et al. (2008), Sharifova et al. (2013), Pal and 

Singh (2013), (Tabassum et al. 2013), Thamir et al. 

(2014) and Shah et al. (2015) while Amplified fragment 

length polymorphism (AFLP) marker studies in tomato 

was recently done by Berloo et al. (2008).  

Simple Sequence Repeats (SSR) marker studies have 

recently been carried out by Benor et al. (2008), El-

Awady et al. (2012), Korir et al. (2014) and Singh et al. 

(2014) .The high degree of polymorphism and the large 

number of bands obtained per assay shows that SSR is the 

most informative marker system for tomato genotyping 

for purposes of rights protection and for the tomato 

industry in general (Korir et al. 2014). SSR markers have 

the advantages of being co-dominant, reproducible, 

multiallelic, highly polymorphic, and assayable by PCR 

(Miskoska– Milevska et al, 2011). 

Tomato fruits are a significant source of nutrition for 

substantial portions of the world’s human population 

because this vegetable crop is widely cultivated and 

consumed extensively as both a fresh vegetable and 

concentrated processed products (Hamner and Maynard, 

1942; Beecher, 1998). In tropical Africa, the area used for 

tomato cultivation is about 300,000 ha with an estimated 

annual production of 2.3 million tonnes; Nigeria is the 

largest producer accounting for 541,800 ha and an annual 

production of 2,143,500 tonnes (FAOSTAT 2014). 

Nigeria ranks 14th in the world in production, and 3rd in 

hectares of land cultivated (FAOSTAT, 2014) There is 

however paucity of documented work on diversity studies 

of Nigerian cultivars of tomato; such work would provide 

the background work for the application of modern 

biotechnology techniques in solving agricultural problems 

by providing new advances for the development and 

production of indigenous stress tolerant cultivars. The aim 

of this research was to analyze and characterize the 

genetic variability of some Nigerian Tomato cultivars. 
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The choice of the tomato cultivars from South West 

Nigeria was based on agronomic studies carried out at the 

National Institute for Horticultural Research and Training 

(NIHORT) suggesting that Ibadan local (IbL) and Ife 

cultivars are farmer preferred varieties in the south-

western part of Nigeria and are reported to be resistant to 

certain diseases and relatively high yielding (Badra et al., 

1984; Anno-Nyako and Ladunni, 1984).  

 

II. MATERIALS AND METHODS 

2.1 Sample collection and preparation 

This research work was carried out in the Central 

Biotechnology Laboratory at the International Institute of 

Tropical Agriculture (IITA), Ibadan, Oyo State. The 

tomato cultivars, Ibadan local (IbL), JM94/46 and Ife 

cultivars were collected as seedlings from the National 

Institute of Horticultural Research and Training 

(NIHORT), Ibadan, Oyo State and cultivated in a nursery 

bed for four weeks to produce fresh leaves. 

 

2.2 Extraction of DNA  

DNA extraction was carried out using modified 

Dellaporta (1983) procedure. Fresh leaves (0.15 – 0.2 g) 

from young tomato plants (3-4 weeks old) were harvested 

and ground freshly in liquid nitrogen with a plastic pestle 

in 1.5 ml eppendorf tube. 800 µl of extraction buffer 

(100mM Tris-HCl, pH 8.0, 50mM EDTA, pH 8.0, 

500mM NaCl, 1% PVP) and 20 µl of 0.7% β-

mercarptoethanol was quickly added and mixed until the 

tissues became dispersed in the buffer. Afterwards, 100 µl 

of 20% Sodium deodecyl sulphate (SDS) was added and 

mixed thoroughly for 1 min and incubated at 65oC in a 

water bath (GFL), mixing intermittently 5-6 times for 15 

minutes. Samples were removed from 65oC and allowed 

to cool to room temperature (30 ± 2oC) before 300 µl of 

ice-cold potassium acetate was added and mixed by 

gently inverting 5-6 times and incubated on ice for 20 

min. Samples were centrifuged (Eppendorf 5417C) at 

14,837.76 g for 10 minutes and the supernatant was 

carefully transferred to new eppendorf tubes. 700 µl of 

ice-cold isopropanol was added and inverted gently 8-10 

times, incubated at -80oC for 1 hr and then centrifuged 

14,837.76 g for 10 minutes.  The supernatant was tipped 

off ensuring the removal of the last drops of isopropanol. 

Pellets were re-suspended in 250 µl of high salt Tris -

EDTA (TE) and 4 µl of 10 mg/ml RNase (Sigma) and 

incubated at 37oC for 30 min with constant gentle 

shaking. A 500 µl portion of ice-cold isopropanol was 

added, mixed by inverting 8-10 times, incubated at -80oC 

for 1 hr and centrifuged at 14,837.76 g for 10 minutes. 

Supernatant was tipped off removing last drops of 

isopropanol and then washed twice in 70% ethanol, 

centrifuging at 14,837.76 g for 10 min each time. Pellet 

was allowed to dry and 100 µl of sterile distilled water 

was added. Samples were stored at 4oC overnight to 

dissolve pellets. The concentration in ng/µl was measured 

at 260-280 nm with Nanodrop spectrophotometer 

(ND1000). 

 

2.3 Polymerase Chain Reaction (PCR) 

Ten SSR primer pairs (Suliman-Pollatschek et al., 2002) 

were used for the Polymerase Chain Reaction. PCR was 

carried out with Peltier thermal cycler-PTC200 using 

PCR conditions as described by Rajput et al. (2006). A 25 

µl of PCR mix contained 2.5µl 10X reaction buffer 

(100mM Tris-HCl pH 9, 15mM MgCl2, 500M KCl and 

0.1% Gelatin), 3µl dNTPs (200 mM), 2µl of each forward 

and reverse primers 5 pica moles /ml primer, 1µl of 50 

ng/ml genomic DNA and 0.8 U/ml Taq polymerase 

(Sigma) in addition to deionised water to complete the 

reaction mix. Only one DNA sample and both forward 

and reverse primer were added to any single reaction. The 

PCR programme used: one cycle (an initial denaturing 

step) at 94°C for 3 min; 35 cycles at 94°C for 1 min 

(denaturing); 55°C for 1 min; 72°C for 1 min 30 sec and 

one cycle (final extension) at 72°C for 7 min, kept at 4°C. 

The PCR amplification products were temporarily stored 

at -20°C. Electrophoresis of the amplified DNA products 

was carried on 3% agarose gel and 6% polyacrylamide 

gel for the determination of bands. The size of the alleles 

was determined by comparison with Hyper ladder V 

marker (Bioline) loaded on adjacent gel tracks. 

 

Table.1:  List of primers and sequence 

S/N SSR Repeat Forward Primer 5’  3’ Reverse Primer 5’  3’ 

1 

  

  

2 

  

  

  

3 

Tom 8-9 ATT7 

  

  

Tom 11-28 

CTT5/CT5 

  

  

Tom 31A-32A 

GCA TTG ATT GAA 

CTT CAT TCT CGT CC 

  

ATT GTA ATG GTG 

ATG CTC TTC C 

  

  

AAT GTC CTT CGT ATC 

ATT TTT GTC CAC CAA CTA 

ACC G 

  

CAG TTA CTA CCA AAA ATA 

GTC AAA CAC 

  

 

CTC GGT TTT AAT TTT TGT 
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4 

  

  

5 

   

 

6 

   

 

7 

   

 

8 

  

 

 9 

   

10 

TA11 

  

Tom 39A-40A 

AATT4 

  

Tom 41-42TCC6 

  

 

Tom 43-44TCC6 

  

 

Tom 47-48 AT10 

  

 

Tom 49-50 AT10 

  

 

Tom 55-56ATTT5 

  

Tom 57-58CT8 

CTT TCG T 

  

TAA CAC ATT CAT 

CAA AGT ACC 

  

GAA ATC TGT TGA 

AGC CCT CTC 

  

GCA GGA GAT AAT 

AAC AGA ATA AT 

  

CAA GTT GAT TGC 

ATT ACC TAT TG 

  

AGA AAA CTT TTT 

GAA TGT TGC 

  

ATT TCT GTA ACT CCT 

TGT TTC 

 TCT AAG TGG ATG 

ACC ATT AT 

GTC T 

  

TTG CGT GAT CCA GTA AT 

  

 

GAC TGT GAT AGT AAG AAT 

GAG 

  

GGT AGA AGC CCG AAT ATC 

ATT 

  

TAC AAC AAC ATT TCT TCT 

TCC TT 

  

ATT ACA ATT TAG AGA GTC 

AAG G 

  

TGA CTT CAA CCC GAC CCC 

TCT T 

 GCA GTG ATA GCA AAT GAA 

AAC 

 

2.4 Gel electrophoreses 

2.4.1 Agarose gel electrophoresis of tomato genomic 

DNA 

Using procedures as described by Rajput et al., (2006), 

3% Agarose gel was prepared by weighing 4.5g of 

agarose powder and melting in 150 ml 1% TBE buffer 

(10.8g Tris-base; 5.5g boric acid; 20mM EDTA in 1 L) in 

a microwave oven (100 oC) until completely dissolved. 

The gel was allowed to cool slightly (about 40 oC) by 

continuous stirring on the magnetic stirrer (Thermolyne 

Cimarec 2) and then poured into the gel tank to set with 

the appropriate combs. 5 µl of gel loading dye was added 

to 5 µl of PCR product and spun down in the centrifuge to 

mix thoroughly. The samples were loaded on the gel; with 

Hyper ladder V marker (Bioline) loaded on adjacent gel 

tracks to determine the size of the alleles by comparison 

and allowed to run for 2-3 hr at 100 volts (Voltmeter EC 

105). The gels were stained with 10 mg/ml ethidium 

bromide, visualized on a 302 nm UV transilluminator and 

photographed with a UVP bioimaging system (GDS-800). 

 

2.4.2 Polyacrylamide gel electrophoresis (PAGE) of 

tomato genomic DNA  

The long and short plates were washed until squeaky 

clean and wiped with ethanol. Long and short plates were 

treated with gel slick and 3µl bind silane in 95% ethanol 

respectively. When the plates dried (10 min) they were 

arranged on the gel caster. 600 µl of ammonium 

persulphate (NH4SO4) and 60 µl of temed were added to 

60 ml of polyacrylamide solution and gradually poured 

between the plates before solidification. The comb was 

inserted and the plates clamped together and allowed to 

dry for about 1 hr. The clamp and comb were removed, 

the plates mounted on the gel ridge and the anode and 

cathode filled with 1X TBE (10.8g Tris -base; 5.5g boric 

acid; 20mM EDTA in 1 L) buffer to the lane levels and 

pre-ran for about 45 – 60 min at 1000 amps. A mixture of 

PCR product to bromophenol blue dye was prepared in 

the ratio 2:1 and denatured in the PCR machine for 5 min 

and immediately placed on ice. The power was 

disconnected to insert the comb and to quickly load the 

samples and allowed to run for 2 hr. The plates were 

separated and the short plates were placed in 200 ml 

acetic acid:1800 ml distilled water fixing solution with 

continuous shaking for 20 min. The plate was rinsed 2-

3times with distilled water  and transferred to staining 

solution consisting of 2 g of AgNO3 in 2000 ml distilled 

water and 3 ml of  37% formaldehyde agitating well for 

30 min. It was rinsed briefly in ultrapure water (5-10 sec) 

and transferred to 1 L of chilled developing solution 

consisting of 60g of sodium carbonate in 2000 ml 

distilled water with 3 ml of 37% formaldehyde and 40µl 

of sodium thiosulphate. The plate was agitated very well 

in the developing solution and when the first bands were 

visible; the fresh solution was replaced with the 

remaining 1 L and agitated till all the bands were visible. 

The plate was dipped into the fixing solution shaking for 

2-3 min to stop the reaction and then rinsed in ultrapure 

water twice while shaking. The plate was allowed to dry 

by leaving at room temperature.  
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2.5 Molecular Characterisation of the three local 

tomato cultivars 

Characterization/amplification of the three tomato 

cultivars with simple sequence repeat (SSR) markers and 

the genetic and phylogenic data analysed using NTSYS 

(Applied Biostatistics Inc. version 2.0) software by the 

clustering method of the Unweighted Pair Group Method 

using Arithmetic Average (UPGMA).  

 

2.6 Genetic similarity estimation and cluster analysis  

All distinct DNA fragments were scored as present {1} or 

absent {0} for each of the markers. The genetic similarity 

(GS) estimates between two cultivars i and j was 

estimated following the methods of Nei and Li (1979), 

which is defined as:  

(1) Sij = 2Nij / (Ni + Nj) 

 Where Nij is the number of bands present in the cultivars 

i and j, and Ni and Nj representing the number of bands 

present in cultivar i and j, respectively.  

For phylogenetic analysis, only data from the 

polymorphic SSR loci were subjected to NTSYS 

statistical software. The 3 cultivars were clustered based 

on the estimated genetic distance, and the phylogenetic 

analysis was carried out with the clustering method of the 

Unweighted Pair Group Method Using Arithmetic 

Average (UPGMA). 

 

III. RESULTS 

3.1 Estimation of genetic similarity  

Genetic similarity among the cultivars was deduced from 

the banding patterns on the agarose and polyacrylamide 

gel electrophoreses in Fig. 1 and Fig. 2 which showed 

polymorphism among IbL, JM94/46 and Ife cultivars with 

primers T3, T8 and T10. Monomorphic bands were 

disregarded. The primers were able to differentiate the 

three cultivars by the presence or absence of amplified 

bands. Polymorphism for T10 was between 150 – 200 bp 

for T10; and 200 – 250 bp for T3 and T8. A total of 35 

bands were obtained with 10 SSR primer pairs (TABLE 

4) out of which 10 were polymorphic. Genetic similarity 

estimates between IbL (1) and Ife (3) was highest at 0.90. 

JM showed the least similarity to the other two cultivars 

at 0.65. The presence or absence of bands at any loci 

differentiates one cultivar from the other and were 

statistically analysed by UPGMA cluster analysis (Nei 

and Li, 1979) to obtain the dendogram and genetic 

similarity coefficients shown in Fig. 3 and TABLE 2 

respectively. 

 

 

Fig.1: Agarose gel showing the alleles using 10 SSR 

primer pairs (T1-T10), M-Hyper ladder V to 

determine the allele sizes. Cultivars are arranged: 

Ibadan local (IbL), JM94/46 (JM), Ife 

 

 
Fig. 2: PAGE gel showing the alleles using 10 SSR 

primer pairs (T1-T10), M-Hyper ladder V marker to 

determine the allele sizes. Cultivars are arranged: 

Ibadan local (IbL), JM94/46 (JM), Ife 

 

Fig.3: Dendogram of simple sequence repeat (SSR) 

primers for characterization of three tomato cultivars. 1-

IbL; 2-JM; 3-Ife 
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Genetic distances obtained using three SSR markers 

constructed by UPGMA clustering of Nei and Li (1979). 

Table.2: Genetic similarity coefficients among three 

tomato cultivars 

 Line1 Line2 Line3 

Line 1 0.0000   

Line 2 0.2000 0.0000  

Line 3 0.0667 0.2500 0.0000 

 

Line1-IbL; Line2-JM; Line3-Ife 

GD 01-02 = 0.2; 01-03 = 0.0667; 02-03 = 0.25 

GD = genetic distance 

 

3.2 Primer evaluation/Characterization of primers  

Out of the ten primer pairs (TABLE 1) used in the 

characterization of the three tomato cultivars, three of 

them were polymorphic i.e. primers T3, T8 and T10 

(TABLES 3 and 4). The polymorphic information content 

(PIC) of the polymorphic markers was evaluated using 

the formula:  

(2) PIC = 1 – ∑ pi2 

Pi = frequency of ith allele (Weir, 1990)   

pi2 = (relative frequency)2  = total sum of 

frequency/each frequency 

From the data, Tom 57-58 (T10) had three alleles with 

bands either present or absent at each locus between the 

range of 150-175bp. It had the highest polymorphic 

inforation content (PIC) value of 0.816 (81.6 %). Tom 

31A-32A (T3) had five alleles with bands either present 

or absent between 140-300bp and (PIC) value of 0.778 

(77.8 %). The least PIC value of 0.375 (37.5 %) was 

recorded for Tom49-50 (T8) with two alleles and bands 

present or absent between 160-350bp. Average PIC value 

was calculated to be 0.656 (65.6 %).  

 

Table.3: Polymorphic information content (PIC) of polymorphic markers 

Primer/ 

Cultivar 

Ibadan 

local 

JM94/46 Ife Sum of 

freq 

freq(i) {freq(i)}2  PIC   

T3A 1 1 1 3 0.2500 0.063    

T3B 0 1 0 1 0.0830 0.007    

T3C 1 0 1 2 0.1660 0.028    

T3D 1 1 1 3 0.2500 0.063    

T3E 1 1 1 3 0.2500 0.063    

    12  0.222 0.778   

          

T8A 0 0 1 1 0.2500 0.063    

T8B 1 1 1 3 0.7500 0.563    

    4  0.626 0.375   

          

T10A 0 1 0 1 0.143 0.021    

T10B 1 1 1 3 0.429 0.184    

T10C 1 1 1 3 0.429 0.184 0.816   

    7      

Average PIC value 0.656 

Highest  0.816 

Lowest  0.375 

 

 

 

 

 

 

Table.4: Characteristics of Polymorphic SSR markers used in the study 
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S/N I.D. SSR 

Name/ 

Repeat 

Forward  

Primer 5’  3’ 

Reverse  

Primer 5’  

3’ 

No of 

Alleles  

Allele 

size                     

(bp) 

PIC 

1 T3 Tom 

31A-

32A 

TA11 

AAT GTC CTT 

CGT ATC CTT 

TCG T 

CTC GGT 

TTT AAT 

TTT TGT 

GTC T 

   5  140-

300 

0.778 

2 T8 Tom 

49-50 

AT10 

AGA AAA CTT 

TTT GAA TGT 

TGC 

ATT ACA 

ATT TAG 

AGA GTC 

AAG G 

   2  160-

350 

0.375 

3 T10 Tom 

57-58 

CT8 

TCT AAG TGG 

ATG ACC ATT 

AT 

GCA GTG 

ATA GCA 

AAT GAA 

AAC 

   3  150-

175 

0.816 

 

IV. DISCUSSION 

Molecular markers are an effective tool for efficient 

selection of desired agronomic traits because they are 

based on the plant genotypes and also are independent of 

environmental variations (Sunilkumar et al, 2016). 

 

4.1 Molecular Characterisation with simple sequence 

repeat (SSR) markers 

Ten (10) SSR primer pairs were used for molecular 

characterisation of three Nigerian cultivars of tomato. 

This was carried out to determine their genetic similarity 

and variability. The primer pairs were used to amplify 

specific segments of the tomato genome in order to 

generate the relevant data. Three (3) of the ten primer 

pairs amplified polymorphic segments of the three tomato 

cultivars and the data obtained was used to estimate the 

genetic similarity (TABLE 2) and to determine the 

genomic cluster of the cultivars on the phylogenic tree 

(Fig. 3). The data was also used to determine the 

polymorphic information content (PIC) of the primers 

(markers) (TABLE 3).  

 

4.2 Agarose gel electrophoresis  

Fig. 1 shows the resolution of the amplified alleles of the 

tomato DNA on agarose gel electrophoresis. The allele 

sizes ranged between 140-350 bp.   

 

4.3 Polyacrylamide gel electrophoresis (PAGE)  

Although the popularity of PAGE gels is declining, 

mainly due to the drudgery of the method and to 

comparable efficiency and simplicity of agarose gel; they 

usually give a higher resolution than agarose gels because 

the amplified DNA is denatured before running them on 

PAGE gel.  Fig. 2 is the PAGE gel of the three tomato 

cultivars. The allele sizes ranged between 100-350 bp. 

The alleles are more distinct and data easier to record 

with PAGE gel. Due to the close genetic relationship 

among modern tomato cultivars and their narrow genetic 

base (Alvarez et al., 2001; Zhang et al., 2003), PAGE gels 

could be more efficient in distinguishing between tomato 

cultivars. 

 

4.4 PIC of primers 

The highest PIC was recorded for primer pair T10 with 

PIC value of 0.816, and lowest was 0.375 for primer pair 

T8. The PIC value for T3 was also high at 0.778. Average 

PIC value of the three polymorphic primers was 0.656. 

With the value of 1.0 being the highest/max, the two 

primers, T3 and T10 are highly polymorphic. The highest 

number of alleles was recorded with primer T3. García-

Martínez et al. (2006) reported PIC values between 0.035 

and 0.775 for tomato germplasm evaluated with amplified 

fragment length polymorphism (AFLP) while 

Bredemeijer et al. (2002) obtained PIC values of 0.40 

evaluating 500 varieties of tomato with SSR markers. 

These results may suggest that highly polymorphic 

markers are ideal to conduct assessments aimed at 

understanding the genetic diversity of plant crops. 

 

4.5 Genetic similarity/diversity of cultivars  

The genetic distance (GD) among the three cultivars as 

estimated showed the highest GD between JM and Ife 

(0.25); least GD was between IbL and Ife (0.0667) and 

between IbL and JM (0.2). These values show that the 

cultivars are all closely related. Close genetic relationship 

has been reported in tomato cultivars due to lack of 

variability that was ascribed to the self-pollinating nature 

of modern tomato cultivars combined with their narrow 

genetic base (Alvarez et al., 2001; Zhang et al., 2003). 

Also, the genetic similarity estimated according to SSR 

data suggests the potential of SSR markers in 

discriminating among plants of close or distant genetic 

backgrounds (El-Awady et al, 2012).  This study shows 

that the genetic similarity between the three tomato 
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cultivars suggests the need for more analysis using tomato 

varieties across the geo political zones of Nigeria for the 

purpose of maintaining the tomato germplasm, 

understanding its genetic diversity and as a prerequisite 

for effective breeding programme. 

 

V. CONCLUSION 

The SSR marker system is useful for studying genetic 

diversity among tomato inbred lines collected from 

diverse geographical locations. The combination of 

polymorphism and the large number of bands obtained 

per assay shows that SSR is the most informative marker 

system of tomato genotyping. The work of Smulders et 

al. (1997), Bredemeijer et al. (2002), He et al. (2003), 

Frary et al. (2005), Garcia- Martinez et al. (2006) and 

Song et al. (2006) confirmed the utility of SSRs for 

studying genetic diversity and variability in the genus 

Solanum and for selecting tomato cultivars.  

This study showing the genetic similarity between the 

three tomato cultivars suggests the need for more analysis  

using tomato varieties across the geo political zones of 

Nigeria for the purpose of maintaining the tomato 

germplasm, understanding its genetic diversity and as a 

prerequisite for effective breeding programme. More 

efforts should be directed at preserving our indigenous 

germplasm for research and economic purposes. It is also 

very essential to carry out the characterization of 

cultivated and economically useful; as well as neglected 

and underutilized indigenous genetic resources in the 

Nigerian eco-system. 
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Abstract— Maize (Zea mays L.) is the most versatile crop 

having wider adaptability in varied ecologies. Presently 

baby corn is gaining popularity among Indian farming 

communities mainly due to its short duration, high market 

rate, nutritive value and also its multiuse. Baby corn 

requires higher population and plant nutrition than normal 

grain corn. Therefore the nutrient management is of 

immense importance for higher corn production. The 

present study was thus carried out during Kharif season 

2015 at the Instructional Dairy Farm (IDF), Nagla, Govind 

Ballabh Pant University of Agriculture and Technology, 

Pantnagar, Uttarakhand to analyse the growth of baby corn 

under the effect of integrated nutrient management. The 

experimental design was Randomized Block Design with 11 

treatments consisting of sole application of NPK fertilizer, 

sole application of Azotobacter and Azospirillum, and 

application of Azotobacter and Azospirillum along with 

NPK fertilizer. The study revealed that Leaf area index was 

significantly higher at 50 DAS and harvest under 100% 

NPK+Azot+Azos. Application of 75% NPK+Azot+Azos 

had significantly higher CGR  at 25-50 DAS while 100% 

NPK+Azot+Azos gave significantly higher CGR  at 50 

DAS – harvest. The RGR  values remained non significant 

at both the stages, however the highest RGR  was 

recorded at application of 100% NPK+Azot+Azos. The 

NAR  remained non significant at 25 – 50 DAS but at 50 

DAS – harvest, the  NAR  values recorded significantly 

higher at 100% NPK+Azot+Azos that remained non 

significant with all the treatments except control and seed 

treatment with Azotobacter. The LAR too was recorded 

non significant by different integrated nutrient management 

practices at 25-50 DAS but at 50 DAS-harvest, the 

significantly highest LAR  was recorded under control, 

whereas the lowest LAR  was found at application of 

100% NPK that remained statistically at par with all other 

treatments except control. Higher dose of nitrogen coupled 

with biofertilizers improved the plant growth. 

Keywords— azotobacter, azospirillum, leaf area index, 

crop growth rate, relative growth rate, net assimilation 

rate, leaf area ratio. 

 

I. INTRODUCTION 

Maize is the third most important staple food crop 

in the world after wheat and rice but in term of productivity, 

it ranks first followed by rice, wheat and other millets. 

Presently baby corn is gaining popularity among Indian 

farming communities mainly due to its short duration, high 

market rate, nutritive value and also its multiuse. Baby corn 

is dehusked immature maize ear, harvested within 2-3 days 

of silking but prior to fertilization (Pandey et al., 1998). 

Baby corn is used as vegetable, salad, soup, pickle, kheer, 

murabba, chutney, manchurian, halwa etc. Baby corn is 

highly nutritive as 100 g of baby corn contains 89.1% 

moisture, 0.2 g fat, 1.9 g protein, 8.2 mg carbohydrate, 0.06 

g ash, 28.0 mg calcium, 86.0 mg phosphorus, 11.0 mg 

ascorbic acid (Das et al., 2009). Baby corn has a great 

potential to fetch foreign currency through international 

trade. There is a great demand of baby corn in international 

market mainly because of its freshness, taste, nutrition, free 

from pesticides and its multiuse.  

In general, morphology, physiology and agronomy 

of baby corn differed from grain corn as the varieties grown 

for baby corn must have high vigour and prolificacy. It 

responds to higher doses of fertilizer that may normally 

cause lodging in other cereal crops. Thus nutrient 

management is a very important aspect for proper growth of 

baby corn. The leaf area, LAI and dry accumulation per 

plant was noticed significantly higher at application of 240 

kg N ha-1 over 0, 60, 120 and   180 kg ha-1 N 

(Kaledhonkar, 2003). Verma et al. (2006) also found that 
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150 per cent recommended NPK gave the maximum plant 

height, leaf area index of maize. Kumar et al. (2007) 

noticed that leaf area index and total dry matter production 

of sweet corn were influenced favourably with increasing 

levels of N, P2O5 and K2O up to 150:60:40 kg ha-1, 

respectively. Suryavanshi et al. (2008) reported that 150 kg 

N gave higher leaf area index (LAI) and dry matter 

production of maize compared to either 50 or 100 kg N ha-1. 

Chemical fertilizers may solve the problem but organics are 

required to minimize the harmful effects of chemicals. 

Higher leaf area index was observed in different crops when 

inoculation was done with Pseudomonas, Azospirillum and 

Azotobacter strains (Siddiqui and Shaukat, 2002). Prasad 

et al. (2003) reported that application of 5 t ha-1 

vermicompost along with 14 and 10 t ha-1 poultry manure 

and FYM gave higher leaf area index. Jayaprakash et al. 

(2004) studied the effect of organics on maize and found 

that application of vermicompost @ 2 t ha-1 and FYM @ 10 

t ha-1 resulted in significantly higher LAI compared to no 

organics. Best way out is integration of chemicals and 

organics. The combination of FYM and mineral fertilizer 

significantly increased the leaf number and leaf area index 

of maize (Haq, 2006). Gable et al. (2008) reported 

significantly higher all growth parameters of maize were at 

application of 100 % recommended dose of fertilizer 

(225:50:50 kg NPK ha-1) followed by 75 % RDF + 25 % N 

through Leucaena lopping + biofertilizer. Panwar (2008) 

observed that integrated nutrient management had 

significant effect on growth parameters of maize crop. 

Megawer and Mahfouz (2010) reported that inoculation of 

canola seeds by either Azotobacter, Azospirillum or the 

mixed inoculum and adding half recommended dose of 

nitrogen showed high leaf area and save half of the mineral 

nitrogen recommended dose. Thus the present study was 

carried out to find out the best integrated nutrient 

management practice for baby corn under which the crop 

would show best results in terms of growth. 

 

II. MATERIAL AND METHODS 

The experiment was conducted at the Instructional 

Dairy Farm (IDF), Nagla, Govind Ballabh Pant University 

of Agriculture and Technology, Pantnagar, Udham Singh 

Nagar, Uttarakhand, India. The Instructional Dairy Farm is 

located in the Tarai belt of Shivalik range of Himalayas 

with humid sub-tropical type of climate at latitude of 29°N 

and longitude of 79.3°E and situated at an altitude of 243.84 

m above the mean sea level. The climate of the Tarai region 

is broadly humid sub-tropical with harsh winter and hot dry 

summers. The soil of the experimental field was slightly 

silty clay loam (Nagla series, Mollisol) in texture, from dark 

greyish brown to dark grey in humus with weak, fine to 

medium granular structure. 

Eleven treatments were tested in a Randomized 

Block Design 3 replications the treatments were Control (no 

application), 50% NPK, 100% NPK(180:60:40), Seed 

treatment with Azotobacter @200g/10Kg seeds, Seed 

treatment with Azospirillum @200g/10Kg seeds, Seed 

treatment with Azospirillum + Azotobacter, 50% NPK + 

Seed treatment with Azotobacter, 50% NPK + Seed 

treatment with Azospirillum, 50% NPK+ Seed treatment 

with Azospirillum + Azotobacter, 50% NPK+ Seed 

treatment with Azospirillum + Azotobacter and 

100%NPK+seed treatment with Azospirillum + 

Azotobacter. The variety sown was V.L. Baby corn-1 –

released from Vivekananda Parvatiya Krishi Anusandhan 

Sansthan, Almora,Uttarakhand. 

 

III. RESULTS AND DISCUSSION 

Leaf Area Index (LAI)  

The LAI remained non significant under different 

integrated nutrient management practices at 25 DAS. At 50 

DAS and harvest, significantly higher LAI was recorded 

with application of 100% NPK+Azot+Azos that remained at 

par with 100% NPK, 50% NPK+Azot+Azos and 75% 

NPK+Azot+Azos at 50 DAS and with 100% NPK and 75% 

NPK+Azot+Azos at harvest stage. Among the biofertilizer 

treatments, the LAI at 50 DAS remained non significant, 

however combined seed treatment produced the higher LAI 

followed by seed treatment with Azotobacter. At harvest, 

seed treatment with Azot+Azos produced significantly 

highest LAI than seed treated with either of biofertilizers. 

Nitrogen is the main constituent of chlorophyll that keeps 

leaf greener for longer period and also improved 

photosynthesis that finally resulted into better leaf growth 

and development. The data pertaining to LAI is given in 

table 1. 

Mean Crop Growth Rate (CGR ) 

At 25-50 DAS, the highest (CGR ) was recorded 

with application of 75% NPK+Azot+Azos that remained 

significantly at par with application of 100% NPK, 50% 

NPK+Azot+Azos and 100% NPK+Azot+Azos, whereas at 50 

DAS – harvest, the higher (CGR ) values were recorded 

with application of 100%  NPK + Azot + Azos that was 

significantly similar to 100% NPK, 50% NPK + Azot, 50% 

NPK+Azot+Azos and 75% NPK+Azot+Azos. Among the 

biofertilizer treatments, the (CGR ) at 25-50 DAS and 50 

DAS-harvest remained non significant with each other, 

however combined seed treatment recorded higher (CGR ) 

at both the stages followed by seed treatment with 
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Azotobacter. The lowest (CGR ) was recorded under 

control at both the stages. The higher (CGR ) value might 

be caused due to better plant growth at combined 

application of nitrogen and bioferilizers. 

Relative Growth Rate ( RGR ) 

The data pertaining to ( RGR ) indicated that it 

declined with advancement of crop age. The highest and the 

lowest ( RGR ) values were recorded with application of 

100% NPK+Azot+Azos and under control at both 25- 50 

DAS and at 50 DAS – harvest crop stages, respectively. 

Among the biofertilizer treatments, the highest ( RGR ) 

values were recorded at seeds treated with 

Azotobacter+Azospirillum followed by seed treatment with 

Azotobacter. Similarly, at 25-50 DAS, 50% 

NPK+Azot+Azos recorded the highest ( RGR ) value 

followed by 50% NPK+Azot. At 50 DAS – harvest stage the 

highest ( RGR ) value was recorded at 50% NPK+Azot 

followed by 50% NPK+Azot+Azos. The data pertaining to 

CGR and RGR is given in table 2. 

Net Assimilation Rate ( NAR ) 

The net assimilation rate was recorded non 

significant by different integrated nutrient management 

practices at 25-50 DAS. At 50 DAS-harvest, significantly 

higher ( NAR ) value was recorded with application of 

100% NPK+Azot+Azos that remained statistically at par 

with all the treatments except control and seed treatment 

with Azospirillum. The ( NAR ) was recorded non 

significant among the treatments where either alone or 

combined biofertilizers were used for seed treatment, but 

combined seed treatment with biofertilizer and seed 

treatment with Azotobacter produced the highest ( NAR ) 

followed by seed treatment with Azospirillum. The ( NAR ) 

was recorded significantly lower with alone application of 

50% NPK than all treatments having 50% NPK+ seed 

treatments with biofertilizers.  

Leaf Area Ratio ( LAR ) 

The leaf area ratio was recorded non significant by 

different integrated nutrient management practices at 25-50 

DAS. At 50 DAS-harvest, the significantly highest ( LAR ) 

was recorded under control, whereas the lowest ( LAR ) 

was found with application of 100% NPK that remained 

statistically at par with all other treatments except control. 

Among the biofertilizers treatments, ( LAR ) remained non 

significant, however seed treatment with Azospirillum 

recorded the highest ( LAR ) followed by seed treatment 

with Azot+Azos. The LAR remained non significant among 

the treatments having combined application of 50% NPK + 

biofertilizers, but the highest ( LAR ) was noticed with 

application of 50% NPK+Azos followed by 50% 

NPK+Azot. The data pertaining to NAR and LAR is given 

in table 3. 

Conclusion 

Combined application of nitrogen and bioferilizers 

improved photosynthesis that finally resulted into better leaf 

growth and crop growth. The present study concluded the 

benefits of integrated nutrient management including use of 

biofertilizers in combination of chemical fertilizers and its 

positive effect on growth  of baby corn. 

Table.1: Effect of integrated nutrient management on leaf area index at different growth stages of baby corn 

           

         Treatment 

Leaf Area Index 

25 DAS 50 DAS Harvest 

 Control 0.14 2.50 3.07 

Azotobacter 0.17 2.80 3.37 

Azospirillum 0.16 2.70 3.23 

Azot +Azos 0.17 3.00 3.77 

50%  NPK 0.18 3.20 3.80 

100%  NPK 0.21 4.00 4.47 

50%  NPK + Azotobacter  0.19 3.60 4.20 

50%  NPK +Azospirillum 0.18 3.50 3.93 

50%  NPK + Azot+Azos 0.2 3.70 4.27 

75%  NPK + Azot+Azos 0.22 4.20 4.60 

100%  NPK + Azot+Azos  0.21 4.30 4.67 

SEm± 0.08 0.23 0.09 

LSD (p=0.05) ns 0.68 0.28 
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Table.2: Effect of integrated nutrient management on crop growth rate and relative growth rate at different growth stages of 

baby corn 

                

           Treatment 
(CGR ) (g/m2/day)            ( RGR ) (mg/g/day) 

25-50 DAS 50 DAS-harvest 25-50 DAS 50 DAS-harvest 

 Control 2.81 2.44 60.10 23.90 

Azotobacter 4.02 4.30 62.16 29.35 

Azospirillum 3.82 3.93 61.67 28.10 

Azot +Azos 4.12 4.52 62.63 29.88 

50%  NPK 4.43 5.00 62.92 30.70 

100%  NPK 5.41 6.96 64.35 34.63 

50%  NPK + Azotobacter  4.87 6.15 63.95 33.76 

50%  NPK +Azospirillum 4.52 5.48 63.19 32.59 

50%  NPK + Azot+ Azos 5.07 6.37 64.13 33.67 

75%  NPK + Azot+ Azos 5.51 7.30 64.56 35.35 

100%  NPK + Azot + Azos  5.47 7.67 64.75 37.14 

SEm± 0.20 0.55 1.62 3.33 

LSD (p=0.05) 0.61 1.63 Ns Ns 

 

Table.3: Effect of integrated nutrient management on net assimilation rate and leaf area rate at different growth stages of baby 

corn 

               Treatment ( NAR ) (mg/cm2/day)              ( LAR ) (cm2/g) 

25-50 DAS 50 DAS-

harvest 

25-50 DAS 50 DAS-harvest 

 Control 0.35 0.06 175.6 372.8 

Azotobacter 0.42 0.11 146.4 276.3 

Azospirillum 0.42 0.10 146.2 285.2 

Azot +Azos 0.42 0.11 150.1 278.7 

50%  NPK 0.42 0.11 152.0 279.8 

100%  NPK 0.43 0.14 152.6 251.2 

50%  NPK + Azotobacter  0.42 0.13 153.6 266.0 

50%  NPK +Azospirillum 0.40 0.12 156.2 281.4 

50%  NPK + Azot+ Azos 0.42 0.13 153.4 260.2 

75%  NPK + Azot+ Azos 0.40 0.14 161.0 258.6 

100%  NPK + Azot + Azos  0.41 0.15 158.6 255.6 

SEm± 0.22 0.02 7.1 12.0 

LSD (p=0.05) Ns 0.04 Ns 35.7 
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Abstract—The current study investigated the effect of two 

doses (50%, and 100 %) of treated wastewater (TWW)on 

biometric and physiologic parameters of Vicia faba 

beansafter 40 days of exposure.  

Our data showed a decrease in shoots and roots length 

and weight in plants amended with TWW. Moreover, a 

significant decrease in Chlorophyll ‘a’, ‘b’ and carotene 

content was observedin plants irrigated with 100% of 

TWW.  

These findings provided new insights on TWW reuse which 

can cause different types of stress as it may affect the 

development of cultivated crops. 

Keywords—Treated wastewater, Vicia faba, growth, 

chlorophyll, carotene. 

 

I. INTRODUCTION 

Tunisia is a country where the agricultural sector is a 

priority representing its most important natural resource. 

However, the annual rainfall is very irregular both in space 

and time and almost this country belongs to arid and semi-

arid climate [1]. In arid and semi-arid regions, variations in 

rainfall accompanied by successive periods of drought 

generate undesirable impacts on water availability [2].  

In Tunisia, the reuse of treated wastewater (TWW) is part 

of freshwater resources mobilization strategy and 

sustainable development of water resources [3]. 

Nevertheless, once properly treated, wastewater could 

replace freshwater and decrease this pressure on natural 

resources to be conserved for other purposes. However, 

from a quantitative point of view, wastewater is a source 

of water always available. Indeed, TWW can ens ure the 

balance of the natural water cycle and preserve resources 

by reducing harmful discharges into the natural 

environment [4]. On the other hand, and as has been 

reported by numerous study the TWW reuse could cause 

harmful effects on soils and even on living beings such as 

plant, invertebrates and microorganisms [5,6,7,8,9]. 

In the end of the past century the use of microbial, animal 

and human cell culture for toxicity evaluation [10,11,12] 

have been replaced using animal and vegetable 

bioindicators. Numerous international studies supported by 

United Nations Environment Program (UNEP), World 

Health Organization (WHO) and US Environmental 

Protection Agency (US-EPA) have validated plant-based 

bioassays for toxicity monitoring [13,14,15]. 

Vicia faba is commonly used as a model for cytological, 

physiological and toxicological studies [16,17,18,19] for 

many reasons such as its availability around the year, easy 

to cultivate and does not require sterile conditions. This 

plant could be used for toxicity assessment of various 

contaminants in soils i.e. heavy metals, aromatic 

compounds, pesticides etc. 

Vicia faba is one of the oldest domesticated food legumes. 

Its importance in terms of food and agriculture is reflected 

by the occupied area worldwide (3.6 million hectares) in 

more than 50 countries and gives a total production of 4 

million tons per year.  

Many studies have investigated the effect of TWW on 

agronomic and physiological aspect of numerous 

vegetables and improve that those effluent constitute a 
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reliable source of nutrients i.e. (nitrogen, phosphorus, 

potassium) and organic matter that enhance soil fertility 

and productivity [20,21,22,23,24]. However, the chemical 

composition of TWW could influence vegetable growth, 

uneven fruit maturity and quality and quantity of yields 

due to the potential presence of heavy metals, surfactants 

and pharmaceuticals [25]. The metallic and salt stress have 

gained an increasing attention, and this was reported by 

several studies [26,27,28,29,30] which founded that 

growth factors and physiological properties of many plants 

are affected when exposed to wide varieties of 

contaminants that can potentially exist in TWW. 

In this context, the current study was, therefore, carried out 

to evaluate the effect of municipal TWW irrigation on 

agronomic (growth dynamic properties) and physiological 

properties (chlorophyll and carotenoid contents) of Vicia 

fabaplants. 

 

II. MATERIALS  AND METHODS 

2.1. Soil sampling: 

The soils used for this research were collected from an 

organic farming plot in the region of Chott-Mariem. The 

soils were sampled from the depth of 0-15 cm. Before use, 

samples were air-dried and crushed to pass a (<2 mm) 

screen. 

2.2. Water sampling: 

Secondary TWW have been collected in glass bottles from 

wastewater treatment plant of Northern Sousse, Tunisia, 

managed by the National Office of Sanitation (ONAS). 

2.3. Experimental design: 

Dry Certified seeds of beans (V. faba Aguadulce) obtained 

fromlocal productionwere germinated on moistened filter 

paper at 22°C, when the primary roots were about 2–3-cm 

long, the seedlings were transplanted in the containers 

containing 1 kg of soils. Before transplantation soils were 

moistened with deionized water (Control), diluted TWW 

(50%) and TWW (100%) brought to 70 % of its holding 

capacity and this was maintained during the 

experimentation, five replicates per condition were used. 

2.4. Growth measurements: 

Five replicates were taken for each treatment were used to 

calculate the mean of each measurement. Plants were 

collected after 40 days of exposure to three conditions 

including control one. The measurements taken were the 

following:  

 Length of the root and shoot system. 

 Fresh weights of the root and shoot system 

 Number of nodes. 

2.5. Chemical content: Photosynthetic pigments 

For this purpose, 1g of fresh leaves, was extracted by 

grinding in a mortar using 20 ml 80% acetone, with small 

amount of pure (Silica Quartz), and 0.5 g calcium 

carbonate to equalize the cellular sap acidity. The extract 

was filtered and collected in Eppendorf’s tubes.  

The optical density (DO) of the extract was measured at 

wave lengths 663, 645, and 440.5 nm [31] to estimate 

chlorophyll ‘a’ and ‘b’, and carotenes respectively, using a 

Spectrophotometer (VWR-UV-3100-PC) and a vitreous 

cell (thickness of photo route 1 cm). Three replicates were 

used for each treatment, and the amount of pigment 

present in each sample was calculated according to the 

following equations: 

 mg Chlorophyll “a” / g-tissue 

= 12.7.DO663 - 2.69.DO663 * v/(w.1000) 

 mg Chlorophyll “b” / g-tissue 

= 29.9.DO663 – 4.68.DO663 * v/(w.1000) 

 mg Carotenoids / g-tissue 

= 46.95.DO440.5. (DO440.5 – 0.268 * Chlorophyll “a” + “b”) 

Whereas, W, the fresh weight by grams for extracted 

tissue; V, the final size of the extract in 80% acetone; DO, 

optical density at specific wave length. 

2.6. Statistical analysis: 

The non-parametric Mann–Whitney U-test was used to 

compare the data from plants exposed to 50% and 100% of 

TWW with data from the control soil (irrigated with 

deionized water). 

 

III. RESULTS 

The difference of shoots and roots weight of V. faba beans 

after 40 days of exposure to 50% and 100% of TWW is 

given in Figure 1 aand b. Results showed a significant 

variation between treatments. Indeed, shoots weight 

(Fig.1a) decreased significantly comparing to control 

plants irrigated with fresh water with a value of 17,93 ± 

0,75 g.  

However the root weight (Fig.1b) increased significantly 

in plants exposed to soils irrigated with diluted TWW 

(8,16 ± 0,23 g). In contrast, a slight decrease was recorded 

in root’s weight of plants exposed to 100% which reaches 

7,6 ± 0,2 g. 

On the other hand, Figure 2 a and b illustrate the length 

variation of faba bean’s plant shoot and root after 40 days 

of exposure to 50% and 100% of TWW. 

Accurately to weight variation, the length of shoots 

(Fig.2a) decrease progressively with TWW dose to reach 

51,33 ± 4,6 mm in plants exposed to 100 % of TWW.  

Thus, roots length (Fig.2b) decreased significantly in 

plants exposed to 50 % of TWW and reach 15,66 ± 1,15 

mm which represents approximately 50% of control mean 

(28 ± 3,46 mm). 

Finally, the number of nodes in V.faba plants after 

exposure to TWW are shown in Figure 3, whatever, the 

number of nodes didn’t show any significant changes 

between treatments, it’s almost the same in all the 

experiments. 
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Figure 4 a and breported the effect of 40 days of irrigation 

with two doses (50% and 100%) of TWW on chlorophyll 

“a” and “b”. It was noticed that chlorophyll “a” content 

decrease significantly in the plants exposed to 50% of 

TWW to reach 0,6 ± 0,21 mg/g-fresh tissue compared to 

control plant where the content was 1,37 ± 0,04 mg/g-fresh 

tissue. 

However, the concentration of chlorophyll “b” 

(Fig.4b)decreased by the increasing of TWW dose 

reaching its lowest 0.61 ± 0,09 and 0,77 ± 0,03 mg/g-fresh 

tissue when exposed respectively to 50% and 100% of 

TWW. 

By following carotenoid content after exposure of bean 

plants to TWW it appears from results illustrated in Fig.5 

that TWW irrigation inhibits the carotenes formation and 

this was clear in plants exposed to 100% of TWW where 

means reach its minimum at 0.253 ± 0.001 mg/g-fresh 

tissue. 

 

IV. DISCUSSION 

In our study, TWW application on Vicia faba beans for 40 

days was assessed through the measurement of biometric 

parameters which were modified after exposure to 50% 

and 100% of TWW.  

Under exposure to numerous pollutants that can reach soils 

through TWW reuse in irrigation [32,33,34,35], plants can 

be subject to different types of stress mainly metallic and 

salt stress. 

Globally, a decrease of the length and weight of the shoots 

and roots was recorded by increasing TWW dose. This 

decrease could be related to the high amount of salts 

present in TWW as reported by [36,37,38,39,40,41] who 

assessed the effect of salts on different plants and they 

found that it could cause several changes through negative 

effects on photosynthesis process, changes in enzymatic 

activity, decrease on the carbohydrates level and growth 

hormones. 

Otherwise, metal content in TWW can exert an inhibitory 

effect on growth parameters, then they are strongly 

poisonous to the metabolic activities. However, an 

exceeded dose of heavy metals such as (Cd, Zn, Pb, Cr…) 

could cause phytotoxicity and this was proved by many 

authors [42,43,44,45]. 

Interestingly, chlorophyll is a clue element for plant’s life 

which contributes to ATP production from the sun’s light 

energy, it is indeed a good biomarker to asses plant’s state 

under stress or exposure to toxics. 

Our results regarding a decrease in chlorophyll ‘a’, ‘b’ are 

in concordance with several studies [46,41] which reported 

that salinity lead to the decrease of chlorophyll rates in 

barely and beans plant. The second factor that may 

influence photosynthetic process in V.faba beans is the 

trace elements uptake and this was by inhibiting 

chlorophyll biosynthesis and reducing the activity of 

enzymes involved in CO2 fixation [47,48,45]. 

Indeed, in stressed plants the carbon metabolism seems to 

be inhibited, then, in general the amount of amino acids 

was lower than in normal plants as proved by Gadallah, 

1999 and this was due to the inhibition of amino acids 

incorporation into proteins under salt/metal stress. 

As a part of national strategy to face water scarcity and to 

save freshwater resources, TWW constitute a sustainable 

way to manage water resources in the Mediterranean arid 

and semi-arid regions. But, like every strategy with all its 

positive effects (i.e. natural fertilizer, source of nutrients, 

availability), it presents many undesirable effects mainly 

(heavy metals, high amount of NA+ and Cl- cations, 

pathogens…).  

However, this can obviously affect normal development of 

plants and functional properties of soils receiving this non-

conventional water. Moreover, many studies have been 

assessed the effect of TWW reuse on soils, plants and soil 

organisms [50,51,52,53,54,55] and in most cases they 

found that those effluent modify the physicochemical 

properties of soils, and physiological properties of plants 

and other organisms. 

 

V. CONCLUSION 

Our study showed that TWW reuse affect strongly 

growth and physiological parameters of Vicia faba beans, 

and this by decreasing shoots and roots length and weight 

than chlorophyll ‘a’ and ‘b’ content. Results also 

highlighted the effect of TWW on carotene content which 

decreased after 40 days of exposure.  

Overall, TWW reuse as an alternative to save freshwater 

resources, it could be a good way ensuring the transfer of 

nutrients, organic matter and minerals in soils.  

But, if these effluents are not subject to a periodic control, 

they can be a source of pathogens and potentially 

hazardous chemical substances (salts, heavy metals and 

surfactants), accumulated in soils, then as a result 

unfavorable effects on crop quality and productivity. 
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Fig.1: Effect of TWW irrigation (C: control, Diluted TWW: 50% and TWW: 100%) on Vicia faba(a) shoots and (b) roots 

weight after 40 days of exposure. Results represent the Mean ± SD of at least 5 replicates.(*) Statistically significant 

differences (p < 0.05) comparing to control. 

 

 
Fig.2: Effect of TWW irrigation (C: control, Diluted TWW: 50% and TWW: 100%) on Vicia faba (a) shoots and (b) roots 

legnth after 40 days of exposure. Results represent the Mean ± SD of at least 5 replicates.(*) Statistically significant 

differences (p < 0.05) comparing to control. 
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Fig.3: Effect of TWW irrigation (C: control, Diluted TWW: 50% and TWW: 100%) on the number of nodes of Vicia faba 

after 40 days of exposure. Results represent the Mean ± SD of at least 5 replicates.(*) Statistically significant differences  (p 

< 0.05) comparing to control. 

 

 

Fig.4: Effect of TWW irrigation (C: control, Diluted TWW: 50% and TWW: 100%) on (a) chlorophyll ‘a’and (b) chlorophyll 

‘b’ content of Vicia faba after 40 days of exposure. Results represent the Mean ± SD of at least 5 replicates.(*) Statistically 

significant differences (p < 0.05) comparing to control. 

 

 

Fig.5: Effect of TWW irrigation (C: control, Diluted TWW: 50% and TWW: 100%) on carotene content of Vicia faba after 40 

days of exposure. Results represent the Mean ± SD of at least 5 replicates.(*) Statistically significant differences (p < 0.0 5) 

comparing to control. 
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Abstract— A lack of application of photoperiod and light 

intensity to manipulate the growth of current spring 

annuals has, in part, been due to the lack of information 

identifying the photoperiodic and light intensities 

requirements of various species. Present pot experiment 

was carried out at Horticulture Garden, Department of 

Horticulture, Sindh Agriculture University Tandojam, 

during spring 2017, which was laid out in a three 

replicated Complete Randomized Design (CRD). Two 

varieties of balsam (V1= Tom Thumb, V2 = Double 

Camcellia) were studied under NP1= Control (Normal day 

length), NP2=3 hrs (8:00 am- 11:00 am), NP3= 6 hrs (8:00 

am – 2:00 pm), NP4= 9 hrs (8:00 am-5:00 pm), NP5= 

Natural shade. Results from the research data revealed 

significant (P<0.05) photoperiodic effect on the growth and 

flower quality of balsam. The study revealed that maximum 

seed germination (44.81 %), germination  index (0.62 gi) 

plant height (13.96 cm), leaves plant -1 (37.60), days to 1st 

flower (52.62) , flowers plant-1 (3.40), days to flower 

persistence (8.74), weight of single flower (0.59 g), 

chlorophyll content (34.1 SPAD) was recorded from variety 

Tom Thumb, whereas the variety Double camellia had 

minimum seed germination (38.51 %), germination  index 

(0.55 gi) plant height (11.42 cm), leaves plant -1 (26.10), 

days to 1st flower (51.72) ,  flowers plant-1(2.80), days to 

flower persistence (6.98), weight of single flower (0.52 g), 

chlorophyll content (31.29 SPAD) The results for natural 

photoperiods on vegetative and flowering behavior of  

Balsam are significant effect on different growth 

parameters. The results indicated that maximum seed 

germination (74.99 %), germination  index (1.18 gi) plant 

height (17.28 cm), leaves plant-1 (58.33), days to 1st flower 

(64.75) , flowers plant-1 (5.41), days to flower persistence 

(13.16), weight of single flower (1.26 g), chlorophyll 

content (46.79 SPAD) was recorded  from NP4= 9 hrs 

(8:00 am-5:00 pm) as compared to seed germination 

(63.88%), germination  index (0.66 gi) plant height (14.92 

cm), leaves plant-1 (48.16), days to 1st flower (45.96) , 

flowers plant-1 (5.00), days to flower persistence (11.16), 

weight of single flower (0.62 g), chlorophyll content (36.46 

SPAD) was recorded from NP1= Control (Normal day 

length). 

Keywords— flowering behaviour, natural photoperiods, 

Complete Randomized Design. 

 

I. INTRODUCTION 

  Balsam, (Impatiens balsamina L.) is an ornamental 

plant in the Balsaminaceae family (Gardeners, 2017). It is a 

quick growing summer annual flower, with gardenia-like 

blooms (Tooke and Battey, 2000). Continuous blooms grow 

on top of a bushy plant with leaves. The balsam is 

originated in Asia, North America and South Africa and 

there are numerous annual and perennial varieties 

(Christopher, 2013). The blooms appear in about 60-70 

days and colours include shades of white, pink, rose, violet, 

and red (Park et al., 2003; Wang et al., 2009). Different 

parts of the plant are used as traditional remedies for disease 

and skin afflictions. Juice from the leaves is used to treat 

warts and snakebite, and the flower is applied to burns 

(Wang et al., 2009). This species has been used as 

indigenous traditional medicine in Asia for rheumatism, 

fractures, and other ailments (Park et al., 2003). Changes in 

temperature and day-length trigger physiological and 

seasonal developmental processes of ornamental plants that 

enable ornamental plants withstand severe climatic 

conditions (Adams et al. 2005). Climate change is expected 

to increase the air temperature in the summer, while the 

natural decreasing photoperiod remains unaffected (Kim et 
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al., 2009). As shown previously, an increase in air 

temperature inhibits CO2 assimilation, with a concomitant 

increased capacity for zeaxanthin-independent dissipation 

of energy exceeding the photochemical capacity of plants 

(Busch et al.,2008). Flowering behaviour in plant cycle 

shows the adaptability of plants to seasonal changes (Kim et 

al., 2009) and increase in duration of photoperiod reduced 

time to first visible bud. Temperature and day length are 

related in the sense that as the natural day length becomes 

longer or shorter, the temperature warms or cools, 

respectively (Ha, 2014).  A lack of application of 

photoperiod and light intensity to manipulate the growth of 

current spring annuals has, in part, been due to the lack of 

information identifying the photoperiodic and light 

intensities requirements of various species. The proposed 

study is mainly aimed at examining the effect photoperiod 

on germination of vegetative and flowering traits Balsam 

(Impatiens balsamina L) under light intensity. 

 

II. MATERIALS AND METHODS 

Present study was conducted during summer, 2017 at 

Horticulture Garden, Department of Horticulture, Sindh 

Agriculture University, Tandojam. Seed of two balsam 

verities (V1= Tom Thumb, V2 = Double Camellia) were 

sown in 20-cm diameter earthen pots in late February 2017 

using a silt FYM-based medium in a 1:1 ratio based on 

volume. Potted seed of both balsam varieties were 

germinated with five natural photoperiod treatments 

resulted from the installation of black shade cloth.  For 

control treatment pots were simply kept under normal day 

length in sun light, while pots of both varieties were kept 

under shade for normal day length, while for other 

photoperiod pots were covered with black cloth and 

uncovered as per photoperiod hours. Such a design has 

been used to exclude any direct illumination and to obviate 

any microclimate alterations due to the presence of the 

shade cloth. A two factor (Factor -A:  Varieties (V) = 02 

(V1 = Tom Thumb, V2 = Double Camellia); Factor-B: 

Natural Photoperiods (NP) = 04 (NP1= Control (Normal 

day length= 12 hrs= 6 am to 6 pm), NP2=3 hrs (8:00 am- 

11:00 am), NP3= 6 hrs (8:00 am – 2:00 pm), NP4= 9 hrs 

(8:00 am-5:00 pm), NP5= Natural shade) Completely 

Randomized Design (CRD);  was set out with three 

replications where each replication was had four pots. 

Frame structure was made by placing wooden pegs of about 

4 ft in height from ground length on both side of the plant 

row than a black thick cloth was covered leaving 3 inches 

from the ground surface for aeration, where plants were 

observed for seed Germination (%), germination index 

(GI), plant height (cm), leaves plant-1, days to 1st flower, 

flowers plant-1, days to flower persistence, weight of single 

flower (g), chlorophyll content (SPAD).  

 

Procedure of recording observations  

Seed Germination (% ): Germination percentage was 

calculated as per following formula. Total number of seeds 

was sown and at seventh day germinated seedlings were 

calculated from each treatment than were divided with total 

number of seeds sown which were multiplied by 100 as per 

follows:  

GP = Seeds germinated / Total No. of seed x 100 

 

Germination index (GI): Germination /emergence index 

(GI/E) was calculated by following formula used by 

Association of Official Seed Analsis (AOSA, 1990)  

 

GI or EI 

= 

No of germinated or emerged 

seeds + …… 

Days of first count 

 

+ 

No of germinated or emerged 

seeds  

Days of final count 

 

Plant height (cm): Four plants of each variety’s  were 

selected at random from pots and their hight was meausred 

from ground surface to the top with foot scale and the 

average tallness was worked out in cm at the time of the 

flowering.  
 

Leaves plant-1: Average number of leaves per plant was 

calculated on visually from six randomly plant of each 

variety under each treatment  

 

Days to 1st flower:  Days to flower emergence from each 

variety of the randomly selected plants were noted as they 

1st appeared after germination and average was worked out.  

 

Flowers plant-1: Flowers from each variety of the 

randomly selected plants were counted visually at maturity 

as they appeared and then average was worked out.  

 

Days to flower persistence: This observation was recorded 

from the day of flower emergence till the flower withered 

or dropped on plant than days were counted and average 

was worked out.   

 

Weight of single flower (g): Flowers of each variety were 

collected and tagged at random and weighed as an 

individual on weighing balance machine to record the 
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weight in g.    

 

Chlorophyll content (SPAD): Chlorophyll content each 

plant from each treatment was noted on chlorophyll meter. 

Leaves from top, mid and bottom where tagged and then 

placed while attached on the plant digital meter (SPAD 

METER) then reading were noted and there after average 

was done.     
 

Average temperature and RH recorded during entire 

experiment: 

February= 18-22 oC, March = 25-27oC, April= 25-32 oC 

RH= 75-85% 

 

Statistical analysis: 

The data was statistically analyzed using Statistix-8.1 

computer software (Statistix, 2006). The Deccan’s Multiple 

Range Test was applied to compare treatments superiority 

in case results are significant at P≤ 0.05 probability level. 

 

III. RESULTS AND DISCUSSION 

Seed Germination (% )  

Results pertaining to germination (%) as affected by 

different natural photoperiods on vegetative and flowering 

behavior of Balsam are presented in the Fig-1. Both the 

varieties responded well when exposed to natural 

photoperiod from 8:00 am to 5:00 pm. Tom Thumb had 

maximum seed germination (83.33%) followed by Double 

camellia (66.66). However when both varieties were 

exposed to low photoperiod from 8:00 am to 11:00 am 

produced less seed germination (29.62 and 18.51 % 

respectively).  Results also revealed that the maximum seed 

germination (74.99) was observed from NP4= 9 hrs (8:00 

am-5:00 pm) followed by control (12 hrs= 6 am to 6 pm) 

where plant were grown in full day sunlight (63.88). 

Further data showed that NP2=3 hrs (8:00 am- 11:00 am), 

NP3= 6 hrs (8:00 am – 2:00 pm and NP5= Natural shade 

had maximum seed germination of balsam (24.06, 24.99 

and 20.36 %, respectively). 

 

 
 

Germination index   

The results for varieties seed germination index (Fig. 2) 

revealed that the variety Tom Thumb produced maximum 

(0.62 GI) germination index as compared to Double 

Camcellia (0.55 GI). Both the varieties responded well 

when exposed to natural photoperiod from 8:00 am to 5:00 

pm. Tom Thumb had maximum germination index (1.30 

GI) followed by Double camellia (1.07 GI). However when 

both varieties were exposed to low photoperiod from 8:00 

am to 11:00 am produced less germination index (0.28 GI 

and 0.22 GI respectively). Results also revealed that the 

maximum germination index (1.18) was observed from 

NP4= 9 hrs (8:00 am-5:00 pm) followed by control (12 hrs= 

6 am to 6 pm) where plant were grown in full day sunlight 

(0.66 GI). Further data showed that NP2=3 hrs (8:00 am- 

11:00 am), NP3= 6 hrs (8:00 am – 2:00 pm and NP5= 

Natural shade had minimum germination index of balsam 

(0.25, 0.46 and 0.39 GI).  
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Fig. 1: Seed germination (%) of balsam in response to natural photoperiods

Double          Camellia

Tom Thumb
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Plant height (cm)  

The data regarding for plant height as affected by different 

natural photoperiods on vegetative and flowering behavior 

of Balsam are presented in the Fig-3 It can be seen from the 

results that plant height varied significantly (P<0.05) for the 

treatments and varieties. The results for varieties revealed 

that the variety “Tom Thumb” produced maximum plant 

height as compared to “Double Camcellia”. Both the 

varieties responded well when exposed to natural 

photoperiod from 8:00 am to 5:00 pm. “Tom Thumb” had 

maximum plant height (20.02 cm) followed by “Double 

camellia” (14.53 cm) followed by normal day length of 12 

hours. However when both varieties were exposed to low 

photoperiod from 8:00 am to 11:00 am produced less plant 

height (7.58 and 6.80 cm, respectively) as well as under 

natural shades their response was also negative.  

 
 

Leaves plant-1 

   The data regarding leaves plant-1  as 

affected by different natural photoperiods on vegetative and 

flowering behavior of Balsam are presented in the Fig-4 It 

NP1= Control (Normal day length)

NP2=3 hrs (8:00 am- 11:00 am)

NP3= 6 hrs (8:00 am – 2:00 pm

 NP4= 9 hrs (8:00 am-5:00 pm)

 NP5= Natural shade

0.64
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1.3
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0.45
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Fig. 2:  Germination index (GI) of balsam in response to natural 

photoperiods

Double          Camellia Tom Thumb
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pm)

 NP5= Natural

shade
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Fig. 3:  Plant height (cm) of  balsam in response to natural photoperiods

Tom Thumb Double          Camellia
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can be seen from the results that leaves plant -1 varied 

significantly (P<0.05) between the treatments and varieties. 

Both the varieties responded well when exposed to natural 

photoperiod from 8:00 am to 5:00 pm. “Tom Thumb” had 

maximum leaves plant-1 (73.00) followed by “Double 

camellia” (43.66) followed by normal day length (12 hours) 

where “Tom Thumb” produced 54.66 leaves where as 

“Double camellia” produced 41.66 leaves on single plant  . 

However when both varieties were exposed to low 

photoperiod from 8:00 am to 11:00 am produced less leaves 

plant-1 (5.33 and 3.16, respectively) followed by plants 

grown under natural shades 6.33 and 4.0 (“Tom Thumb” 

and “Double camellia”, respectively) .  

 
 

Flowers plant-1 

   The data regarding for flowers plant-1 as 

affected by different natural photoperiods on vegetative and 

flowering behavior of Balsam are presented in the Fig-5 It 

can be seen from the results that flowers plant -1varied 

significantly (P<0.05) between the treatments and varietal 

interaction.  

  The results revealed that both the varieties 

responded well when exposed to natural photoperiod from 

8:00 am to 5:00 pm. Balsam variety “Tom Thumb” had 

maximum flowers plant-1 (6.16) followed by “Double 

camellia” (4.66) followed by natural photoperiod of 12 

hours where “Tom Thumb” developed 5.66 flowers on 

single plant and “Double camellia” produced 4.33 flowers 

on single plant. However when both varieties were exposed 

to low photoperiod from 8:00 am to 11:00 am produced 

less flower plant-1 (4.33 and 1.16, respectively) followed by 

plants grown under shade (0.66 and 0.66, respectively).  

NP1= Control 
(Normal day 

length), 54.66

NP2=3 hrs (8:00 am-
11:00 am), 5.33

NP3= 6 hrs (8:00 am 
– 2:00 pm, 48.66
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NP5= Natural 
shade, 6.33
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(Normal day 

length), 41.66

NP2=3 hrs (8:00 am-
11:00 am), 3.16

NP3= 6 hrs (8:00 am 
– 2:00 pm, 38

NP4= 9 hrs (8:00 
am-5:00 pm), 43.66

NP5= Natural 
shade, 40 1 2 3 4 5 6

Fig. 4:  Leaves plant-1 of balsam in response to natural photoperiods

Tom Thumb Double          Camellia
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Days to 1st flower plant-1 

The data (Fig. 6) regarding for days to first flower plant-1 as 

affected by different natural photoperiods on vegetative and 

flowering behavior of Balsam presented varied significant 

(P<0.05) difference between the treatments and varieties. 

Results revealed that both the varieties responded well in 

terms of days to 1st flower appearance when exposed to 09 

hours of natural photoperiod from (8:00 am- 5:00 pm). 

Here the variety “Tom thumb” had produced first flower 

plant-1 within minimum number of days (34.88) followed 

by “Double Camelia” (38.21) followed by natural 

photoperiod of 12 hours where variety “Tom thumb” had 

developed first flower after 44.71 days followed by 

“Double Camelia” that had first flower after 47.2 days of 

sowing. However when both varieties were grown under 

Natural shade took maximum days to first flower 

appearance plant-1 for both the varieties  (64.33 and 65.16, 

respectively) followed by 6 hours of photoperiod exposure 

(8:00 am- 11:00 am).  

 
 

Days to flower persistence  

The data regarding for days to flower persistence as 

affected by different natural photoperiods are presented in 

the Fig.7. It can be seen from the results that days to flower 

persistence varied significantly (P<0.05) for varieties under 

treatments. The results for varieties revealed that the variety 

Tom Thumb produced maximum (13.33) days to flower 

persistence as compared to Double Camcellia (13.00) well 

when exposed to natural photoperiod of 09 hours from 8:00 

am to 5:00 pm, followed by control where plants were 
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Fig. 5: Flowers plant-1 of balsam in response to natural photoperiods

Tom Thumb Double          Camellia
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Fig. 6:  Days to 1st flower of  balsam in response to natural 

photoperiods

Tom Thumb Double          Camellia
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grown in full day sunlight of 12 hours where “Tom 

Thumb” had maximum days to flower persistence (12.00) 

followed by Double camellia (9.33). However when both 

varieties were exposed to low photoperiod from 8:00 am to 

11:00 am aloted less days to flower persistence (3.34 and 

2.01, respectively) followed by natural shade (4.66 and 

3.04, respectively) for both the varieties of Balsam.  

 

 

Weight of single flower (g) 

The data regarding weight of single flower (g) plant-1 as 

affected by different natural photoperiods have been 

presented in the Fig. 8. It can be inferred from the data that 

weight of single flower plant-1 varied significantly (P<0.05) 

for varieties under treatments. Both the varieties responded 

well when plants were grown under natural photoperiod of 

09 hours from 8:00 am to 5:00 pm here plants of variety 

“Tom Thumb” had displayed maximum weight of single 

flower plant -1 (1.31g) followed by “Double camellia” 

(1.22g). Balsam varieties grown in full day sunlight of 12 

hours developed flowers having maximum weight in 

variety “Tom Thumb” (0.69 g) where as variety “Double 

camellia” had flower weight of 0.44 g when grown under 6 

hrs of photoperiod (8:00 am – 2:00 pm). However, when 

both varieties were grown under natural shade produced 

less weight of single flower plant -1 (0.22 and 0.17 g, 

respectively).  
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Fig. 7: Days to flower persistence of balsam in response to natural  photoperiods
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Fig. 8:  Weight single flower plant -1 of balsam in response to natural 

photoperiods

Tom Thumb Double          Camellia
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Chlorophyll content (SPAD)  

The results (Fig.9) for both varieties of Balsam revealed 

that Both the varieties responded well when exposed to 

natural photoperiod from 8:00 am to 5:00 pm where, “Tom 

Thumb” had developed maximum chlorophyll content 

(49.87) followed by “Double camellia” (43.71). These 

varieties when grown under normal day length (12 hrs) 

developed chlorophyll content of maximum (37.89) in 

“Tom Thumb” followed by “Double camellia” (36.04). 

However when both varieties were exposed to low 

photoperiod from 8:00 am to 11:00 am produced less 

chlorophyll content (21.05 and 20.08, respectively) 

followed by plants grown under shade (24.55 and 20.89, 

respectively).  

 

 
 

Correlations (Pearson) 
             GP%    G.index   chlorph   flowpet   flowrpp  fstfemer    weight  

Gindex     0.7571 

chlorph    0.7349    0.7747 

flowpet    0.7350    0.6996    0.8226 

flowrpp    0.6964    0.6530    0.7365    0.7370 

1stflower  -0.6730   -0.7221   -0.7928   -0.7304   -0.7448 

weight     0.8246    0.8933    0.8851    0.8150    0.7462   -0.7890 

height     0.4658    0.4553    0.7592    0.7247    0.5790   -0.5775    0.5393 

 

Germination percentage (GP%) has been positively 

correlated with plant height (0.4658), chlorophyll content 

(0.7349) and days to flower persistence (0.7350), however 

this parameter had maximum correlation with flower weight 

(0.8246), however, germination % had negatively been 

correlated with days to 1st flower appearance (-0.6730). 

Chlorophyll content had been positively correlated at 

maximum with weight of flower (0.8851) and days to 

flower persistence (0.8226) followed by plant height 

(0.7592). Days to first flower emergence has been 

negatively correlated with flower weight (-0.7890) and 

plant height (-0.5775). Weight of single flower has shown 

positive correlation with germination index (0.8933), 

chlorophyll content (0.8851). Days to 1st flower emergence 

has shown negative correlation with all the parameters 

studied.  

 

IV. DISCUSSION 

It is obvious the present results had significant effects on 

varieties and natural photoperiod and varieties. For 

obtaining good germination keeping the soil moist is 

favorable and seeds are sown in early season covering with 

1/8" of soil layer and water is given continuous ly to keep 

the soil moist till the germination is completed. The 

germination initiation may range between 10-15 days (Li et 

al., 2011; Hua et al., 2012; Christopher, 2013). The present 

study had significant effects on varieties and natural 

photoperiod and varieties. Interactive effect showed that 

maximum seed germination was recorded from Tom 

Thumb variety under NP4= 9 hrs (8:00am -5:00am) natural 

photoperiod, whereas the lowest seed germination was 

observed under plants grown in shade.  Both varieties of 

Balsam produced maximum parameters less than 9 hours of 

photoperiod. Akbarian et al. (2016) observed best seed 

germination and quality flower seedlings under 

combinations of 25% blue and 75% red and fluorescent 

lamps for 10 hours of photoperiod. Kim et al. (2009) 

reported that flowering behavior in plant cycle shows the 

adaptability of plants to seasonal changes; and increase in 

NP1= Control (Normal day length)

NP2=3 hrs (8:00 am- 11:00 am)

NP3= 6 hrs (8:00 am – 2:00 pm

NP4= 9 hrs (8:00 am-5:00 pm)

NP5= Natural shade
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Fig. 9:  Chlorophyll content (SPAD) of balsam in  response to natural  

photoperiods

Tom Thumb Double          Camellia
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duration of photoperiod reduced time to first visible bud. 

Temperature and day length are related in the sense that as 

the natural day length becomes longer or shorter, the 

temperature warms or cools, respectively. 

Tooke and Battey (2000) found that the completion of 

flower development in Impatiens balsamina requires 

continuous inductive (short-day) conditions. Plants were 

grown in long-day (LD) conditions of 8 hr of light provided 

by tungsten and fluorescent bulbs at 271 to 309 µmol.m-2 

sec-1, followed by 16 hr of tungsten light at 4.2 to 5.2 

µmol.m-2 sec-1. Short-day (SD) conditions were 8 hr of 

tungsten and fluorescent light (as above) followed by 16 hr 

of darkness. Kim et al., (2009) indicated that the chemical, 

biological and physiological process is influenced by 

temperature. The cut flowers produced during summer 

when temperature exceeds 38oC, the biological processes 

are adversely affected. The leaf number below the 1st 

flower was affected by the addition of supplemental 

lighting with one some species of ornamental plants (Erwin 

and Warner 2002; Blanchard and Runkle, 2011). Under the 

conditions of extremely high temperatures, the plant 

proteins are denatured, affecting these processes and 

subsequently the flower quality has been adversely affected 

due to florigen present in flower (Wahocho et al., 2016). 

Erwin and Warner (2002) cultivated ornamental plants at 

16 0C or 20 0C in combination with short day (SD, 8 hours) 

or long day (LD, 16 hours). Time to flower (first horizontal 

petals) at 160C increased from 56 to 64 days as so increased 

from 1 week to continuous conditions in SD, while LD 

decreased time to flower from 64 to56 days. Time to flower 

at 20 0C varied from 73 to 87 days with additional SD 

exposure resulting in flower and LD in faster flowering.  

 

V. CONCLUSION 

 From present study It is  concluded that Balsam variety 

“Tom Thumb” variety grown under NP4= 9 hrs (8:00am -

5:00am) natural photoperiod had significant effect on all 

the vegetative and flower traits studied. The results also 

revealed that the decrease in daylight adversely affected the 

traits investigated and photoperiod treatment comprised of 

9 hours (8 am – 5:00) severely increased the flowers plant-1 

as well as the flower quality. So, Balsam can be 

successfully grown for commercial purpose under 9 hrs 

(8:00am -5:00am) of natural photoperiod. 
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Experimental set up of Balsam varieties under different Natural photoperiod  

 

http://dx.doi.org/10.22161/ijeab/3.4.38
http://www.ijeab.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tooke%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11041880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Battey%20NH%5BAuthor%5D&cauthor=true&cauthor_uid=11041880
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC149123/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.38                                                                                                                             ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                                  Page | 1431  

 

Measuring Chlorophyll content of Balsam plant 

 

 
Researcher taking observations from Balsam plant 
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Abstract— Edible films have been successfully used in the 

food packaging industry for several decades. Today 

natural polysaccharides, including cassava starch, are 

increasingly being used in the production of such 

biodegradable edible films and food packaging. In Côte 

d'Ivoire, there are improved cassava varieties whose 

starches have not yet been tested in the production of 

biodegradable films. In this study, the optical and 

mechanical properties and the water solubility of starch-

based composite films of four improved cassava varieties 

with added glycerol, peanut oil and soy lecithin were 

determined. Starch was obtained by cold water extraction 

from native cassava from the varieties Bocou 1, Bocou 2, 

Yavo and TMS. Films preparation was made bycasting 

method with cassava, glycerol (25-30 %), peanut oil (5-10 

%) and soybean lecithin (0-5 %). Increasing the glycerol 

content, increased L*color value and elongation at break 

and decreased a*, b*, colourdifference (ΔE*ab) and 

tensiles trength of the composite films. Also, increasing the 

oil content from 5 to 10%, increased the opacity, b*, 

ΔE*ab, water solubility, elongation at break but decreased 

L*, a* and tensiles trength. Similarly, increasing the soy 

lecithin content from 0 to 5%, increased the opacity, L*, 

b* and ΔE*ab, but decreased a*, of the starch-based 

composite films. The results suggest an ideal formulation 

of 4% starch/25% glycerol/5% oil/5% soy lecithin  for a 

film with optimum mechanical properties with low 

solubility. 

Keywords— Biodegradable film, Cassava starch, 

Emulsified film, Mechanical properties, Starch-based 

film. 

 

I. INTRODUCTION 

Scientific literature now contains several studies 

aimed at improving the properties of materials already 

used or using new materials to produce packages having 

properties that may tend towards synthetics. Due to 

increasing pressure from society and leg islation to reduce 

non-degradable synthetic packaging, research on the 

production of biodegradable alternatives prepared from 

natural biopolymers has been encouraged (Adjouman et 

al., 2017). Biodegradable films are flexib le and thin 

matrices used for coating and packaging in a diversity of 

product groups and industries. Main applications include 

food packaging, fru it coatings, pharmaceuticals and 

cosmetics. Films are predominantly made of natural 

biopolymers, such as polysaccharides, proteins and other 

abundant natural elements (Bergo et al., 2010).  

Starch is a polysaccharide composed of amylose, a  

linear polymer consisting of glucose with α (1–4) bonds, 

and amylopectin, a  polymer with α (1–6) bonds. The 

amylose vs amylopectin ratio  and, consequently, the form 
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and functionality vary between cultivars within and 

between species (Copeland et al., 2009). Cassava (Manihot 

esculenta Crantz) roots are among the most important 

sources of starch worldwide. According to the Food and 

Agricultural Organisation (FAO), the global cassava 

production in 2015 was estimated at 281.1 million tonnes 

with 54 % produced in  Africa (FAO, 2016). In Côte 

d’Ivoire cassava is the second major food crop after yam, 

with an estimated 5.1 million tonnes produced in 2015 

(FAO, 2016).Unlike other starches, cassava starch allows 

obtaining transparent and flexib le films  (Vicentin i and 

Cereda, 1999). However, for the production of edib le films 

and optimised application in food technology plasticizers, 

hydrophobic agents and emulsifiers have to be added to 

the film composition (Bergoet al., 2010). Adding 

vegetable oils to hydrophilic films, for instance, reduces 

the water vapor barrier p roperties of films based on 

proteins (Fabraet al., 2009) and those based on 

polysaccharides (Koelschand Labuza,1992). Those 

emulsion-based films with enhanced physico-chemical and 

mechanical properties generally arise from oil droplets 

with small diameter, a high degree of homogeneity and 

highly stable film-forming emulsions (Nilsuwan et al., 

2016; Debeaufort et al., 1995). For good 

dispersion/homogenization of the oil in the film-forming 

matrix, emulsifiers are therefore commonly added. They 

are nonpolar substances which bind to both water and oil, 

thus improving emulsificat ion and increasing the stability 

of the emulsion. Furthermore, soybean lecithin 

incorporated into protein-based emulsified films has 

previously shown effective in  stabilizing the emulsion film 

(Prodpran et al., 2007).Lip id compounds are used to 

modulate the water barrier properties of films; however, in 

hydrophilic suspensions they adversely affect the 

mechanical and optical properties of the resulting films 

(Yang and Paulson, 2000). The most effect ive plasticizers 

are generally those whose structure resembles the structure 

of the polymer they plasticize. For starch-based films 

polyols such as sorbitol and glycerol are the commonly 

used plasticizers (Mali et al., 2005). With increasing 

glycerol concentration, the breaking strain has shown to 

improve and the tensile strength to decrease (Alves  et al., 

2007). 

In Côte d'Ivoire, there are improved cassava varieties 

whose starches have not yet been tested in the production 

of biodegradable films. The aim of this study is to 

determine the effect of plasticizer, lipid and emulsifier 

contents on the mechanical properties, solubility, opacity 

and color parameters of films based on starch from 

improved cassava varieties grown in Côte d'Ivoire. 

 

 

 

II. MATERIALS AND METHODS 

Cassava natives starches from four improved 

varieties Bocou 1, Bocou 2, Yavo and TMS, belonging to 

Centre National de Recherche Agronomique in Côte 

d’Ivoire were used in this study. Cassava plants were 

harvested at maturity, 12 months after plantation. Glycero l 

(bidistilled, 99.5% purity) and soybean lecithin were 

purchased from VW R Prolabo Chemicals (Leuven, 

Belgium). The CORA brand peanut oil used in this study 

was purchased at a supermarket in Belgium. 

2.1. Amylose content 

The amylose content of the starch samples was 

determined by colorimetric reaction and subsequent 

measuring of the absorbance of the amylose-iodine blue 

complex formed (Morrison and Laignelet, 1983). 

2.2. Starch paste clarity  

The paste clarity of the starches was determined as 

previously described by Craig et al. (1989). Approximately 

0.11 g of starch was weighed into quartz screw tubes. The 

mass was supplemented to 10 g with distilled water. The 

closed tube with the well homogenized content was  left in 

aboiling water bath at 100°C for 30 min with uniform 

stirring. The solution obtained was cooled and the paste 

clarity or percent transmittance (% T) was determined 

using a Shimadzu UV-2401-PC (Kyoto-Japan) 

spectrophotometer at 650 nm against a blank sample 

containing distilled water. 

2.3. Film preparations and thickness measurements 

Film preparation and thickness measurements were 

determined in accordance with previously described 

protocol (Adjouman et al., 2017). The emulsified films 

were prepared in two steps. First, 4 g of cassava starch 

(w/w, starch) was mixed with glycerol (1–1.2 g ) and with 

two thirds of d istilled water, the final mixture being heated 

from 30°C to 75°C for 20 min. Peanut oil (0.2–0.4 g), 

soybean lecithin (30–60 mg) and distilled water (a third of 

the total mixture) (Table 1) was also heated together for 

20 min from 30°C to 75°C. Both solutions were heated 

with constant stirring at 750 rpm/min. Thereafter, the 

solution of peanut oil, soybean lecithin and distilled water 

was homogenised at 24,000 rpm for 2 min using an Ultra -

Turrax T25 basic (IKA Werke, Staufen /Germany). The 

homogenised solution was subsequently mixed with the 

starch and glycerol and then heated from 75°C to 95°C at 

750 rpm stirring for 25 min. A 20 g aliquot of the final 

solution was transferred and spread with even thickness on 

the surface of a Petri dish (9 cm diameter) and oven-dried 

in a ventilated oven model (Memmert UF-110, 

Schwabach, Germany) at 35°C for 24 h. The dried films 

were removed and stored in a desiccator at 25°C for 48 h, 

before testing. The thickness of all films was determined 

using a hand micrometer (NSK, Japan) at 10 random 

positions of the films.  
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Table.1: Cassava starch-based film formulations 

Formulation Starch 

(g) 

Oil 5 and 10% 

(g/g starch) 

Glycerol 25 and 30%  

(g/g starch) 

Lecithin 0 and 

5% 

(mg/g oil) 

Potassium 

sorbate (g) 

F1: G25 H5 L0 

4 

0.2 1 0 

0.2 

F2: G25 H5 L5 0.2 1 30 

F3: G30 H5 L0 0.2 1.2 0 

F4: G30 H5 L5 0.2 1.2 30 

F5: G25 H10 L0 0.4 1 0 

F6: G25 H10 L5 0.4 1 60 

F7: FG30 H10 L0 0.4 1.2 0 

F8: G30 H10 L5 0.4 1.2 60 

G25 H5 L0 : 25 % glycerol/ 5 % oil/ 0% lecithin, G25 H5 L5 : 25 % glycerol/ 5 % oil/ 5% lecithin, G30 H5 L0 : 30 % 

glycerol/ 5 % oil/ 0% lecithin, G30 H5 L5 : 30 % glycerol/ 5 % oil/ 5% lecithin, G25 H10 L0 : 25 % glycerol/ 10% oil/ 0% 

lecithin, G25 H10 L5 : 25 % glycerol/ 10 % oil/ 5% lecithin, G30 H10 L0 : 30 % glycerol/ 10 % oil/ 0% lecithin, G30 H10 

L5 : 30 % glycerol/ 10 % oil/ 5% lecithin. 

 

2.4. Film water solubility  

Film water solubility  was determined as previously 

describe (López et al., 2008). From each film p ieces of 

2 x 3 cm were cut and stored in a desiccator, containing 

silica gel beads, for 7 days. Pieces were weighed to the 

nearest 0.0001 g and placed into test beakers with 80 ml 

deionized water. The samples were left under constant 

stirring at 200 rpm for 1 h at room temperature. After 1 h, 

any remain ing pieces of film were subsequently collected 

by filtration, dried  again in an oven at 60°C to constant 

weight and the proportion of total soluble matter was 

calculated. 

2.5. Film opacity 

Film opacity was determined in accordance with 

previously described protocol (López et al., 2008). Film 

samples were cut into rectangles of1 x 3 cm and placed 

inside a spectrophotometer cell. The absorbance spectrum 

(400–700 nm) was recorded for each sample using a 

Shimadzu (UV-2401-PC Kyoto/Japon) spectrophotometer. 

Film opacity was determined by an integration procedure 

and expressed as absorbance units per nanometers (AU. 

nm). 

2.6. Film color 

The film L* , a* and b* co lor values were determined 

using a Miniscan XE HunterLab colorimeter (Virginia, 

USA) against the standard plate (L* = 93.5;  a* = -0.61 and 

b* = 0.12). Color was measured on 8 x 8 cm segment of 

film. The total co lor d ifference (ΔE*
ab) was calculated 

using the following equation 1: 

ΔE ∗ ab =  √(𝐿 ∗)2 +  (𝑎 ∗)2 +  (𝑏 ∗)2  

     (1) 

Film specimens were pre-conditioned at 62% RH and 

25°C for 72 h prior to taking color measurements. 

2.7. Mechanical properties  

Mechanical properties were studied using a TA.TX2 

Stable Micro Systems Texture Analyzer. ASTM D882-

02(2002), standard test method for tensile properties of 

thin plastic sheeting with some modifications was used. 

The films were cut into 25 mm wide and 80 mm long 

strips, using a scalpel and mounted between the grips 

(A/TG) of the texture analyser. The ends of the strips were 

mounted between cardboard grips. Strength resistance and 

deformation at break were recorded in tensile mode, 

during extension at 10 mm min -1, with an in itial 50-mm 

distance between the grips, until the specimens  broke.  

2.8. Statistical analysis  

UsingStatistica 7.1 software (Statistica), multivariate 

analyses of variance (MANOVA) was  performed, to 

compare the means of the various  properties of the film 

formulat ions (cassava variety and glycerol, peanut oil and 

soy lecithin added). Duncan’s multip le range test at the 5% 

threshold, allowed locating the differences. 

 

III. RESULTS AND DISCUSSION 

3.1. Amylose content and paste clarity 

Paste clarity and amylose content of cassava varieties 

used in this study are presented in Table 2. The highest 

value of amylose was obtained with the TMS variety, 

followed by the variet ies Yavo, Bocou 2 and Bocou 1. In 

contrast, the clearest starch gel was obtained with the 

Bocou 1 variety, followed  by Bocou 2, Yavo and TMS. 

Starches with low amylose content have high paste clarity . 

Amylose contents are known to influence clarity of starch 

pastes. High amylose content may result in more opaque 

starch pastes (Schmitz et al., 2006). 
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Table.2: Amylose content and paste clarity of starches in cassava varieties 

Cassava starch 
Bocou 1 Bocou 2 Yavo TMS 

Amylose content* (%) 
16.28 ± 2.2a 17.33 ± 1.2b 18.37 ± 1.5c 20.36 ± 2.1d 

Starch paste clarity* (% 

T) 
71.02 ± 3.2a 69.77 ± 2.5b 61.33 ± 2.1c 48.86 ± 1.3d 

% T : percent transmittance, *the means followed by a common letter are not significantly different by Duncan’s multiple 

range test at p <0.05. 

 

3.2. Film water solubility  

Glycero l, o il and lecith in added showed a significant 

difference in  the water solubility of the starch films 

(p < 0.05). Increasing the concentration of g lycerol from 

25% to 30%, oil from 5% to 10% and lecithin from 0% to 

5% resulted in increased water solubility of the composite 

films from all varieties (Table 3). 

 

Table.3: Water solubility of cassava starch-based composite films 

 

Formulation 

Solubility (%) 

Bocou 1* Bocou 2* Yavo* TMS* 

G25 H5 L0 47.14 ± 1.48a 
42.88 ± 1.87a 

 
40.49 ± 2.75a 37.15 ± 1.76a 

G25 H5 L5 49.13 ± 1.71ab 43.90 ± 1.00ab 

 

41.61 ± 2.56ab 39.61 ± 0.58ab 

G25 H10 L0 62.75 ± 3.36d 61.67 ± 3.36d 

 

58.32 ± 2.43d 52.99 ± 2.43d 

G25 H10 L5 66.34 ± 1.33e 64.68 ± 0.81e 

 

60.50 ± 1.42e 56.16 ± 1.24e 

G30 H5 L0 51.85 ± 1.24b 45.95 ± 1.82b 

 

45.01 ± 2.18b 44.35 ± 2.14b 

G30 H5 L5 53.82 ± 1.30c 47.89 ± 1.07c 

 

48.65 ± 1.93c 47.65 ± 2.02c 

G30 H10 L0 73.19 ± 2.84f 69.53 ± 0.74f 

 

62.32 ± 0.56f 59.65 ± 0.82f 

G30 H10 L5 74.63 ± 2.76g 72.96 ± 1.23g 64.50 ± 1.42g 63.07 ± 0.78g 

*The means followed by a common letter are not significantly different by Duncan’s multiple range test at p <0.05. 

 

Increasing the glycerol content from 25% to 30% 

allowed an increase in the water solubility of the films  of 

the starches of the four varieties of cassava. Such 

observations were made in  previous studies on films based 

on bitter and soft cassava starch on the film-forming 

capacity of corn  starch amended (Lopez et al., 2008; 

Belib i, 2014). The demonstrated positive correlation 

between the solubility of the films and the plasticizer 

concentration may be due to the low molecu lar weight of 

the glycerol which enables it to be easily inserted between 

the polymer chains (Cuq et al., 1997) and to the 

hydrophilic nature of glycero l (Lopez et al., 2008). 

Furthermore, the increase in the g lycerol concentration in 

biodegradable films was found to induce a marked 

decrease in the crystallinity of the starch films (Belibi, 

2014). The less crystallites are formed in  the films the 

more readily they will swell in the water and disintegrate. 

Consequently, this will express in higher water solubility 

(Maizura et al., 2007). 

Increasing the oil content from 5% to 10% increased 

the water solubility of the starch films of all cassava 

varieties which is likely to be due to hight degree of 

solubility of the fatty acids contained in the peanut oil. An 

increase in fat content increases solubility in water as long 

as the concentration of fatty acids is lower than the 

saturation level for an expected volume of water (Fakhouri 

et al., 2009). Previous work on gelatin films with lauric, 

palmit ic and stearic acids  revealed indeed a positive 

correlation between water solubility and fatty acid content 

(Fakhouri et al., 2003). Another study revealed that 

solubility of soy protein films showed a significant 

increase with the addition of lauric acid (Rhim et al., 2002) 

supported by similar findings in wheat gluten films with 

added fatty acids (Gontard et al., 1994). 
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The increase in soy lecithin content from 0 to 5% led 

to an increase in the water solubility of the starch films of 

all cassava varieties. It was hoped that the inclusion of 

compounds having hydrophobic characteristics (i.e. soy 

lecithin) could reduce the water solubility of cassava starch 

films; however, this  behavior was not observed in this 

study. A study of edible composite films based on wheat 

gluten and lipids suggested that the increase in solubility 

due to addition of compounds with hydrophobic 

characteristics is related to the breakdown of the 

intermolecular bonds in the protein network and to the 

formation of weak interactions with hydrophobic 

substances (Gontard et al., 1994). The subsequent increase 

in the solubility of cassava-based films when the 

concentration of soy lecithin is being raised is likely to be 

related to the breakdown of the intermolecular bonds in the 

starch network. 

3.3. Film opacity  

The opacity values of the starch films of the d ifferent 

cassava varieties as a function of the different formulations 

are presented in Table 4. At a given concentration of 

glycerol addition of oil allowed an increase in the opacity 

of the films of cassava starches. Similarly, at a given 

concentration of glycerol and oil, addition of soy lecithin 

caused an increase in the opacity of cassava starch films. 

Highest values were found with films from TMS starch, 

followed by Yavo, Bocou 2 and Bocou 1. Added oil and 

lecithin and oil-lecithin combination showed significant 

differences in the opacity of the starch films  of all cassava 

varieties (p < 0.05). 

Table.4: Opacity of cassava starch-based composite films 

 

Formulation 

Opacity (AU nm-1) 

Bocou 1*  Bocou 2* Yavo*  TMS* 

G25 H5 L0 110.64 ± 6.98a 166.70 ± 15.05a 169.21 ± 8.36a 191.42 ± 4.61a 

G25 H5 L5 172.82 ± 6.40c 257.27 ± 10.35c 223.92 ± 3.41c 251.42 ± 8.50c 

G25 H10 L0 155.65 ± 6.86b 169.36 ± 3.47b 208.15 ± 11.85b 221.39 ± 3.30b 

G25 H10 L5 272.55 ± 11.19d 322.62 ± 8.86d 332.50 ± 12.09d 348.66 ± 2.49d 

G30 H5 L0 132.82 ± 6.39a 162.67 ± 7.02a 181.56 ± 3.14a 196.58 ± 1.77a 

G30 H5 L5 200.56 ± 5.13c 264.62 ± 11.39c 237.33 ± 8.49c 259.06 ± 3.11c 

G30 H10 L0 171.47 ± 14.05b 156.27 ± 7.15b 209.09 ± 16.28b 217.65 ± 6.71b 

G30 H10 L5 291.98 ± 5.07d 299.29 ± 1.00d 337.12 ± 17.07d 348.57 ± 7.63d 

*The means followed by a common letter are not significantly different by Duncan’s multiple range test at p <0.05.  

 

The increase in o il content from 5 to 10% allowed  an 

increase in the opacity of the films of the starches of all 

cassava varieties, which is in line with previous  study 

(Perez-Mateos et al., 2009). Similar results were found in a 

study on the physical and barrier properties of composite 

films of apple pectin and manioc starch incorporated with 

Laurus Nobilis oil and oleic acid  (Taq i et  al., 2014). The 

authors attributed this behaviour to the physical properties 

of oils at room temperature, which generally depends on 

the oil concentration in the film.  The opacity of the films 

would therefore be linked to the oil droplets dispersed 

throughout the starch network and to the orig inal color of 

the oil used. Similar observations  were made previously on 

the whiteness of gelatin film color  in relation to the 

sunflower oil dispersed in the emulsion (Perez-Mateos et 

al., 2009) and opacity increase as a function of the fatty 

acid level in a film within a study on the effects of fatty 

acid addition to the properties of corn starch and gelatin 

films (Fakhouri et al., 2009). 

Increase in lecithin content from 0 to 5% allowed an 

increase in opacity of films from starches of all cassava 

varieties. We attribute this increase to original state of 

yellow soybean lecithin and a hydrophobic compound. 

Incorporation of the hydrophobic substances into the 

hydrocolloid polymer HPMC matrix caused a decrease in 

the luminance of the films  which resulted in an  increase in 

their opacity in previous work (Quezada-Gallo et al., 

2000). An oil-soy lecithin combination also allowed an 

increase in  opacity of starch films of four cassava varieties 

which seems to be accumulat ion of their individual effects. 

Opacity was more pronounced in TMS starch films  than in 

starch films derived from the three other variet ies used in 

this study and is related to the intrinsic characteristics of 

each starch variety specifically the starches paste clarity 

(Table 2). 

3.4. Film color 

The color parameters (Fig. 1) o f the films were 

significantly influenced by the addition of glycero l, oil and 

lecithin (p  < 0.05). Increasing the glycerol content, led to 

increased L* (Fig. 1a) and decreased a* (Fig. 1b), b* (Fig. 

1c) and ΔE*ab (Fig. 1d), of starch films from four cassava 

varieties. Conversely, increasing the oil content, resulted in 

a decrease in L* and a*, and an increase in b* and ΔE* ab, 

of the starch films formulated using cassava varieties. 

Lecithin addition, resulted in an increased L*, b* and 

ΔE*ab, but decreased a*, of starch films of cassava 

varieties. The increase in b*, resulted in an increase in 

ΔE*ab of the resulting films. 
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Fig.1: Effect of glycerol, oil and soy lecithin on the colour parameters of films based on cassava starch, a) color parameter  

L*, b) color parameter a*, c) color parameter b*, d) ΔE* indexes 

 

 The study on HPMC films plasticized with 15 and 

30% glycerol was showed a slight increase in L* 

luminance but not a decrease in a*, b* and ΔE* ab indexes 

(Al Mahdi, 2006). However, our results concerning effect 

of oil on color parameters are consistent with studies on 

emulsified films based on gelatine of fish shell and palm 

oil (Tongnuanchan et al., 2015) and on the stability of the 

emulsion and the properties of gelatin films affected by 

palm o il and emulsifiers  (Nilsuwan et al. 2016). Previous 

studies in films with soy lecithin as emulsifier reported 

highest b* and ΔE*ab values compared with other 

emulsifiers (Nilsuwan et al., 2016). Therefore, the colors 

of peanut oil and soy lecith in directly determined the co lor 

of the cassava starch films in this study. 

 

3.5. Mechanical properties  

Table 5 shows values of tensile strength and 

elongation at break of composite films based on cassava 

starch.  

 

Table.5: Tensile strength and elongation at break values of cassava-based composite films 

 

Formulations 

Tensile Strength at break (MPa) Elongation at break (%) 

Bocou 1*  Bocou 2* Yavo*  TMS* Bocou 1* Bocou 2* Yavo* TMS* 

G25 H5 L0 
2.82 ± 

0.3a 

5.11 ± 

1.2a 

5.26 ± 

1.1a 

5.99 ± 

1.6a 

15.08 ± 2.3a 8.64 ± 1.8a 8.20 ± 5.1a 7.39 ± 1.7a 

G25 H5 L5 3.94 ± 

1.6b 

6.22 ± 

1.1b 

6.40 ± 

1.2b 

7.92 ± 

0.9b 

27.54 ± 3.2b 18.17 ± 

2.4b 

16.34 ± 2.1b 17.82 ± 

3.3b 
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G25 H10 L0 0.96 ± 

0.2e 

1.39 ± 

0.3e 

1.26 ± 

0.1e 

2.11 ± 

0.5e 

73.66 ± 5.7e 59.82 ± 

3.4e 

60.12 ± 2.8e 44.36 ± 

4.7e 

G25 H10 L5 1.28 ± 

0.1e 

1.49 ± 

0.1e 

1.65 ± 

0.2e 

2.23 ± 

0.4e 

88.42 ± 1.6e 73.28 ± 

4.3e 

75.44 ± 4.8e 54.23 ± 

3.7e 

G30 H5 L0 2.08 ± 

0.3c 

3.54 ± 

0.4c 

3.90 ± 

0.4c 

3.94 ± 

0.4c 

35.77 ± 5.3c 27.97 ± 

2.6c 

21.47 ± 2.2c 29.23 ± 

6.0c 

G30 H5 L5 1.78 ± 

0.6d 

2.51 ± 

0.6d 

2.80 ± 

0.6d 

2.98 ± 

0.7d 

47.69 ± 4.3d 35.16 ± 

3.4d 

30.27 ± 4.2d 30.91 ± 

4.5d 

G30 H10 L0 0.71 ± 

0.1f 

1.07 ± 

0.3f 

1.09 ± 

0.2f 

1.13 ± 

0.1f 

95.44 ± 1.1f 91.18 ± 

2.8f 

87.41 ± 3.7f 65.09 ± 

2.1f 

G30 H10 L5 0.45 ± 

0.1g 

0.69 ± 

0.1g 

0.72 ± 

0.1g 

0.89 ± 

0.1g 

99.21 ± 1.4g 99.50 ± 

0.7g 

94.49 ± 3.8g 85.56 ± 

1.9g 

*The means followed by a common letter are not significantly different by Duncan’s multiple range test at p <0.05. 

 

Increasing glycerol content from 25% to 30% 

resulted in a decrease in  tensile strength at break and an  

increase in the elongation at break of films from cassava 

starches varieties. It has already been pointed out by 

several authors that increase in  level of p lasticizer such as 

glycerol in starch films leads to a decrease in tensile 

strength and an increase in elongation at break (Alves et 

al., 2007;  Bertuzzi et al., 2012;  Sanyang et al., 2015). It  

has been shown that glycerol reduces the rigidity of the 

starch network, lead ing to a less orderly film structure and 

increasing the capacity of the polymer chain  movement 

(Sothornvit and Krochta, 2005). These properties render 

glycerol a suitable plasticizer able to reduce 

intramolecular fo rces between starch chains and to 

promote hydrogen bond formation between p lasticizer 

and starch molecu les. An increase in  elongation of films  

may be related to the fact that plasticizers decrease 

intermolecular bonds between amylose, amylopectin and 

amylopectin amylose phases of the starch and substituting 

them by hydrogen bonds formed between starch 

molecules and plasticizer (Sanyang et al., 2015). Such 

perturbation and reconstruction of starch molecular chains 

reduces stiffness and promotes film flexibility by 

allowing greater mobility of the chain. Zavareze et al. 

(2012) have shown that elongation of the polymers 

depends on the mobility of their molecular chains.  

Increasing oil content from 5% to 10% resulted in a 

decrease in tensile strength and an increase in elongation 

at break of starch films from all four cassava varieties. 

Similar results have been obtained on films based on 

cinnamon oil incorporated cassava starch (Souza et al. 

2013) and a variety o f other films  with other polymers 

(Lopez et al., 2008; Al Mahdi, 2006). The addition of 

lip ids or oil to protein-based or polysaccharide-based 

films such as starch can reduce intermolecu lar 

interactions between polymer chains. The result is a 

decrease in stiffness with a concomitant increase in  the 

extensibility/elasticity of the film obtained (Lopez et al., 

2008; Souza et  al., 2013). The combination o f g lycerol 

and lecithin  influenced tensile strength and elongation at 

break of films based on cassava starch (p < 0.05).  

At 25% glycero l, addition of soybean lecithin 

resulted in an increase in tensile strength and an increase 

in elongation at break for all variet ies; however, at 30% 

the addition resulted in  decrease in tensile strength and 

increases an elongation at break of the starch-based films. 

This behavior observed at 30% glycero l when the soy 

lecithin  is added could be due an  apparent synergistic 

effect between glycerol and emulsifiers (Rodriguez et al., 

2006). This interaction means that the films with glycerol 

in the presence of an emulsifier mechanically behave in 

the form of films with a larger amount of plasticizer. At 

25% glycero l, an increase in tensile strength was observed 

that is likely to be due to the good dispersion and 

distribution of the added oil in the film caused by the 

addition of 5% lecithin. It is well known that mechanical 

properties of emulsified films are improved when the 

hydrophobic compound is s mall and distributed more 

homogeneously (Debeaufort and Voilley, 1995). 

Resistance and elongation at break of starch films from 

four cassava vary between varieties. This difference in  

mechanical properties of films may be exp lained by the 

difference in amylose content of starches constituting 

these films. Indeed, as the amylose content of the starch 

increases at constant glycerol concentration, the tensile 

strength at break of the corresponding films increases 

while the elongation at break decreases  (Alves et al., 

2007). 

 

IV. CONCLUSION 

Starches of improved cassava varieties in Côte d'Ivoire 

can be used in the production of biodegradable films with 

plasticizer, lip id and emulsifier. Effect  of plasticizer, lipid  

and emulsifier concentration on films from four improved 

cassava varieties was evaluated. The increased levels of 

glycerol, oil and soybean lecithin influenced the 

properties of cassava-based starch films. The resultant 

films from improved cassava starch with glycerol, peanut 
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oil and soybean lecithin had satisfying mechanical 

properties and low water solubility. However, to further 

optimize other biodegradable compounds must be added 

to formulation. 

 

ACKNOWLEDGMENTS 

The authors would like to thank the Interprofessional 

Fund for Agricultural Research and Council (FIRCA) in  

Côte d’Ivoire, which has funded this study. They also 

would like to thank Marjorie Servais for establishing the 

film preparation method, Thomas Bertrand for all the 

technical support in the laboratory, Dr Jasmina Saric for 

revision of the manuscript and Dr. Hgazard who put at 

our disposal the cassava roots that were used for the 

study. 

 

 

REFERENCES 

[1] Adjouman, Y. D., Nindjin, C., Tetchi, F. A., Dalcq, A. 

C., Amani, N. G. and Sindic , M. (2017). Water 

vapor permeability o f ed ible films based on 

improved cassava (Manihotesculenta Crantz) native 

starches. Journal of Food Processing and 

Technology,8, 665. doi: 10.4172/2157-

7110.1000665 

[2] Al Mahdi, R. (2006). Mise au point et caractérisation 

de films comestibles à base de polysaccharides et de 

mat ières grasses (doctoral thesis). Institut National 

Polytechnique de Lorraine, Lorraine, France. 

[3] Alves, V. D., Mali, S., Beléia, A. and Grossmann, M. 

V. E. (2007).Effect o f glycero l and amylose 

enrichment on cassava starch film properties. 

Journal of Food Engineering,78, 941-946. 

[4] ASTM D882-02. (2002). Standard test method for 

tensile properties of thin plastic sheeting. 

Philadelphia : American Society for Testing and 

Materials. 

[5] Belibi, P. C. (2014). Development and 

characterizat ion of bio films based on cassava starch 

reinforced by bi and tri-dimensional mineral fillers. 

Thesis. Université de Haute A lsace, Mulhouse, 

France. 156p 

[6] Bergo, P., Sobral, P. J. A. and Prison, J. M. 

(2010).Effect of g lycerol on physical properties o f 

cassava starch films. Journal of Food Processing 

and Preservation, 34,401-410. 

[7] Bertuzzi, M. A., Gottifredi, J. C. and Armada, M. 

(2012).Mechanical properties of a high amylose 

content corn starch based film, gelatin ized at low 

temperature. Brazilian Journal of Food Technology 

(Campinas),15, 219-227. 

[8] Copeland, L., Blazeka, J., Salmana, H. and Tanga, M. 

C. (2008).Form and functionality of starch. Food 

Hydrocholloids,23(6), 1527-1534. 

[9] Craig, S. A. S., Maningat, C. C., Seib, P. A. and 

Hoseney, R. C. (1989). Starch paste clarity. Cereal 

Chemistry, 66, 173-182. 

[10] Cuq, B., Gontard, N., Cuq, J. L. and Guilbert, S. 

(1997).Selected functional properties of fish 

myofibrillar protein-based films as affected by 

hydrophilic plasticizers. Journal of Agricultural and 

Food Chemistry,45, 622-626. 

[11] Debeaufort, F. and Voilley, A. (1995).Effect of 

surfactants and drying rate on barrier  properties of 

emulsified edible films. International Journal of 

Food Science and Technology, 30, 183-190. 

[12] Fabra, M. J., Jiménez, A., Atarés L., Talens, P. and 

Chiralt, A. (2009).Effect of fatty acids and beeswax 

addition on properties of sodium caseinate 

dispersions and films. Biomacromolecules, 10,1500-

1507. 

[13] Fakhouri, F. M., Batista, J. A., Grosso, C. R. F. 

(2003).Efeito de coberturas comestíveis aplicada 

semgoiabas in natura (PsidiumguajavaL.) I. 

Desenvolvimento e caracterização de filmes  

comestíveis de gelatina, triacetina e ácidos graxos. 

Brazilian Journal of Food Technology,6,301-308. 

[14] Fakhouri, F. M., Fontes, L. C. B., Innocentini-Mei, 

L. H. and Collares-Queiroz, F. P. (2009).Effect o f 

fatty acid addition on the properties of biopolymer 

films based on lipophilic maize starch and gelatin. 

Starch/Stärke, 61,528-536. 

[15] FAO. (2016). Food and Agriculture Organisation 359 

of the United Nations. Food outlook : biannual 

report on global food markets. 

http://www.fao.org/3/a-i6198e.pdf Accessed 

04.03.2017. 

[16] Gontard, N., Duchez, C., Cuq, J. L. and Guilbert, S. 

(1994).Edib le composite films of wheat gluten and 

lip ids water vapour permeability and other physical 

properties. International Journal of Food Science 

and Technology, 29, 39-50. 

[17] Koelsch, C. M. and Labuza, T. P. (1992).Functional, 

physical and morphological properties of methyl 

cellu lose and fatty acid-based edible barriers. LWT - 

Food Science and Technology, 25, 404-411. 

[18] López, O. V., García, M. A. and Zaritzky, N. E. 

(2008). Film forming capacity of chemically  

modified corn starches. Carbohydrate Polymers, 73, 

573-581. 

[19] Maizura , M., Fazilah, A., Norziah, M. H. and Karim, 

A. A. (2007). Antibacterial activity and mechanical 

properties of part iallyhydrolyzedsagostarch-alginate 

http://dx.doi.org/10.22161/ijeab/3.4.39
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.39                                                                                                                      ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                           Page | 1440  

edible film containinglemongrassoil. Journal of  

Food Science, 72, C324-C330. 

[20] Mali, S., Sakanaka, L. S., Yamashita, F. and 

Grossmann, M. V. E. (2005). Water sorption and 

mechanical properties of cassava starch films and  

their relation to p lasticizing effect. Carbohydrate 

Polymers, 60, 283-289. 

[21] Morrison, W. R. and Laignelet, B. (1983). An 

improved colorimetric procedure fo r determining  

apparent and total amylose in  cereal and other  

starches. Journal of Cereal Science, 1, 9-20. 

[22] Nilsuwan, K., Benjakul, S. and Prodpran, T. (2016). 

Influence of palm o il and glycerol on properties of 

fish skin gelatin-based films. Journal of Food 

Science and Technology, 53, 2715-2724. 

[23] Pérez-Mateos, M., Montero, P. and Gómez-Guillén, 

M. C. (2009). Formulation and stability of 

biodegradable films made from cod gelatin and  

sunflower oil b lends. Food Hydrocolloids, 23, 53-

61. 

[24] Prodpran, T., Benjakul, S. andArtharn, A. 

(2007).Properties and microstructure of protein 

based film from round scad (Decapterusmaruadsi) 

muscle as affected by palm oil and chitosan 

incorporation. International Journal of Biological 

Macromolecules, 41, 605-614. 

[25] Quezada-Gallo, J. A., Debeaufort, F., Callegarin, F. 

and Voilley, A. (2000).Lipid  hydrophobicity, 

physical state and distribution effects on the 

properties of emulsion based edible films. Journal of 

Membrane Science, 180, 37-46. 

[26] Rhim, J. W., Gennadios, A., Weller, C. L. and 

Hanna, M. A. (2002). Sodium dodecyl sulfate 

treatment improves properties of cast films from soy 

protein isolate. Industrial Crops and Products, 15, 

199-205. 

[27] Rodríguez, M., Osês, J., Ziani, K. and Maté, J. I. 

(2006).Combined effect of p lasticizers and 

surfactants on the physical properties of starch based 

edible films. Food Research International, 39, 840-

846. 

[28] Sanyang, M. L., Sapuan, S. M., Jawaid, M., Ishak, 

M. R. and Sahari, J. (2015). Effect of p lasticizer type 

and concentration on tensile, thermal and barrier  

properties of biodegradable films based on sugar 

palm (Arengapinnata) starch. Polymers, 7, 1106-

1124. 

[29] Schmitz, C. S., de Simas, K. N., Joao, J. J., de Mello  

Castanho Amboni, R. D. and Amante, E. R. (2006). 

Cassava starch functional properties by  

etherification-hydroxypropylation. International 

Journal of Food Science and Technology, 41, 681-

687. 

[30] Sothornvit, R. and Krochta, J. M. (2005).Plasticizers 

in edib le films  and coatings. In J. H. Han (Ed.) , 

Innovations in food packagings New York : 

Elsevier.pp. 403-433.  

[31] Souza, A. C., Goto G. E. O., Mainardi, J. A., Coelho, 

A. C. V. andTadini, C. C. (2013).Cassava starch 

composite films incorporated with cinnamon 

essential oil : antimicrobial activ ity, microstructure, 

mechanical and barrier properties. LWT-Food 

Scienceand Technology, 54, 346-352. 

[32] Taqi, A., Mutihac, L. and Stamat in, I. 

(2014).Physical and barrier properties of apple  

pectin/cassava starch composite films incorporating  

Laurus nobilis L. oil and o leic  acid  .Journal of Food 

Processing and Preservation, 38, 1982-1993. 

[33] Tongnuanchan, P., Benjakul, S., Prodpran, T. and 

Nilsuwan, K. (2015). Emulsion film based on fish 

skin gelat in and palm o il physical, structural and  

thermal properties. Food Hydrocolloids, 48, 248-

259. 

[34] Vicentini, N. M. and Cereda, M. P. (1999).Uso de 

filmes de fécu la de mandioca empóscolheita de 

pepino (CucumissativusL.).Brazilian Journal of 

Food Technology, 12, 87-90. 

[35] Yang, L. andPaulson, A. T. (2000).Effects of lipids 

on mechanical and moisture barrier properties of 

edible gellan film. Food Research International, 33, 

571-578. 

[36] Zavareze, E. R., Pinto, V. Z., Klein, B., El Halal, S. 

L. M., Elias, M. C., Prentice-Hernández, C. and  

Dias, A. R. G. (2012).Development of oxidised and 

heat–moisture treated potatos tarch film. Food 

Chemistry, 132, 344-350. 

 

http://dx.doi.org/10.22161/ijeab/3.4.39
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                                      Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.40                                                                                                                             ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                                  Page | 1441  

Multinomial Logit Estimation of Income Sources 

by Watermelon Farmers in Northeastern Nigeria 
N. E.Tiku*, P. Saleh*, P.R. Waziri-Ugwu *, U. Ibrahim** and N. Nafisat*** 

 

*Department of Agricultural Economics and Extension, Faculty of 

Agriculture, Federal University, Gashua, PMB 1005, Gashua,Yobe State, Nigeria.. 

**Department of Agronomy, Faculty of Agriculture, Alhmadu Bello  

University, Zaria, Nigeria 

*** Department of Agricultural Extension and management, Binyamin Usman Polytechnic  

Hadejia Jigawa 

Corresponding Author:    N.E.Tiku 

Email:  ejorntiku@gmail.com 

 

Abstract— The main objective of the research was to use 

multinomial logit model to estimate income sources of 

watermelon farmers in northeastern Nigeria. A total of 434 

farmers were sampled through multi-stage sampling 

procedure covering three Local Government Areas of Yobe 

state, Nigeria. The sources were personal savings, friends 

and relatives, Bank loans and cooperative/thrift societies.  

The results revealed that farm size, age and level of 

education were significant at 5% probability level and 

positively influenced the utilization of income from friends 

and relatives. Farmers’ level of education, total cost of 

production and farm size significantly influenced farmers to 

obtain loans from banks. The marginal effects were 0.0504, 

2.75 and 0.0038 showing the degrees of probabilities the 

variables can influence bank loans.   Watermelon farmers 

can only obtain loans from cooperative and thrift society 

based on their farm size, total revenue, age, total cost and 

their level of output. These variables were significant at 1% 

and 5% probability levels with appropriate signs. The study 

concluded that 60% of the farmers fund their farm through 

personal savings and was difficult to get bank loans. It was 

recommended that micro-savings be encouraged among 

farmers and cooperative/thrift societies should be 

encouraged and adequately developed through the Non-

Governmental Organizations.  

Keywords— income, Sources, Utilization, Farmers, 

Nigeria 

 

I. INTRODUCTION 

The survival strategies  among rural households of 

developing countries are intertwined with agricultural 

activities. But financing the sector at the rural base level is a 

major predicament to both individuals, cooperate bodies 

and government ( Tiku and Enoibor, 2012). 

It is recognized that increase in finance and investment are 

needed at all the food chain, with special interest in 

increasing the access to finance by the agricultural 

households and communities that are most vulnerable to 

food insecurity and poverty. Source of agricultural 

financing is imperative to the development of agrarian 

economy, through  financial services ranging from short-

medium and long-term loans to leasing, to crop and 

livestock insurance, covering the entire agricultural value-

chain in inputs supply, production  and distribution, 

wholesaling, processing and marketing (Miller and Jone, 

2010) . 

The agricultural sub-sector is saddled with peculiar risks, 

risks that can hardly be diversified, calculated or quantified 

making it almost near impossible for commercialization. 

This factor has left rural farmers at the mercy of their little 

income and most times informal sector financing 

(Emmanuel and Enimus, 2015). 

The need to finance agricultural activities is primarily to 

alleviate poverty among the rural poor in developing 

economy where 70% and above are employed. Fassil and 

Mekonnen (2016) observed that farm households diversify 

their income sources for at least two reasons: pull factors 

and push factors. The pull factor is diversification 

undertaken for asset accumulation objectives, whereas push 

factor is diversification undertaken to reduce vulnerability 

and build resilience to shocks. Increase financial support to 

agriculture could lead to capital accumulation. According to 

Jhingan (1999) in Emmanuel and Enimus (2015), the 

vicious Cycles of poverty in under-developed countries can 

be broken through capital accumulation. It is capital 

formation that leads to utilization of available resources. 

Thus, capital formation leads to increase in the size of the 

national output, income and employment, thereby solving 
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the problems of inflation and balance of payment and 

making the economy free from the burden of foreign debts. 

Muhammed and Haruna (2015) stressed that agriculture is 

and will continue to be a major building block in the 

achievement of the Millennium Development Goals 

(MDGs). Agricultural based small scale business (ASSBS) 

include businesses that engage in the supply of Agricultural 

inputs, services to farming/Agribusiness, trading produce, 

storing and transportation, processing and retailing of farm 

produce. Recent statistics shows that agricultural production 

needs to increase by 70 percent by 2050 in order to feed the 

world, while demographic growth, climate change and 

urbanization put pressure on available cultivable land 

(Muhammed and Haruna, 2005). 

To support the laudable importance of agriculture in 

Nigeria, Adegoke, et al (2015) revealed that the Central 

Bank of Nigeria has established a USD 350millon risk 

sharing facility to reduce the risk of farmers and 

agribusinesses. It will also reduce interest rates paid by 

farmers from 18% to 8%. The Federal Government is also 

recapitalizing the Bank of Agriculture (BoA) to lend at 

single digit interest rates to farmers. Financial services 

include weather index-based insurance Schemes as 

proposed by Government, because many farmers will not be 

able to afford the cost of insurance premiums. In addition, 

subsidies were proposed to support and reduce the high 

fixed cost of insurance products. Area-based food insurance 

scheme is expected to be established in areas prone to 

floods. All this laudable programmes has remained on paper 

and implementation is near zero.  

In 2017, cost of importation of food items into Nigeria 

remain very high, most homes go to bed hungry and 

agricultural productivity in the country is unsustainable.    It 

is on the bases of this that Emmanuel and Enimus (2015), 

reechoed the Neo-classical growth theory of convergence 

thesis in conjunction with Cobb-Douglas production 

function, where output is a function of labour, capital and 

the level of technology and there are constant to each factor 

separately. Solow in 1956 opened a new chapter in 

development economics by pioneering an economic growth 

model based on the assumption that increasing capital 

accumulation and technical efficiency are the sources of 

economic growth. According to Thirwall (1999), capital 

accumulation is as much the endogenous consequences of 

growth as the exogenous cause growth. 

In the Harrod-Domar model, the prime mover of the 

economy is investment and it has a dual role: create demand 

and capacity (Jhingan, 2007). 

It is based on these roles we make attempt to investigate the 

level of involvement of commercial banks and other 

informal financial institutions in promoting the production 

of watermelon in the northeast of Nigeria. 

The significant of the study is to underscore reasons that 

most watermelon farmers in the country are faced with the 

problem of sourcing for income to finance their agricultural 

activities. They rely on informal sources which are very 

precarious, unstable and un-assured. The findings will help 

the researchers to unravel the major determinants of 

farmers’ choices of income source, which is very critical in 

agricultural development of the country.    

The description of watermelon and the nutritional 

importance show that watermelon (Citrullus lanatus) is a 

member of the Cucurbit family (Cucurbitaceae). The crop is 

grown commercially in areas with long frost free warm 

periods. Seed requirement is 3kg/ha. Nutritionally, an 

average fruit is made up of 93% water by weight and about 

7% consists of small amount of protein, fat, mineral and 

vitamin (Adekunle et al, 2003). The major components of 

the fruits are carbohydrates and vitamins. 

 

Table.1: Nutritive Value Per 100kg edible portion 

Nutrients  Calories  

Energy  16.0 kcal 

Protein  0.2 g 

Fat  0.2 g 

Carbohydrates  3.3 g 

Calcium  11.0 mg 

Phosphorus 12.0 mg 

  Iron  7.9 mg 

Thiamine 20.0 μg 

Riboflavin 40.0 μg 

Vitamin C 1.0 mg 

Source: Adekunle et al, 2003 

Generally, the study will uncover the necessity of 

agricultural financing; it is an attempt to recognize the 

financial needs of the entirety of agricultural value chain in 

watermelon production. The study will advance knowledge 

of identifying the income gaps among farmers which is a 

major force that drives agricultural processes. 

The paper is an exposition of how watermelon farmers do 

respond to their specific requirements for obtaining credit 

supply. It is a tailored approach designed to monitor the 

dynamics of farmers’ choices in sources of income to 

finance production in the face of limited assistance from 

government and the unwilling nature of commercial banks 

to make agricultural financial supply to the farmers a 

priority.    

The  specific objectives of the study are to: 

i. identify the major sources of income to 

watermelon farmers; 
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ii. estimate the determinants of  the choice of the 

source of income; and 

iii. make policy recommendations for the 

enhancement of watermelon production in the 

area.  

 

II. MATERIALS AND METHODS 

Study area: the research was conducted in the 2015 and 

2016 farming season in Yobe State northeast of Nigeria. 

The State was carved out from Borno State on 27th August, 

1991. The State is predominantly a rural State with only 

five medium size fairly populated towns viz: Damaturu, 

Potiskum, Gashua, Nguru and BunuYadi. The State has 17 

Local Government Areas (L.G.As.). The study was 

conducted in three LGAs. Purposive sampling method was 

used to select Bade, Nguru and Potiskum LGAs because the 

form the major watermelon producing fringe of Lake Chad 

agro-ecological zone.    

Data Collection: primary data was collected from 

watermelon farmers and traders in Bade, Nguru and 

Potiskum using a structured questionnaire. The 

questionnaire was administered by qualified enumerators 

drawn from Federal University, Gashua, Yobe State and the 

State ministry of Agriculture. The multistage procedure was 

employed to select respondents randomly among the 

watermelon farmers. Proportionality factor was applied to 

select the respondent in relation (ratio) to the sample frame 

obtain from the water melon farmers association.  With this, 

Hundred and thirty (130) farmers from the 10 political 

wards of Bade, One hundred and forty (140) farmers from 

the 10 political wards of Nguru and One hundred and sixty  

four (164) farmers from 10 political wards of Potiskum, 

making a total of four hundred and thirty four (434) 

respondents used for the study.  

 

Table.2: Variables used in the multinomial logit model 

Variable Name Nature of Variable Unit  Variable description 

Dependent variable 

sources of income 

Discrete 1 

2 

3 

4 

Personal savings 

Friends and relatives 

Bank loans 

Cooperative/thrift society 

Independent 

variables 

   

Output  Continuous  100Kg = 40 fruits of 

watermelon 

Total output is meant to be an asset/incentive 

to attract bigger loans from banks  

Years of farming 

experience 

Continuous  Years= No. of years 

spent in cultivating 

watermelon 

It was hypothesized to positively/negatively 

influence a household to use a better source 

of income to improve on his production. 

Household size Continuous  No. of persons living 

together 

It was hypothesizes to positively influence 

better sources of income. As more persons in 

a household will mean more family labour 

and higher productivity. 

Total cost  Continuous  Total cost of 

production 

In Naira: it is expected that the higher the 

cost of production the higher the demand for 

money. 

Revenue  Continuous  Total revenue minus 

total variable cost 

It was hypothesized that higher revenue will 

lead to better standing in the bank to obtain 

better financial assistance. 

Age  Continuous  No. of years of the 

household head 

Age of household can be a proxy to 

experience and was hypothesized to 

positively influence a household to select a 

given source of income. 

Level of education Continuous  Schooling  No. of years  Education of household head in years was 

hypothesized to influence the farmer, more 

years in school meant higher probability to 

select a higher source of income. 

Source: Survey data, 2017 
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Analytical Framework: The descriptive statistics: that is 

the use of Tables, Charts and graphs was employed to 

describe socio-economic characteristics of the respondents. 

In order to determine the factors that influence the choices 

of sources of income, the multinomial logit was employed. 

Choices involving more than two alternatives can be best 

explained by probit or logit model and predict the 

probability that an individual with certain set of 

characteristics chooses one of the alternatives. The models 

could be multinomial logit, conditional logit and 

multinomial probit. In this case the multinomial logit was 

used. The four sources of income available to watermelon 

farmers identified were: Personal Savings, Bank Loans , 

Friends and relatives and co-operative/thrift societies. 

Since we are dealing with categorized dependent variable, 

numerical values were assigned to the qualitative variables 

(dummies)          

  1 = Personal Savings 

2 = Friends and Relatives 

3 = Bank Loans     4 = Cooperatives/Thrift Societies. 

The farmer has four alternatives having no particular 

ordering. The probability that the ith farmer uses alternative 

j is Pij = ρ [individual I chooses alternative j]. 

Setting up the model structure 

Assuming a single explanatory factor Xi in the multinomial 

logit specification (Hoffman and Duncan, 1988)10 the 

probabilities of individual I choosing alternative j = 1,2,3, 

and 4 are: 

P11 =     1 

  1 + exp(β12 + β22xi) + exp(β13 + β23xi), j = 

1  ………………………..1 

 

P12 =    exp(β12 + β22xi) 

  1 + exp (β12 + β22xi) + exp (β13 + 

β23xi), j = 2……………….2 

 

P13=    exp(β13 + β23xi) 

  1 + exp (β12 + β22xi) + exp(β12+ 

β23xi),  j = 3………………..3 

 

P14 =    exp(β14 + β24xi) 

  1 + exp(β12 + β22xi) + exp(β14 + 

β24xi),  j = 4…………………4 

 

The parameters specific to the 1st, 2nd, 3rd and 4th alternative 

sources of income are β11 and β21, β12 and β22 and β14 and β24 

respectively. To solve an identification problem and to 

make the probabilities sum to one, the parameters of the last 

(jth) or the most frequently use source of income set to zero. 

In this case personal savings was set to zero. 

In this report 434 farmers were investigated, our objective is 

to understand the determinants that lead a farmer to use a 

particular source of income against other alternatives. The 

factors included in the explanatory variables are output of 

the farmer, years of farming experience, household size, 

total cost of production, revenue generated, age of the 

farmer and level of education. 

Pij = ρ[ individual use of income alternative j] we consider 

that 

Yi1, Yi2, Yi3 and Yi4 are personal savings, friends and 

relatives, bank loans and thrift societies as indicators of 

source of income by individual i.If personal savings is used;  

Yi1 = 1, Yi2 =0, Yi3 = 0 and Yi4 = 0 

…………………………….5 

If friends and relatives is used  

Yi1 =0, Yi2 = 1, Yi3 = 0 and Yi4 = 0…………………………….6 

If Bank loans 

Yi1 =0, Yi2 =0, Yi3 = 1 and Yi4 = 

0…………............................7 

If cooperative /thrift societies  

Yi1 =0, Yi2 =0, Yi3 = 0 and Yi4 = 1………… …………….…...8 

 

Generally, the Multinomial logit defines probabilities as a 

function of Xi of unknown parameter µ 

P1 = (P5Xi, ϴ) …………………….………………………….9 

In the standard MNM, the probability function defined as 

by Maddala (1983)11, Wanyaina et al (2010)12, the reference 

source of income is Personal Savings. Hence, for each 

source of income there are 4 – 1 =3. 

A farmer is likely to use at least more than one income 

source depending on his socio-economic characteristics. 

The decision to use a particular source of income is a 

behavioural response arising from a set of alternative and 

constraints facing the farmer. In this study, the alternative is 

as earlier defined. 

 

III. RESULTS AND DISCUSSION 

The socio-economic factors among farmers that influences 

the use of particular sources of income for water melon 

production in Yobe State is presented in Table 2.  The 

variables also used in the model in Table 3 reveals the 

percentage of sources of income utilized by farmers. 

Personal savings rank highest 59.45% among alternative 

sources of financing watermelon in Yobe State as revealed 

in Table 3. The impact of Bank loan is very small as it is 

hardly accessed by farmers in the study area. Reasons might 

not be far from factors of illiteracy, ignorance, interest rate, 

administrative bottlenecks, cultural barriers etc. 

 

Table.3: Distribution of watermelon farmers by source of 

income 

http://dx.doi.org/10.22161/ijeab/3.4.40
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S/No. Source of income No. of 

respondents 

Percentage  

1 Personal Savings 258 59.45 

2 Friends/Relatives 77 17.74 

3 Bank loans 35 8.06 

4 Cooperatives/Thrift 

Society 

64 14.75 

 Total  434 100 

Source: Survey data, 2016 

 

The religion factor is also very opposed to loan collection in 

the areas. The people of the area are predominantly 

Muslims and they seldom take credit facilities that have to 

do with interest payment. That is why the result shows that 

91.94% of source of financing watermelon production in 

Yobe State surround personal savings, friends/relatives and 

thrift societies.  

The descriptive statistics of the respondents and its 

implications is given in Table 4. It revealed that the average 

output of watermelon in the study area is 882644.2kg per 

hectare and the mean farmer’s years of experience is 14 

years. This means that watermelon farmers in Yobe State 

have sufficient farming dependence to guide them take 

sacrosanct decision in terms of where, when and how to 

obtain credit facilities in funding watermelon production. 

The Table 4 equally shows that the average household size 

is 16 persons. This figure agreed with the practice of 

polygamy in the area where a man is permitted to marry up 

to four (4) wives despite their socio-economic statues. 

 

Table.4: Descriptive statistics on sample characteristics of watermelon farmers 

Variables  Variable description Mean  Std. Deviation 

Sincome Sources of income 1.797235 ±1.100238 

Outpkg Output  882644.2     1174024 

Yrsfexp Years of farming 

experience 

 14.19816        10.32911 

Hhs Household size  16.23963     15.31298 

Fsize Farm size 3.814516      4.48807 

Tcost Total cost 142190.9     92971.23 

Revenue Revenue  1277539      2498079 

Age Age of farmer 39.72333       12.23625 

Ledu Level of education  8.605991     5.396009 

Source: Survey Data, 2016. 

 

The average farm size is four (4) hectares. This is possible 

because Yobe State has large expand of Sahel Savannah 

land, which most times left uncultivated. So, farmers take 

advantage of the availability of land in the area to cultivate 

large farm size without necessarily having a corresponding 

harvest per unit area. This study negated some literatures 

that conclude that most arable crops are cultivated within 1 

to 2 hectares of land in Nigeria (Amalu, 2005). 

The Table 4 further revealed that the average age of 

household head is 40 years. The implication is that most 

farmers are in their active age and they have the capacity to 

access financial facilities to boast their production if given 

opportunities. In this age bracket they have acquired 

sufficient experience in life to take risks in farm 

management decisions, including acquisition of farm 

income financing and risk taking. The Study agreed with 

Reddy et al., (1990) that agricultural production is 

confronted with risk and uncertainty condition , as 

agricultural production being biological and seasonal in 

nature. 

The study revealed that average revenue is N1277539 and 

average cost of production is N142190.9 making about 

88.9% profit. This is possible because the cost of 

maintaining watermelon farm in the study area is quite low 

and the existence of high patronage for it an attractive 

means of income. The average schooling period is 8 years. 

The meaning is that most watermelon farmers s top 

schooling after primary school and 2 years of possible 

Arabic education or the entire six years in Arabic education 

and no higher school. The implications are that majority of 

the respondent can only read and write in Hausa and Arabic 

but little western education literacy.  This has affected 

farmers greatly, because illiteracy inhibit farmers from 

accessing bank loans and instill in them fear of expansion in 

their scope of business and acquisition of modern 

technologies and innovations. The importance of education 

in capacity building cannot be overemphasized in this 

regards as nobody or a nation can grow above his/her level 

of education.    

 

Multinomial logit Results 
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Friends/relatives : The result of multinomial logit revealed 

in Table 5that factors that influence watermelon farmers to 

get their sources of income from friends and relatives 

include age and level of education and farm size; there are  

significant at 5%,5% and 1% probability level respectively. 

The result of the marginal effect in Table 6 also revealed 

that level of education was positive and significant at 5% 

implying that a 1percent increase in the level of education 

of the respondent increases the probability of the farmer 

getting credit facility from friends and relatives by 

0.45percent.  As farmer get older the chances of getting 

loans from friends and relatives decreases by 0.17%, this is 

understandable because as farmers get older they tend to 

have accumulated resources that can sustain their farming 

cost, equally they become more risk conscious and 

avoidance.  Meanwhile, increase in farm size will open up 

more opportunities for farmers to get loans from friends and 

relatives by probability level of 4%.  

 

Bank loans 

The level of education, total revenue and farm size where 

significant at 5% probability level as revealed in Table 5 

and 6. The marginal effect of the level of education was 

negatively related to bank loans. The inverse relationship 

exhibited show that an increase in the level of education by 

1%, the probability of obtaining loan by watermelon 

farmers from banks reduces by 0.38%. The result is in 

disagreement with a priori expectation.  It is expected that 

increase level of education should get the farmers more 

opportunities to gravitate towards obtaining loans from 

banks. The negative sign may not be unconnected to the 

earlier reasons tied to their religion and cultural belief and 

other discouraging element from the bank especially the 

area of insufficient initial bank deposit and collateral 

facilities.  More so, total cost was significant at 10% 

showing that the marginal effect was positive, an increase in 

total cost by 1% will increase the probability of farmers 

obtaining bank loan by 9%. Farm size is also very critical in 

farmers getting loans from banks. Farm s ize was positively 

significant at 5%, revealing that a unit increase in farm size 

will bring about 0.038% probability of getting loan from the 

bank. 

 

Table.5: Multinomial logistic regression results 

Friends and Relatives 

Variables                 Coeff.                     STD Error                     Z                                       P>/Z/ 

 

outpkg                2.48e-07                   1.78e-07                     1.39                               0.165     

hhs              .0123315                   .0110369                    1.12                                0.264     

ledu               -.0619127                 .0343521                   -1.80                               0.071     

yrsfexp            -.0068663                  .0285903                   -0.24                               0.810     

         age                .0294865                  .0153734                     1.92                               0.055     

tvc                   5.39e-06                   3.50e-06                    1.54                               0.123     

tr                   -3.81e-08                   1.30e-07                   -0.29                               0.770    

fsize                 -.353887                   .0958012                    -3.69                                0.000      

_cons                -1.803768                 .8246075                  -2.19                           0.029     

 

Bank loans 

Variables             Coeff.                             STD Error                      Z                             P>/Z/ 

outpkg             -2.76e-07                    2.21e-07                      -1.25                        0.211     

hhs                 -.0161975                   .014204                      -1.14                     0.254     

ledu                .0856162                     .0422189                     2.03                      0.043         

yrsfexp                  .0413835                      .0311402                  1.33                      0.184     

         age                  .0109238                    .0191073                     0.57                       0.568     

tvc                   .0000103                    3.42e-06                       3.00                     0.003      

tr                      1.20e-08                   9.91e-08                      0.12                     0.904     

fsize |              -.1795159                    .0994485               -1.81                        0.071     

   _cons |                  -3.9317                  1.067693                   -3.68                            0.000     

 

Co-operative/Thrift Society 

Variables                   Coeff.                     STD Error                        Z                                        P>/Z/ 
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outpkg   -6.84e-07                   2.75e-07         -2.48                                      0.013     

hhs  -.0081796                  .0114432            -0.71                                      0.475    

ledu    .0364356                  .033604                       1.08                                      0.278    

yrsfexp               .0352179                    .0245082                   1.44                                      0.151    

         age                 .0353457                  .0151214                     2.34                                      0.019     

tvc                  .0000136                    3.56e-06                   3.81                                     0.000     

tr                    1.49e-07                    6.80e-08                   2.19                                       0.028     

fsize                 -.4499722                  .1258513                  -3.58                                      0.000     

       _cons               -3.337394                 .8662805                 -3.85                                       0.000     

(sincome==1 is the base outcome) LR chi2(24)     =      85.36   Prob> chi2     =     0.0000 

Log likelihood = -307.45366                       Pseudo R2       =     0.1219 

 

Table.6: Marginal Effect (probabilities) After Multinomial Logit 

Variable    Personal income   Friends/ Relative      Bank loan             Cooperative/Thrift Society 

Output      -6.840e-7*      -9.13e-07*          -3.95e-07*                -8.80e-09* 

Yrsexp       -.0003005**    -.0044289**      .0021825**                .0044956* 

Hhs           -.0013792**     -.004744*           .0012356**              -.0018822* 

Fsize         .0399668***    -.0112483***       .0003832**              -.0172e07** 

Tcost         8.09e-07*        -9.66e-07*            2.75e-09***              5.03e07* 

Revenue     -4.80e07*        -2.66e-07*            8.56e08***               1.16e-07* 

Age           -.0017693**    .0044965**           -0006271*               .0012642* 

Ledu        .0045307**      -.0032717**            -.0050494*               .00982* 

N/B *, **, and *** = Significant at 1%, 5% and 10% respectively  

Source: Survey data, 2016 

 

Cooperative/thrift society 

The result of the multinomial logit shows that output, age, 

total cost, total revenue, and farm size was significant at 1% 

probability level respectively. The marginal effect indicated 

that a 1% increase in output will lead to a less than 8% 

decrease in the use of cooperative/thrift society as a source 

of income to support the farming activity. Age had a 

positive coefficient and a 1% increase in age will lead to 

1.3% probability of obtaining loan from cooperative/ thrift 

society. Meanwhile, total cost was positively significant and 

the marginal effect revealed that a 1% increase in total cost 

will result to a 5% probability of getting credit facilities 

from cooperative/ thrift society. Total revenue also had a 

positive sign shows that a 1% increase in total revenue will 

provide a 12% probability of farmers to obtain loans from 

cooperative/thrift society. Finally, Farm size equally had a 

significant influence on farmers collecting loans from 

cooperative/ thrift societies. A unit increase in farm size 

will lead to a less than 0.19% probability of farmers 

obtaining loans.  The implication is that as farmers get 

larger farm land, the expansion will necessitate farmers to 

source for bigger and more stable sources of income to 

finance their farms. 

 

IV. DISCUSSION 

The current findings revealed that personal savings ranked 

highest as of source income in financing watermelon 

production activity in the study area. The result is in 

consonant with Fassil and Mekonnen (2016). Their study on 

the determinants of off-farm income diversification show 

that personal income accounted for 51%. They opined that 

reduction in poverty can only be achieved through removal 

of entry to barrier to off-farm activities (access to finance, 

market, education and infrastructure) needs to overcome 

and expanded by government. 

The study equally discovers that accessibility to loan 

facility is very difficult. Kirsten and Moldenhauer (2006) 

acknowledges this, when they carried a survey in South 

Africa, with a conclusion that households have multiple 

livelihood strategies with agriculture generally playing a 

small role in the house income generation thereby needing 

external interventions. But Nandudu (2017) echoed that 

banks still don’t trust farmers with agricultural loans. 

Smallholders’ farmers have to look for alternatives of 

financing if they are to increase production and upgrade to 

commercial farming.    “Providing credit to small holders 

farmers involves large transaction cost for a financial 

institution. This makes it hard to asses a farmer who is 

relying on his collateral to get loan because he or she may 
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not be sure of what he will get to pay the loan, making it  

more risky” ( Nandudu 2017). 

The current research unravel that education is very 

imperative in decision making on choices of loan for 

agricultural activities and poverty reduction.  The finding is 

in agreement with Janjua and Kamal (2011) on the study of 

the role of education and income in poverty alleviation. 

They concluded that income growth plays a moderately 

positive role in alleviating poverty, but that  income 

distribution does not play a key role in poverty alleviation 

in the sample overall. Secondly, it concludes that education 

is the most significant contributor to poverty alleviation.  

Education is important mechanism for enhancing both the 

financial and physical health of the farmers Feinstein et al, 

(2006), concluded that there are substantial and important 

causal effects of education on health productivity. Shirazi 

(1994) investigates the incidence of poverty and 

socioeconomic profiles of the poor in Pakistan, and 

concluded that as the educational level of the head of the 

household increases the probability of that household being 

poor decreases. 

The study also discovers that cooperative society is vital 

among water melon farmers in Yobe State. The relevant of 

cooperative in a system is a function of its viability. Most 

farmers with sizable land holders, years of farming 

experience and adequate output had access to credit 

facilities from cooperative/ thrift society. Bello (2005) 

discussing the role of cooperative societies in Economic 

development posited that for over 160  years now  

cooperative societies have been  an  effective way for 

people to exert control over their economic livelihoods as 

they play increasingly important role in facilitating job 

creation, economic growth and social development. 

Underscoring the importance of cooperatives  Najamuddeen 

et al (2012) appealed to government to intensify its effort in 

financing capacity building and provision of technical 

facilities to cooperative societies.  

 

V. CONCLUSION 

From the foregoing, the probability of getting money from 

friends and relatives depends on age, farm size and level of 

education. Obtaining loan from bank has to do with 

farmers’ level of education, total cost and farm size 

indicating their repayment ability. The cooperative/thrift 

societies can give loans to watermelon farmers on the basis 

of their output, age, farm size, total cost and total revenue; 

equally all these are indicators for possible repayment of the 

credit facility. It is concluded here that 60% of the 

watermelon farmers gets their money from personal savings 

to fund their farm activities.  Majority of watermelon 

farmers (92%) fund their farms from informal sources and 

only 8% can have access to banks loans. 

 

RECOMMENDATIONS 

From the finding, it is recommended that micro-finance 

banks, Bank of Agriculture and Commercial banks should 

make loans available to watermelon farmers by using their 

farm lands as colla teral, and encouraging opening of micro-

saving accounts to improve on their bank relationship and 

familiarization of banking formalities. NGOs should 

educate the farmers on the benefit of cooperative societies. 

The farmers could pool their sources together to take the 

advantage of economies of scale in terms of buying inputs 

and marketing their produce. 

Government should establish factories that can utilize the 

watermelon and if possible convert it into juice and other 

derivatives. With this the farmers can be sure of ready 

market and banks could be willing to give loans to farmers 

because default rate of repayment will be reduced. 
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Abstract— Back ground and Objectives: Milk is a highly 

nutritious food that serves as an excellent growth medium 

for a wide range of microorganisms. Rapid, simple and 

inexpensive microbiological quality determination methods 

including Methylene Blue Reduction (MBRT) test could be 

commonly used as a quick method to assess the 

microbiological quality of raw and pasteurized milk. The 

aim of study is to determine quality of kids milk using 

Methylene Blue Dye Reduction Test 

Methods: A total of 37 samples comprising of kids milk 

collected at different levels of collection and processed. 

Accordingly 12 different milk samples from hypermarket, 8 

different milk samples from unlicensed hawker (retail 

market), 11 different samples with additives from hyper 

market samples and 6 different samples with high price. 

Samples were collected. One ml of the Methylene Blue 

Thiocyanate solution added into a test tube then 10 ml of 

milk poured into test tube. Tubes incubated at 37 oC 

Results: Results showed that all types of milk that 

purchased from super market, local market and high price 

milk types shown no change of methylene Blue color appear 

on the base of time, that indicate  very good  quality of the 

milk. On the base of milk types with additive materials only 

one milk showed change in colour but after confirm test the 

colour remained blue and not changed. 

Conclusion: Methylene blue reduction test is rapid 

economic method that can be used for detection of milk 

quality. Approximately all the kids of milks that is 

purchased in our market and local markets showed sterility 

and the source contamination if take place may be by 

storage condition and transvers vehicle. 

Keywords— kids milk, Methylene blue reduction test, 

decoulorization. 

 

I. INTRODUCTION 

Milk is the nutrient rich liquid secreted by the 

mammary gland of mammals. It provide the primary 

sources of nutrition for newborns before they are able to 

digest other type of food the early lactation of milk is 

known as colostrum’s and carries the mother antibodies to 

the baby, it can reduce the risk of many diseases of the 

offspring. 1,4,5 

            Good quality milk should have a pleasantly sweet 

and clean flavor with no distinct after taste. Because of the 

perishability of milk and the nature of milk production and 

handling procedures, the development of off-flavors/odors 

is not uncommon. To prevent flavor/odor defects in milk, 

proper milk handling procedures from the farm to the 

consumer are essential. These defects of milk smell may be 

classified according to; absorbed/transmitted, 

bacterial/microbial and chemical/enzymatic 

processes.6,10,11, 12, 21 

Contaminated raw milk may act as a source of many 

harmful bacteria leading to various diseases, such as 

undulant fever, Salmonellosis, Dysentery and Tuberculosis. 

Raw milk with bacteria count below a specified limit is 

known as "certified" milk and is cons idered healthy. 2 

The shelf life of pasteurized milk can be affected by large 

number of somatic cells in raw milk. Increased somatic cell 

numbers are positively correlated with concentration of 

plasmin, a heat stable protease and of lipoprotein lipase in 

freshly produced milk. Activities of these enzymes can 

supplement those of bacterial hydrolases, hence shortening 

the time to spoilage. The major determinants of quantities 

of these enzymes in milk supply are the initial cell numbers 

of psychotropic bacteria, their generation times, abilities to 

produced specific enzymes, time and temperature at which 

the milk is stored before processing. 15 

Methylene blue reduction test is based on the fact 

that the color imparted to milk by the addition of a dye such 

as methylene blue will disappear more or less quickly. The 

removal of the oxygen from milk and the formation of 

reducing substances during bacterial metabolism causes the 

color to disappear. The methylene blue reduction test has 

lost much of its popularity because of its low correlation 

with other bacterial procedures. This is true particularly in 
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those samples which show extensive multiplication of the 

psychotropic species. 23 

The methodology employed the enzymatic 

reduction of methylene blue by a metabolically active 

organism turning the Methylene Blue colorless. 24 

    Aim of the study: Our aim of this study was to determine 

quality of kid’s milk that purchased from different Markets 

in Erbil City by using Methylene Blue Dye Reduction Test. 

 

II. MATERIAL AND METHODS 

2.1. Collection of samples:  

A total of 37 samples comprising of kids milk 

collected at different levels of collection and processed. 

Accordingly 12 different milk samples from hypermarket, 8 

different milk samples from unlicensed hawker (retail 

market), 11 different samples with additives from hyper 

market samples and 6 different samples with high price. 

Samples were collected. All the samples were kept in an 

icebox and transported to the laboratory under chilled 

conditions within 2 hours and analyzed using Methylene 

blue dye reduction test method as described. 27 

 

 
 

 

Fig.2.1: (A& B) Different milk samples used in experiment 

 

2.2. Methylene Blue Reduction Test: 

            All glassware and rubber stoppers Sterilized either 

in an autoclave or in boiling water.  One ml of the 

Methylene Blue Thiocyanate solution added into a test tube 

then 10 ml of milk poured into test tube and shacked to mix 

dye with milk in test tube. 

Tubes placed in the water bath immediately for incubation.  

The temperature maintained at 37 o C . 25, 28,29 

 

B 

A 
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Fig.2.2: Inoculation of milk samples into methylene blue 

 

           The initial time noted down and the test tube 

examined after half an hour then subsequent readings are 

taken at hourly interval and results are interpreted as 

follows: 

Classification.–The suggested classification is listed. 

Class 1. Excellent, not decolorized in 8 hours. 

Class 2. Good, decolorized in less than 8 hours but not less 

than 6 hours. 

Class 3. Fair, decolorized in less than 6 hours but not less 

than 2 hours. 

Class 4. Poor, decolorized in less than 2 hours. 

 

III. RESULTS 

3.1. Sample from supermarket: 

Different type of milk that purchased from super 

market and their quality are shown in Table  3.1 and figure 

3.1, All milk types shown no change of methylene Blue  

colour  appear on the base of time, that indicate  excellent  

quality of the milk bellow. 

 

 
Fig.3.1: Different milk samples purchased from super market ( Before and after incubation) 

 

3.2. Samples from Retail Market: After purchased samples from retail market present or absence of bacteria studied and no 

change of Methylene Blue color  appeared by the time table 3.2.and figure 3.2. 

 

Table 3.2. Different milk samples purchased from  retail market 

 

No. Type of Milk sample Cod Milk 

Quantity(ml) 

Initial Time 

(hour) 

Final time 

(hour) 

  Almarai Milk Am M 10 9.04 a.m.  - 

  Yorsan Milk Yo M 10 9.04 a.m. - 

  KDD Milk K M 10 9.04 a.m. - 

  Hamaouda  Milk  H M 10 9.04 a.m. - 

  Selin Milk Se M 10 9.04 a.m. - 

  Alrabie  Milk Ar M 10 9.04 a.m. - 
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  Sutas  Milk Su M 10 9.04 a.m. - 

  Sa Milk Sa M 10 9.04 a.m. - 

 

                                          

 
Fig.3.2: Different milk samples purchased from retail market 

 

 3.3. Samples from high per market with (High price 500-1000ID) 

            After purchased different type of milk with high price no change of colour obtained by time as shown in Table 3.3 and 

figure 3.3. 

 

Table.3.3: Different milk samples from high per market (High price 500 ID)  

No Milk  Cod Milk Quantity(ml) Initial Time 

(hour) 

Final time 

(hour) 

1. Shizer milk Sh M 10 9.04 a.m. - 

2. Kalleh milk K M 10 9.04 a.m. - 

3. Pinar Kido milk Pk M 10 9.04 a.m. - 

4. Safio milk SaM 10 9.04 a.m. - 

5. Nada milk N M 10 9.04 a.m. - 

6. Bouny milk B M 10 9.04 a.m. - 

 

 

Fig.3.3: Different milk samples from high per market (High price 500 ID)  

 

3.4. Sample of milk with different additives: 

           As shown in table and figure 3.4. After incubation of samples with methylene blue the color of  Almarai ( Chocolate) 

changed after 1.5 hours. So tests triplet by purchased samples from different market to confirm the result. That showed no ch ange 

of color in confirm test. 

Table.3.4: Different milk samples with different additives 

No Milk  Cod Milk 

Quantity(ml) 

Initial 

time(hour) 

finalTime  

(hour) 

1. Pinar Kido (Strawberry ) Pk S 10 8.40 a.m.  - 

2. Pinar Kido (Chocolate) Pk Ch 10 8.40 a.m. - 

3. Kalleh (Banana) K B 10 8.40 a.m. - 

4. Kalleh (Straw berry) KS 10 8.40 a.m. - 
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5. Kalleh ( Chocolate) K Ch 10 8.40 a.m. - 

6. Almarai nijoom               ( 

Strawberry) 

Am S 10 8.40 a.m. - 

7. Almarai (Banana) Am B 10 8.40 a.m.      - 

8. Almarai (Chocolate) Am Ch 10 8.40 a.m. 10.20a.m. 

9. Alarabie ( Banana) Ar B 10 8.40 a.m. - 

10. Yorsan (Strawberry) Yo. S 10 8.40 a.m. - 

11. Yorsan (Chocolate) Yo. Ch 10 8.40 a.m. - 

 

 

Fig.3.4: Different milk samples with different additives before and after addition of MB. 

 

 

 

 

 

Fig.3.5:  Repeat the test above to confirm the result by taking sample of milk from different source. 

 

IV. DISCUSSION 

            Milk is valuable and consumed on daily basis. As 

milk contains fat, protein, carbohydrates, minerals, vitamins 

and other various ingredients dispersed in water, it is 

considered as a complete diet.  at the same time, it is highly 

vulnerable to bacterial contamination and hence is easily 

perishable. 30 

            Some of these bacteria that grow in milk, during 

the production of metabolites, may cause an unacceptable 

sensory alteration, such as off flavor, odor, change in 

texture or appearance, termed as spoilage. 31,32 

             These microorganisms should be termed as specific 

spoilage organisms for milk, as other microorganisms may 

also grow in milk but without causing any sensory changes.  

             The microbial quality of raw milk is important for 

the production of dairy products and it also influences their 

shelf life. 33 

            Milk of high quality contains a few hundreds of 

bacteria per milliliter whereas bad milk contains millions of 

bacteria per milliliter. 34 

The presence of coliform bacteria in milk points out fecal 

contamination. 35 

Sample of Almarai 

chocolate from the same 
Market 

Sample of Almarai Chocolate 

from another market 
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            Methylene Blue Dye Reduction Test, commonly 

known as MBRT test is used as a quick method to assess 

the microbiological quality of raw and pasteurized milk. 

This test is based on the fact that the blue color of the dye 

solution added to the milk get decolorized when the oxygen 

present in the milk get exhausted due to microbial activity. 

In our study when  collect sample of milk  that from super 

market and used Methylene Blue Reduction tests to 

determine their quality as shown in Table ( 3.1 -3.2 ) and 

figure (3.1-3.2). All milk types shown no change of 

Methylene Blue  color  appear on the base of time, that 

indicate  excellent quality of the milk bellow  repeated the 

test to confirm the results and get the same result the sample 

were collected from supermarket low price ( 250 ID).  

             Collected high price kids milk (500-1000ID). After 

addition of Methylene Blue into the milk samples and detect 

the quality using time as showed in table 3.3 and figure 3.3. 

That the color of samples never changed by the time this 

indicate that the quality of the samples that collected from 

super market was in excellent quality. In both tests can see 

that the milk samples was posturized and stored in a good 

conditions such as temperature and external damage of 

packet or bottle that the milk present in it. 

             When studied the quality of milk by using the same 

method Methylene blue reduction test for the kid milk with 

additive materials such as addition of fruit or flavors into 

the milk we found that one of the samples as showed in 

table 3.4. and figure 3.4  the color of one of the milk with 

chocolate flavor changed after 2 hours that indicate present 

of bacteria and reduced the coloure by breakdown the 

methylene blue colure and the chocolate color appeared  to 

confirm this test we repeated the test by getting the same 

sample from same market and another market . found that 

color never changed because of change the color in the first 

test is one of the factors that cause spoilage of milk such ad 

damage of milk bottle or present a pore in the milk sample 

that help inter  of bacteria and grow in the milk sample.   

           When done experiments of the types of milk on the 

market were changing the color to white means that were 

contamination. Emphasis of contamination repeats the test 

for same type of the milk (chocolate) in the same market it 

does not change the color. It meaning that were not 

contamination may the first time contamination. When 

transfer from the factory to the market or services drop of 

the milk cause vent packed of the milk, may not well 

storage. 

From the study that done by on raw, pasteurized 

UHT milk samples collected from different locations in 

Bangladesh assay it can be concluded that the microbial 

were not satisfactory as indicated by their high bacterial 

loads and presence of coliform bacteria. However after 

pasteurization and UHT treatment they were found to be 

safe for the consumers. Even after this, proper refrigeration 

temperature should be maintained particularly in case of 

detection of the quality of the milk using MBR test. 36 

           Collected 240 raw milk samples and 72 pasteurized 

milk samples from different places of Madurai District for a 

period of six months and were analyzed for microbial 

quality. Among the raw milk samples only 19.1% of 

samples were good quality and 28.3% are poor quality. In 

the pasteurized milk samples 81.9% of samples were 

excellent for human consumption.11 

 

V. CONCLUSION 

 From this research work, it is clearly seen that all 

type of kids milk were sterile and no bacteria detect 

in milk.  

 Its save to consume all type of kids milk that 

examined in the research with care to storage 

condition that include storage temperature. 

 Present or absence of pore on the surface of milk can 

or containers.  

 

VI. RECOMMENDATION 

1- Using plate count and molecular studies to confirm 

the test. 

2- Study on Detection of adulteration in milk Most of 

the chemicals used as adulterants are poisonous 

and cause health hazards. 

3- Our recommendations for consumers obtain milk 

that keep in refrigerator because combination of 

preservative coupled with subjection to 

pasteurization and refrigeration could help in 

extending the shelf-life. 

4- Checking expiration date. 

5- Checking storage temperature. 

6- Checking tetra pack products have vent or 

concavity. 

7- Sure the milk product protective to sun light. 

8- Milk products put into sterile tetra pack shelf-safe 

carton when opened sure it storage in clean place.  
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Abstract— Heavy metals are contaminants of great 

environmental concern due to their multiple origins 

(natural and anthropogenic), the ability to accumulate in 

organs and tissues, and the deleterious effects they can 

cause in organisms. Studies on the accumulation of 

metals in seafood, such as fish, have increased in 

importance due to the risk for human health when 

consuming fish contaminated by metals. The present work 

was aimed at verifying the concentrations of cadmium 

(Cd), Nickel (Ni) and lead (Pb) in the muscular tissue of 

Himantura imbricate (from the Persian Gulf in 

Hormozgan province, Iran. Samples were analyzed by 

Atomic Absorption Spectroscopy. There were significant 

variations among heavy metal accumulation levels of the 

species and their regions. The heavy metal concentrations 

found in regions varied for Cd: 0.14, Ni: 0.33, Pb: 0.02 in 

Qeshm and Cd: 0.25, Ni: 0.48, Pb: 0.03, µg/g in Suoroo. 

The heavy metal concentrations of fish in Qeshm were 

lower than those of fish from Suoroo regions. This 

research showed that heavy metal concentrations in 

muscle of investigated specie were also lower than the 

maximum levels set by law. 

Keywords— Himantura imbricate, risk assessment, 

Atomic Absorption Spectroscopy and Persian Gulf. 

 

I. INTRODUCTION 

In the recent years, world consumption of fish has 

increased simultaneously with the growing concern of 

their nutritional and therapeutic benefits. In addition to its 

important source of protein, fish typically have rich 

contents of essential minerals, vitamins and unsaturated 

fatty acids [1]. Among the pollutants, non-degradable 

pollutants (persistent pollutants) such as heavy metals in 

sediments and mud and sludge concentrated as potential 

marine pollution and at the same time accumulate in 

aquatic and body tissue and concentrated And fish 

consumption may be toxic to humans and severe adverse 

effects such as disorders of the nervous system, renal, 

genetic mutations, and so on to be created, It is of utmost 

importance. Among the heavy metals Pb, Ni, and Cd 

indices, oil pollution and pollution from industrial 

activities in the marine ecosystem, the capacity of 

ecosystems to accept the changes in the environment and 

although, by its nature has the ability to cope with change 

But today it is clear that destruction has been the speed of 

natural regeneration. And the process for irreversible 

environmental degradation is growing, so measures to 

protect the environment should ponder [2]. In addition, 

today one of the major concerns in the discharge of heavy 

metals into the marine environment is all over the world. 

And is well established that heavy metals cause toxicity 

and accumulation of ecological significance are many, 

these elements have devastating effects on the marine 

ecosystem and species diversity [3]. Lead one of four 

metals that have the most damaging effects on human 

health. Bio-synthesis of hemoglobin disorders and 

anemia, high blood pressure, kidney damage, miscarriage 

and preterm birth, nervous system disorders, brain 

damage, infertility in men, decreased learning ability and 

behavioral disorders and hyperactivity in children from 

the negative effects of increasing the concentration of 

lead in body[4]. Nickel toxicity varies widely and is 

affected by salinity and the presence of other ions is 

placed. Industrial and commercial use of nickel-

containing stainless steel, plating, painting and ceramics 

are. Nickel also from anthropogenic sources enters the 

water system. Small amounts of nickel in people who are 

allergic to this heavy metal can cause severe 

inflammation of the skin [4]. Cadmium is one of the 

natural elements in building the body's cells and many 

enzymes and hormones involved. The metal body with 

many vital macromolecules are irreversibly linked and 
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threatened to disrupt the biological activity of cells. 

Cadmium also causes gastrointestinal disturbances such 

as nausea, vomiting, dry mouth, fever, headache and 

neurological disorders and respiratory diseases are also on 

the human body in high concentrations in the prostate, 

bone, muscle and liver accumulates [5]. The most 

important control methods, choice of different fish 

species widely to the physiological effects of heavy 

metals can be used [6]. Thus, the concentration of heavy 

metals in the tissues of aquatic can be a prelude to detect 

the level of aquatic pollution [7]. Such as indicator 

species to measure the amount of pollution can be traced 

to the Fish table Himantura imbricate. 

 

II. MATERIALS  AND METHODS 

Heavy metals are hazardous pollutants that waste and 

sewage into the sea. Aquaculture can act as a measure of 

pollution in aquatic ecosystems. Therefore, measurement 

and evaluation of a number of toxic elements and heavy 

metals (lead, nickel, iron, zinc and copper) in the muscle 

tissue of blue Fish table Himantura imbricate stations 

(Qeshm and Souroo ) in the Persian Gulf was the basis for 

this study . After determining the three stations, in every 

season of every station, 30 type of Himantura imbricates 

were sampled, so that were collected randomly in every 

season of collect 90 type and total two season 180 

sample. After the biometrics, autopsy was performed and 

was isolated muscle tissue.so that for dry crap muscle 

tissues put in the freeze dryer (VaCo5 model) at 40 - ° C 

for 8 to 10 hours.so after running out the time and ensure 

complete dry of muscle tissue, the samples are removed 

balloons and in the petri dishes were placed numbered 

[8]. In order to digest the samples were ground with a 

porcelain mortar laboratory. the First, was measured 

(0.5gr)  amount of dried samples tissue by" Sartorius  

scales"-made in Germany-  with accuracy equivalent 

0.001grams.The sample is poured shed into a microwave 

vial (ETHOS1, model) and after the addition of 7 ml of 

concentrated nitric acid 65% (after the using porcelain 

mortar any time, washed with nitric acid 5% and was 

completely rinse with distilled water) so 1 ml hydrogen 

peroxide (30%), closed the door’s vials and those are 

placed in a special chamber, next transferred to the 

microwave and according to the order digest the sample. 

After digestion and cooling time, the samples were 

removed from the device and were pure through Whitman 

filter paper number 42. The content of the filter was 

washed with distilled water. So samples liquid ready 

discharged into the beakers and were dried in the 

laboratory’s temperature. After dried, samples mixed 

through distilled water and samples deliver to the volume 

50 with pure distilled water.So sample kept in 

polyethylene containers and stored at 4 ° C (to avoid any 

reduction in the volume). Obviously storage time should 

not be long and after digestion of the samples, they 

injected the atomic absorption and their actual chemical 

concentrations were calculated. The chemical digestion is 

based on accepted MOOPAM [8]. Data analysis was 

performed using SPSS 21 software and analysis of means 

to help T- test were compared with the presence or 

absence of a significant difference at 95% (P- value 

<0.05) was determined. As well as charts and tables 

Excel2007 software was used. 

 

III. RESULTS 

Analysis of variance showed that the concentrations of 

lead, nickel and cadmium in muscle tissue of Fish table 

Himantura imbricate between regions Qeshm and Souroo 

there is a significant difference (P-value< 0.05). As the 

studied concentration in the muscle of fish table 

Himantura imbricate Souroo higher than from Qeshm and 

the difference was statistically significant (P- 

value<0.05). (Table1 and Figures 1).  

Table.1: compares the results of the average of the 

elements nickel, lead and cadmium in muscle tissue of 

Fish table Himantura imbricate in Qeshm and Souroo 

(mean ± SD), (n = 30).. 

Souroo Qeshm                 Index 

Area 

0/03±0.48 0.02±0.33 

Nickel 

(micrograms per 

gram) 

0/003±0.035 0/002±0.024 

Lead 

(micrograms per 

gram) 

0.02±0.34 0.01±0.25 

Cadmium 

(micrograms per 

gram) 

 

 
Fig.1: Comparison of nickel, lead and cadmium in muscle 

tissue of Fish table Himantura imbricate muscle in 

Qeshm and 
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Souroo 

 

IV. DISCUSSION 

Exploration, extraction and transportation of oil in the 

Persian Gulf, in addition to direct contamination, due to 

large amounts of heavy metals, chemical pollution of the 

Gulf marine and aquatic life is [9]. Fabris and colleagues 

(2006) showed that the concentration of heavy metals 

such as arsenic, cadmium, iron, zinc and mercury in fish 

and lobster J. Edwardsis P. bassenis ground now and 

abalone H. rubra to the location where the fish live in it. 

Depends on the concentration of the species in different 

parts of the coastal waters of Victoria in Australia there is 

a significant difference, but a pattern and there was no 

consistent trend across regions at a concentration of heavy 

metals. There are significant differences between the 

concentrations of heavy metals in different areas can be 

discussed and not because of different management 

application, environmental conditions, evacuation of 

wastewater, the presence of industrial plants and 

aquaculture activities in the areas [10]. Chen (2002), 

showed significant differences in the concentrations of 

lead, cadmium, mercury, silver, copper and iron Chi-Ku 

Lagoon was found in samples from different regions. He 

also said that in areas where the origin of pollutants from 

sewage or fresh water input. Cadmium, mercury and 

copper were present in the environment, while the 

entrance to the remote areas of the mouth and go wetland 

reduced concentrations of these elements [11]. Dural and 

colleagues (2007), with several experiments showed that 

the concentration of heavy metals in aquatic organisms in 

different regions (the Persian Gulf, Gulf Egypt, the Gulf 

Askndryvn, in the South Atlantic salt marshes and 

wetlands Spain California) due to different environmental 

conditions such as: temperature, salinity, pH and light 

industrial activities .... and there is a significant 

difference[12]. Turkmen and colleagues (2005) reported 

that concentrations of heavy metals in fish muscle, 

according to the area where the fish is caught. And 

according to the species of fish can be very divers e and 

vary, also showed. Although not different between the 

concentrations of heavy metals in different parts of 

sampling fish there are significant differences [13]. 

Meador et al. (2005), the concentration of three cadmium, 

mercury and lead in sediments and fish in several areas in 

Alaska and California have measured the results showed 

concentrations of lead and cadmium in sediments rural 

areas of California due to human activity is the because 

gasoline is increasing [14]. A significant impact on 

aquatic habitats so that the concentration of heavy metals, 

heavy metals in organisms that live in the Gulf are less 

than the amount of heavy metals in the body of organisms 

in coastal waters and estuaries, bays and inlets are present 

[15]. Unfortunately, in the discharge of sewage and solid 

waste and industrial development and dredging operations 

off the coast and ports, unloading of agricultural 

pesticides and fertilizers, as well as Persian Gulf oil 

extraction operations are heavily polluted with heavy 

metals and hydrocarbons is [16]. More pollutants into 

aquatic systems are eventually are deposited in the 

sediment. Sediments, aquatic environments are a critical 

component for performance and nutrition provide habitat 

for many organisms and in many cases the accumulation 

of metals in sediments than in the water [15]. And semi-

benthic benthic species vulnerable to contaminants in 

sediments and contaminants are water-soluble, this 

species also play a constructive role in this environment 

and therefore their demographic shifts affect all societies 

and threaten the balance of ecosystems [17]. 

Generally, the most important reasons for the high 

concentration of lead, nickel and cadmium in muscle 

tissue in Himantura imbricate in Souroo compared to 

Qeshm in various industries along the coast, discharge of 

industrial effluents and urban coastal waters is that their 

wastewater in a variety of heavy metals, and this 

increases the concentration of these metals. On the other 

hand there dhow building yards along the waterfront of 

the island and the use of color and anti-corrosion material 

(which contains zinc chromate and lead oxides area and 

finally moved to the coastal waters and adjacent areas and 

water pollution in this area are), too Boat traffic (tourism 

and fishing activities) and the presence of lead and nickel 

in gasoline and publish it in the air, then lead and nickel 

from combustion and quickly deposited on the soil, The 

nickel-containing sediments by rivers to the Persian Gulf 

could also be other reasons for this increase. The most 

important part is edible muscle tissue of fish that can 

directly impact on human health. Based on concentrations 

measured in terms of weight compared with existing 

standards (Table 2), was lower than the limit 

concentration, and muscle consumption of lobster in three 

regions of the Hormozgan province (Qeshm and Souroo) 

will not be a threat to the these metals .  

 

Table2. World standards for permitted levels of nickel, 

lead and cadmium (micrograms per gram) in fish muscle 

tissue 

International 

standard 

Metal Reference 

                Pb 

 

Ni Zn Fe Cu  

FAO/WHO 2.14 

        

  

- 30 - 10 FAO/WHO, 

2010 

NHMRC 1.5 - 35 - 10 Pourang et 
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al., 2004 

FDA 5 1 35 100 - Pourang et 

al., 2004 

 

In the first study to estimate the amount of entry and the 

risk of heavy metals nickel, lead, zinc, iron and copper 

were the crab. Results showed that all estimates of daily 

log metals is no danger in taking this species of fish found 

not consumers. It should be noted that in Crab various 

other metals such as mercury and organic pollutants such 

as polyaromatic hydrocarbons, and accumulate. It is 

therefore essential that health authorities such as the 

Ministry of Health and other organizations in 

comprehensive background check estimate the amount of 

risk in different groups of consumers such as children and 

pregnant women do, and the accumulation of heavy 

metals in fish consumed annually carcinogenic and non-

commercial and examine.. 
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Abstract— The study analysed the off farm income and its 

effect on livelihood sustenance of poultry farmers in Imo 

state.Multistage sampling technique was used to select 

120 respondents. Data for the study were obtained with 

the aid of structured questionnaire and analysed using 

descriptive statistics and ordinary least square bivariate 

regression model. Results showed that: the mean off-farm 

income of poultry farmers was N410223 per annum. 

Livelihood sustenance activities of poultry farmers 

positively and significantly affected their off-farm income. 

It is recommend that government should come up policies 

that will center on establishment of more livelihood 

sustenance activities for poultry farmers that will 

generate increased off-farm income and promote 

agricultural development simultaneously. 

Keywords— Income, Livelihood sustenance, Off-farm 

Poultry Farmers. 

 

I. INTRODUCTION 

In many developing countries, and particularly in Africa, 

agricultural income represents an essential component of 

rural households’ subsistence. However, this type of 

income exhibits a high seasonality and leads to uncertain 

outcomes, mainly due to market prices volatility and 

environmental hazards. Consequently, household 

members partly allocate their working time to activities 

which provide a more stable income so as to cope with 

adverse shocks (Ellis, 2000). 

Rural areas usually provide two categories of income 

sources to their dwellers; Farm and the non-farm 

economy. In the rural areas of Nigeria, the majority of 

households are involved in farm activities and many of 

them get their income from non-farm activities (World 

Bank, 2008). Thus, in the rural area, it is hard to find 

peasants who do only farming. 

According to (FAO, 2012), out of 3 billion people living 

in rural areas in the world, 2.5 billion people derive their 

livelihood from non-agricultural enterprises. For instance, 

Haggblade et al (2010) observed that non-farm income 

accounts for between 65% and 80% of total income of 

rural households in developing countries. Oxford policy 

management (Opm, 2004), noted that majority of 

households across all income strata in Nigeria are 

involved in several off-farm activities, whose importance 

has increased over the last 25 years. 

In Nigeria, majority of the farm household populace 

either depend entirely on farming for survival and 

generation of income, or depend on farming to 

supplement their main sources of income (World Bank, 

2010). Sample studies of rural income portfolios showed 

that on average, roughly 50 percent of rural households 

income in sub-Saharan African are generated from 

engagement in non-farm activities and transfer from 

urban areas or abroad, with remittance and pension 

payments being the chief categories of such transfer (Ellis 

2000; Ellis & Freeman, 2004). Evidence from a sample of 

rural villages in Tanzania (Chapmen & Tripp, 2004; Ellis 

& Madox, 2003) shows that on average, half of the 

household income came from crops and livestock and the 

other half from non-farm wage employment, self-

employment and remittance. The proportion of non-farm 

income was higher for the upper income groups than for 

the lowest income groups. Therefore, the poorest 

households were more reliant on agriculture, and the 

reliance on agriculture decreased with increased 

diversification into non-farm activities.  
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Off-farm activities have become an important component 

of livelihood strategies among rural households in most 

developing countries. Several studies have reported a 

substantial and increasing share of off-farm income in 

total household income (Ruben and van den Berg, 2001; 

de Janvry and Sadoulet, 2001; Haggblade et al., 2007). 

Reasons for this observed income diversification include 

declining farm incomes and the desire to insure against 

agricultural production and market risks (Kijima et al., 

2006; Matsumoto et al., 2006; Reardon, 1997). However, 

when farming becomes less profitable and more risky as a 

result of population growth and crop and market failures, 

households are pushed into off-farm activities leading to 

“distress-push” diversification. In other cases, however, 

households are rather pulled into the off-farm sector, 

especially when returns to off-farm employment are 

higher or less risky than in agriculture, resulting in 

“demand-pull” diversification. The study by Oseni & 

Winters (2009) found that 31% of farm households in 

Nigeria participate in various non-farm activities and that 

non-farm income makes up 27% of total annual 

household income, on average. The authors indicated that 

southern households earn more from non-farm activities 

than northern households where about 50% of household 

income is from non-farm sources.  According to Ibekwe 

et al (2010), more than 40% of the income from 

households in South-East Nigeria came from off farm 

activities. Non-farm self-employment is the most 

common forms of off-farm activities in Nigeria followed 

by non-farm wage employment (Oseni & Winter, 2009). 

In a more recent study by Enyia,(2016), non farm income 

activities accounted for 36.4% of Fadama household 

income and 48.1% of non Fadama household income in 

Imo State, Nigeria. 

A livelihood comprises capabilities, material and social 

resources and activities required for a means of living 

which also takes into account the role played by 

structures, policies and processes in influencing the 

choice of livelihood strategies by the rural poor. It is 

considered sustainable when it can cope with and recover 

from stresses and shocks , maintain or enhance its 

capabilities and assets, while not undermining its natural 

resource base (Scoones, 2000, Carney, 1998, Kanji, 

Macgregor & Tacoli, 2005). A Review of different 

livelihood definitions, reveal that the term livelihoods is a 

multi-faceted concept referring to what people do to make 

a living with the assets at their disposal and what they 

accomplish by doing it in a particular context (Niehof, 

2004). The concept of livelihood is therefore about 

individuals, households or communities making a living, 

attempting to meet their various consumption and 

economic necessities, coping with uncertainties and 

responding to new opportunities (de Haan and Zoomers, 

2005). 

The contribution of farm activities to household income in 

the developing world in general and Nigeria in particular 

is substantial. While agricultural related activities still 

constitute the largest share of total income among rural 

households, a number of empirical studies show the 

growing importance of Rural Non-Farm (RNF) activities 

in developing and transition countries. While recognizing 

the urgent need to maintain a robust agricultural sector, it 

is increasingly becoming clear that the agricultural sector 

alone cannot be relied upon as the core activity for rural 

households as a means of improving livelihood and 

reducing poverty. This study therefore seeks to provide an 

in-depth understanding of the effect of off farm income 

on livelihood sustenance of poultry farmers in Imo state.  

The specific objectives of the study were to examine the 

socio economic characteristics of the poultry farmers , 

determine the off-farm income of poultry farmers, and 

determine the effects of livelihood sustenance activities 

on off-farm income of poultry farmers. 

 

II. METHODOLOGY 

This study was conducted in Imo state, Nigeria.  Imo 

State lies between Latitude 5010′ and 6035′ North of the 

equator and between Longitude 6035′  and 7031′ East of the 

Greenwich meridian. The State has a population of about 

4.13 million people (NPC, 2013). It is bounded on the 

East by Abia state, on the North by Anambra and Abia 

State, and on the West by Rivers State. The State is 

divided into 27 administrative units called Local 

Government Areas which are grouped into 3 agricultural 

zones viz Owerri, Okigwe and Orlu. Agriculture is the 

predominant occupation of the people, for almost all the 

farm families either as primary or secondary occupation. 

The ecological zone favours the growing of tree crops, 

roots and tubers, cereals, vegetables and nuts  

(Onyenwaku et al, 2010).The major crops cultivated in 

the state are maize, melon, rice, groundnut, vegetables, 

yams, cassava, oil palm, and rubber. Major animals reared 

include chicken, turkey, goats, sheep and pigs. 

Multistage random sampling technique was used for the 

study. In each agricultural zone, two Local Government 

Areas (LGAs) were purposively selected. In each of the 

selected LGA, five communities were randomly selected, 

and from each community, one village was randomly 

selected to give a total of five villages. Four farmers were 

randomly selected from each of the villages to give a 

sample size of 120 poultry farmers for the study. These 

farmers were selected from the list of households who are 

into poultry production in the selected villages and this 

list was obtained from the Agricultural Development 

Programme (ADP) extension agents  and Imo State 

Fadama III Coordination office (SFCO). Primary data 

were collected through the use of a set of structured 

questionnaire administered to the respondents. The 
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primary data that were collected for the study included the 

socio-economic characteristics of the farmers, flock size, 

annual income from the farm, off-farm income, access to 

credit, etc. Data collected were analyzed with descriptive 

statistics, such as percentages, and mean, as well as 

ordinary least squares bivariate regression model. 

The bivariate regression model as used by Rahman, 2005, 

Rahman & Alamu, 2003) is implicitly specified as  

Y = f (x, e) 

Where, 

Y= Mean off-farm income (N) 

X = Livelihood sustenance activities (Dummy variable, if 

the poultry farmer earns off-farm income from 5-9 

livelihood sustenance activities = 1, and if the poultry 

farmer earns off-farm income from 1 – 4 livelihood 

sustenance activities = 0). 

e = error term. 

It is expected a priori that the coefficient of x > 0. 

Four functional forms of the model; linear, semi-log, 

double-log, and exponential were fitted to the data to 

select the lead equation on the basis of having the highest 

value of coefficient of determination (r2), highest variable 

significance, and conformity to a priori  expectation. 

 

III. RESULTS AND DISCUSSION 

The socio-economic characteristics of poultry farmers are presented in Table 1.  

Table.1: Socio-economic characteristics of Poultry Farmers 

Age (years)                Frequency       Percentage (%)  Mean 

 

≤30                                 11                    9.2 

31 -40                             37                       30.8 

41-50                              63   52.5 

≥51                      9   7.5 

Total                              120                  100  41years 

Sex 

Female                         49   40.8 

Male                               71   50.2 

Total                               120                        100 

 

Education Level (Years) 

0(No Formal Education)  3                           2.5 

1 – 6                                16   13.3 

7 – 12                              65   54.2 

13 - 18                            36   30.0 

Total                              120                          100  10 years 

Marital Status 

Married                          94   78.3 

Single                             26   21.7 

Total                              120                        100   

 

Farming Experience (Years) 

≤ 20                          72   60.0 

21-30                        38   31.7 

31 – 40                 10   8.3 

Total    120   100  20.3 years 

Household Size (Number of Persons) 

1-5                           47   39.2 

6-10                        69   57.5 

≥11                          4                              3.3 

Total                    120                        100  6 persons  

Extension Contact (Number of Visit/Year) 

0 (No visits)  85   70.8 

1-5                           30   25.0 

6 - 10                      4   3.4 

≥11                      1   0.8 
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Total                 120                         100  1.0 visits 

Membership of Cooperative 

Member                89   74.2 

Non Member          31   25.8 

Total                   120   100 

Source: Survey Data, 2016  

 

Table 1 shows that majority (52.5%) of the poultry 

farmers in the study area fall within the age bracket of 41 

– 50 years of age with a mean age of 41 years. This 

implies that majority of the poultry farmers are young. 

The table also shows that the mean education level is 10 

years. This indicates that the poultry farmers in the study 

area are literate enough to read and write in English 

language. The result indicates that mean farming 

experience of poultry farmers is 20.3years. The mean 

household size was found to be 6 persons, while mean 

extension contact was 1.0 visit per year. This indicates 

that poultry farmers are poorly visited by extension 

agents. 

 

Off-farm income from livelihood sustenance activities  

The mean off-farm income from the poultry farmers’ 

livelihood sustenance activities is presented in Table 2. 

 

Table.2: Mean off-farm income from poultry farmers’ livelihood sustenance activities 

Livelihood sustenance   Mean off-farm  Percentage  

 activities      income (N) 

 

Interest  received in cash   63482   15.5 

from off-farm loan 

 

Off-farm service earnings  

  (salaries, wages,  pensions, etc) 106123  25.9 

 

Sale of purchased crop   51446   12.5 

 

Sale of purchased animals  

  and animals products   73489   17.9 

 

Sale of equipment    23112   5.6 

 

Sale of fertilizers    39546   9.6 

Sale of non-agricultural items  33189   8.2 

Sale of agro-chemicals   15294   3.7 

Lease of rented land    4542   1.1 

Total      410223  100 

*Source:     Survey Data, 2016 

      

 

Data in the table show that the mean annual off-farm 

income of the poultry farmer was N410223 per annum 

indicating that the poultry farmers earned moderate 

annual off-farm income. About 26% of the off-farm 

income was contributed by off-farm service earnings 

(salaries, wages, pensions, etc), while 17.9%, 15.5% and 

12.5% of the off-farm income were contributed by sale of 

purchased animals and animals products, interest received 

in cash from off-farm loan, and sale of purchased crop 

respectively. Also, 9.6%, 8.2%, 5.6%, 3.7% and 1.1% of 

off-farm income were from sale of fertilizers, sale of non-

agricultural items, sale of equipment, sale of agro-

chemicals, and lease of rented land respectively. This 

finding implies that off-farm income of the poultry 

farmers came from various livelihood sustenance 

activities in the study area.  

 

Effect of Livelihood Sustenance activities of Poultry 

farmers on off-farm income 

To determine the effect of livelihood sustenance of 

poultry farmers on off-farm income, four functional forms 

of the bivariate regression analyses were fitted to the data 

so as to select the lead equation. Results of the bivariate 

regression analyses were presented in Table 3.  
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Table.3: Results of Bivariate Regression Analyses on Effect of livelihood sustenance activities of poultry farmers on off-farm 

income 

Explanatory variable   Linear   Semi-log Double-log Exponential  

Constant    316.112 287.015 164.009 121.318 

Livelihood sustenance  

activities (x)   14.247  3.069  0.082  0.007 

    (2.323)* (1.872)  (4.677)** (2.549)*  

 

r2    0.5531  0.4821  0.8934  0.6924 

F-value   145.553** 109.58** 992.667** 266.308** 

 

Sample size (n)  120  120  120  120 

Figures in parentheses are t-ratios  

*  Significant at 5% 

**Significant at 1% 

Source: Survey Data, 2016        

 

The table shows that the double-log function produced the 

highest value of coefficient of determination (r2), highest 

variable significance, and conformed to a priori  

expectation and was therefore selected as the lead 

equation and used for discussion. 

 

The value of r2 was 0.8934, which implies that about 89% 

of the variation in off-farm income was accounted for by 

the action of poultry farmers livelihood sustenance 

activities.  

The r2 value of 0.8934 gave F-value of 992.667 which 

was significant at 1% level of probability, implying that 

the double-log function gave a good fit to the data.  

The coefficient of livelihood sustenance activities (x) was 

positive and significant at 1% level, implying that 

increase in livelihood sustenance activities employed by 

the poultry farmers lead to increase in off-farm income.  

Therefore, there was a positive effect of poultry farmers’ 

livelihood sustenance activities on their off-farm income 

in Imo State, Nigeria. 

 

IV. CONCLUSION AND 

RECOMMENDATIONS  

The mean off-farm income earned by poultry farmers was 

N410223. Livelihood sustenance activities of poultry 

farmers positively and significantly affected their off-farm 

income. The study recommends that government should 

come up with policies that will center on establishment of 

more livelihood sustenance activities for poultry farmers 

that will generate increased off-farm income and promote 

agricultural development simultaneously. 
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Abstract— The study investigated variability of selected 

soil properties of soils derived from different parent 

materials (that is false bedded sandstone and Imo clay 

shale) in the humid tropic. Soil samples were collected from 

horizons based on profile differentiation. Data collected 

were subjected to statistical analysis using coefficient of 

variation (CV) and correlation. There were variations in 

soil properties of the two studied areas. Results showed that 

soil properties differed in their degree of variation among 

the parent materials. Sand content had little variation in 

both soils (CV = 6.56 % and CV = 17.23 %) for false 

bedded sandstone and Imo clay shale respectively. Clay had 

moderate variation in both soils (CV =40.17% and 36.50 

%) for false bedded sand stone and Imo clay shale 

respectively. Bulk density and pH had little variation in 

both soils CV =7.30 % and CV =4.29) in false bedded 

sandstone while (CV =6.16 % and 4.85 %) in Imo clay 

shale. Organic matter varied highly in false bedded 

sandstone (CV =51.32 %) while in Imo clay shale it varied 

moderately (CV = 42.30 %). Organic matter had positive 

significant relationship with clay content in both so ils (r 

=0.98, 0.99, P < 0.05) for false bedded sandstone and Imo 

clay shale respectively. pH had a negative relationship with 

Available phosphorus in false bedded sandstone (r =- 0.45, 

P < 0.05) while in Imo clay shale pH had positive 

significant relationship with Available phosphorus ( r 

=0.96, P< 0.05). pH had non- significant positive 

relationship with organic matter in both soils (r = 0.63, 

0.06, p < 0.05) for false bedded sandstone and Imo clay 

shale respectively. A more intensive soil sampling from the 

study area with the inclusion of more parameters will 

provide a better and reliable representation of the 

variability of soil properties even at a regional scale. 

Keywords— variability, Pedon, Parent material, Tropical 

soils. 

 

I. INTRODUCTION 

         Most soil users in South-eastern Nigeria have 

regarded the soils to be the same in every respect simply 

because they are all in the same geographical locat ion. 

Information on variation in soil properties enable potential 

soil users to appreciate the behavior of the various types of 

soils in the region, so that they can be utilized appropriately 

to derive optimum productivity [3]. Soils exhibit 

tremendous variability in their biological, chemical and 

physical properties [20]. According to [18] variation in soil 

properties has long been known and has been the subject of 

much research. 

       Pedologists have  identified fundamental soil forming 

processes that influence soil properties: parent material, 

topography, climate, time and organisms [28]. Parent 

materials affect the morphological and physico-chemical 

characteristics of  the soils under the same agro-ecological 

condition [14][13]. However, living organisms such as 

vegetation also have an important role in  a number of 

processes involved in soil formation including organic 

matter accumulation, profile mixing and biogeochemical 

nutrient cycling [20] 

     [25] working on Alfisols of Southwestern Nigeria 

observed that soil pH was the least variable ( low 

variability) property, irrespective of depth. The variability 

of soil properties like organic matter, available phosphorus, 

total nitrogen and Cation Exchange Capacity, increases with 

depth. Properties such as pH and porosity are among the 

least variables, while those pertaining to water or solute 

transport are among the most variable. 

     Soils of South-eastern Nigeria are formed from diverse 

parent materials [26]. Information on how these parent 

materials and their corresponding pedogenic processes 

influence soil properties in South-eastern Nigeria is limited. 

[20] reported on the variability in soil properties in relation 

to topography. Based on the above, we investigated the 

variation in properties of soils derived from two different 

parent materials in South-eastern Nigeria. 

 

II. Materials and Methods 

2.1. Study area 

http://dx.doi.org/10.22161/ijeab/3.4.44
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The study was conducted in two different locations namely 

Amuro (Okigwe LGA), which has Imo clay shale as its 

parent material located between latitude 5° 48’N and 

longitude 7° 20’E and Mbiakpa Ibakesi (Ini LGA) which 

has false bedded sandstone as its parent material located 

between latitude 5° 25’ N and longitude 7° 44’E. The two 

study locations are in Imo State which lies between latitude 

4° 40’ N and longitude 6° 40’E and Akwa Ibom State which 

lies between latitude 5° 03’ N and longitude 7° 93’ E, both 

in Southern Nigeria Imo state lies within the humid tropics. 

Temperatures are high and change slightly during the year 

(mean daily temperature about 27℃) [21]. The average 

annual rainfall is about 2400mm and there is a distinct dry 

season of about 3-month dryness. Imo State has rainforest 

vegetation characterized by multiple tree species [26]. 

Agriculture is a major socio-economic activity in the study 

area. Agricultural crops mostly cultivated in the study area 

include yam (Dioscorea Spp), cassava (Manihot Spp), oil 

palm (Elaies guineensis) and maize (Zea mays). Akwa Ibom 

State also lies within the humid tropics with temperature of 

27℃ to 31℃. Average annual rainfall is about 2500mm to 

3000mm. Relative humidity of Akwa Ibom state is about 

75% - 80% [11]. 

2.2 Field study 

Prior to field study, a reconnaissance visit was made at each 

of the study locations  in the early 2016; and this was 

followed by field sampling.  Sampling sites were selected 

using free survey sampling techniques. One profile pit was 

dug at each of the various sampling site, summing to a total 

of two profile pits dug for the study. The study sites and 

profile pits were geo-referenced with the aid of a hand held 

Global Positioning System (GPS) receiver. The profile pits 

were described using [10] guidelines. Delineation of 

horizon boundaries was accomplished before actual sample 

collection for laboratory analyses and samples were 

collected according to horizons. A total of 30 soil samples 

were collected for the study. The soil samples were air-

dried, crushed, sieved through 2mm sized sieve mesh. Ten 

grams (10 g) of each sample was finely grounded and 

preserved for determination of organic carbon and total 

nitrogen. Undisturbed soil samples for determination of 

bulk density were collected using core sampler. 

2.3 Laboratory analysis  

The particle size analysis was determined using the 

hydrometer method [12]. 5% calgon (sodium 

hexametaphosphate) solution was  used vas dispersing agent. 

Gravimetric Moisture Content was determined by 

gravimetric method. This method involves weighing 

representative soil samples into moisture cans. Samples 

were oven dried and weight also obtained. Moisture 

calculated using formula 

𝜃 = Mw / M 

:. Mc = Mw / Ms X 100 / 1 

Where 𝜃 = gravimetric moisture content, Mt = total soil 

mass, Mw = mass of water, Ms = mass of solid particles. 

 Bulk density were taken in-situ  using core samplers. The 

samples collected were  oven dried after which bulk density 

calculated using the formula 

Bulk density {pB} = mass of dry soil =                Ms 

                            Volume of soil core sampler      Vt 

Bulk volume of soil = volume of cylinder = (𝜋𝑟2h) Where r 

= radius, h = height of cylinder. 

 Soil pH was determined using a soil pH meter and this was 

done in both distilled water and 0.1 N KCl in a soil water 

ratio of 1:2:5. The pH of the resulting suspension was then 

read from a pH meter. Organic Carbon was determined by 

acid dichromate digestion and wet oxidation method [29]. 

Organic matter was obtained from organic carbon by 

multiplying by 1.724. Total Nitrogen was determined by the 

regular Kjeldhal method [6].Available Phosphorus was 

determined using Bray 2 method [5].  

Exchangeable bases (Ca, Mg, Na and K). Exchangeable Na 

and K was extracted using 1N NH4OAC using flame 

photometer [16].Exchangeable acidity was determined by 

extracting the  soil with 0.1N KCl solution and titrating the 

aliquot of the extract with 1N NaOH [19]. Effective cation 

Exchange Capacity ( CEC) was determined by the 

summation of exchangeable cations (Ca²⁺, Mg²⁺, K⁺, Na⁺) 

and exchangeable acidity (H⁺ and Al³⁺). The summation of 

the exchangeable bases and acidity gave the effective cation 

exchange capacity (ECEC) value. 

2.4 Statistical analysis 

The data was analyzed using the Coefficient of Variation 

(CV) procedure, ranking of variability according to [4]. The 

percentage CV values were graded as little variation (0-

20%) moderate variation (20-50%) and high variation (50- 

100%). Correlation was used to determine the degree of 

relationship among soil properties of the different parent 

materials using SPSS.  The experiment was replicated two 

times. Only the mean values are reported. 

 

III. RESULTS AND DISCUSSIONS 

3.1. Physical properties of soil. 

The profile distributions of the physical properties of the 

soils are presented in Table 1. The distribution of clay down 

the profile showed moderate variation (cv 20-50 %) Table 

1. This observation is in line with [25] who stated that % 

clay range from moderate to high variability. The 

distribution of total porosity down the profile showed little 

variation (cv < 20 %) (Table 1). This observation is in line 

with [25] who stated that properties such as soil pH and 

porosity are among the least variables. The mean bulk 
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density values ( 0.73 – 1.55 gcm-3) recorded across the soils 

investigated were below the value quoted as the minimum 

bulk density at which root restricting conditions will occur 

(1.75 – 1.80 Mgm-3) [27] showing that the soils were not 

compacted [2]. Generally in normal soil bulk density ranges 

from 1 – 1.60 gm/cc [7]. Generally, bulk density increased 

down the profile pit in all the soils. The results of 

coefficient of variation analysis showed little variation in 

the vertical distribution of the bulk density values (Table 1). 

This result is consistent with findings by [3] who observed 

little to moderate variation in the vertical distribution of 

bulk density in soil of contrasting lithosequence in 

Southeastern Nigeria. Moisture contents of the soils showed 

little variations (cv < 20 %) among the soils. This result is 

contrary to findings by [3] who observed high variation in 

the vertical distribution of moisture contents in soil of 

contrasting lithosequence in Southeastern Nigeria. With 

exception of the pedon developed on shale, the distribution 

of moisture contents in the profile pit increased with depth, 

indicating that the epipedon contains lesser quantity of 

moisture compared to the sub- surface horizons and could 

be a reflection of the clay contents of these horizons. Clay 

has high rate of adsorption and can retain water easily. 

Moisture content increased with increasing clay content as 

the clay would cause impaired drainage especially at the 

sub-surface horizons [23]. 

 

Table.1: physical properties of studied sites 

Site Origin of soils Depth 

(cm) 

 Sand     

(g/kg) 

Silt 

(g/kg) 

Clay 

(g/kg) 

Bulk 

density 

(g/cm3) 

Total 

porosity 

(%) 

MC(%) 

 

 

Mbiakpa 

Ibakesi 

Falsebedded 

sandstone 0-20  842.4 80 77.6 1.45 45.30 

 

12.39 

 

  20-35 782.4 100 117.6 1.43 46.10 12.84  

  35-69 842.4 60 97.6 1.57 40.80 15.27  

  69-108 732.4 50 217.6 1.58 40.40 15.19  

  

108-192 

    

722.4 60 217.6 1.71 35.50 

 

12.95 

 

   mean 784.4 70 145.6 1.55 41.62 13.73  

  STDV 5.154 2 6.723 0.1132 4.28 1.40  

  CV 6.57 28.57 40.17 7.30 10.28 10.10  

Amuro Imo clay shale 

0-15 702.4 160 137.6 0.67 74.1 

 

19.00 

 

  15-25 622.4 180 177.6 0.70 73.6 15.00  

  25-50 522.4 155.2 322.4 0.73 72.5 17.80  

  50-69 482.4 156.0 361.6 0.77 70.9 19.30  

  69-150 482.4 170 347.6 0.77 70.7 17.80  

  mean 562.4 164.2 273.4 0.73 72.4 17.80  

  STDV 9.70 1.06 9.98 0.04 1.487 1.70  

  CV 17.23 6.45 36.50 6.05 2.10 20.5  

 

3.2. Chemical properties 

       The chemical properties of soil of the studied area are 

presented in Table 2. The pH values of the soils were 

moderately acidic with mean values ranging from 5.07 to 

5.89. The acidic nature of the soils shows the inherent 

characteristics of soils of the study area irrespective of their 

parent materials. [1]  [15] [3] reported similar findings in 

some soils of Southeastern Nigeria. The organic matter 

content of soils was low with a mean value ranging from 

0.64 to 2.69 %. Organic matter decreased with depth in all 

the pedons (Table 2). The higher proportions of organic 

matter at the epipedon could be due to the fact that most of 

the organic residues are incorporated or deposited on the 

soil surface. Top soil organic matter contents are directly 

related to organic carbon inputs and there have been a 

number of studies demonstrating improvements in soil 

quality and fertility after organic carbon additions [8]. The 

higher concentration of organic matter at epipedal horizons 

was further revealed by the moderate to high variation (cv > 

35 %) observed in the organic matter contents of the 

varying horizons in all the pedons.  

       The nitrogen content of soils was low with the mean 

total nitrogen content in both soils being 0.01 %. However, 

the nitrogen contents of the surface horizons were higher 

than the sub-surface horizons and may be attributed to the 

organic matter contents of these horizons. The higher 
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nitrogen at epipedal horizons was further revealed by the 

moderate to high variation (cv > 35 %) observed in the 

nitrogen contents of the varying horizons in all the pedons. 

The Effective Cation Exchange Capacity (ECEC) of soils 

was generally low with the mean value ranging from 2.57 to 

2.99 cmolkg-1. Soils of South-eastern Nigeria had earlier 

been reported to be made of low ECEC and basic cations 

[24] [22]. 

 

Table.2: Chemical properties of studied sites 

Origin of 

soils 

Horizon pH(H20) Om 

gkg-1 

TN 

g/kg-1 

Av. P 

mg/kg 

TEB 

(cmolkg-1) 

Al 

(cmolkg-1) 

EA 

(cmolk

g-1) 

ECEC 

(cmol

kg-1) 

BS(%

) 

A l 

sat 

(%) 

False 

bedded 

sandston

e 

           

  

Ap 

 

6.01 

 

26.40 

 

1.24 

 

13.38 

 

1.62 

 

- 

 

0.44 

 

2.06 

 

78.64 

 

- 

 AB 5.60 24.70 1.18 3.15 1.05 - 0.46 1.15 69.53 - 

 Bt1 5.61 23.60 0.80 10.85 2.03 1.04 0.41 3.48 58.33 29.88 

 Bt2 5.43 9.80 0.88 18.83 1.87 1.01 0.35 3.23 57.89 31.32 

 Bt3 5.41 6.40 0.69 11.76 1.43 1.03 0.46 2.91 48.79 35.34 

 mean 5.61 18.20 0.96 11.69 1.60 0.69 0.42 2.57 62.64 32.18 

 STDV 0.241 0.93 0.02 5.69 0.38 0.59 0.05 0.96 11.58 2.87 

 CV(% ) 4.39 51.33 25.00 48.50 24.00 85.80 0.85 37.20 18.49 8.92 

Imo clay 

shale 

           

  

Ap 

 

6.50 

 

26.90 

 

1,20 

 

7.42 

 

2.14 

 

- 

 

1.40 

 

3.54 

 

60.45 

- 

 A 6.60 23.00 1.08 2.52 1.14 - 1.00 2.14 58.51 - 

 Bt1 6.11 14.80 0.86 0.35 0.92 - 3.40 4.32 21.29 - 

 Bt2 6.05 11.00 0.50 2.66 1.33 - 1.20 2.53 52.57 - 

 Bt3 5.90 10.70 0.44 2.54 1.14 - 1.00 2.14 52.27 - 

 mean 6.23 17.30 0.96 3.11 1.39 - 1.60 2.99 49.04 - 

 STDV 0.30 0.73 0.06 2.58 0.46 - 1.02 0.91 15.93 - 

 CV (% ) 4.85 42.30 58.33 82.96 33.17 - 63.75 30.57 32.48 - 

 

3.3 Relationship among selected physiochemical properties .  

The relationships among selected soil properties are shown 

in Table 3. The result shows that organic matter had a 

positive significant relationship with clay in all the soils 

suggesting that organic matter increase as clay content  

increases  ( r = 0.97,0.99 P< 0.05).Soil pH had  significant 

positive relationship with available P  in Imo clay shale (r 

=0.96 P< 0.05) while in false bedded sandstone, it had no  

significant.  Similar result had been reported by [9] [17][20]  

on the relationship between pH and available P. The 

significant relationship between P and soil pH is an asset in 

soil management as status of soil pH can be used to predict 

P-availability and unavailability for crops. This is critical 

since P- anions react quickly with some cations such as Al, 

Fe and Ca to become less soluble even with slight pH 

change. Organic matter had a non significant negative 

relationship with available P in false bedded sandstone (r =-

0.45 P <0.05) while in Imo clay, shale it had non significant 

positive relationship (r = 0.73). [20] reported a non 

significant relationship between organic matter and 

available P in an upperslope and midslope of a river slope in 

southeastern Nigeria. 

Table.3: Relationship among selected properties of soils in the study area  (n = 5) 

Site Soil property r 

Mbiakpa Ibakesi (False bedded 

sandstone) 

Soil pH Vs OM 0.64NS 
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 Soil pH Vs Av P -0.45 NS 

 O.M Vs Av P -0.45 NS 

 OM Vs clay 0.98 ** 

Amuro (Imo clay shale) Soil pH Vs OM 0.06 NS 

 Soil pH Vs Av P 0.96 ** 

 O.M Vs Av P -0.73 NS 

 OM Vs clay   0.99 ** 

 

IV. CONCLUSION 

From the results, five diagnostic horizons in soil taxonomy 

were recognized and defined on the basis of clay movement 

and illuviation, horizon thickness, organic matter content 

and presence of anthropogenic activities. Soil physico-

chemical properties varied in many respect. However, large 

scale studies may be necessary in future investigation for 

increased accuracy of prediction. In addition, more 

attributes of soil resources should be investigated to create 

greater confidence. 
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Abstract— A field experiment was carried out in the 

Fadama of Jere bowl to assess the water extraction and 

water use efficiency of two improved (IT 86D-719 and 

IT88D-867-11) and one local (Borno Brown ) cowpea 

cultivars grown on residual soil moisture. The three cowpea 

cultivars and a control were laid out in a randomized 

complete block design and replicated three times. The result 

showed that yield and growth parameters were significantly 

(P< 0.05) different amongst the three cowpea cultivars. The 

improved cultivars gave significantly (P< 0.05) higher seed 

yields than the local cultivar. Cultivar IT 86D-719 had the 

highest seed yield of 893.0 kg ha-1 while the cultivar Borno 

Brown had the lowest seed yield of 675.3 k g ha-1. On the 

other hand the cultivar Borno Brown had the highest 100 

seed weight compared to the improved cultivars. The result 

also showed that water extraction in all the cultivars 

increased with depth, with maximum extraction occurring 

at the depth of 80-100 cm, suggesting that the lower soil 

layers were more effective in supplying water as the 

hydraulic conductivities of surface layers decreased. The 

water use efficiency of the two improved varieties of IT86D-

719 (63.56 kg/m3) and IT88D-867-11(70.06 kg/m3), were 

higher compared to the local variety (45.69 kg/m3). Borno 

brown and IT 88D-867-11 are good water extractors at 

field capacity but low extractors at moisture stress. IT 88D-

867-11 displayed sign of higher extraction rate than IT 

86D-719 at field capacity, but IT86D-719 displayed a 

higher extraction capacity at moisture stress (20WAS) . 

Keywords— Cowpea Cultivars, Soil Moisture, Northern 

Nigeria. 

 

I. INTRODUCTION 

 Cowpea production under residual moisture is 

currently gaining popularity in Fadama areas in Northern 

Nigeria where water is a major limiting factor. Wetlands are 

referred to as Fadama in the Hausa language, which is 

widely spoken throughout the West African Sahel 

(Oyebande, 2002) and similar environment elsewhere. Crop 

production in the Fadama depends not only on residual 

moisture but also on the ability of crops to extract the 

available soil water (Miller and Arstad, 1974). Jere bowl is 

one of the Fadama areas, a confluence catchment for 

Ngadda and Alau rivers in Borno State, which spans an area 

of 200 km2. Rice is the dominant crop grown during the wet 

season, and is immediately followed with cowpea in the dry 

season under residual moisture cultivation. In this type of 

dual production system, the study of moisture dynamics 

becomes critical in the formulation of sound intervention 

strategies. 

Cowpea is an important food and cash crop in  

Nigeria with an annual production of 4.33 million tonnes 

(CBN, 2005). This has placed Nigeria as the largest 

producer of cowpea globally. Nigeria, together with Niger 

and Chad Republics , accounts for about 70% of the global 

cowpea production (FAO, 2008). The benefit of cultivating 

cowpea includes fixation of atmospheric nitrogen to the soil 

as well as soil cover against land degradation. This is in 

addition to its rich protein which makes it the principal 

source of protein supply to the peasant communities  and 

second only to meat in protein supply to the urban populace. 

Also, its haulms and pods serve as animal feeds (Grema and 

Hess, 1994).  

In the past, cowpea was exclusively cultivated 

under rain fed conditions, but currently the residual 

moisture production shores up the deficit supply of rain-fed 

production and will help stabilize the price of cowpea out of 

season. Dry land crops grown during the cool harmatan 

season on the Fadama depend primarily on residual 

moisture. The extraction of the receding water depends on 

the amount stored in the profile, the ability of crops to 

extract the available soil water, and the rooting 

characteristics of the crops and their abilities to extract the 

available store soil water and in some cases, the upward 
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capillary movement from shallow ground water table 

(Miller and Arstad, 1974). 

 Several studies in dry land areas have shown that 

dry land crops grown after rice can extract substantial 

amounts of stored soil water (Angus et al., 1983; Klodpeng 

and Morris, 1984). Agriculture in dry land areas is very 

vulnerable to failure and the use of Fadama lands to 

complement upland farming becomes very vital (Kundiri, 

1995). Fadama farming increases food security by serving 

as an alternative when rain fed crops fail and also expands 

production in the off season (Kundiri, 1995). In addition, 

Fadama lands are more contiguous niche than the rain fed 

production sites, which would ensure a more stable 

production.  

 Rainfall in the drier cowpea production region of 

the country is often unpredictably erratic, but within the 

Fadama areas, the farming systems can reliably utilize the 

seasonal flood water, shallow ground water for irrigation or 

residual soil moisture. Residual moisture agriculture is 

strictly reliant on moisture vis -à-vis the inherent moisture 

content, water use and the crop water use efficiency (De 

Tar, 2009). Thus, different crops and even different crop 

varieties are bound to display different water use efficiency 

as observed by Amato and Ritchie (2002) for maize, 

Abidoye (2004) for Soya bean, and Gui-Rui-Yu et.al, 

(2007) for tomato. Evidences exist in maize for varietal 

differences in water use efficiency, but there is paucity of 

research on the potential of growing cowpea and other short 

duration crop species in the Fadama area in north east 

Nigeria. Proper soil and water management practices are 

considered to be the key factors for sustainable crop 

production. 

     The clear understanding of soil water dynamics in 

the Fadama could suggest profitable direction for applied 

soil and water management research on efficient residual 

soil moisture utilization for cowpea production. The water 

table recession rates after rice harvest have obvious 

implications for cropping systems research in the Fadama 

as well as recession farming. In view of the limited water 

resources of the arid and semi-arid environments, it is 

considered desirable to assess the water extraction pattern 

and water use efficiency of cowpea grown using residual 

soil moisture. 

 

II. MATERIALS AND METHODS 

The study area 

The study was carried out at Jere bowl located 

about 5.5 km north east of Maiduguri, the Borno state 

capital between latitudes 11o 51´and 12o 05´ N and 

longitudes 13o11´ and 13o 27´ E. The Jere bowl has an 

altitude of 305.5 meters above sea level, while the 

surrounding has an altitude that varies between 309.5 m and 

311.5 m above sea level. The soils are sandy loam in texture 

with high organic matter content and generally high in 

fertility. The area has a semi-arid climate with a short 

unimodal rainy season that starts in June and ends in 

September and long dry season, starting around November 

and lasting till April/May. Average annual rainfall in 

Maiduguri is 568 mm and average maximum temperature of 

about of 34ᵒc and minimum of 19.6ᵒc is a common 

occurrence in the study area. The average relative humidity 

in the area is quite low especially during the dry season. 

The area receives a high radiation load (except during the 

cool Harmattan season from November to February) of 

40.2% at 0900Z (10:00 am) and 26.1% at 1500Z (4:00 pm). 

Mean annual sunshine duration was 8.5 hrs/day with mean 

solar radiation of 14.2 ML.   

Treatments, Experimental Design and Cultural Practice 

The treatments comprised of four experimental 

plots planted to three cowpea cultivars  (two improved 

IT86D-719, IT88D-867-11, and a local cultivar, Borno 

Brown), assigned to the three plots and a control plot with 

no cowpea planted in it. The three cowpea cultivars and the 

control were replicated three times, giving a total of twelve 

plots laid out in a randomized complete block design 

(RCBD) in experimental plots measuring 2 m × 3 m with an 

alley of 1 m between replicates. Cowpea seeds were sown at 

the rate of two seeds per hole at a spacing of 50 cm × 30 

cm. No fertilizer application was made in line with farmers 

practice in the study area. Weed control was done manually 

using hand hoe as at when due. Insect pests control was 

done by spraying with karate (cypermethrin) 100g/ai at the 

rate of 1L/ha at 25, 45 and 55 days after sowing (DAS). 

Matured pods were harvested by hand picking when the 

pods were dried.  

Collection and Preparation of Soil Samples 

Composite soil samples (0-15 cm depth) were 

collected from the field for routine physico-chemical 

analysis prior to land preparation. The soil samples were air 

dried, ground and passed through a 2mm sieve and used for 

the analysis following standard analytical procedures. 

Particle size analysis was carried out using the hydrometer 

(Gee and Bourder, 1986). Soil bulk density at depths of 0-

10 cm, 10-20 cm and 20-60 cm was determined by the 

undisturbed core sample method (Black and Hartage, 1986), 

while total porosity was calculated from the average bulk 

density value (0-60 cm depth) based on a particle density 

value of 2.65Mg m-3. Soil pH was measured in 1:2.5 soil 

water suspension using glass electrode digital pH meter 

(model Kent Eil 7045/48) as described by Page et al. 
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(1982). Organic carbon and total nitrogen contents were 

determined by dichromate wet oxidation and regular macro-

Kjeldhal methods, respectively while the available 

phosphorus was determined by Bray-1 method (Page et al. 

1982). Exchangeable bases were determined using 1N 

neutral ammonium acetate (NH4OAC) saturation method 

(Page et al., 1982). Exchangeable calcium and magnesium 

were determined titrimetrically with 0.02N Na2 EDTA, 

while the exchangeable potassium and sodium were 

determined with a flame photometer (model FGA 330C) at 

wavelengths of 767 and 589 nm, respectively. 

Determination of Field Water Content 

The field water content was determined 

gravimetrically at 20 cm depth intervals to a depth of 100 

cm on each plot. Soil samples were collected at planting and 

subsequently at four weeks interval. The samples  were 

brought to the laboratory, weighed and oven dried at105o C 

for 24 hours and reweighed. The gravimetric moisture 

content was determined by the difference. Subsequently, the 

values were converted to volumetric moisture content by 

multiplying with the appropriate value of the bulk density.  

Measurement of Plant Parameters 

The plant parameters measured include total grain 

yield at harvest and root length measurements. The cowpea 

grains were harvested when the grains were fully matured. 

The mature pods were hand-picked per individual plot, 

threshed and weighed to obtain the yield per plot and 

subsequently converted to yield per hectare.  

Soil core technique that permits quantitative 

analysis of the root system described by Raper and Barber 

(1970) was used to measure the root length density. Soil 

cores of 5.4 cm diameter and 10 cm height were removed 

for measurement of cowpea root distribution. Cores were 

taken at 5 cm from the cowpea row on a line perpendicular 

to a cowpea plant. The cores were sub-divided into 

segments of 0-10, 10-20, 20-40, 40-60 and 60-80 cm depth 

increments. Root samples, one per plot were collected per 

replication. Cores were collected at 50% flowering and at 

harvest. The soil root cores were placed in plastic bags and 

stored in the refrigerator until roots could be separated from 

the soil. Each sample was washed through three sets of 

sieves arranged in decreasing order of diameter (i.e. 4, 2 and 

1 mm), then the roots remaining in the sieves were 

transferred into large Petri dishes with the aid of a tweezer 

and magnifying glass. Direct method of estimating root 

length (millimeter per unit volume of soil) as described by 

Reicosky et al. (1970) was used. The root samples in the 

large Petri dishes were placed over millimeter–graph paper. 

The roots were strengthened with tweezers, observations 

were made through a magnifying glass and the length of a 

given root segment was estimated to the nearest millimeter. 

The individual root lengths were summed up to give 

estimate of the total root length. Dead roots were not 

included in measurements of root length. Calculations of 

root lengths per unit volume of soil (RLD) were made at the 

end of the growing season. 

Water Use Efficiency 

The crop water use efficiency, defined as yield of 

plant produced per unit of water used was determined using 

the equation developed by Power (1983) for estimating 

water use efficiency as follows:  WUE = 
𝑌

𝐸𝑇
 

Where, WUE is the crop water use efficiency, Y is the total 

yield per given area during the growing season and ET is 

the evapotranspiration. WUE is expressed as yield produced 

per unit volume of water (kg/m3). Water use is restricted to 

that removed from soil by evaporation and transpiration 

excluding non-productive losses that might have occurred 

through deep drainage and surface run-off. 

 

III. RESULTS AND DISCUSSION 

Physico-Chemical Properties of the Soil 

The selected properties of the soil of the 

experimental site are presented in Table 1. The soil has a 

sandy loam texture comprising 72.8, 10.0 and 17.2 % sand, 

silt and clay, respectively. The soil is moderately acidic 

with a pH value of 5.88 and electrical conductivity of 0.03 

dSm-1. The soil has low organic carbon and total nitrogen 

contents of 0.02 and 0.05 g kg -1, respectively and low 

phosphorus value of 4.25 mg kg -1. In general, the soil has 

low fertility status having exchangeable K, Ca, Mg and Na 

of 0.28, 1.00, 0.40 and 0.21 Cmolkg-1, respectively. The 

bulk density at 0-10 cm was 1.83 Mg m-3 then decreased to 

1.73 Mg m-3 at 10-20 cm depth and increased to 1.86 Mg m-

3 at 20-60 cm depth. 

Moisture Content at Different Sampling Depths 

Results on soil moisture content at five sampling 

depths and six sampling periods were shown in Figure 2. 

The highest moisture content of 0.6267 (cm3/cm3) was 

consistently obtained from soil samples at 80-100 cm depth, 

while the lowest moisture content of 0.4967 (cm3/cm3) was 

recorded at 0-20 cm depth at sowing. The moisture contents 

at the end of the experiment were 0.3450 (cm3/cm3) and 

0.0442 (cm3/cm3) at 80-100 cm depth and 0-20 cm depths, 

respectively.  

Results at all sampling periods showed that soil 

moisture content significantly increased with each 

successive increase in sampling depth. The general trend 

was soil moisture content at 80-100 cm depth > 60-80 cm 

depth > 40-60 cm depth >20-40 cm depth > 0-20 cm depth. 

The result also indicated decrease in soil moisture over 
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time, this corroborate with the result of Arya et al. (1975) 

who reported that since root growth is a continuing process 

and hydraulic properties of a drying soil change 

substantially, water depletion patterns are markedly time 

dependent. 

Effects of Cowpea Cultivars on Moisture Content 

There was significant difference in moisture 

content among cultivars  at all sampling periods (Table 2). 

At all sampling periods, soil moisture content in plots 

cropped to IT88D-867-11 and Borno Brown were 

significantly (P < 0.05) lower than that of the uncropped 

plots. During the crop growth at 4 and 8 WAS there was no 

significant difference in soil moisture content between the 

uncropped field and that cropped to IT86D -719. 

Subsequent result from 12 and 16 WAS however revealed 

significantly lower soil moisture content in plots cropped to 

IT86D -719 than in the other cropped plots. Plots cropped to 

these cowpea cultivars also had significantly lower moisture 

content in comparison to that cropped to IT86D-719 at 4 

WAS. In addition, plots cropped to IT88D-867-11 and 

IT86D-719 showed significantly higher soil moisture 

content compared to plots cropped to Borno Brown at 8 

WAS. However, the terminal result at 16 WAS did not 

show significant difference in soil moisture content among 

all plots cropped to the cowpea cultivars.  

The result generally suggests decline in soil 

moisture content over time as reported by Safir et al. (1972) 

who said that initially the hydraulic factors favour water 

uptake by roots in the surface layers. As the soil dries 

rhizosphere resistance to water flow increases more rapidly 

near the surface and a downward shift in the uptake pattern 

would be expected.  

Grain yield of Cowpea Cultivars 

The highest grain yield of 893 kg/ha was obtained 

from IT86D-719. This was followed by IT 88D-867-11 

with mean yield of 846 kg/ha. There was no significant (P 

>0.05) difference between the yield of the two improved 

varieties. However, both varieties significantly (P<0.05) 

out-yielded the local cultivar, Borno Brown which recorded 

675.3 kg/ha. 

Root Length Density of Cowpea Cultivars at Different 

Depths 

The root length density of the three cowpea cultivars 

investigated during the sixteen weeks of experimentation is 

presented on Table 5. The root length density at 50% 

flowering indicated that Borno Brown has the highest 

concentration compared to both IT86D-719 and IT88D-

867-11. The root length density at 100% flowering followed 

similar pattern. The result revealed that there were no 

significant (P>0.05) differences among the cowpea varieties 

at flowering (RL 50%) and at harvest (RL 100%). In respect 

to the depth, there was significant difference for 60-80cm 

depth and 80-100cm at both RL 50% and RL100%. The 

highest concentration of root (0.183 g/cm3) was obtained at 

0-20 cm at 50% flowering, while lowest concentration of 

0.027 (g/cm3) was obtained at 80-100 cm depth. Similar 

root concentration pattern was obtained at 100% flowering. 

No significant difference was observed for interaction 

between variety and depth for root length density at 50%. 

However, there was highly significant (P<0.05) for variety 

and depth at 100% 

Water Extraction Rate (Water Use) by Different 

Cultivars of Cowpea 

Figure 1 shows the rate of water extraction by the 

roots of the three cowpea cultivars during 20 weeks growth 

periods. The initial extraction rate at 4 WAS was generally 

low for all cultivars, but increased with time. When 

cultivars were compared extraction rate was highest in 

Borno Brown (0.8 cm/day), followed by IT88D-867-11 

(0.48cm/day) and then IT88D-719 (0.32cm/day). The result 

revealed similar extraction trend at 8 WAS, with extraction 

rate of 0.30, 0.31 and 0.18 cm/day, for Borno Brown, 

IT88D-867-11 and IT88D-719, respectively. The peak 

extraction rate for Borno Brown (0.80cm) and IT88D-867-

11(0.48cm) occurred at 12 WAS as against 20 WAS for 

IT86D-719 (0.45cm/day).  

The result at 12 WAS indicated substantially 

higher extraction rate for Borno Brown. For IT86D-719, the 

extraction rate increased throughout the growth cycle with 

peak extraction rate at 20 WAS. In contrast, for IT88D-867-

11 and Borno Brown, an early increase in the extraction rate 

was followed by a sharp decrease later in the crop growth 

cycle to 0.33 cm and 0.37cm at 16 WAS and 0.48 cm and 

0.38 cm at 20 WAS, respectively. Borno Brown and IT88D-

867-11 were good water extractors at field capacity but low 

extractors at moisture stress. IT88D-867-11 displayed sign 

of higher extraction rate than IT86D-719 at field capacity. 

IT86D-719 displayed higher extraction capacity at moisture 

stress (20 WAS).  

Water extraction generally increased with depth 

with highest extraction at 80-100 cm followed by 60-80 cm 

and then 40-60 cm in that order, indicating that lower soil 

layers became more effective in supplying water as the 

hydraulic conductivities of the surface layers decreased  

(Figure 2). Water extraction increased with depth and 

peaked at 12 WAS. For the 80-100 cm layers, the extraction 

rate was followed by a substantial decrease later in the 

drying cycle as shown in Figure 2.  

The root water extraction efficiency of the 3 

cowpea cultivars at flowering and at podding across depth 
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are presented in Figure 3 and 4, respectively. In general, the 

results indicated increase in water extraction efficiency with 

increase in depths (at lower depths). However, water 

extraction efficiency at podding almost doubled that at 

flowering.  

IV. CONCLUSION 

The study revealed that there was significant 

(p<0.05) difference in yield of the three cowpea cultivars. 

The IT 86D-719 produced the highest grain yield. However, 

there was no significant (p>0.05) differences in the yield 

between the two improved cultivars . Low initial rate of 

water extraction for all cultivars was observed, however, 

extraction rate increased with time with highest by IT 88D-

867-11 > Borno brown > IT 86D-71. The peak extraction 

rate for Borno brown and IT 88D -867-11 occurred at 12 

WAS as against 20 for IT 86D-719. Moisture content from 

the cropped and uncropped plots increased with increase in 

depth at 80-100 cm depth > 60-80 cm depth > 40-60cm 

depth >20-40 cm depth>0-20 cm depth. Decrease in soil 

moisture content over time from planting to harvest  was 

also observed. Borno Brown and IT 88D-867-11 are good 

water extractors at field capacity, but low extractors at 

moisture stress. IT 88D-867-11 displayed sign of higher 

extraction rate than IT 86D-719 at field capacity, but 

IT86D-719 displayed a higher extraction capacity at 

moisture stress. 

 

Table.1: Physico-chemical Properties of the Soil of the 

Experimental Site 

CHARACTERISTICS                                               VALUES 

Soil pH1:2.5 (H2O)                             5.88 

Electrical Conductivity (EC) dsm-1 0.03 

Organic Carbon (g kg-1)               0.20 

Nitrogen (g kg-1)    0.05 

C:N ratio                                                       4.00 

Phosphorus (mg kg-1) 4.20 

Exchangeable bases (Cmol Kg-1)  

Na 0.21 

K 0.28 

Ca 1.00 

Mg 0.40 

Total exchangeable bases (Cmol Kg -1) 1.89 

Particle size distribution (% )  

Sand 72.80 

Silt 10.00 

Clay 17.20 

Texture Sandy loam 

Bulk Density (Mg m-3)  

0-10 cm 1.83 

10-20 cm 1.73 

20-60 cm 1.86 

Total Porosity (%) 30.94 

 

Table.2: Soil Moisture Content (cm3/cm3) of Cropped and Uncropped Plots at Sampling Intervals 

Cultivars At Planting 4 WAS 8 WAS 12 WAS 16 WAS 20 WAS 

IT86D-719 0.57 0.51 0.38 0.22 0.17 0.11 

IT88D-867-11 0.54 0.47 0.34 0.19 0.17 0.12 

Borno Brown 0.54 0.47 0.34 0.22 0.18 0.12 

Control 0.57 0.53 0.39 0.29 0.24 0.18 

SE± 0.0046 0.0077 0.0077 0.0072 0.0086 0.0078 

LSD(0.05) *** *** *** *** *** *** 

 

Table.3: Grain Yield for the Three Cowpea Cultivars 

Cultivar Grain yield 

(kg/ha) 

IT 86D-719 893.00 

IT 88D-867-11 846.00 

Borno Brown 675.30 

Mean 804.80 

SE±   26.50 

LSD(0.05) 104.10 

 

 

 

Table.4: Root Length Density as Affected by Cultivar and 

Depths 

Treatment Root length at 

50%  

Root length at 

100%  

Cultivar   

IT86D-719  0.079 0.061 

IT88D- 867-11 0.070 0.068 

Borno Brown  0.113 0.100 

SE± 0.0176 0.0074 

LSD(0.05) * *** 

Depth (cm)   

0-20 0.183 0.151 
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20-40 0.108 0.128 

40-60 0.078 0.073 

60-80 0.041 0.026 

80-100 0.027 0.007 

SE± 0.0227 0.0095 

LSD(0.05) *** *** 

V×D NS *** 

 

 

 

Table.6: Water Use Efficiency of Three Cowpea Cultivars 

Variety Water Use 

(cm/day) 

Water Use 

Efficiency 

(kg/ha/cm) 

IT86D-719 14.93 63.56 

IT88D-867-11 12.80 70.06 

Borno brown 14.44 45.69 

SE± 1.103 10.936 

LSD(0.05) 4.331 42.940 

 

 

 

Fig.1: Rate of water extraction by cowpea cultivars at 4 weeks interval  
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Fig.2: Rate of water extraction by cowpea cultivars at different depths 
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Fig.3: Root water extraction efficiency at flowering 

 

 

Fig.4: Root water extraction efficiency at podding 
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Abstract—Effect of temperature and time on Lead (Pb) 

adsorption and affinity of the adsorbed Pb was evaluated in 

three acidic soils from China. The distribution coefficient 

increased slightly with increasing temperature up to 35 0C 

and then decreased at 450C.The increase of temperature 

was not favorable to sorption. The heat of reaction (△H) 

was positive (endothermic) at lower temperatures, while it 

was negative (exothermic) at higher temperatures. It was 

observed that there was an increase in the percent 

adsorption of Pb2+ within the first  8 min of the reaction and 

a decrease within 20 min of the reaction. The equilibrium 

was reached after 40min with 95.8 %, 87.4 % and 83.8 % 

for the Yellow brown soil (YBS), Latosol soil (LS) and 

Lateritic red soil (LRS) respectively. The analysis of images 

obtained by scanning electron microscope (SEM) with 

adsorbed Pb showed coverage of the surface with white 

layer (molecular cloud). 

Keywords— sorption, lead; variable charge soils; time; 

temperature. 

 

I. INTRODUCTION 

Lead is a common contaminant of soil and considered to 

be a risk to human health. Lead may contaminate soil 

through vehicle exhausts, sewage-sludge biosolids, min ing, 

and smelt ing [16] [1]. Toxicity from Pb-contaminated soils 

primarily occurs from direct ingestion. Symptoms of lead 

poisoning in human beings include irritability, poor muscle 

coordination, nerve damage, increased blood pressure, 

developmental delays etc. [ 20]. 

Heavy metal concentration in soil solution is of great 

importance for all eco logical consideration because the 

plants are likely to take up the available metals from soil 

solution. The transport of metals within the soil or even to 

groundwater depends on the metal concentration of the 

solution phase [5]. It  was suggested that the fate and 

transport of toxic metal ions in  the environment are 

generally controlled by adsorption reactions, complexation 

etc. [21]. Studies on Pb (II) adsorption were performed on 

soils, clay minerals and oxides [8] [17][21] [2]. These 

studies showed that soil type, ionic strength, ion type, 

contact time affected the adsorption of heavy metals onto 

soils and clay minerals. Other factors such as liquid: solid 

ratio [14], solution pH, ionic strength [12] and temperature 

also affect sorption process [4] [11]. 

It is well known, t ropical and subtropical regions are 

distributed with large areas of variab le charge soils. These 

soils usually carry both positive and negative charges on 

their surfaces, therefore can  adsorbed both anions and 

cations [23]. 

It has been observed that increasing the contact time 
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favor the adsorption of metal ions because the sorbed 

phase of metals changed from loosely bounded phase to 

strongly bounded phases with increasing contact time 

[9][15]. However, there are few studies  and limited 

informat ion on the effect of these operating variables  on 

the adsorption and affinity of Pb  onto variable charge 

soils .The process of adsorption, though widely applied, is 

still only partially understood [ 19].  

 This paper therefore investigated impact of reaction 

variables like  contact time and temperature and on 

adsorption and affinity of Pb2+ onto three variable charge 

soils. The aim is to provide scientific information that will 

help in the management of lead contaminated soils. 

 

II. MATERIALS AND METHODS 

2.1 Soil samples and basic properties 

   Three representative variable charge soils were used in 

this study : Yellow brown soil (YBS), A lfisol in America 

Soil Taxonomy and Argosol in China Taxonomy; Latosol 

soil (LS) and Lateritic  red soil, Oxisols in America So il 

Taxonomy and Ferralosols in China Taxonomy，collected 

from Hubei, Hainan, and Guangxi provinces, respectively 

in China. These uncontaminated soils with contrasting 

properties were sampled at  0 – 20 cm depth. Composite 

samples of the soils were air-dried, ground, sieved through 

2-mm mesh prior to use. Soil pH value was measured in 

de-ionized water at a soil: water ratio of 1:2.5. Cation 

exchange capacity (CEC) and organic matter content were 

determined by the methods described by Rhoades and 

Walkley – Black respectively [13]. Particle size 

distribution was determined using the pipette method. 

Amorphous iron (Fe) and alumin ium (Al) oxides were 

determined by the oxalate ext raction [10]. Crystalline Fe 

and Al oxides were determined by the oxalate – ascorbic 

acid extraction method of Shuman [18]. The mineralogical 

composition of the clay  samples was determined with 

Cu-Ka radiation on X –ray diffractometer (D8 Bruker 

Advance X –ray diffractometer). 

2.2. Effect of temperature on sorption 

Weight of 1 g of soil samples were p laced in 50 mL 

polyethylene bottles. Twenty-five mL of 0.01 KCl solution 

containing 100 mg L-1 Pb2+ was added. The solutions were 

adjusted to pH 5.5±0.1 with either 0.1 M NaOH or HCl. 

These were ag itated at 230 rpm at different temperatures 

within the range of 5 – 45 0 C, after which they were 

centrifuged and the supernatant solution taken for metal ion 

analysis using AAS. The amount adsorbed was calculated 

by the difference between the total applied Pb2+ and the 

amount of Pb2+ remaining in the equilibrium solution. The 

heat of reaction (△H) was determined using the formulae: 

Heat of reaction = q/1000÷ Moles [3] 

Where q= mass x specific heat capacity x change in 

temperature. 

2.3. Effect of time on sorption  

Weight of 1 g  of soil samples were placed in 50 mL 

polyethylene bottles. 25 mL of 0.01 KCl solution 

containing 100 mg L-1 Pb2+ was added. The solutions pH 

were ad justed to 5.5±0.1 with either 0.1 M NaOH or HCl. 

These were agitated at 230 rpm at different times within the 

range of 5 – 80 min, after which they were centrifuged and 

the supernatant solution taken for metal ion analysis using 

AAS. The amount of metal ions adsorbed was  calculated as 

above.    

2.4. Scanning electron microscopy 

After adsorption, the soil residues were air-dried for 7 days 

and gold coated under vacuum in a JFC – 1600 sputter 

coater (JEOL, Japan) for 20 min. The SEM images obtained 

by a JSM 6390 scanning electron microscope (JEOL, 

Japan)  

    

   2.5. Statistical analysis  

All experiments were carried out in duplicate and only 

mean values are presented. All data were processed by 

Microsoft Excel, SAS and sigmaplot10. 

 

III. RESULTS AND DISCUSSION 

3.1. Physicochemical  and mineralogical properties of 

soils 
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The results of the physicochemical propert ies showed that 

YBS had higher CEC and pH (27.4 cmol kg -1 and 5.2) 

respectively than the other soils , while LS had higher 

organic carbon and crystalline Fe2O3 and Al2O3 (13.1 g kg-1, 

84.0 g kg-1 and 5.2 g kg-1) respectively than the other soils 

(Table 1). The part icle size analysis showed that LS was 

clay, YBS was silt loam and LRS was clay loam. 

Mineralogical composition showed that LRS main ly 

consisted of kaolin ite 60 %, and illite 40 % characterized by 

diffract ion peaks at 0.719nm and 1nm, respectively. The LS 

consisted of kaolinite 75 %, hydroxyinterlayed vermiculite 

15 % and goethite characterized  by diffraction  peaks at 

0.71nm, 0.48nm and 0.27nm, respectively. Yellow brown 

soil consisted of illite  45 %, vermiculite 25 % and kao lin ite 

30 % characterized by diffract ion peaks at 1nm, 1.396nm 

and 0.717nm, respectively (Fig.1). The YBS has higher 

adsorption capacity probably due to its higher CEC, pH and 

illite content (Table 1). This result is in agreement with 

previous reports suggesting that adsorption capacity of Pb2+ 

by soil has a significant relat ionship with CEC of soils 

[6][22]. Other propert ies that are associated with metal 

adsorption e.g. clay content and organic matter may also 

influence metal retention through their relation to  CEC [22]. 

The result of particle size analysis agrees with [7] that 

oxisols with high Fe oxide content are rich in  clay; however, 

the soils exhibit moisture characteristics of sands. 

Table.1: Properties of the soils studied 

  soil 

 

 

pH  

(H2O) 

O.M  

g kg-1 

CEC  

g kg-1 

Clay 

(<0.002mm)  

g kg-1 

Clay minerals Crystal  

Fe  

g kg-1 

Crystal 

Al  

g kg-1 

 YBS 5.2 10.8 27.4 256.5 I (45),V(25),  

K (30) 

16.0 1.3  

 LS 4.5 13.1 15. 9 415.9 K(75), 

HIV(15), GE 

84.0 5.2 

 LRS 4.1 9.9 21.9 361.2 K(80),GE(20) 21.0 2.1 

I = illite, V = vermiculite, K = kaolinite, HIV =hydroxyinterlayed vermicu lite, GE= goethite. Data in  the parentheses are the 

contents (%) of the corresponding minerals.  

 

Fig.1: X-ray diffraction patterns of three soils, a. LRS; b. LS; c. YBS 

 

3.2. Effect of temperature on sorption 

In a series of adsorption experiments at temperature 

between 5 0 C and 45 0C, the distribution coefficient (Kd) 

increased slightly with  increasing temperature up to 35 0C 

and then decreased at 45 0 C. The maximum increase of 365 

mL/g was observed in YBS, while the maximum reduction 

http://dx.doi.org/10.22161/ijeab/3.4.46
http://www.ijeab.com/


 
International Journal of Environment, Agriculture and Biotechnology (IJEAB)              Vol-3, Issue-4, Jul-Aug- 2018 
http://dx.doi.org/10.22161/ijeab/3.4.46                                                     ISSN: 2456-1878  

www.ijeab.com                                                                             Page | 1489  

of 608 mL/g was observed in LS (Fig.2). The heat of 

reaction (△H) was positive at lower temperature and 

negative at higher temperatures. At 5 0C, 15 0C and 25 0C, 

△H was 962 kJ mol-1,544 kJ mol-1, and 126 kJ mol-1 

respectively. At 35 0C, and 45 0C, △H was – 293 kJ mol-1 

and -711 kJ mol-1 respectively (Table 2). To the best of our 

knowledge, this result has not been reported. The attraction 

of Pb2+ to soils increased slightly with increasing 

temperature up to 35 0 C and then reduced at 45 0C. This 

could be because at (25 -35 0C) the temperature is warm 

and the environmental condition is conducive for rap id 

decomposition and mineralizat ion or release of simple 

inorganic products such as sulfates, nitrates etc. which may 

lead to increase adsorption of Pb2+ onto soils, while at high 

temperature of 45 0C there was damage of act ive binding 

sites in the soils. The negative value for △H indicates that 

desorption is favoured as temperature increase [24] The 

distribution coefficient (Kd) of YBS is greater than other 

soils, indicating that Pb2+ has a greater affinity for YBS 

than other soils. 

Table.2: Enthalpy change at different temperatures during 

Pb adsorption. 

Temperature ℃ Enthalpy change △H 

(kJ mol-1) 

5 962 

15 544 

25 126 

35 -293 

45 -711 

 

Fig.2: Distribution coefficient of Pb2+ at different 

temperatures 

 

3.3. Effect of time on sorption  

From Fig.3, it was observed that there was an increase 

in the percent adsorption of Pb2+ within the first 8 min of 

the reaction and a decrease within 20 min of the reaction. 

The equilibrium was reached after 40min with 95.8 %, 

87.4 % and 83.8 % for the YBS, LS and LRS, respectively. 

In the experiments, 24 h was selected to achieve the 

adsorption equilibrium. The effect of time on adsorption of 

Pb ion is contrary to p revious observation by [2] that 

adsorption of Pb2+ onto kaolinite clay increased with time 

and reaches equilibrium after 8 min and 20 min  for 

P-modified and unmodified kaolin ite respectively. The 

reason for this trend is not understood. Further investigation 

is warranted to exp lain this behavior, presumably  associated 

with the interaction between Pb2+ and soils. 

 

Fig.3: Percent Pb2+ adsorbed at different time intervals 
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3.4. Scanning electron microscopy analysis  

The morphology of the soils with Pb2+ ion showed some 

important observations. Typical SEM photographs are 

shown in Fig.4 (a–f). Coverage of the surface of the soil 

due to adsorption of Pb2+ ion presumably lead ing to 

formation of layer of lead molecules over the soil surface. It 

is evident from the fo rmation of white layer (molecular 

cloud). There was h igher surface coverage of lead in YBS 

and LRS than LS. It is noticed that soils have bigger pore 

structures, 1 – 5μm and after adsorption, the pore size have 

been reduced to 0.4 – 0.6 μm where the lead has attached to 

it due to its surface chemistry. There was spherical like 

structures attached in bundles. This could be due to 

adsorption of Pb2+ ion on soils. We see beautiful surface 

adsorbed spherical shaped Pb particles on the soils. 

a                           b                         c  

 

d                             e                              f 

 

Fig.4: Scanning electron microscopy of soils without and with Pb a. LRS, b. LS, c YBS without Pb, d. LRS, e. LS, f. YBS with 

Pb 

  

IV. CONCLUSIONS 

At warm temperature the distribution coefficient (Kd) was 

highest in all the soils. Sorption of Pb2+ decreased with the 

increase in temperature. The Pb2+ has a greater affinity for 

YBS than other soils. Lead ion adsorption decreased with 

time in all the soils  and decreased pore structures in studied 

soils. 
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Abstract—The present experiment was designed to 

determine the bioactive constituents from tuber extracts of 

Pueraria tuberosa (Roxb. ex Willd.) DC. of the family 

Fabaceae. The medicinal value of a plant species is 

dependent upon its various phytochemical constituents. The 

chemical compositions of the methanolic extract of tubers of 

P. tuberosa were investigated using Gas chromatography-

Mass spectrometry and about nineteen bioactive 

phytochemical compounds were identified. The prevailing 

compounds were 2, 3-Dimethylaziridine; 2-Cyclopenten-1-

one, 2-hydroxy-; 2-Hydroxy-gamma-butyrolactone; 3-

Methyl-1,2-cyclopentanedione; 2,5- Dimethyl-4-hydroxy-3 

(2H) – furanone;  Butane 2-methyl; Oxetane; Maltol; 1, 5-

Anhydro-6-deoxyhexo-2,3-diulose; 2, 3-Dihydro-2, 5-

dihydroxy-6-methyl-4H-pyran-4-One; 5-

Hydroxymethylfurfural, Phenol,2,6-dimethoxy; Dodecanoic 

Acid; Guanosine; Tetradecanoic acid; Myo-inositol; 

Hexadecanoic Acid; 9, 12-Octadecadienoic acid, methyl 

ester and Cis-vaccenic acid. This was the first report on 

identification of bioactive compounds from methanol ic 

extract of tubers of P. tuberosa. 

Keywords— Pueraria tuberosa, methanolic extract, GC-

MS analysis, bioactive compounds. 

                                                              

I. INTRODUCTION 

 From ancient times plants are best sources of 

bioactive compounds having interesting biological 

activities. Literature studies represent the medicinal plants 

as reservoir of effective chemotherapeutants, play a 

principal role in the maintenance of human health. 

Knowledge on the phytoconstituents of plants is highly 

desirable for disclosing the actual significance of folkloric 

remedies, Milne, (1993). The secondary metabolites of 

plants have a variety of structural arrangements and 

properties, De-Fatima et al., (2006). Phytochemicals of 

natural drugs have overlapping and complementary 

mechanism of action; hence thorough validation of natural 

drugs was prioritized and emphasized. Mass Spectrometry 

coupled with Gas Chromatography is normally used for the 

direct analysis of chemical constituents present in plant 

based medicine. GC-MS analysis  is a highly commended 

analysis for non-polar components, fatty acids, volatile 

essential oil, lipids, Jie and Choi, (1991) and alkaloids, Betz 

et al., (1997). 

 The tubers of P.tuberosa are widely used in 

ayurveda and in ethanomedicine. It has been recommended 

for the treatment of menopausal syndrome, sexual debility, 

cardiovascular diseases, fertility disorders, 

hepatosplenomegaly and spermatorrhoea and has been used 

as antiaging, spermatogenic and immune booster, Amal et 

al., (2014). There has been tremendous progress in 

medicinal plant research which involve the isolation and 

identification of secondary metabolites of plants and their 

use as active principles in therapeutics , Mary et al., (2013). 

Literature studies indicate that no reports on GC-MS 

analysis P. tuberosa has so far been undertaken to provide 

enough data in favour of its traditional uses. As part of the 

endeavor for the study of therapeutic properties of P. 

tuberosa we herein reported the GC-MS analysis of 

methanol extract of the tubers. 

 

II. MATERIALS AND METHODS 

2.1 Collection of plant sample 

 The tubers (Plate 1) of the P. tuberosa (Roxb. ex 

Willd.) DC. were collected from Nelliyampathy forests of 

Palakkad district, Kerala state. The tubers were 

authenticated by Dr. P.S. Udayan, Sree Krishna College, 

Guruvayur and the voucher specimens were preserved for 

further reference. 

 

2.2 Preparation of powder and extract 

 Collected tubers were thoroughly washed in 

running tap water for 10 minutes. These were cut into 

pieces and were air dried in shade so as to prevent 
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decomposition of active principle and made fine powder by 

using mechanical grinder. Then the powder was extracted 

using methanol as a solvent. Twenty gram of dried powder 

was weighed and subjected to extract successively with 200 

ml methanol in soxhlet extractor. The extract was 

condensed and preserved in refrigerator in air tight bottles. 

 

2.3 GC-MS analysis of bioactive compounds 

 The methanolic extracts obtained were subjected to 

GC-MS analysis for the determination of various bioactive 

volatile compounds in P. tuberosa. The analysis was carried 

out using Shimadzu Make QP-2010 with nonpolar 60 M 

RTX MS column, operating in electron impact mode at 70 

eV. Helium was used as the carrier gas and an injection 

volume of 0.5μl   was  employed in split less mode at 

injection temperature 260ºC; ion-source temperature 200ºC. 

The oven temperature programming was set with a rate of 

10 ºC with an initial oven temperature at 60º C and final 

temperature at 280º C, held for 8 minutes. The total running 

time for the sample was 25 minutes. The chemical 

constituents of the methanolic tuber extracts of plant 

samples were identified by comparing the retention times of 

peaks using NIST Library to relative retention indices. The 

relative percentage of each of the component in the extract 

was calculated by comparing its average peak area to the 

total areas.      

 

III. RESULTS 
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The results pertaining to GC-MS analysis leads to the 

identification of number of chemical constituents from the 

GC fractions of methanolic extract of tubers of P. tuberosa. 

Nineteen bioactive compounds were identified and their 

retention time (RT), % of peak area, molecular formula, 

molecular weight and biological activities are presented in 

Table 1 & 2 and Fig. 1. The prevailing compounds were 2, 

3- Dimethylaziridine (1.96%); 2-Cyclopenten-1-one, 2-

hydroxy-(2.84%);2-Hydroxy-gamma-

butyrolactone(12.16%);3-Methyl-1,2-Cyclopentanedione 

(1.78%); 2, 5-Dimethyl-4-hydroxy-3 (2H)-furanone 

(3.24%); Butane 2-methyl (0.83%); Oxetane (12.37%); 

Maltol (7.50%); 1, 5-Anhydro-6-deoxyhexo-2, 3-diulose 

(3.28%); 2, 3-Dihydro-2, 5-dihydroxy-6-methyl-4H-pyran-

4-One (2.94%); 5-Hydroxymethylfurfural (19.82%); 

Phenol, 2,6-dimethoxy (0.92%); Dodecanoic Acid (3.39%); 

Guanosine (12.11%); Tetradecanoic acid (1.05%); Myo-

inositol (3.36%); Hexadecanoic Acid (6.23%); 9, 12-

Octadecadienoic acid, methyl ester (1.58%) and Cis-

vaccenic acid (2.64%). Most abundant bioactive 

components among these were 5-Hydroxymethylfurfural 

(19.82%); Oxetane(12.37%); 2-Hydroxy-gamma-

butyrolactone (12.16%) and Guanosine (12.11%). 

 

Fig.1: GC-MS Chromatogram of methanolic extract of tuber of P. tuberosa. 

 

Table.1:  Bioactive compounds detected from methanol extract of tubers of P. tuberosa. 

Pea

k 

Retention 

time 

%  of 

peak 

area 

Compounds analysed Nature of compounds Molecular 

formula 

Molecular 

weight 

1 4.345 1.96 2,3-Dimethylazirid ine Heterocyclic 

compound 

C4H9N 71.12 

2 4.405 2.84 2- Cyclopenten-1-one, 2-

hydroxy- 

Organic compound C6H6O2 98.10 

3 5.445 12.16 2-Hydroxy-gamma-

butyrolactone 

Lactone C4H6O3 102.09 

4 5.625 1.78 3-Methyl-1,2-

cyclopentanedione 

Lactone C6H8O2 112.13 

5 6.123 3.24 2,5- Dimethyl-4-hydroxy-

3(2H)-furanone 

Lactone C6H8O3 128.13 

6 6.448 0.83 Butane 2-methyl Alkane C5H12 72.15 

7 6.639 12.37 Oxetane Heterocyclic C10H16O3 184.24 

8 6.842 7.50 Maltol Heterocyclic C6H6O3 126.11 

9 7.195 3.28 1,5-Anhydro-6-deoxyhexo-

2,3-diulose 

Glucoside C6H8O4 144.0 
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10 7.359 2.94 2,3-Dihydro-2,5-d ihydroxy-

6-methyl-4H-pyran-4-One 

Unsaturated cyclic 

compound 

C6H8O4 144.13 

11 8.543 19.82 5-Hydroxymethylfurfural Heterocyclic 

compound 

C6H6O3 126.11 

12 10.072 0.92 Phenol,2,6-dimethoxy Organic compound C9H12O3 168.19 

13 12.735 3.39 Dodecanoic Acid  Saturated Fatty acids C12H24O2 200.32 

14 12.889 12.11 Guanosine Purine nucleoside  C10H13N5O5 283.24 

15 15.005 1.05 Tetradecanoic acid Saturated Fatty acid C14H28O2 228.37 

16 16.127 3.36 Myo- inositol Vitamin like substance C6H12O6 180.16 

17 17.116 6.23 Hexadecanoic Acid Saturated Fatty acid C12H32O2 257.42 

18 18.751 1.58 9,12-Octadecadienoic acid, 

methyl ester 

Unsaturated fatty acid C19H34O2 294.47 

19 18.807 2.64 Cis-vaccenic acid Fatty acid C18H34O2 282.46 

 

 

Table.2: Activity of Bioactive compounds identified in the methanol extract of tubers of P. tuberosa. 

S. N. Chemical constituents Biological Activities Literature cited 

1 2,3-Dimethylazirid ine Antimicrobial and anticancer  Aleksandra et al., 2017 

2 2- Cyclopenten-1-one, 2-hydroxy Inducer of Heat Shock Protein 70 with 

Antiviral Activity 

Antonio et al., 1996 

3 2-Hydroxy-gamma-butyrolactone Epigoitrin from4‐hydroxy‐γ‐ 

 Butyrolactone presents antithyroid and 

antivirus activities 

Wei and Chunhua, 2013 

4 3-Methyl-1,2-cyclopentanedione An effective anti-inflammatory agent Jae et al., 2007 

5 2,5- Dimethyl-4-hydroxy-3(2H)-

furanone 

Broad spectrum antimicrobial activities  Sung et al., 2007 

6 Maltol Flavor compound Bhesh et al., 2013 

7 1,5-Anhydro-6-deoxyhexo-2,3-

diulose 

Preservative Prabu et al., 2013 

8 5-Hydroxymethylfurfural Antioxidant,Antiproliferative activity Zhao et al., 2013 

9 Phenol,2,6-dimethoxy Antimicrobial, Antioxidant, Anti 

inflammatory 

Salem et al., 2018 

10 Dodecanoic Acid Both antibacterial and antifungal  Belakhdar  et al., 2015 

11 Tetradecanoic acid Both antibacterial and antifungal  Belakhdar  et al., 2015 

12 Hexadecanoic Acid Antioxidant  Belakhdar  et al., 2015 

 

IV. DISCUSSION 

 Now a day, the study of bioactive components 

from medicinal plants and their activity has increased. The 

combination of GC (best separation technique) with MS 

(best identification technique) made GC-MS one of the 

ideal techniques for quantitative analysis of volatile and 

semi-volatile compounds, Grover and Patni, (2013). The 

identified compounds with more percentage like 5-

Hydroxymethylfurfural (19.82%), Hexadecanoic acid, ethyl 

ester (Palmitic acid ester) (6.23%), 2-Hydroxy-gamma-

butyrolactone (12.16%) showed a wide range of potent 

bioactivity. These phytochemicals are responsible for 

various pharmacological actions like antioxidants and 

antimicrobial activities , Tapiero et al., (2002). Among the 

nineteen compounds identified 7 showed Anti-microbial 

activity, 2 showed Anti-inflammatory, 1 showed Anti-

cancer and 3 showed anti-oxidant and also showed activities 

such as  antithyroid , inducer of heat shock protein 70, up-

regulator of immunoglobulin synthesis, Bickerstaffe and 

Annison, (1970). The GC-MS analysis of methanolic 

extract of tuber of Plectranthus rotundifolius Spreng. 

showed the presence of forty different phytochemical 

compounds , among these Cis-Vaccenic acid was identified 

as an active phytocomponent, Manikandan  et al., (2016). 
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 Sweetness enhancer maltol increases the 

creaminess and decreases the bitterness of food, Bhesh, 

(2013). Different kinds of dietary fat modify the risks of 

many chronic and acute inflammatory diseases by the 

differential regulation of gene expression and activation of 

macrophages Joo et al., (2001). Unsaturated fatty acids like 

9, 12-Octadecadienoic acid, methyl ester, known as an 

omega-6 fatty acid are important for normal cell growth, to 

lower cholesterol levels of the blood, Igwe and Okwu, 

(2013) and to support the lubricating quality of skin, Okwu 

and Morah, (2006). 

 It has been reported that tuberosin, one of the 

active principles of P. tuberosa inhibits 

lipopolysaccharide (LPS)  induced inflammatory changes in 

macrophages and directly scavenges various species of free 

radicals, Panday and Tripati, (2010). P.tuberosa showed 

significant dose dependent ulcer protective effect due to its 

antioxidant activities and it was comparable to the reference 

drug OMP, Sumalatha et al., (2010).  In the present 

experiment different compounds displayed similar activity 

and the presence of various radical scavenging and anti-

inflammatory compounds  in the methanolic extract of 

P.tuberosa may be the responsible for its antioxidant 

properties.  

 

V. CONCLUSION 

 The GC-MS studies carried out on methanol 

extract of tubers of P. tuberosa showed the presence of 

chemical components responsible for its potent medicinal 

activity. Further work regarding specific activity of various 

identified compound will provide more ins ight about the 

use of the tuber. 
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Abstract—.The event of Mount Merapi's phreatic 

eruption, at least reminds us that the riverbank of Kali 

Putih which is located in Magelang Regency, Central 

Java Province has not been completely free from the 

threat of cold lava flood, especially during the rainy 

season. Therefore, a preventive action in relation to cold 

lava flood mitigation matters needs to be done. As part of 

the preventive action, a spatial modeling was carried out 

in Kali Putih to get an overview of the number and 

distribution of affected residential areas, the location and 

distribution of temporary evacuation sites (TES), the most 

effective number of final evacuation sites (FES), and 

various evacuation routes formed. Modeling began by 

calculating the level of vulnerability of cold lava in Sub 

Watershed of Kali Putih to get the most vulnerable areas 

for cold lava flood. 3D analyst and spatial  analyst were 

used at this stage. The analysis was continued to 

calculate the number of affected settlements, using vector-

based analysis. Furthermore, the determination of the 

number and distribution of TES, the number and 

distribution of FES, and determination of evacuation 

routes were carried out using Network Analyst.  From 

this spatial modeling, the following results were obtained: 

66 out of 179 residential areas were most likely affected 

by cold lava flood, 23 temporary evacuation sites (TES), 

and 7 final evacuation sites (FES), 57 evacuation routes 

from affected settlements to TES, and 22 evacuation 

routes from TES to FES 

Keywords— Evacuation, Cold lava flood, Network 

analyst, Spatial analyst, Spatial modeling.  

 

I. INTRODUCTION 

The cold lava flood as a result of Mount Merapi volcanic 

eruption In October 2010, has caused the mass evacuation 

of residents who live on the riverbanks of the rivers that 

flow on the slopes of Merapi.  It was recorded about 10 

million cubic volcanic materials mixed with rainwater 

flowing in 13 rivers that hailed at Mount Merapi, and 

caused the cold lava flood [28].  One of the areas that 

most affected by cold lava flood was the river bank of 

Kali Putih. Kali Putih that runs through 13 villages 

including Sirahan Village, Magelang Regency has ever 

overflowed and made Jumoyo Village, Seloboro Village, 

and Sirahan Village become ones of areas heavily 

affected by the cold lava flood.  

The disaster principally brought impacts to the 

environment and people [24]. According to the National 

Disaster Mitigation Agency (BNPB), the eruptions and 

cold lava flood caused damages in the sectors of 

settlement, public infrastructure, economy and society [6]. 

There were more people living under poverty level so that 

social strata changed [6]. The residents of Sirahan Village 

lost their main livelihood as farmers because their 

farming lands and gardens were covered by the volcanic 

materials.  Moreover, it was difficult for them to get funds 

to start businesses and recover their economy.  The 

Magelang Regency Government as of 26 November 2010 

- 16 March 2011 in more detail noted that losses due to 

lava disasters in this region include 2,082 displaced 

persons, 67 homes washed away, 262 houses were 

severely damaged, 32 houses were damaged and 47 were 

lightly damaged [33]. The amount of damage and losses 

caused by the eruption disaster was about Rp. 4.23 trillion 

[6]. 

Many experts and researchers predict [28][24][23][25] 

that the cold lava flood of Merapi will still occur in the 

future.  It is reasonable since the large volume of cold 

lava that reaches tens of millions of cubic meters , at any 

time can turn into cold lava flood [28]. Therefore, 

mitigation in relation to cold lava flood must be 

immediately addressed.  The mitigation phase is the series 

efforts to reduce disaster risk, either through physical 

development as well as awareness and capacity building 

in facing the threat of disaster. Disaster mitigation is an 

activity that acts as disaster risk reduction, or efforts made 

to reduce the victims of the disaster, both fatalities and 

property [21]. 
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The government has actually carried out several 

mitigation efforts in the Kali Putih area, such as building 

Sabo dams, raising embankments and relocating 

settlements to safe places. Unfortunately, the relocation 

effort of residents living on the banks of Kali Putih 

appears to have been rejected by local residents and chose 

to remain in their place of origin [21].  

The reluctance of people living on the banks of Kali Putih 

to relocate, and the still high threat of cold lava flood, 

inevitably force the government and all parties concerned 

to implement a planned evacuation system.  This effort is 

nothing but to suppress the number of damage and 

casualties that may arise due to cold lava flood disaster 

[34]. Provisions regarding this evacuation have actually 

been mandated in Article 45 paragraph 2 letter e, Law of 

the Republic of Indonesia (UURI) no. 24 Year 2007 on 

Disaster Management [31]. It stated in Article 45 

paragraph 2, that the preparation of the evacuation site is 

a form of preparedness to ensure quick and precise efforts 

to deal with disasters. 

This study will conduct spatial modeling of evacuation 

caused by cold lava flood in Kali Putih using Geographic 

Information System (GIS)-based Network Analyst [13].  

The purpose of this study was to obtain an overview of 

the number and distribution of affected settlements, the 

number and distribution of temporary evacuation sites  

(TES), the number and distribution of final evacuation 

sites (FES), and the number and variation of evacuation 

routes formed, both routes from affected settlements to 

temporary evacuation sites (TES) and routes from TES to 

FES.  This spatial modeling is expected to be a reference 

or even a guide for parties involved in disaster mitigation. 

The reason for selecting Kali Putih as an object of 

analysis is due to the largest impact and losses caused by 

the cold lava flood was on the banks of the Kali Putih 

[33]. Previous researches with similar topic were carried 

out in year 2013[12] and 2016 [34] using different 

methods respectively, while research concerning the 

modeling about the vulnerable areas of cold lava flood in 

Kali Putih was carried out in year 2013 [17].  

1.1. Evacuation  

Evacuation is considered a way to prepare people when at 

risk from an impending hazard [29]. It is an important 

part of disaster management and is an effective way of 

minimizing loss of lives and property damage [20].  

Evacuation is considered a process that constitutes hazard 

detection, issuance of warning, preparation to evacuate, 

movement to identified shelters through a network [27]. It 

is important that the preventive evacuation is well 

organized, efficient and will need a minimum of time in 

order to avoid casualties. An accurate estimate of the 

evacuation time is helpful in determining the start of the 

evacuation [32]. 

1.2. Disaster vulnerable areas 

Refer to [27], hazard detection is required in evacuation 

management to ensure the extent of the affected area and 

the number of residents to be displaced, including the 

establishment of evacuation start point. A spatial analysis 

with the help of remote sensing and geographical 

information system technology so far is able to describe 

spatially the vulnerable areas of disaster, physically and 

socially [17], [8], [10]. With the spatial analysis, we can 

calculate the number of settlements and total inhabitant 

that live in the vulnerable areas that need to be displaced. 

1.3. Evacuation Site 

To optimize the routing problem, one has to know the 

destinations. To optimize the destination assignment, one 

has to know the minimal travel time, and hence route 

assignment to all destinations [16].  In Article 44 of 

UURI Number 24 Year 2007 [31], preparation to 

evacuate is considered as part of preparedness .  It 

includes preparation of evacuation sites  and determination 

of evacuate route. According to Regulation of The 

President of The Republic of Indonesia Number 70 Year 

2014 About Spatial Plan For Merapi Mountain National 

Park [22], the disaster evacuation system shall be 

designated as an effort to move refugees from geological 

hazard areas to disaster-prone areas, facilitate the 

evacuation of refugees, and ensure the safety and basic 

needs of refugees during the occurrence of geological 

disasters in the area of Mount Merapi National Park.  The 

disaster evacuation system shall consist of TES 

(Temporary Evacuation Site), FES (Final Evacuation 

Site), and evacuation line (evacuation route).  The TES 

shall be stipulated by the following criteria: a. located in 

an accessible location by refugees and refugee vehicles; b. 

not in areas that endanger the safety of refugees, such as 

landslide-prone areas, high-voltage electrical grid areas, 

vulnerable areas of fallen trees, and river borders;  c. 

adequate infrastructure and facilities are available with 

respect to security and accessibility; d. available 

communication networks; and e. evacuation signs are 

available. Meanwhile, The FES shall be stipulated by 

criteria: a. located outside of disaster prone areas in the 

rea of Merapi Mountain National Park; b. are located in 

locations accessible to refugees and refugee vehicles; c. 

not in areas that endanger the safety of refugees, such as 

landslide-prone areas, high-voltage electrical grid areas, 

vulnerable areas of fallen trees, and river borders;  d. 

adequate infrastructure and facilities are available with 

respect to security and accessibility; e. available open 

space; f. available communications infrastructure and 

facilities; and g. Evacuation signs are available. 

1.4. Evacuation route 

Transportation planning during evacuation, from traffic 

demand generation, scheduling of movement, to network 

flow assignment towards identified shelters and to 

mention the reentry to households after the occurrence of 
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disaster, is crucial for effective evacuation process  [22].  

From the point of view of the evacuee, evacuation is the 

whole process which include: a. organization of the 

departure; b. departure from home; c. travelling in the 

direction of a safe area; d. leaving the danger area through 

one of its exits; e. continuation of the journey to the 

destination in the safe area [32]. The evacuation route as 

referred to [22] shall be established to facilitate the 

evacuation of refugees from TES to FES.  Furthermore, 

the evacuation route as referred to [22] shall be stipulated 

by criteria: a. is a road with a pavement that the refugee 

carrier can pass; b. available road markings: and c. 

evacuation signs are available. This indicates that the 

existing road network is a base for determination 

evacuation route. 

 

1.5.  Network analyst 

Currently, implemented GIS network tools are dominated 

by routing functions  [4][7][1][18]. The implementation of 

GIS-based networks for transport applications has 

increased dramatically in the past 10 years with the 

presence of an almost existing service center location in 

every place and direction of travel based through internet 

services such as Mapquest and Google Maps [9].  A 

routing is the act of selecting a course of travel, and it is 

arguably the most fundamental logistical operation in the 

network analysis. The most common objective in routing 

across networks is to minimize the cost of the route [1]. 

There are actually four fundamental operations that can 

be performed in network analysis , where all of which are 

derivatives of route finding algorithms. These functions 

are: a. finding a route between point locations; b. 

determining the service area for a facility; c. finding the 

closest facility across the network; and d. creating an 

origin–destination matrix 9]. The last version of ArcGIS 

Network analyst even added 3 other functions that are: a. 

vehicle routing problem; b. allocation to allocation; and c. 

time dependent [15].  

 
Fig.1:  Study Area 

 

II. METHODS 

2.1. The Study area.   

Kali Putih, geographically is located in between 

110°15ꞌ0ꞌꞌ E and 110°25ꞌ30ꞌꞌ E and in between 7°20ꞌ0ꞌꞌ S 

and 7°39ꞌ0ꞌꞌ S.  This river is part of Kali Putih sub-

watershed which flows from the top of Mount Merapi to 

the southwest and passes through 13 villages (see Fig. 1).  

2.2. Modeling Methods.  

To achieve the objectives of this modeling, the study 

divided into four steps of analysis.  The first step was to 

set the level of cold lava vulnerability, with the aim to 

produce a map of the distribution of prone areas of lava 

flood on the banks of Kali Putih.  This step was continued 

to determine settlements affected by Kali Putih cold lava 

flood.  The second step was to determine the number and 

the distribution of decent TES. The third step was 

determination the number and the distribution of 

reasonable FES. The fourth step was determination of the 

evacuation routes from the affected settlement spots to 

TES and from TES to FES.   

2.2.1. The level of cold lava vulnerability and the 

affected settlements 

Unlike the flood analysis, there is no default parameters 

for the level of vulnerability to cold lava flood analysis.  

Two previous research on the same topic and the same 

study area adopted different parameters, parameter 

http://dx.doi.org/10.22161/ijeab/3.4.48
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.48                                                                                                                      ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                           Page | 1502  

classifications, and scoring system.  The first research 

[19] used; a. slope; b. distance from river; c. rainfall 

intensity; d. land use; and e. rock hardness as the analysis 

parameters.  The second [26] used: a. landform; b. slope; 

c. land use; d. distance from river; and e. rainfall intensity 

as the analysis parameters.  Both were also different in 

defining parameters classifications , and there was no 

weighted for each parameter used. Therefore, in this study 

we set the parameters ourselves and assign weights to 

each parameter.  The following are the table of scoring for 

each parameter used in this study, which include: a. slope; 

b. landscape morphology; c. land use; d. DEM curvature; 

and e. distance from river.   

Table.1:  Slope Classification and Score 

Description Slope (%) Score 

Very steep >45 1 

Steep 25-45 2 

Rather steep 15-25 3 

Sloping 8-15 4 

Flat 0-8 5 

 

Table. 2: DEM Curvature and Score 

Curvature Score 

Convex 1 

Concave 2 

 

Table. 3: Classification and Score of Land use 

Land use Score 

Forest, coastal area 1 

Bare land, swamp, mixed farm, grassland 2 

Garden, cropland 3 

irrigated rice fields, rainfed rice fields, lake 4 

River, settlement, buildings  5 

Source: [19] 

 

Table. 4: Classification and Score of Distance from River 

Description Distance from River (meter) Score 

Very far >500 1 

Far 250-500 2 

Medium 100-250 3 

Close 50 - 100 4 

Very Close < 50 5 

Source: [19] 

 

Table. 5: Parameter Weights 

Parameter Weights (%) 

Land use 25 

Slope 35 

Curvature 25 

Distance from River 15 

 

The value of the vulnerability is determined by using the 

following equation: 

n 

K = ∑ (W i x Xi)                                                 (1) 

i=1 

Description: 

K  = vulnerability value 

W i = Weight for parameter i 

Xi  = Class score in parameter i 

 

Score given to each parameter were determined in 

accordance with their contribution to the level of hazard 

posed by the flood event. Parameters with score 1 give the 

least effect on the level of vulnerability to cold lava flood. 

The greater the score, the greater the effect on the 

vulnerability to cold lava flood 

A.  Data used for the purposes of this analysis were a 

digital map of Rupabumi Indonesia on a 25,000 scale 

which was downloaded from 

http://tanahair.indonesia.go.id/portal-web.  This map 

consists of layers; a. hypsography; b. administrative 

boundaries; c. hydrography; d built environment; e. 

transportation; and f. utility.  For the reasons of updated 

information, a land use map was obtained from the result 

of the Ikonos 2010 image interpretation which was 

validated by field checking.  A 30-Meter SRTM (Shuttle 

Radar Topography Mission) DEM downloaded from 

http://dwtkns.com/srtm30m/.  The population data per 

village derived from the 2010 population census which 

was downloaded from  https://www.bps.go.id/website/ 

fileMenu/Penduduk-Indonesia-Menurut-Desa-2010.pdf 

[5].  

The analysis method used to predict the level of cold lava 

flood vulnerability was the raster-based 3D analyst and 

spatial analyst. Both methods are extension packages that 

are in ArcGIS software. Layers such as: contours, rivers 

and villages boundaries prone to cold lava flood, DEM, 

and land use were used as input analysis.   

Fig. 1 is a model builder that explains the steps taken to 

analyze the level of vulnerability of cold lava flood in 

Kali Putih.  
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Fig. 2: Model builder for simulating the level of vulnerability to cold lava flood 

 

As the main objective is to simulate evacuation routes, 

analysis of the level of vulnerability of cold lava flood 

was continued to obtain areas with the highest level of 

vulnerability to cold lava flood. These areas will be 

overlaid with residential areas to get residential areas 

affected by cold lava flood, both only part of the area or 

the entire area [27]. We assume that the population living 

in the affected areas is an object that must be evacuated, 

and the affected areas become the start points of 

evacuation.  

For the purpose of getting the areas affected by cold lava, 

we conducted vector-based spatial analysis with input 

parameters: a. coldlava_vurnerability layer and b. 

settlement layer.  Detailed steps of analysis can be seen in 

Fig. 3 
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Fig. 3:  Model builder of affected settlement detection 

 

2.2.2. Determination of TES 

According to National Board for Disaster Management, 

disaster emergency response command posts can occupy 

buildings or tents. Buildings or tents for disaster 

emergency command post occupies a strategic location 

with the following criteria: a. easily accessible by various 

parties involved in disaster emergency response activities; 

b. safe and free from disaster threats c. have adequate 

parking; d. land area of at least 500 m2 [2]. The 

determination of the TES basically follows the criteria set 

by the Regulations of The President of The Republic of 

Indonesia Number 70 Year 2014 About Spatial Plans  For 

Merapi Mountain National Park [22].  In this case, we can 

assume that buildings such as schools, places of worship, 

village offices are representative places for TES. These 

buildings are spacious, easily accessible, and equipped 

with electricity, clean water, telecommunications . 

For the sake of getting potential TES, we used vector-

based analysis using layers: educational facilities, village 

offices, religious buildings, community health centers, 

affected settlements and vulnerable village boundaries as 

input parameters. The analysis was continued by using 

the New Closest Facility function to select the temporary 

evacuation sites which was considered the most 

appropriate in terms of distance.  Layers used for this 

purpose were TES_TempEvacSite as a facility layer and 

affectSettleFinal as an incident layer.  

The following Fig. 4 and Fig. 5 are the model builders 

that describe the step of analysis to determine the 

reasonable TES.  
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Fig. 4:  Model builder of potential TES (temporary evacuation sites) 

 

 

Fig. 5:  Model builder of selected TES (temporary evacuation sites) 

 

2.2.3. Determination of FES 

The determination of FES also basically follows the 

criteria set by the Regulation of the President of the 

Republic of Indonesia Number 70 Year 2014 on Spatial 

Plans for Merapi Mountain National Park [22].  The 

regulation also states that FES must be at the district 

level. This means that FES must be located in the district 

capital, which is marked by the presence of a district 

office. 

The policy that FES must be in the district capital is quite 

reasonable, because FES defined as a final gathering 

place for refugees that can also function as  a temporary 

shelter in the event of a disaster, and definitely need 

support for health facilities, security and others. Health 

and safety facilities such as hospitals, public health 

centers and a police station are only available in the 

district capital.  Some district capitals also have the 

district squares with an area of more than a football field, 

and are estimated to be sufficient to set up refugee tents.   

In refer to the arguments above, we set the district office, 

hospital and public health center as the FES candidates.  

There are five districts where some of their villages are 
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allegedly affected by cold lava flood. Those five districts 

are: Dukun District, Srumbung District, Muntilan District, 

Salam District, and Ngluwar District. 

In this case, the capital of Srumbung District is 

considered unfit for FES because it is located on the edge 

of a very vulnerable area, and must be excluded from 

candidates for FES.  As a substitute for the capital city of 

Srumbung district, school buildings and religion buildings 

were chosen to accommodate refugees from villages 

under Srumbung District.   

 

Fig. 6:  Model builder of determining subsitute FES candidates of Srumbung District 

 

The sum of all FES candidates including the substitute FES of the Srumbung District was carried out in stages as shown in 

Fig. 7 

 

 
Fig. 7:  Model builder of determining the total number of FES candidates for five districts 

 

Determination of the number and location of selected FES was done with the help of the Location-Allocation function of 

Network Analyst, and continued with vector analysis to get the selected FES point layer.  The following Fig. 8 is the steps to 

get the selected FES layer. 
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Fig. 8: Model builder of selected FES assignments 

 

2.2.4. Modeling of Evacuation Routes from Affected Settlements to TES and from TES to FES 

Determination of the evacuation routes is intended to provide direction to the refugees to reach the nearest evacuation sites 

from the settlement to TES and from TES to FES in case of the lava flood occurs , Determination of the evacuation routes 

from the affected settlement to the TES has actually been carried out in conjunction with the determination of the TES (Fig. 

5).   

Therefore, here only an analysis of the evacuation routes from TES to FES will be carried out.  Fig. 9 below is a model 

builder that will be used to determine the evacuation routes from TES to FES. 

 

 

Fig. 9: Model builder of generation of various evacuation routes from TES to FES 

III. RESULT AND DISCUSSION 

3.1. The Level of Cold Lava Vulnerability and the Affected Settlements 

Fig. 10 below is a map illustrates the level of vulnerability to the Kali Putih cold lava flood , resulting from 3d analysis and 

spatial analysis.   
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Fig. 10: Map of the vulnerability level to cold lava flood 

 

It shows on the map that all villages in the study area are dominated by prone zones with an extent of about 4149.84 Ha or 

about 49.79 percent.  Detail on the extent and percentage for each level of vulnerability can be seen in Fig. 11. 

 

 
Fig. 11: Attribute table of layer Coldlava_vulnerability 

 

We focus on the very vulnerable region, which is certain to be the earliest area overflowed by a cold lava flood if that 

happens. It can be seen in Fig. 11 that this level of vulnerability covers an area of 751.8 Ha. or 9.02 percent which spread 

along the banks of the Kali Putih. The estimated total area of 751.8 Ha seems too broad compared to the cold lava flood that 

occurred in 2011 which covered an area of 191.8 Ha.  This may be related to the absence of rainfall intensity parameter, as 

well as the use of 30 meter SRTM DEM which is considered too rough to describe the curvature of the earth  [14]. 

http://dx.doi.org/10.22161/ijeab/3.4.48
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                               Vol-3, Issue-4, Jul-Aug- 2018 

http://dx.doi.org/10.22161/ijeab/3.4.48                                                                                                                      ISSN: 2456-1878  

www.ijeab.com                                                                                                                                                                           Page | 1509  

 
Fig. 12: Map of the potential settlements affected by cold lava flood  

 

The use of a 30 meter DEM SRTM is actually simply to 

overcome the absence of elevation point data that should 

be available on the RBI map.  As we know the elevation 

point data is an important component for building DEM 

with Topo To Raster. This elevation point can create 

more detailed curvature than curvature made from SRTM 

DEM.  This may be the reason why the surface of the 

study area tends to look flat as shown on Fig. 10.   

Apart from the extent of the very vulnerable area which 

might be debatable, this area seems to be in contact with a 

number of residential areas which are spread along the 

Kali Putih flow, as shown on Fig. 12.  

Based on the result of affected settlement detection 

analysis (Fig. 3), if there is a cold lava flood in 

accordance with the modeling results, then 66 of 179 

residential areas are very likely to be affected.  All 

residents living in these areas must be moved. 

Furthermore, there will be 66 pick-up points for refugees 

who will be moved to temporary evacuation sites  (TES).   

It is unfortunate that there is no data explaining the 

population per residential area. Population data for each 

pick-up point is needed to determine the number and 

distribution of TES.  

 

3.2. Determination of The Temporary Evacuation 

Sites (TES)  

Fig. 13 is a map that draws the number and distribution of 

selected TES. This map is the result of analysis with 

stages as illustrated in Fig. 4 and 5. The stages of analysis 

as illustrated in Fig. 4 are intended to get potential TES 

candidates. At this stage, a TES_TempEvacSite layer 

containing the number and distribution of is obtained. 

There are 102 prospective TES scattered throughout the 

affected villages, consisting of village offices, schools, 

mosques and churches, and public health centers (see Fig. 

14)
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Fig. 14:  Attribute table containing part of the TES candidates  

 

The stage of analysis as illustrated in Fig. 5 is a simulation in order to get the most representative TES in terms of travel 

distance. This simulation produces a TES_TempEvacSite_Final1.shp layer containing 23 TES that are considered feasible, 

with the distribution as illustrated in Fig. 13.  Detailed information on the types of buildings used as TES can be seen in 

Table. 6. 

 

 

 

Fig. 13:. Map of the selected temporary evacuation sites (TES)  
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Table. 6:  The Selected Temporary Evacuation Sites 

No. Temporary Evacuation Sites 

1 School1 - Plosogede 

2 School1 - Blongkeng 

3 Village Office - Plosogede 

4 School2 - Plosogede 

5 School3 - Plosogede 

6 Village Office - Tersangede 

7 School3 - Tersangede 

8 Mosque1 - Jumoyo 

9 School1 - Seloboro 

10 School1 - Jumoyo 

11 Mosque4 - Kradenan 

12 Village Office - Banyuadem 

13 Mosque1 - Gulon 

14 Mosque2 - Gulon 

15 Mosque3 - Gulon 

16 Mosque3 - Banyuadem 

17 Mosque1 - Ngablak 

18 Mosque1 - Bringin 

19 School2 - Bringin 

20 Village Office - Mranggen 

21 School4 - Mranggen 

22 Village Office - Ngargosoko 

23 Mosque1 - Ngargosoko 

 

The whole process of determining the TES analysis also results in the layer of Evacuation route from the affected settlements 

to the TES (see Fig. 13). The New Closest Facility used in this simulation produces 57 evacuation routes from the affected 

settlements to the TES. The farthest distance occurs on the route from the settlement to mosque 1 in Ngablak Village with a 

travel distance of 1839.56 meters . 

 

Fig. 15:  Part of the attribute table of evacuation routes from affected settlements to TES 
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The shortest distance occurs on the route from the 

settlement to School3 in Plosogede Village with a travel 

distance only 0.9 meters.  The average travel distance from 

the affected settlements to the TES is around 775 meters. 

If you refer to the number of affected settlements that have 

to be evacuated as many as 66, then the number of routes 

should be 66.  The fact that the number of evacuation routes 

is only 57 indicates that there are 9 affected settlements that 

cannot be evacuated due to the unreachable transportation 

network. 

Argument due to the inaccessibility of the transportation 

network is basically understandable. In this network 

simulation, it was assumed that some of the roads in the 

very vulnerable area were blocked due to submerged cold 

lava flood.  In this case we can argue that in order to avoid 

interruption of the evacuation route, an early warning 

system must be applied. With an early warning system, the 

evacuation process can be carried out before the cold lava 

flood hits the affected areas. 

 

3.3.  Determination of the Final Evacuation Sites (FES) 

As mentioned above, the placement of FES in the capital 

of Srumbung District is certainly very risky and therefore 

the FES must be moved.  In this case, the replacement 

FES must remain in the Srumbung District, and located at 

a distance between 2500 and 5000 meters from the TES.  

Data processing with stages referring to Fig. 6 model 

builder, managed to get 9 prospective FES buildings, 

consisting of 1 school and 8 mosques. (Fig. 16) 

 
Fig. 16: Attribute table of Srumbung FES candidates 

 

To get the total number of FES candidates for the five districts, data processing was continued by using the model builder in 

Figure 7. From this processing, 24 buildings for FES candidates were obtained.  These buildings include: 1 Muntilan District 

office, 1 Dukun District office, 1 Ngluwar District office, 1 Salam District office, 1 Ngluwar District Public Health Center, 1 

Salam District Public Health Center, 2 Salam District Public Health Centers, 2 Dukun District Hospitals, 1 Ngluwar District 

Hospital, 1 Srumbung District Hospital, 3 Muntilan District Hospital, 8 Srumbung District Mosques, 1 Srumbung District 

School. (Fig. 17) 

 

Fig. 17:  Part of the attribute table of FES_Candidate_ 
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Fig. 19 below is a map that describes the distribution of FES that are considered most suitable for accommodating refugees 

from 22 TES.  The Location-Allocation function with the Maximize_Attendance problem type used in this analysis shows 

that the determination of 7 FESs is considered reasonable. This amount is able to equally divide the number of TES that 

come to each FES as shown in Fig. 19.  These selected FES buildings can be seen in Fig. 18. 

 

 

Fig. 18:  Attribute table of Chosen_FES 

 

It can be seen on Fig. 18 that 3 FES located in Srumbung District, and none in Dukun District.  The number of FES in 

Srumbung District seems to be related to the large number of residential areas affected in the Srumbung District.   Other 

reasons related to the distance between the TES in Srumbung District and the number of FES that have been determined .   

Referring to the number of TES that should have access to FES (23 TES), a TES located at School 1 in Jumoyo Village do 

not seem to have access to one of the FES. the problem seems to be similar to the case of 9 affected settlements that could 

not be evacuated due to lack of road access . 

 

 
Fig. 19: Map of chosen FES based on Location Allocation function 

 

Once again, the implementation of an early warning system seems to be a necessity in preventing the catastrophic cold lava 

flood in Kali Putih. 
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3.4. Modeling Evacuation Route from Affected Settlements to TES and from TES to FES 

 

 
Fig. 20: Map of the evacuation routes from affected settlements to TES and from TES to FES  

 

Figure 20 above is a map that describes the evacuation routes from affected settlements to TES and from TES to FES as a 

result of modeling evacuation. The modeling results of evacuation routes from affected settlements to TES have been 

discussed in the previous section.  

It can be seen in Fig. 20 the number of evacuation routes and road networks that each route passes , both for evacuation routes 

from affected settlements to TES and from TES to FES.  Some routes appear to pass through the same section of road.  Using 

the same road section will cause traffic density in which can slow down the speed.   

Details of evacuation routes from TES to FES including distance of travel for each route can be seen in Fig. 21, 

 

Fig. 21:  Attribute table of Route _To_FES 
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In this evacuation modeling, the network data set is not 

equipped with a turn layer, one-way or two-way 

information, and travel time. Restricted turn, speed 

adjustment, one-way or two-way settings for each road 

section clearly affect distance and travel time. The 

absence of these three data in this modeling clearly 

influences the results of this modeling. Although in 

emergency cases such as evacuation of cold lava flood in 

Kali Putih, all traffic rules may be ignored. 

 

IV. CONCLUSION 

Modeling the evacuation of cold lava flood in Kali Putih 

using Network analyst proved to be able to visually  and 

spatially describe the distribution of affected settlement 

locations, the distribution of temporary evacuation sites 

and the direction of refugees to the nearest temporary 

evacuation sites (TES).  Network analyst is also able to 

simulate the most reasonable amount of FES that is 

clearly very helpful in the effectiveness and efficiency of 

managing the final evacuation site (FES).  

In spatial modeling activities, completeness, accuracy and 

suitability of input data, so does the spatial logic 

capability of the operator is needed to get results that can 

be accepted scientifically and logically. The case of 

analyzing the level of vulnerability of cold lava flood in 

Kali Putih is an example, where due to lack of parameters 

and lack of appropriate data cause the results obtained are 

doubtful for accuracy, both scientifically and in spatial 

logic. 

Modeling Evacuation of cold lava flood with network 

analysis is quite promising in terms of the ability to 

describe results spatially. Especially with the model 

builder automation system that makes the modeling 

process more interactive. Therefore, deepening needs to 

be continued by using all types of updated data needed, so 

that the results obtained can actually be applied in the 

field, and become guidelines for all parties related to the 

catastrophic cold lava flood in Kali Putih.  Even not only 

the Kali Putih case, this modeling can also be applied to 

all cases of disaster evacuations. 

. 
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Abstract— This paper presents a review of solid waste 

management problems, with a particular focus on the 

household waste management through community 

participation in waste bank activity problems. Waste, 

especially solid waste is a problem that will continue to 

exist. Waste is generated by human’s effort to fulfil their 

needs of life. Solid waste that continues to accumulate in 

the environment will cause negative impact which can 

interfere with human life itself. One of the example is the 

outbreak of a disease that lowers the level of publ ic 

health. The negative impact will affect our environment, 

social, and economy aspect. Until now, public awareness 

of the importance of processing waste is still very low. 

This is due to several factors such as economic 

conditions, education, and social attitudes of the society 

itself. Nowadays, every country in this world try to do 

solid waste management because it’s effect to humanity. 

One of the efforts to assist in the case of solid waste 

management is by the existence of waste bank. Waste 

bank is expected to be a sustainable solution to overcome 

the existing waste problems in the society. Society can get 

several benefits from waste bank because not only reduce 

the existing solid waste but also can improve the 

economic quality of the society with the payment system. 

The payment system is to exchange waste from society 

with some payments. The factors that affect the 

sustainability of waste banks are Awareness, knowledge, 

equipment, support, and infrastructure. 

Keywords—community, solid waste management, 

sustainable, waste, waste bank 

 

I. INTRODUCTION 

Waste is a problem that we must settle as early as 

possible. Waste is an inevitable product of society [1]. 

Solid wastes consist of all the solid wastes that comes 

from human and animal activities and discarded as 

useless or unwanted [2]. The increasing production of 

household waste is one of the effects of population 

growth, rising living standards, rapid development and 

urbanisation [3]. To avoid negative effect from waste, 

society can do waste prevention. 

Waste prevention means eliminating or reducing the 

amount and/or the toxicity of waste, including 

recyclables. There ar excepstions for businesses, 

government agencies and other organisations. Waste 

prevention in that fields  includes processes that: conserve 

supplies and inventory; eliminate, reduce and reuse 

products and packaging; deploy waste-reducing 

technology and equipment; use more durable, reusable, 

repairable and less toxic products and packaging; leave 

grass clippings on the lawn to naturally decompose; and 

reduce food and yard waste, including through on-site 

composting. Waste prevention for citizens  also includes: 

buying products with the least amount of packaging; 

buying only the amount of a product that is needed; 

buying less harmful products; and reusing, donating or 

repairing items that might otherwise be discarded or 

recycled (it can appear in the form of a garage sale) [4]. 

Waste management is one of the public infrastructure to 

provide the goods or services, and it resembles the 

electricity, natural gas, and water sector goods and 

services [5]. Waste management system usually consist 

some activity like collection, transportation, pre-

treatment, processing, and final abatement of residues. 

Waste must be collected separately based on their types. 

Waste transport can be to some local or regional pre-

treatment facility, or directly to some regional or national 

processing facility, such as a waste incineration plant. In 

Indonesia, there are TPA (Tempat Pemroresan Akhir) as 

one of final processing facility. Local or regional pre-

treatment may include compressing, sorting, separation, 

drying, storage and so on. But this treatment can change 

based on conditions of the country. Today, waste 

processing often yields some valuable product, such as 

electricity, compost or synthetic crude oil [6]. Solid 

Waste Management (SWM) is a major part of the social 

system [7]. SWM become part of social system as its 

benefit for the community. 
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Waste Bank is one of several concepts in waste 

management model. Waste bank as waste management 

model in the form of waste management business by 

applying the principle of the 3-R (Reduce, Reuse, 

Recycle). The system implemented is a system to manage 

waste, to accommodate, to sort, and to distribute the 

waste to other waste treatment facility or to those who 

need it [8]. For example some company that use recycle 

material for their products. 

This paper gives a review from available literature about 

waste management problems with a focus on the waste 

bank activity. The purpose of this paper is to guide the 

reader about waste management problems. Especially, to 

find factors affecting the continuity of the household 

waste management through community participation in 

waste bank activity so then it can provide solution to 

maintain the continutity of household waste management 

activities through community participation in waste bank 

activity. 

Although it is generally agreed that wastes management 

services are essential services that must be provided in 

every society, nonetheless very little is known on what 

exactly constitute a waste. Knowing that the concept of 

waste is highly subjective as one man’s wastes is a 

resource to another. Hence, it is important to have a clear 

guide as to what could be classed as waste. The present 

research therefore examines the concept of wastes and 

wastes management with a view to determining what 

waste is, how they are classified and managed. 

According to the World Bank and USAID, municipalities 

in developing countries usually spend 20–50% of their 

available municipal budget on SWM, which often can 

only stretch to serve less than 50% of the population [9] 

[10]. Cost-effective techniques for minimising waste 

include public education (by the government and local or 

international environmental organization) and citizen 

encouragement to use and share the design of household 

recycling processes [11]. The success of household 

recycling programs strongly depends on citizens’ 

participation in the source separation process. This 

process requires people to separate their houshold wastes 

and special products from their household wastes [12]. 

There are some aspect that influence household waste 

behaviours. Attitude, subjective norms, perceived 

behavioural control, moral obligation, self-identify, 

intention, action planning, and past behaviour 

significantly predicted household waste behaviours [13]. 

We can conclude citizens participation and their attitudes 

towards waste is the key to success in waste management. 

Citizens’ attitudes are influenced not only by impacts, but 

also by a lack of credibility in waste managers, decision 

makers, decision processes, and control mechanisms for 

waste facility siting and operation. Without a clear or 

open decision making process, siting of undesirable 

facilities becomes an extremely difficult task. The 

decision transparency and information accessibility are 

key factors for public acceptance. 

Nowadays, there are still many people who are less 

concerned about the importance of waste management 

and processing which is also a significant problem for 

solid waste management system. 

 

II. SOLID WASTE MANAGEMENT 

Humans generate solid wastes as by-product from all of 

their activities. Disposing of these solid wastes has 

become a big challenge, especially as population densities 

have grown over the year. Actually, waste deposits have 

been associated with human habitation since prehistoric 

times. Solid waste consists of a diversity of objects from a 

variety of sources [14]. Solid waste’s source is depend on 

population or citizen’s behaviour. 

Household waste is one of the hardest sources of waste to 

manage effectively. It consists of a diverse range of 

materials (glass, metal, paper, plastic, organics) totally 

mixed together because it’s benefits . MSW composition 

is also has several variety, both seasonally and 

geographically from country to country, and from urban 

to rural areas. On the contrary, commercial, industrial, 

and other solid wastes  (except from household) tend to be 

more homogeneous, with larger quantities of each 

material. A system that can be devised to deal effectively 

with the materials in household waste should be possible 

for management of other sources of solid waste [1]. 

The production and disposal of large amounts of waste is 

still seen by many people to be a loss of the earth’s 

resources. Putting waste into holes in the ground appears 

to be inefficient materials management. It needs to be 

remembered that although the earth is an open system 

regarding energy, it is essentially a closed system for 

materials. Energy and material is two different thing that 

has their own management. Whilst materials may be 

moved around, used, dispersed or concentrated, the total 

amount of the earth’s elements or materials stays constant 

(with the exception of unstable radioactive elements). 

Thus although resources of ‘raw materials’ may be 

depleted or decreased, the total amount of each element 

present on Earth remains constant. In fact, we mus accept 

that the concentration of some useful materials is higher 

in landfills than in their original raw material ores. Such 

materials could be dug up at a later date [1]. 

Unfortunately, to dug up the useful materials from 

landfills cost more money. 

Landfilling is one of waste management method by 

putting waste in holes in the ground. Landfilling could be 

considered as long-term storage of materials rather than 

actual disposal. Concerns over conservation of resources 
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have led to calls for general reductions in the amount of 

waste generated (waste minimisation or waste reduction) 

and for ways to recover the materials and/or energy in the 

waste, so that they can be used again. Recovery of 

resources from waste should slow down the depletion of 

non-renewable resources, and help to lower the use of 

renewable resources to the rate of replenishment. 

Waste management models can improve the basis for 

waste management’s decisions [15]. One of the solution 

is modelling of waste generation. This is a useful way to 

anticipate the design of waste management strategies as a 

function of demographic changes and development. 

Modellng of waste generation can approximate future 

management needs, based on predictions according to 

social and economic changes. This process should lead to 

a more sustainable approach for waste management in 

terms of policy and waste practice alteration [16]. 

It is widely recognized that solid waste management is 

not only a technical problem but strongly influenced by 

political, legal, socio-cultural, environmental, and 

economic factors, as well as available resources. 

Moreover, these factors have interrelationships that are 

usually complex in the waste management system. This 

complexity depends on citizen’s behaviour towards 

SWM. It is suggested that appropriate solutions to the 

complex waste management problems be sought from a 

system perspective, taking into account all of the above 

factors in the local area [17]. 

To increase people’s acceptance level of an SWM 

facility, dialog with neighbors or public involvement in 

the planning stage has become popular. Nowadays, these 

procedures are widely discussed because it’s benefit to 

increase people’s acceptance of SWM facility. It is 

essential to understand people’s concerns and concepts of 

SWM management facilities through communication. It is 

because people with different backgroun will have 

different way of thinking. This is also essential for better 

solid waste management practice [7]. 

As [18] mention, waste management takes place at the 

interface between the anthroposphere and the 

environment. The definition and objectives of waste 

management have changed over time and are still 

changing. The changing point in waste management 

based on people’s behaviour. The first signs of organized 

waste management appeared when people started to 

collect garbage and remove it from their immediate living 

areas to haave comfortable living. This was an important 

step regarding hygiene and helped to prevent epidemics  

among the people. These practices were improved over 

the centuries. However, dramatic changes in the quantity 

and composition of wastes during the 20th century caused 

new problems. First, the emissions of the dumping sites 

(landfills) polluted groundwater because it produce 

leachate and produced greenhouse gases. Second, landfill 

space became scarce in densely populated areas. Even the 

concept of sanitary landfilling could not solve these 

problems in a long time. Today, waste management is an 

integrated concept of different practices and treatment 

options comprising prevention and collection strategies; 

separation steps for producing recyclables or for 

subsequent processing using biological, physical, 

chemical, and thermal treatment technologies; and 

different landfill types. People now have the opportunity 

and the duty to separate paper, glass, metals, 

biodegradables, plastics, hazardous wastes, and other 

materials into individual fractions. The goals of modern 

waste management are to: 

1. Protect human health and the environment  

2. Conserve resources such as materials, energy, and 

space  

3. Treat wastes before disposal so that they do not need 

aftercare when finally stored in landfills  

Solid waste management practices were initially 

developed to avoid the adverse effects on public health 

because the increasing amounts of solid waste being 

discarded to the environment without appropriate 

collection or disposal. Managing this waste more 

effectively is now a need and a duty that society has to 

address. In dealing with the waste, there are two 

fundamental requirements: less waste and an effective 

system for managing the waste still produced [1]. The 

Brundtland report of the United Nations, Our Common 

Future mentioned by WCED, 1987, clearly explained 

how sustainable development could only be achieved if 

society in general, and industry in particular, learned to 

produce ‘more from less’; more goods and services from 

less of the world’s resources (including energy), while 

generating less pollution and waste [1]. 

Those waste management strategies that focus on source 

reduction, resource recover, and reuse have proven to be 

more cost effective over the long run or in the near future. 

They are less damaging to the environment  because they 

prevent or minimize waste generation at the source [19]. 

Based on [14], the methods of managing solid waste are 

as follows: 

1. Source Reduction. Prevention of solid waste 

generation. 

2. Recycling. Diversion of specific items from the 

solid waste stream for other uses (such as 

composting). 

3. Combustion. Combustion of solid waste to reduce 

volume and in some cases to generate energy. 

4. Landfilling. Disposal of solid waste by burial. 
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III. RECYCLE BANK 

Municipal solid waste (MSW) source separation is 

considered an effective solution of reducing waste 

disposal, enhancing recycling and reducing environmental 

damage caused by landfilling [20]. MSW source 

separation refers to the process of separating waste into 

several categories according to their different 

characteristics by the household, prior to further treatment 

[21]. Source separation systems involve higher 

investment costs compared to mixed waste management 

systems, because there are higher collection costs, 

additional workers needed, infrastructure adjustments, 

new equipment and collecting vehicles, Mechanical 

Biological Treatment (MBT) facilities, public education, 

etc. [22]. Solid waste source separation requires a 

complex system including the purchase of additional 

collection equipment as well as promotional activities for 

attracting public awareness [23]. Attracting public 

awareness can help because it can change people’s 

perspective about waste separation’s importance. 

Materials are recovered from MSW by separate collection 

programs. There are two main options to separately 

collect materials: first is “the bring” and second is “the 

house-to-house kerbside collection systems”. With the 

first method, putrescibles, recyclable materials (e.g. 

paper, plastic and glass bottles, cans and other metals, 

textiles, etc.) and residual waste (or ‘‘residue’’) are 

delivered to several collection banks sites. On the 

opposite, materials are collected door to door with the 

kerbside system. The separate collection centres (SCCs), 

where the citizens can deliver the recyclable fractions of 

MSW, allow to integrate the two collection modalities as 

well as to exploit the advantages of the two systems and 

minimize their defects [24]. Usually, they are fenced and 

manned areas, equipped to weigh and collect mainly 

recyclables. They can also be considered as educational 

centres because they are places where people can be 

informed about waste management and made aware of the 

separate collection program rules, actions for the 

reduction of waste production, improvement of waste 

management, etc [25].  

For example in Bangladesh, small-scale picking, sorting, 

cleaning, trading and processing of inorganic recyclables 

is tolerated without official authorization of the 

authorities. There is a common understanding that the 

informal recycling sector helps reduce amounts of waste. 

The waste does not need to be transported and landfilled 

by the Municipalities. Estimates of total generated solid 

waste being recycled by the informal sector range from 

4% to 15%. Informal recycling is also acknowledged in 

the national 3R strategy as an important source of income 

for the poor citizens. Despite the hazardous and unstable 

working conditions in the informal sector, such activities 

contribute to poverty reduction, which is also in the 

interest of society and the Government [26]. 

The formal recycling sector is driven by global resource 

scarcity and regional demand for recyclable materials to 

feed domestic and foreign industries. Policy incentives 

such as tax holidays for up to 5–10 years for all waste 

treatment and recycling plants help enhance opportunities 

from formalization for recycling enterprises. Formalized 

recycling companies however will still buy recyclables 

from informal traders to help their economic condition. 

Informal and formal sector is not a clear-cut one for their 

different. The level of formalization in the sector is 

progressive. Formalization is the process by which 

authorities register and authorize individual businesses 

that comply with rules and regulations. For small scale 

traders and recyclers , formalization means having to 

comply with norms and requirements of the authorities. 

The authorities such as registration of the business, 

environmental clearance, and authorization for the use of 

the land for shops and facilities. All these requirements 

are associated to high costs and long delays, which are 

clear disincentives for informal traders and recyclers to 

change their status quo where they are tolerated and do 

not need to comply with any formal regulations. Strictly 

enforcing current regulations on the informal sector is not 

of great interest to the local authorities as this would 

reduce the current recycled amounts which then again 

would additionally burden the waste collection and 

landfilling process and negatively impact on the living 

environment. The local industry, producing housewares, 

food and beverage packaging, or ready-made garments, 

are main buyers of recycled materials. Even though their 

quality is lower, these recycled materials are competitive 

on the market because they are cheaper than the virgin 

materials. 

The international market for recycled materials, with a 

large demand from China, Japan and also India, is further 

triggering more recycling activities in Bangladesh [27]. 

Waste recycling should be operated in a free market and 

systems. They are free to choose which end market best 

suits their needs in terms of price and quality depending 

on material demand [28]. 

Based on the study, recycle bank or waste bank is one of 

the solution in waste management that can be applied 

because it has economy and social basic. Recycle bank 

aims to encourage recycling and environmentally-friendly 

habits. It brings people, businesses, and communities to 

achieve big scale impact by participating in household 

recycling and teaching how to live with more sustainable 

lifestyles. 
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IV. WASTE BANK BENEFITS 

The existence of a waste bank encourages the community 

activities on solid waste sorting and recycling. The 

customers of waste bank take an advantage of sorting and 

recycling solid waste, because they can gain money from 

selling recyclable waste [29]. It really help to build up 

their economic conditions. 

There is a need to study the waste bank’s economic  

viability because the studies related to the waste bank, 

especially because the waste bank’s budget performances 

are very limited. Based on data collection, it seems that 

waste bank has contributed to reducing inorganic 

municipal solid waste disposed to landfills by more than 

1.5% every year. The number of waste bank’s members 

tends to increase every year. The increasing number of 

waste bank’s members means that there is an increasing 

amount of community participation in separating waste at 

its source [30]. 

As [31] mentioned, two towns of peri-urban settlement in 

Thailand were investigated in case studies to compare 

eco-performance between the towns with and without 

implementation of the CBM program. MSW mass flows 

and MSW utilization records in 2013 were s tudied to 

examine climate co-benefits from waste utilization 

activities. The results indicated that waste banks in the 

CBM program can effectively prevent most of recyclables 

from entering landfills. The practice of waste bank 

recycling rate from the case study with CBM is 172.20 kg 

per member per year, which is about 926% higher than 

average CBMs with MSW recycling. The success of 

CBM can be attributed to its curbside collection service 

and fair and friendly pricing of recyclables. The study 

also found that if the town decided to prevent wastes from 

landfilling, carbon intensity of the MSW system would be 

0.47 tons of CO2-eq per ton of collected MSW. The 

landfilling cost would be along 7.41 USD per ton of 

MSW as landfilling cost. Current MSW reutilization rate 

has achieved 9.68% of generated waste, can avoid 

16.80% of GHG emission, together with a reduction in 

landfill costs of 11.57% with CBM program. Two 

scenarios of waste utilization in Thailand were explored 

and compared, in terms of which scenarios yielded the 

highest co-benefits. From the comparison result we can 

choose the best method to MSW utilization. 

The study from [31], indicates that by involve local 

mechanism and community to develop with operational 

waste banks, the efficiency of collecting recycling wastes 

will be increase. A similar system can be applied to other 

communities in other countries. This has so many benefit 

for other countries because there are solution they can 

take for their country’s future SWM. 

Based on the study from [30], there are some advantages 

received by waste bank’s members in transaction with 

waste bank than to the informal sectors. The advantages 

are: 

1. Buying price of recyclable waste from waste bank is 

higher than the informal sectors.  

2. Waste bank has a cooperative system (savings and 

loans).  

3. Waste bank has a clear recording of each member’s 

transactions.  

4. Seventy kinds of recyclable waste can be 

accommodated by waste bank 

The advantages make people more convenience in selling 

their recyclable waste to waste bank. The level of 

people’s trust in dealing with waste bank is higher than 

with the informal sectors. 

From the study above, we can know the benefit of waste 

bank as follow, 

1. Reducing municipal solid waste disposed to landfill 

2. Increase citizens economic viability 

 

V. WASTE BANK CONTINUITY PROBLEM 

To combat this ever-growing mountain of waste, policy-

makers have embraced the 3Rs concept with special 

emphasis placed on recycling, albeit last on the 3Rs 

hierarchy. Though recycling has gained political 

momentum, such efforts must be made in concert with 

reduction strategies, as recycling alone is insufficient to 

cope with the environmental impacts of current 

consumption rates in a growing population [32]. 

Therefore, recycling is not a goal in and of itself, but 

rather a necessary response to societal consumption 

patterns [33]. 

A country’s specific context conditions how waste 

management practices are established so far and can be 

further improved for the future. Specificities of policy 

instruments and market incentives for urban solid waste 

management in Bangladesh is one of the example of 

current policy in developed country. Based on this initial 

research centred on Bangladesh, a comparative 

framework in terms of policy instruments and market 

incentives can be developed as a further research project 

in order to enable mutual learning between Bangladesh 

and other countries currently facing, or having faced in 

the past, similar urban solid waste management 

challenges [27]. 

Apart from the incentive to push recyclable waste into the 

recycling channel, demand for recycled materials drives 

the market. The price paid for recycled materials is very 

important for the competitiveness of recycling initiatives. 

The capacity of the processing facilities (separating, 

sorting, etc.) in various countries also differs. Some 

facilities in countries with relatively more developed 

waste recycling system and advanced technology have a 

problem of over-capacity. UK is at risk of heavily over-
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investing in residual waste treatment infrastructure. If all 

of the facilities with planning consent are to be built, UK 

will have 5 million tonnes more capacity than it requires 

[28]. Countries like Germany and Sweden have already a 

problem with over-capacity, mostly in the sorting plants. 

The waste management is a major issue in most of the 

developing countries in the world. India and China are 

two faster growing economies who also have similar 

problems in waste management, especially becauselarge 

amount of waste they produce. Moreover, with the 

population growth and the increasing GDP, the MSW 

generation rate is increasing proportionately. Both the 

countries investing a loads of funds in landfill sites, MSW 

handling and treatment, but the problem is not resolved. 

The main constraint is the awareness of the citizen and 

poor institutional initiative [34]. 

The current regulation system in developing country is 

not perfect, and the existing management system and the 

collection facilities do not fit the present requirements at 

all. Another problem is waste collection without 

separation, treatment facilities are limited, and the 

collected wastes dumped carelessly in open areas. 

Government, NGOs, CBOs and private sectors are 

working hard in this field but still the action is not 

enough. The main management strategies to remedy this 

should include amendment of current laws and 

regulations, improve current management systems and 

introduce classified collections  to citizen [35]. 

Based on [36], most of Asian developing countries have 

solid waste generation problems. The main core problem 

are incompetent organization and limited budget 

allocation from the government that cause solid waste 

reduction is started from the source up to the landfill sites. 

Alternative solutions of solid waste management that can 

be adapted for Asian developing countries are social and 

technical approaches. Social approaches are changing the 

public behaviour by improving community through 

training, and encouraging partnerships with decentralized 

solid waste management. The technical approaches are 

reducing biodegradable solid waste at source, converting 

waste to energy, and using simple but effective 

technology. These approaches in social and technical 

aspect are expected to improve the sustainability of SWM 

in Asian developing countries . 

Based on the research through in-depth interviews of key 

informants in the community groups that carry out the 

activities of waste banks in five locations in Bandung, it 

is noted that waste bank problem is similar to SWM 

problem. The main problem for their continuity in society 

is limited budget, current regulation system is not perfect, 

and the awareness of citizens is low. 

 

 

VI. WASTE BANK CONTINUITY FACTOR 

Waste bank continuity factor is similar with waste 

management continuity factor. Municipalities have failed 

to manage solid waste due to financial factors and their 

country’s economiy condition . The huge expenditure 

needed to provide the service [37], the absence of 

financial support, limited resources, the unwillingness of 

the users to pay for the service [38], and absence of right 

use of economic instruments have hampered the delivery 

of proper waste management services. [37] indicated that 

the involvement of the private sector is a factor that could 

improve the efficiency of the system.  

Waste management is the sole duty and responsibility of 

local authorities, and that the public is not expected to 

contribute [39]. However, public participation in waste 

management has important place to increase waste 

management efficiency. The operational efficiency of 

solid waste management depends upon the active 

participation of both the municipal agency and the 

citizens. Socio cultural aspects mentioned by some 

scholars include people participating in decision making 

[37], community awareness , and societal apathy for 

contributing in solutions [40].  

Management deficiencies are often observed in the 

municipalities. Some researchers that have investigated 

the institutional factors that affect the system have come 

to the conclusion that local waste management authorities 

have a lack of organizational capacities especially in 

leadership factor and professional knowledge. The 

information about waste management system which 

available is very scanty from the public domain [41]. The 

extremely limited information is not complete or is 

scattered around various agencies concerned, therefore, it 

is extremely difficult to gain an insight into the complex 

problem of municipal solid waste management [42]. 

Waste workers are usually associated to low social status 

[39]. This situation’s result is low motivation among the 

solid waste employees. Politicians give low priority to 

solid waste compared to other municipal activities [40] 

with the end result of limited trained and skilled 

personnel in the municipalities [37]. Major positive 

factors that improve the system are support  from 

municipal authorities [43] and strategic plans for waste 

management that makes monitoring and evaluating 

annually for the system easier[44]. 

Waste management is also affected by the aspects that 

facilitate the effectivity of the system. The aspects are 

technical, environmental, financial, socio-cultural, 

institutional, and legal. Household’s attitudes and 

behaviour related to separation of waste depends on 

active support and investment of a real estate company, 

community residential committees’ involvement for 

public participation, and fee for collection service [45]. 
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Household waste utilization and separation behaviour also 

depends on gender, peer influence, land size, location of 

household, and membership of environmental 

organization. Lack of knowledge of treatment systems by 

authorities is reported as one factor affecting the 

treatment of waste [41].  

The availability of waste facilities affects waste disposal 

choice. The limited number of waste containers along 

with long distance to get the waste container will make 

people prefer to dumping the waste in open areas and 

roadsides. Lack of financial resources limiting the safe 

disposal of waste in better equipped and engineered 

landfills and absence of legislation are mentioned by [46]. 

[47] suggests that the quantity of solid waste generation is 

lower in countries with lower GDP. As mentioned, there 

are three most important components in relation to the 

separation of waste. These components are:  

1. Awareness . The efficiency of waste separation 

depends on the awareness of citizens about the 

impacts of waste management systems in the city. 

2. Knowledge. Decision makers at the municipality 

are prone to set up waste separation programs when 

they are familiar with new and appropriate 

technologies as well as good practices for the 

management of waste. 

3. Equipment. The availability of equipment and 

machinery to manage and recycle waste seem to be 

key factors that promote separation of waste at the 

household level.  

4. Support: Central and local government, service 

providers and service users’ support to the system are 

key elements for the efficiency of the collection, 

transfer and transport of solid waste.  

5. Infrastructure. In general, municipalities are 

responsible for the infrastructure and equipment 

needed for waste collection, transfer and transport. 

The improvement of the infrastructure affects 

positively the efficiency of the system  

From in-depth interviews of key informants in the 

community groups that carry out the activities of waste 

banks in five locations in Bandung, awareness, 

knowledge, and support from local authority become 

major factors affecting the continuity of waste bank 

activities. 

 

VII. CONCLUSION 

Waste bank is one of the solution in waste management 

that can be applied to encourage recycling and 

environmentally-friendly habits. People, businesses, and 

communities are bring together to achieve big scale 

impact by participating in household recycling and 

teaching how to live more sustainable lifestyles. The main 

problem of waste bank continuity is limited budget, 

current regulation system is not perfect, and the 

awareness of citizens is low. The solution for waste bank 

continuity is to correct current waste management system 

based on several factor : awareness, knowledge, 

equipment, support, and infrastructure.  
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Abstract— We assessed the abundance and diversity of 

avian species in two distinct habitats types; main campus 

area (human inhabited) and adjoining heavily degraded 

savannah grassland. By employing Jaccard/Tanimoto 

Coefficient of Similarity, we tested whether bird species 

assemblage will differ between the two habitats, while 

Shannon Weiner Diversity Index was used to determine the 

level of diversity between sites.  

Line transect assessment generated a total of 1035 

individuals of 69 avian species from 53 genera and 32 

families.  The most diverse avian family was Estrildidae with 

nine (9) avian species, followed by Columbidae with six (6), 

while Falconidae, Nectriniidae, and Turdidae families had a 

record of four (4) species each. Five families (Ardeidae, 

Malaconotidae, Ploceidae, Silviidae, Sturnidae) and five 

families (Accipitridae, Bucerotidae, Capitonidae, 

Viduidaeand Psittacidae) followed with three (3) and (2) 

species respectively. Seventeen (17) families were each 

represented by a single species. 

Jaccard/Tanimoto Coefficient revealed that species 

composition differed between the two habitats with a 

similarity coefficient of 66.7 %, while Shannon Weiner 

Diversity Index was 1.56 and 1.67 for human inhabited (HI) 

and degraded savannah (DS) habitats respectively.  The 

proximity to a natural savannah habitat albeit degraded has 

positive implications for avian diversity in the study area. We 

recommend more exclusion of human activities such as fuel 

wood harvesting and land grab for farming as this has grave 

consequences for the thriving population of species that are 

sensitive to human presence and urbanization. 

Keywords— Avian species, Diversity, Habitat utilization, 

Disturbance. Abundance. 

 

 

I. INTRODUCTION 

One of the most outstanding features of birds is their high 

mobility and ability to travel great distances even across 

oceans (Borrow and Demey, 2001). Birds occur in all 

habitats known to man. (Mann and Cheke, 2001); the 

ubiquitous nature of birds and their sensitivity to ecosystem 

change makes them a very important component of 

biodiversity, and as such; birds are often used as good 

indicators of the state of health of the environment (Pearce 

and Ferrier, 2001; Gregory et al., 2003;Krisanti et al., 2017). 

Birds reflect changes in other biodiversity (example other 

animals and plants) and are highly responsive to 

environmental perturbations; making them very useful in 

studies designed to address the effects of human and other 

environmental disturbances on community stability and 

ecosystem productivity (Ezealor, 2002; Gregory et al., 2009). 

Birds contribute substantially  to the overall species richness 

of West African forests, currently recognized as biodiversity 

hotspots of global importance (Orme et al., 2005).  

Species diversity is a community attribute that is directly 

related to ecosystem productivity and vegetation structure 

(Tilman, 1996). Research has shown that species diversity is 

directly linked with habitat structure(James and Warner, 

1982) as well as patterns of distribution of resources within  a 

given ecological setting (Pringle et al., 2010).   

The pattern and distribution of species has serious 

implication for community productivity. For instance, 

Pringle et al. (2010) p roved that the regular (even spacing) 

spatial pattern of termite mounds found in a homogeneous 

African savannah provided a guide for parallel spatial 

patterning in tree-dwelling, termite-eating animal 

communit ies. Their findings, which also confirm that  the 

uniformity of these patterns at small spatial scales boosted 

productivity of the whole landscape; provide support for 
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models linking spatial patterns with ecosystem processes and 

functioning (Memmott et al, 2004; Bakam et al., 2018).  

In the same manner, we exp lored how habitat structure and 

resource availability in a human modified habitat will affect 

avian distribution, abundance and diversity (Odewumi et al., 

2017). We tested whether species will partition resource use 

along a gradient of disturbance in the study area (Agbo et al., 

2018). This was possible considering the fact that the campus 

is contiguous to a natural but patchy and degraded savannah 

landscape made of some remnant native tree species. Our 

experimental approach was guided by the fact that vegetation 

structure is the most proximate factor that determines the 

spatial distribution of species (James and Warner, 1982); and 

more specifically bird diversity, enhanced by the plant 

species composition (Manu et al., 2007; Manu et al., 2010).  

The goal of this study was therefore to  determine how well 

birds utilize human modified habitats as well as the factors 

that may be crucial for their persistence in this degraded 

landscape. Specific objectives were to; 

i. Develop a comprehensive checklist of the area. 

ii. Identify the most abundant species in the study area 

iii. Determine whether species composition (diversity) 

will differ between the two sites. 

 

II. MATERIALS AND METHODS 

2.1. Study Area 

The study was conducted in The Federal College of 

Education (Technical Gombe), established in 1977. The 

college operated elsewhere for 17 years before moving to the 

present campus (permanent site)in 1996. The College is 

located along Ashaka road (Latitude 10˚ 18'.30'' N, 

Longitude 11˚ 9'.30 '' E.) in Akko Local Government Area, 

Gombe.  

The annual rainfall ranges from 850 to 1000 mm, with two 

distinct seasons; rainy and dry  seasons. The rainy season 

starts from May to October and dry season from November 

to April. Average daily  temperatures are 34o C in April and 

27 o C in August. The relative humid ity ranges from 70 to 80 

% in August and decreases to about 15 to 20 % in December. 

 

 

 
Fig.1: Map of study Area showing the two habitat types (human inhabited and degraded savannah).  

 

The college lies within the Sudano–Sahelian Savannah 

vegetation typified by shrubs and sparsely distributed tree 

species. Regrettably, as is typical with most human modified 

habitats, the campus flora is now dominated by exotic and 
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introduced tree species interspersed with  a few remnant 

natives, the most prominent being Parkia biglobosa and 

Tamarindus indica. The college is divided into two unique 

habitats; the campus area hereinafter referred to as the human 

inhabited (HI) contiguous to a degraded savannah (DS) (Fig 

1). The most common native tree species in the degraded 

savannah habitat was Parkia biglobosa while Azadaricta 

indica (Neem) was the most common tree species in the 

human occupied habitat.  

2.2 Experimental Design 

Line transect method (Bibly et al, 2000) was used to estimate 

and record bird species seen or heard within the study area. 

The campus was divided into two major habitat types; 

Degraded Savannah (DS) and Human inhabited (HI), with 

each habitat comprising of three transects. Each transect was 

located at a horizontal distance of 250 m apart to ensure that 

the same bird species was not recorded repeatedly in a given 

transect. Each transect covered a total distance of 2000 

meters. 

Transects were monitored twice each day in the morning and 

later in the evening. The morning session commenced at 6:30 

am and lasted till about 9:30 am, while the evening sessions 

were conducted between the hours of 3:30 pm – 6:30 pm. 

During  each transect survey we walked slowly  along each 

transect and recorded bird species seen at least 50 m on either 

side of the transect or heard (Bibly et al, 2000). With the help 

of a pair of (Nikon sporter ® 8 x 42) binoculars we recorded 

the number seen and estimated the distance away from the 

transect. Each transect was repeated twice to optimize the 

record. The survey was conducted in 2016 during the end of 

the dry season and towards the onset of the rains . 

Data generated from the survey was entered in excel 

spreadsheet version 2013 and exp lored before exporting 

same to SPSS. The statistical Package for Social Science 

(SPSS version 19.0 was used to analyze the data. Descriptive 

statistics was used to determine the frequency and numerical 

abundance of each avian species. Shannon Weiner Diversity 

index was employed to determine the species diversity and 

evenness in the study area and for each of the two habitats. 

We calculated the level of similarity in species composition 

between the two habitats based on the Jaccard/Tanimoto 

Coefficient; which  is one of the metrics deployed to compare 

the similarity and diversity of sample sets. It uses the ratio of 

the intersecting set to the union set as the measure of 

similarity or d issimilarity. Thus it equals to zero if there are 

no intersecting elements and equals to one if all elements 

intersect (common species to both sets). This was exp lored 

using the equation below; 

             Equation 1 

where; 

-    number of element in set A  

- number of elements in set B  

-     number of elements in intersecting set 

Shannon Wiener Diversity Index was used to estimate avian 

diversity of the study area. Effective number of species (Jost, 

2006) was used to determine the pattern of distribution (even 

or uneven) of avian species. The closer the value of Effective 

number of species to the species richness (actual species 

count), the more even the distribution of the species and vice-

versa. 

Shannon Wiener Diversity Index was calculated using the 

formular below: 

Hʹ − ∑ 𝑝𝑖 𝑙𝑜𝑔𝑒 𝑝𝑖
𝑠
𝑖=1                                                                                    

Equation 2 

 Where H' = Shannon Wiener Index 

Pi = the proportion of individuals of species “i” in  relation to 

the total population of all species. 

  Loge = Natural logarithm of base e. To get the effective 

number of species, (the true value of d iversity), we used the 

equation 

exp  (Hʹ)𝑜𝑟 exp  (− ∑ 𝑝𝑖 𝑙𝑜𝑔𝑒 𝑝𝑖
𝑠
𝑖=1 )

       Equation 3       
 

 

III. RESULTS 

A total of 1035 individuals of 69 av ian species from 53 

genera and 32families were recorded at the end of a four day 

transect survey with two days dedicated to each of the habitat 

types (Table 2). The most diverse avian family was the 

Estrildidae family with nine (9) avian species, followed by 

Columbidae with six (6), while Falconidae, Nectriniidae, and 

Turdidae families had a record of four (4) species each. Five 

families (Ardeidae, Malaconotidae, Ploceidae, Silv iidae, 

Sturnidae) and five families (Accipitridae, Bucerotidae, 

Capitonidae, Viduadae and Psittacidae) followed with three 

(3) and (2) species respectively. However, 17 families were 

each represented by a single species (Table 1). 

Laughing Dove Streptopelia senegalensis was the most 

abundant bird species with a total of  96 individuals sited in 

both habitats. Cattle egret Bulbus ibis and Vinaceous dove 

Streptopelia vinacea followed with 46 and 41 individuals 

respectively. 

Jaccard/ Tanimoto coefficient of similarity revealed that the 

two habitats differed  in  species composition with a 

percentage difference of 33.3 %. Jaccard/Tanimoto 
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coefficient was 0.6666 implying that the two habitats were 

66.7 % similar in avian species composition.  A total of 65 of 

the 69 species were recorded in the degraded savannah 

habitat (DS), while 50 species were recorded in the Human 

inhabited habitat (HI). Interestingly 19 and 4 species were 

unique to degraded savannah and Human occupied habitats 

respectively. However, 46 species were common to both 

habitats. 

Shannon Weiner Diversity Index for Human occupied habitat 

was 1.56 with an  effective number of diversity (true 

diversity) of 4.77. This was almost the same for degraded 

savannah with 1.67 and 5.32 for SWI and effective number 

of species respectively.  

Investigations to determine the most common feeding guild 

in the study area revealed that 21 species were frugivorous, 

while 18 and 16 species were insectivorous and granivorous 

respectively (Fig. 2).  

Table.1: Distribution of avian species across the 32 families recorded in the study area  

S/n Families          Number of species  Families              Number of species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Accipitridae                   2 

Alcedinidae                   1 

Ardeidae                        3 

Bucerotidae                   2 

Capitonidae                   2 

Charadridae                   1 

Ciconiidae                     1 

Cisticolidae                   1 

Columbidae                  6 

Coraciidae                     1 

Corvidae                        1 

Cuculidae                      1 

Estrildidae                     9 

Falconidae                     4 

Hirundiniidae                1 

Laniidae                        1  

Malaconidae                 3 

Musophagidae              1 

Nectriniidae                 4 

Oriolidae                      1 

Paridae                         1 

Passeridae                    1 

Phasiantidae                 1 

Picidae                         1 

Ploceidae                     3 

Psittacidae                   2 

Pyconotidae                 1 

Silviidae                      3 

Sturnidae                     3 

Turnidae                      4 

Viduadae                     2 

Zosteropidae                1 

 
Fig.2: Distribution and abundance of avian species across feeding guilds between the two habitats; HI = Human inhabited, DS 

= Degraded savannah). 
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Table.2: Checklist of avian species of the Federal College of Education (Technical) Gombe, Gombe State. √= present, - = absent 

S/

N 

Species Scientific name Family Human 

Inhabited 

Degraded 

Savannah 

Feeding 

Guild  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

Cattle Egret 

Black headed heron 

Grey heron 

Abdim stork 

Black headed lapwing 

Black shouldered kite 

Shikira 

Grey Kestrel 

Lanner falcon 

Fox Kestrel 

Common Kestrel 

Double spur francolin 

Black billed wood dove 

African Mourning dove 

Laughing Dove 

Vinaceous Dove 

Bruce’s Green Pigeon 

Speckled pigeon 

Rose ringed parakeet 

Senegal parrot 

Abyssinian roller 

African Grey hornbill 

Red billed hornbill 

Bearded barbet 

Yellow fronted tinker bird 

Cardinal Woodpecker 

Ethiopian Swallow 

Common Bulbul 

African Thrush 

Cliff chat 

 

Northern Ant eater chat 

White Fronted black chat 

Senegal Eremomela 

Garden Warbler 

Grey backed Camaroptera 

Tawny Flanked Prinia 

White shouldered black tit 

Beautiful sunbird 

Copper Sunbird 

Scarlet Chested sunbird 

Variable Sunbird 

Yellow White eye 

Yellow Bill shrike 

Black crown tchagra 

Tropical boubou 

Bulbus ibis 

Ardeame lanocephala 

Ardea cinerea 

Ciconia abdimii 

Vanellus tetus 

Elanus caeruleus 

Accipiter badius 

Falco ardosiaceus 

Falco biarmicus 

Falco alopex 

Falco tinnunculus 

Francolinus bicalcaratus 

Turtur abyssinicus 

Streptopelia decepiens 

Streptopelia senegalensis 

Streptopelia vinacea 

Treron waalia 

Columba guinea 

Psittacula krameri 

Poicephalus senegalus 

Coracias abyssinicus 

Tockus nasatus 

Tockus erythrorhynchus 

Lybius dubius 

Pogoniulus chrysoconus 

Dendropicos poecilolaemus 

Hirundo aethiopica 

Pycnonotus barbatus 

Turdeus pelios 

Myrmeccocichla 

cinnamomeiventris 

Myrmecocichlaaethiops 

Myrmecocichla albifrons 

Eremomela pussila 

Silvia borin 

Camaroptera brachyuran 

Prinia subflava 

Parusleucomelas guineensis 

Cinnyris pulchellus 

Cinnyris cupreus 

Chalcomitra senegalensis 

Cinnyris venustus 

Zosterops senegalensis 

Corvinella corvina 

Tchagra senegalus 

Laniarus turatii 

Ardeidae 

Ardeidae 

Ardeidae 

Ciconiidae 

Charadridae 

Accipitridae 

Accipitridae 

Falconidae 

Falconidae 

Falconidae 

Falconidae 

Phasianidae 

Columbidae 

Columbidae 

Columbidae 

Columbidae 

Columbidae 

Columbidae 

Psittacidae 

Psittacidae 

Coraciidae 

Bucerotidae 

Bucerotidae 

Capitonidae 

Capitonidae 

Picidae 

Hirundiniidae 

Pycnonotidae 

Turdidae 

Turdidae 

 

Turdidae 

Turdidae 

Cisticolidae 

Silviidae 

Silviidae 

Silviidae 

Paridae 

Nectriniidae 

Nectriniidae 

Nectriniidae 

Nectriniidae 

Zosteropidae 

Laniidae 

Malaconotidae 

Malaconotidae 

√ 

- 

- 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

- 

- 

√ 

√ 

√ 

- 

√ 

√ 

- 

- 

√ 

√ 

√ 

√ 

√ 

√ 

- 

 

√ 

√ 

√ 

- 

- 

- 

- 

- 

- 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

Insectivore 

Insectivore 

Insectivore 

Insectivore 

Insectivore 

Carnivore 

Carnivore 

Carnivore 

Carnivore 

Carnivore 

Carnivore 

Omnivore 

Frugivore 

Frugivore 

Frugivore 

Frugivore 

Frugivore 

Frugivore 

Frugivore 

Frugivore 

Insectivore 

Frugivore 

Frugivore 

Frugivore 

Frugivore 

Frugivore 

Insectivore 

Insectivore 

Frugivore 

Frugivore 

 

Insectivore 

Insectivore 

Insectivore 

Insectivore 

Insectivore 

Granivore 

Granivore 

Omnivore 

Nectarivore 

Nectarivore 

Nectarivore 

Nectarivore 

Insectivore 

Insectivore 

Frugivore 
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46 

47 

48 

49 

50 

51 

52 

 

53 

54 

55 

56 

57 

58 

 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

 

Yellow crown Gonolek 

Black headed oriole 

Pied crow 

Long tail glossy starling 

Purple glossy starling 

Piapiac 

Northern Grey headed 

Sparrow 

Bush Petronia 

Little Weaver 

Village Weaver 

African Silver bill 

Bronze Mannikin 

Cinnamon Breasted-Rock  

Bunting 

Cut throat finch 

Red billed Fire Finch 

Orange cheeked waxbill 

Black crown waxbill 

Lavender waxbill 

Red Cheeked cordon bleu 

Western Grey Plantain eater 

Senegal Coucal 

Grey Headed Kingfisher 

Village indigo bird 

Pintail Whydah 

Laniarus barbarus 

Oriolus brachyrhynchus 

Corvus albus 

Lamprotonis caudatus 

Lamprotornis purpureus 

Ptilostomus afer 

Passer griseus 

 

Petronia dentata 

Ploceus luteolus 

Ploceus cucullatus 

Eudice cantans 

Spermetes cuccullatus 

Emberiza tahapisi 

 

Amadina fasciata 

Lagonosticta senegala 

Estrilda melpoda 

Estrilda nonnulacens 

Estrilda caerules 

Uraeginthus bengalus 

Crinifer piscator 

Centropus senegalensis 

Halcyon malimbica 

Vidua chalybeate 

Vidua macoura 

Malaconotidae 

Oriolidae 

Corvidae 

Sturnidae 

Sturnidae 

Sturnidae 

Passeridae 

 

Ploceidae 

Ploceidae 

Ploceidae 

Estrildidae 

Estrildidae 

Estrildidae 

 

Estrildidae 

Estrildidae 

Estrildidae 

Estrildidae 

Estrildidae 

Estrildidae 

Musophagidae 

Cuculidae 

Alcedinidae 

Viduidae 

Viduidae 

√ 

√ 

- 

√ 

√ 

- 

- 

 

√ 

- 

√ 

√ 

√ 

√ 

 

√ 

- 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

 

√ 

√ 

- 

√ 

√ 

√ 

 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

√ 

- 

- 

 

Frugivore 

Frugivore 

Frugivore 

Omnivore 

Granivore 

Granivore 

Granivore 

 

Granivore 

Granivore 

Granivore 

Granivore 

Granivore 

Granivore 

 

Granivore 

Granivore 

Granivore 

Granivore 

Granivore 

Granivore 

Frugivore 

Frugivore 

Omnivore 

Granivore 

Granivore 

 

 

 

 

 

IV. DISCUSSION 

Many institutions of higher learning are adorned with  

ornamental as well as exotic and native t ree species . Apart 

from the primary  ro le of aesthetics, trees are bio logically  

crucial in climate moderation, carbon sequestration, and 

mitigation  of run-offs and floods during the rains. In  

addition plants help in air purification, shade provision/ 

wind break and reduction in noise pollution (Novak and  

Dwyer 2007).It is also a fact that plants inadvertently 

provide primary habitats for a vast number of life forms  

thereby promoting biodiversity.  

Birds are ubiquitous and have learnt to utilize various 

habitats both natural and human modified (Borow and  

Demey, 2004), and as such,we tested whether species 

assemblage will d iffer between two distinct habitat types; a 

human occupiedand a degraded savannah habitat. Our 

thinking was predicated on the notion that habitat structure 

is a major pred ictor of habitat choice by birds as has been 

suggested by some studies (Nsor, 2006; Abalaka and Manu, 

2007;  Manu et al., 2007; Manu et al., 2010; Dami et al., 

2014). 

Our record of 69 avian species is  in consonance with similar 

studies, example Agbo et al. (2018) who recorded 60 avian  

species in a similar landscape in Kaduna, Kaduna state.  

Moreover, our findings are in tandem with other surveys 

within the region of Gombe State where the authors 

reported species richness values similar to our present 

findings (Nsor and Adang, 2012;  Adang et al, 2015a, Adang 

et al, 2015b). However, the scale of enquiry (survey 

duration) may be a limiting factor and a major bias if we 

were to run a comparat ive analysis of species richness 

among the various study sites. Nonetheless, our results 

indicate,a relat ively higher species richness compared to 

previous studies given that the survey was conducted for 

just four days.  
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Our quest to determine how well avian  species make the 

best of a human modified and degraded savannah habitats 

was quite revealing; our results suggest that most of the 

birds in fact 66.7 % use both habitats freely although their 

distribution may  favor one habitat over the other in terms  of 

abundance. For example, the most abundant bird species 

Laughing Dove Streptopelia senegalensis, Cattle egret  

Bulbus ibis and Vinaceous dove Streptopelia vinacea were 

more abundant in the Human inhabited habitat than in the 

degraded savannah, alluding to the fact that perhaps 

becoming use to human presence was an adaptive 

advantage. However, it is interesting to note the possible 

interplay of resource distribution, competition, and habitat 

patchiness in driving certain individuals of some species to 

forage in  specific  habitats even at the risk of predation. This  

is in  keeping with the source-sink theory and the meta-

population concept (Hanski, 1994, Hanski et al., 1995). 

Birds are known to occupy certain feeding guilds, with  

several species sharing the same food resources. While most 

studies on resource distribution focused on the spatio-

temporal distribution, few have dwelled on the vertical 

distribution of avian food resources. However in  a recent 

study, Bakam et al (2018) demonstrated how birds utilize 

resources along a vert ical gradient. They authors asserted 

that the more structurally diverse a habitat is, the more 

likely it is to support diversity, which is in consonance with  

the works of Manu (2007).  In this study, we recorded 21 

frugivorous species occupying various heights in a 

vertically stratified niche arrangement which keeps them 

often above their zero elevation foraging counterparts –16 

species of granivores, while 18 species of insectivores 

oscillated between different strata, often spending most of 

their time on the ground hunting for insects.  Omnivorous 

species on the other hand occupied and fed along a vertical 

gradient while the birds of prey -6 species of carnivores 

(raptors) swoop down on their prey from the top stratum 

where they often perch for hours (Bakam et al., 2018).   

This observed partition of resources reduces interspecies 

competition while facilitating species cooperation. Against 

this backdrop, it would not be out of place  to say that based 

on the results of this study, that the relatively h igh level of 

diversity could be a direct benefit of habitat heterogeneity 

as reflected in the various feeding guilds highlighted above 

while also consolidating the notion that vertical 

stratification of resources is positively associated with avian  

species diversity and optimizes species richness in concert 

with other habitat and environmental parameters such as 

foliage volume and percentage vegetation cover (Karr and  

Roth, 1971; James and Warner, 1982).  

Furthermore, the d ifferences in species composition 

between the two habitats investigated in this study confirm 

the notion that a heterogeneous habitat supports more 

species diversity than a homogeneous one (Abalaka and  

Manu, 2007; Dami et  al., 2014). The human inhabited 

habitat was found to be dominated by exotic and introduced 

plant species planted in a homogenous pattern (Pringle  et al, 

2010). This fact coupled with vehicular and human pres ence 

may be one of the reasons why more species were recorded 

in the degraded savannah habitat than the human inhabited 

one (Imong, 2007).  

Moreover, most bird  species are naturally elusive and avoid  

habitats that do not offer adequate cover; some of these 

species e.g. Bush Petronia Petronia dentata, Senegal Parrot  

Poicephalus senegalus, Tawny flanked Prinia  Prinia 

subflava, Grey  Backed Camaroptera Camaroptera 

brachyuran, Double spur Francolin Poicephaluss enegalus 

etc.,were found to occur only in the degraded savannah 

where some remnant shrubby patches offer cover. However 

because birds are highly mobile apart from the flightless 

ones, they often go beyond their comfort zones to human 

inhabited areas especially when the habitats offer some 

movement “corridors”  or safe patches to facilitate 

movement between distinct habitats (Noss, 1991). Th is was 

the case with some species that are seldom seen in isolated 

human dominated landscape. Some of these human evading  

and habitat sensitive species (e.g. Yellow crown Gonolek 

Laniarus barbarous, Black crown Tchagra Tchagra 

senegalus and the Red-billed Hornbill Lagonosticta 

senegala were seen freely  foraging in the human inhabited 

habitat in this study.  

The aforementioned species could easily forage in both 

habitats because there was really no clear demarcation  

between the two habitats. Moreover, some portions of the 

human inhabited habitats tapered nicely into the degraded 

savannah contiguously (Noss, 1991). This observation 

emphasizes the need for landscape experts and 

environmentalist to design campuses and other public 

facilit ies such that natural patches of indigenous flora will 

be interspersed with build ings and introduced flora. This  

will go a long way to encourage diurnal movements of 

avian species between patches and on a broader scale more 

biodiversity.  

 

V. CONCLUSION 

The study identified certain anthropogenic activities that 

may be detrimental to avian species wellbeing and 

abundance in the study area if urgent actions are not taken. 

These include but not limited to; indiscriminate and 
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unregulated extraction of fuel wood, excessive conversion 

of remnant woodland to agricultural fields, unsustainable 

extraction of plants of ethno-botanical importance, 

unregulated movement of pedestrian and poachers into the 

college through multiple entry and exit routes.  

We urge the college management to as a matter of 

urgencyblock all unauthorized entry and exit routes to 

check unsustainable harvest of fuel wood. More native tree 

species should be reintroduced to mute the invasive effect 

of exotic species and restore networks of interactions that 

have been broken with the exit of native key stone tree 

species. The campus has potential to be a major refuge for 

birds and other smaller invertebrate species if all 

stakeholders rejig their commitment to nature and their 

stewardship obligation to biodiversity. 
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Abstract-The present study was conducted to isolate and 

identify endophytic diazotrophic bacteria in two Sri 

Lankan rice (Oryza Sativa L.) varieties; Suwandel and Bg 

358 and to evaluate their potential to promote rice plant 

growth. A total of 15 putative endophytic diazotrophic 

bacterial isolates were obtained from shoots and roots of 

Suwandel and Bg 358 rice varieties out of which 7 

isolates were selected based on their ability to produce 

IAA and phosphate solubilization. According to the 

morphological characters and biochemical tests, these 

bacteria were identified belong to genera Bacillus 

(IN003, IN006, and IN007), Klebsiella (IN008 and 

IN018), Pantoea (IN009), and Enterobacter (IN015). All 

selected bacterial isolates produced IAA (7.1µmgl -1 to 

30.9 µ mgl-1) in the tryptophan supplemented medium. 

Five out of seven bacterial isolates (IN006, IN007, IN008, 

IN015, and IN018) were able to solubilize inorganic 

phosphate on Pikovskaya’s agar medium. Rice seeds 

(Suwandel variety) treated with these endophytic 

diazotrophic bacteria with plant growth-promoting ability 

showed significantly enhanced shoot length, root length, 

shoot fresh weight, shoot dry weight and root fresh weight 

compared to the uninoculated control. Plant inoculation 

experiment indicated that Enterobacter sp. (IN015) was 

most effective in rice plant growth promotion among 

seven bacterial isolates tested. These results strongly 

suggest that endophytic diazotrophic bacteria 

characterized in this study could be successfully used to 

promote rice plant growth. 

 

Keywords— Endophytic diazotrophic bacteria, IAA 

production, Phosphate solubilization, Plant growth 

promotion, Rice. 

 

I. INTRODUCTION 

 

Rice (Oryza sativa) is the staple crop for more than half 

of the world’s population [26] including Sri Lanka. With 

the increasing world population, the demand for rice is 

expected to increase and therefore there is an immense 

pressure for higher production to feed the largely growing 

world population. One of the major problems associated 

with the rice production is the use of a massive amount of 

chemical fertilizers which cause negative impacts on both 

human health and environment. Therefore, there is an 

urgent need to identify the less harmful substitutes to 

chemical fertilizers to increase rice production. Natural 

endophytic bacteria associated with the plants have 

become a promising alternative to chemical fertilizer due 

to their plant growth promoting abilities [36]. 

Endophytic bacteria lives inside the plant tissues without 

causing any harmful effect to the host plant [34] and 

endophytic bacteria involved in the biological nitrogen 

fixation process are known as endophytic diazotrophs 

[15]. These endophytes are most commonly originated 

from the rhizosphere and enter into the plant through the 

cracks at the point of lateral root emergence and root tips 

and then systematically spread throughout the plant 

colonizing various tissues including seeds, stem, roots, 

and leaves of the plant [26]. A diverse range of 

endophytic diazotrophic bacteria have been isolated from 

the surface sterilized stem, leaves, seeds, and roots of rice 

plant using nitrogen-free medium and most of these 

isolated bacteria belong to the genus Pantoea, Klebsiella, 

Azospirillum, Enterobacter, Herbaspirillum, Serratia, and 

Bacillus [5,6,8,13,25,41]. Thee endophytic bacteria can 

promote the growth, and yield of plants when applied to 

seed or crops due to their plant growth-promoting 

properties. The widely recognized mechanisms of plant 
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growth promotion are the production of phytohormones, 

diazotrophic fixation of nitrogen, and solubilization of 

phosphate [26]. In addition to that these bacteria also have 

ability to produce siderophore to chelate various metals, 

including Fe, Zn, and Cu [1,4] and also suppress 

pathogens by producing inhibitory compounds [24,42]. 

Bacterial endophytes have been reported to produce 

various phytohormones including Indole-3-acetic acid 

(IAA), cytokinin and gibberellins [19].Among these IAA 

is one of the most vital hormones, mainly due to its 

function in lateral and adventitious root formation [11] 

and root elongation [18] According to the [39], bacterial 

species belong to genera Pseudomonas, Pantoea, 

Bacillus, Klebisella, Enterobacter, and Serrartia have 

ability to produce IAA. Earlier studies have found that 

endophytic bacteria with the ability to produce IAA can 

enhance the growth of plants by increasing plant height 

and biomass [37, 38]. Most of the soil phosphorous is  in 

the form of insoluble phosphate and cannot be utilized by 

the plant and phosphorous deficiency in plants result in an 

inhibited stem and root development, poor flowering, lack 

of seed formation [16]. Endophytic bacteria can solubilize 

inorganic phosphate in soil by secreting organic acids and 

this in turn help to increase plant growth [17]. Endophytic 

bacteria have a potential to use as an inoculant to promote 

plant growth due to these plant growth-promoting 

properties. Previous study indicated that Pantoea 

agglomerans YS19 can enhanced the biomass of the rice 

seedlings after application which can be attributed to their 

nitrogen-fixing ability and phytohormone production [9]. 

A significant increase in the dry weight of leaf and root of 

rice plants has been recorded by rice plants inoculated 

with Bacillus subtilis [16].  

Few studies have been conducted so far to identify the 

beneficial endophytic bacteria in Sri Lankan rice 

varieties. Therefore, the present study was carried out to 

isolate and identify endophytic diazotrophic bacteria with 

plant growth-promoting properties from roots and shoots 

of two Sri Lankan rice (Oryza sativa L.) varieties; 

Suwandel and Bg 358. Bacterial isolates were 

characterized on the basis of morphological and 

biochemical features. Furthermore, the effect of plant 

growth-promoting endophytic diazotrophic bacterial 

inoculation on the growth of rice seedlings was also 

evaluated to identify their potential to promote rice plant 

growth when applied to the plant. 

 

II. MATERIALS AND METHODOLOGY 

 

2.1 Collection of plant materials  

The two rice (Oryza Sativa L.) varieties, Suwandel and 

Bg 358 were randomly collected in their heading stage 

from the soil pots in a greenhouse of Department of 

Botany, University of Kelaniya, Sri Lanka. The stock 

seeds of rice were provided by the Rice Research and 

Development Institute (RRDI), Bathalagoda, Sri Lanka. 

 

2.2 Isolation of endophytic diazotrophic bacteria 

The endophytic bacteria from roots and shoots of two rice 

(Oryza Sativa L.) cultivars were isolated using nitrogen-

free semi-solid media (Nfb). Plant tissue samples (0.5 g) 

were washed with running tap water and cut into 2-3 cm 

long sections with a sterile blade. Plant tissues were 

surface sterilized with 70% ethanol for 3min, 

subsequently with fresh NaOCl (v/v) for 5 min and finally 

with 70% ethanol for 30 s. Tissue samples were then 

washed five times with sterile distilled water. To confirm 

the success of the sterilization process, aliquots of 0.1 ml 

of distilled water from the final rinse were plated on 

nutrient agar (NA) plates and examined for contaminants 

after incubation at room temperature (29⁰C) for 3 days. 

No contaminants were found indicating that the surface 

sterilization procedure was effective. Surface sterilized 

roots and shoots samples were homogenized separately in 

a sterilized mortar with 9.5 ml of 4% sucrose solution. 

Serial dilutions (10-4, 10-6 and 10-8) were prepared using a 

homogenous solution of tissue samples. Aliquots of 0.1 

ml of these serial dilutions were used to inoculate into 

vials containing 5ml of the semi-solid  N-free medium 

(Nfb) (Malic acid (5g), K2HPO4 (0.5 g), MgSO4.7H2O 

(0.2 g), NaCl (0.1g),CaCl2 (0.02 g), 0.5% bromothymol 

blue in 0.2 N KOH (2ml), 1.64% Fe-EDTA solution(4 

ml),vitamin solution (1 ml), micronutrient solution (2 ml), 

agar (1.9g) per liter, pH 6.8. The vitamin solution 

contained in 100 ml: biotin (10mg), pyridoxol-HCl 

(20mg) and the micronutrient solution consist of: CuSO4 

(0.4 g); ZnSO4.7H2O (0.12 g); H2BO3 (1.4 g); 

Na2MoO4.2H2O (1.0 g) and MnSO4.H2O (1.5 g) per liter) 

[21] and incubated for 4 to 6 days at 30 ⁰C. The growth of 

bacteria was observed by pellicle formation near the 

surface of the tube (qualitative evidence of bacterial 

ability to fix atmospheric nitrogen). The vials showing 

bacterial growth were used to inoculate plates of the same 

solid media with additional 20 mg l-1 of yeast extract [21]. 

After incubation at 30 ⁰C for 5 to 6 days, the single well 

separated and morphologically different bacterial colonies 

growing on the plates were randomly picked and 

transferred into fresh N-free solid media by streak plate 

method for purification. The transfer procedure 

mentioned above was carried out 3–4 times to isolate 

single colonies. The purified colonies were transferred 

into agar slants and stored in refrigerator at 4 ⁰C for 

further studies. For long-term storage at -20 ⁰C, the 

isolates were preserved in the 20% glycerol. 
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2.3 Screening for plant growth-promoting characteristics 

of isolated bacteria 

 

2.3.1 Quantitative analysis of Indole-3-Acetic Acid (IAA) 

production  

The quantification of IAA production by bacterial isolates 

was determined by Salkowski’s colorimetric test. The 

bacterial isolates were inoculated into the tubes 

containing Nfb medium supplemented with 0.5 gl-1 

tryptophan. The bacterial cultures were harvested after 48 

h of incubation at 30°C and centrifuged at 15000 rpm for 

15 min. The supernatant (2 ml) was mixed with 3 ml of 

Salkowski’s reagent and incubated 30 min in darknes s at 

room temperature (29°C) for color development. IAA 

production was observed as the development of the light 

red color and the absorbance was measured at 530 nm 

using a spectrophotometer [30]. The concentration of IAA 

produced by each bacterial isolate was determined by 

using a standard curve prepared from commercial IAA 

solutions (0, 10, 20, 30,40,50,60,70,80,90 and 100 ppm). 

The test was repeated twice with three replicates for each 

and mean was calculated. 

 

2.3.2 Plate assay for mineral phosphate-solubilizing 

ability 

The ability of bacterial isolates to solubilize inorganic 

phosphate was tested on Pikovskaya’s agar medium 

(Glucose (10 g), Ca3(PO4)2 (5 g), (NH4)2SO4 (0.5 g) and 

yeast extract(0.5 g), MgSO4.7H20 (0.2 g), NaCl (0.1 g), 

traces of FeSO4(per liter), pH 7). Bacterial isolates were 

spot inoculated into the medium containing plates and 

incubated for 7 days at 30 °C [33]. The presence of clear 

zone around the bacterial colony was considered as an 

indicator for positive mineral phosphate solubilization. 

 

2.4 Morphological and Biochemical characterization of 

bacteria 

Endophytic diazotrophic bacteria with plant growth-

promoting ability were identified according to Bergey’s 

Manual of Systematic Bacteriology [2, 29]. The cultural 

characteristics of bacteria were determined on nutrient 

agar (NA) plates after 48 h of incubation. The cell shape 

was determined by microscope following gram staining. 

The Gram reaction was performed using 3% KOH [40]. 

Motility was examined on cultures grown in semi-solid 

nutrient agar (NA) medium. Bacterial isolates grown on 

nutrient agar (NA) were tested for the presence of catalase 

and oxidase within 24 h. Methyl Red (MR) and Voges-

Proskauer (VP) tests were performed by inoculating MR-

VP broth in a screw-capped tube, incubating for 24-48 h 

at 37°C and then 5 drops of methyl red solution was 

added for MR test and 5% (w/v) α–naphthol in absolute 

ethanol and 40% (w/v) KOH was added for VP test. The 

red color formation was taken as positive for MR and VP 

test. Lysine decarboxylase test was performed by 

inoculating lysine decarboxylase broth with bacterial 

cultures and incubated at 37°C for 24 h. The bacterial 

isolates that convert the color of the medium from purple 

to yellow after 24 h of incubation and ability to change 

back to purple from yellow after next 24 h of incubation 

were recorded as positive for the test. Starch hydrolysis 

was tested by inoculating bacterial cultures on starch agar 

plates. After incubation at 37°C for 2-4 days, plates were 

flooded with Gram’s iodine solution. Bacterial isolates 

with the ability to produce clear zones around the colonies 

were taken as positive for the test. Gelatin hydrolysis was 

tested by inoculating Frazier’s agar plates with bacterial 

cultures. After incubation at 37°C for 2 to 14 days plates , 

were flooded with 1% HCl solution. Gelatin hydrolyzing 

bacteria were identified by the clear zones around their 

colonies while non-hydrolyzing bacteria formed an 

opaque precipitate with HCl reagent. For citrate test, 

Simmons’ citrate agar slants were inoculated with 

bacteria and incubated at 37°C for overnight. The 

bacterial isolates positive for the test. The bacterial 

isolates that positive for the test were changed the color of 

the media from green to blue. H2S test was performed by 

inoculating tubes containing Kliger’s iron agar with 

bacterial cultures by stabbing with inoculating needle and 

incubated at 37°C for 48 h. After incubation positive 

result was indicated by black precipitate formed at the 

lower portion of the tube. Nitrate reduction test was 

carried out by inoculating screwed capped tubes 

containing peptone water with 0.02% KNO3 and 1ml of 

Sulfanilic acid. After incubation for 2-4 days at 37°C, 1 

ml of Napthyamine was added. A red color developing 

within 5 min was taken as the positive reaction, while the 

absence of color indicated negative results. Negative 

results were confirmed using Zn dust. For the urease test, 

urea broth was inoculated and incubated at 37 °C for 48 h. 

The color change from yellow to pink was considered 

positive for the test. Acid production from D-glucose and 

lactose was tested by inoculating peptone broth 

containing tubes with bacterial cultures and incubated for 

2-5 days at 37°C. The change of color from red to yellow 

was taken as positive for the test. Based on the results of 

specific biochemical tests all bacterial isolates were 

partially identified. 

 

2.5 Preparation of bacterial culture for seed inoculation  

Seven endophytic diazotrophic bacteria (IN003, IN006, 

IN007, IN008, IN009, IN015, and IN018) with plant 

growth-promoting ability were used to test their effect of 

inoculation on different growth parameters of rice. The 

Suwandel rice seeds were surface sterilized with 70% 

(v/v) ethanol for 30 sec and shaken in 1% (w/v) NaOCl 
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solution for 5 min. Seeds were then washed three times 

with sterilized distilled water with shaking (15 min each). 

To ensure the sterilization efficiency, seeds were 

subjected to sterility check on nutrient agar media. For 

preparing bacterial cultures, each bacterial strain (IN003, 

IN006, IN007, IN008, IN009, IN015, and IN018) was 

cultured in 100 ml conical flasks containing 50 ml of 

nitrogen-free broth with 0.1% NH4Cl on a rotary shaker at 

100 rpm for 38 h at 32°C. Bacterial cells were collected 

via centrifugation at 8000 rpm for 10 min and the 

bacterial cell pellets were suspended in 10 ml of 66 mM 

phosphate buffer (pH 7.0). The surface sterilized seeds of 

rice cultivars were inoculated by soaking seeds in the 

respective bacterial culture for 6 h at 32°C. The treated 

seeds were spread on a sterilized petri dish and air dried 

in a sterilized environment for overnight at room 

temperature (29°C). The bacterial cell culture was 

standardized to 107CFU/ml via serial dilution before 

inoculation. 

 

2.6 Screening the effect of bacterial seed treatment on 

growth of rice seedlings 

To study the effect of rice seedling growth promotion by 

plant growth-promoting endophytic diazotrophic bacteria, 

40 rice seeds inoculated with respective bacterial culture 

were placed in 7 sterilized transparent plastic containers 

(10 X 12 cm) containing moistened paper towel. Then the 

containers were sealed and incubated at room temperature 

(29°C). As a control treatment seeds inoculated with un-

inoculated sterilized broth were established. Seeds were 

sprayed with distilled water to maintain moisture required 

for the germination. After 3 days, 40 germinated 

seedlings (inoculated) were transferred into hydroponic 

seed tray containing 800 ml full strength Hogland’s 

nutrient solution (without N and P) along with 1 g of 

tricalcium phosphate while 40 germinated seedlings (un-

inoculated) were transferred into hydroponic seed tray 

containing 800 ml of full strength Hogland’s solution 

(with N and P) [23]. After 12 days, 10 rice plants were 

taken randomly and shoot lengths and root lengths were 

measured. The shoots and roots were separated, and fresh 

weights were measured. For determining dry weight 

shoots and roots of rice plants were kept in an oven at 

60°C for 72 h to obtain a constant weight. The experiment 

was planned as a completely randomized design with 3 

replications for each isolate. 

III. RESULTS AND DISCUSSION 

3.1 Isolation and Identification of isolated endophytic 

diazotrophic bacteria 

Total of 15 putative endophytic diazotrophic bacterial 

isolates were obtained from shoots and roots of Suwandel 

and Bg 358 rice varieties. In this study s creening for 

nitrogen fixing ability was done on N-free medium and all 

the isolates showed growth on the medium. However, 

diazotrophic capacity of isolated bacteria should be 

further confirmed by the presence of nif H gene or 

acetylene reduction assay. Seven diazotrophic bacterial 

isolates (IN003, IN006, IN007, IN008, IN009, IN015, 

and IN018) were selected for further studies based on 

their ability to produce IAA and phosphate solubilization. 

Among this 7 bacterial isolates, 4 isolates (IN003, IN006, 

INS008, and IN015) were obtained from Suwandel and 

3isolates (IN007, IN009, and IN018) were obtained from 

Bg 358. The colony morphology of seven bacterial 

isolates was tested on nutrient agar (NA) medium and 

characteristics including shape, color, elevation, margin, 

and texture were studied (Table 1). Most of the colonies 

were circular to irregular and whitish or cream in color 

while yellow color is also observed. The margins of the 

colonies of isolated bacteria were found to be entire, 

undulate and irregular. The surface characteristics of 

bacterial isolates were found to be smooth and glistening. 

The cells were rod-shaped. Out of seven bacterial isolates, 

4 were gram-negative while 3 isolates were gram-positive 

in reaction. All the isolates were motile except IN008 and 

IN018.Bacterial isolates were identified via different 

biochemical tests (Table 2) according to Bergey’s Manual 

of Systematic Bacteriology [2, 29]. On the basis of 

morphological, and biochemical characteristics, 07 

bacterial isolates were identified that belong to four 

different genera; Bacillus (IN003, IN006, and IN007), 

Klebsiella (IN008 and IN018), Pantoea (IN009), and 

Enterobacter (IN015). These bacteria were commonly 

isolated from various tissues of the rice plant. However, 

identification of bacterial strain to species level requires 

further molecular characterization. Therefore, the 

molecular characterization targeting 16S rDNA region 

needed to be done to confirm these results.  
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Table.1.: Morphological characteristics of 07 plant growth-promoting endophytic diazotrophic bacteria on nitrogen-

free(Nfb) media 

Bacterial 

Strains 

 

Colony characteristics on Nfb media 
Cell shape 

Gram’s 

nature 
Size(mm) Color Shape Elevation Margin Texture 

 

IN003 
1-3 Cream Circular Flat Entire Smooth Rods + 

 

IN006 
2-4 Cream Circular Raised Undulate Smooth Rods + 

 

IN007 
1-2 White Irregular Raised Undulate Smooth Rods + 

IN008 
2-3 

Light 

cream 
Irregular Convex Entire Smooth Straight rods - 

 

IN009 
2-3 Pale yellow Circular Convex Entire Smooth Straight rods - 

 

IN015 
2-3 White Circular Flat Irregular Glistening Straight rods - 

 

IN018 
3-4 Cream Circular Slightly raised Entire Glistening Straight rods - 

(-): Positive;  (+): Negative  

 

 

Table 2: Biochemical characteristics of 07 plant growth-promoting endophytic diazotrophic bacteria 

(-): Positive reaction; (+): Negative reaction 
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Identified bacterial species  

INS003 
+ + + - + - + - + + + - + - 

Bacillus sp. 

INS006 
+ + - + - - + - + - - - + - 

Bacillus megaterium 

INS007 
+ + - + - - + + - - - - + - 

Bacillus pumilus 

INS008 
- + - - - + - - + - + + - - 

Klebsiella sp. 

INS009 
+ + - - - - - + + - + - - + 

Pantoea sp. 

INS015 
+ - + - + - - + - - + - + - 

Enterobacter sp. 

INS018 
- + - - + + - + + - + + + - 

Klebsiella sp. 
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3.2 Characterization of plant growth-promoting ability of 

putative endophytic diazotrophic bacteria 

 

3.2.1 Production of IAA  

All 7 diazotrophic endophytic bacterial isolates produced 

reddish pink color after addition of Salkowski’s reagent 

indicating their ability to produce IAA through 

tryptophan. In the presence of tryptophan, isolated 

bacteria produce IAA with concentration ranging from 

7.1 µg ml-1to 30.9 µgml-1(Table 3). The highest amount of 

IAA was produced by isolate IN015 (Enterobacter sp.) 

while lowest IAA production was recorded by isolate 

IN009 (Pantoea sp.). IAA produced by these bacteria has 

a favorable effect on plant growth promotion. The results 

of this study indicated that the amount of IAA produced 

by different bacterial species can be varied. Similar 

results had been reported by the [23]. This can be due to 

the several factors that affect the level of IAA production 

in bacteria such as the location of auxin biosynthesis 

genes in the genome, IAA biosynthetic pathways, culture 

conditions, growth stage of the bacteria and substrate 

availability [28].  

 

Table.3: Concentration of IAA produced by 7 endophytic 

diazotrophic bacterial isolates 

Bacterial strain 
Concentration of a 

IAA(µg/ml) 

bSerratia marcescens 20.2±0.78* 

IN003 10.8±0.36 

IN006 9.8±0.42 

IN007 20.8±0.92 

IN008 15.2±0.91 

IN009 7.1±0.26 

IN015 30.9±0.33 

IN018 12.2±0.18 

 
aIAA production was estimated  on Nfb medium 

supplemented with tryptophan with absorbance at 

540 nm. 
bSerratia marcescens  was used as positive control for 

IAA producer.  

* Values are the Mean ± SE The experiment was repeated 

twice with three replicates for each isolate 

 

3.2.2 Phosphate solubilization ability 

Phosphate is one of the most important nutrients required 

for rice plant growth and development. In the soil, 

phosphate usually forms insoluble complexes, unavailable 

to plant. Therefore, the efficiency of uptake and use of 

phosphorous after fertilizer application is low [33]. 

Phosphate-solubilizing bacteria can increase the 

phosphorous availability to the plant by converting 

inorganic phosphorous into more available form [26]. 

These bacteria solubilize inorganic phosphate by 

producing organic acids which decrease the pH of the 

culture media [30, 34]. Among 7 bacterial isolates tested, 

only 5 bacterial isolates (IN006, IN007, IN008, IN015, 

and IN018) were showed inorganic phosphate-

solubilizing ability by forming halo zones on 

Pikovskaya’s agar plates after 7 days of incubation  (Table 

4). These bacterial isolates were identified as Bacillus 

megaterium (IN006), Bacillus pumilus (IN007) and genus 

Klebsiella (IN018 and IN008) and Enterobacter (IN015). 

Previous studies also indicated the phosphate-solubilizing 

ability of bacteria belong to genera Bacillus, 

Enterobacter, and Klebsiella [7, 10, 14, 16]. Moreover, 

all these five isolates which solubilized phosphate were 

also IAA producers. 

 

Table.4: Phosphate solubilizing ability of 07 endophytic 

diazotrophic bacterial isolates 

 

Bacterial Strain 

 

Phosphate 

Solubilization 

Pseudomonas aeruginosa* + 

IN003 - 

IN006 + 

IN007 + 

IN008 + 

IN009 - 

IN015 + 

IN018 + 

The bacterial strains able to solubilize inorganic 

phosphate on Pikovskaya’s agar (+); the bacterial strains 

unable to solubilize inorganic phosphate on Pikovskaya’s 

agar *Pseudomonas aeruginosa was used as a positive 

control 

 

3.3 Plant growth-promoting parameters  

Most of the bacterial isolates have a significant effect on 

the shoot length, root length, shoot fresh weight, shoot 

dry weight and root fresh weight of the rice seedlings 

compared to the un-inoculated control (Table 4; Fig 1 A, 

B). All the bacterial isolates significantly (p≤0.05) 

enhanced the shoot length of the rice seedlings compared 

to untreated control and maximum shoot length 

(23.33±0.34 cm) was observed in seedlings treated with 

Enterobacter sp. (IN015). However, inoculation with 

Bacillus megaterium (IN006) significantly (p ≤0.05) 

reduced the root length compared to un-inoculated control 

whereas inoculation with Enterobacter sp. (IN015) 

resulted in longest root length (8.76±0.05cm) (Table 4; 

Fig 1 A). Inoculation with all bacterial isolates enhanced 

shoot fresh weight and dry weight, but there was no 

significant difference in the shoot dry weights between 
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the plants treated with bacterial isolates except 

Enterobacter sp.(IN015) (Table 4; Fig 1 B). Treatment 

with all bacterial isolates increased the root fresh weight 

and dry weight of inoculated plants and significantly  (p 

≤0.05) high root fresh weight and dry weight were 

recorded in plants inoculated with Enterobacter sp. 

(IN015) compared to the control and other bacterial 

isolates. The results of this study indicated that among all 

the other bacterial isolates, Enterobacter sp. (IN015) was 

more effective in rice plant growth promotion. Previous 

studies have also reported that certain Enterobacter sp. as 

effective plant growth promoters since they possess 

multiple plant growth-promoting activities  [3, 20, 30]. 

Rice seedlings growth promotion could be attributed to 

the multiple plant growth-promoting properties of 

inoculated bacteria such as IAA production, nitrogen 

fixation, and phosphate solubilization. In the hydroponic 

test system, inoculated plants were not supplied with N or 

soluble phosphorous which are major nutrients required 

for rice plant growth. Therefore, N and P requirement of 

the plant could be supplied only by the inoculated bacteria 

with their ability to fix nitrogen and solubilize inorganic 

phosphate. All seven bacterial isolates used in the plant 

inoculation experiment have the ability to produce IAA 

which is an important mechanism of plant growth 

promotion. IAA promotes the growth of the plant by 

increasing the number and size of adventitious and lateral 

roots and thereby facilitates the nutrient uptake by the 

plant [22].  

 

Table 5: Effect of bacterial isolates on growth parameters of rice seedlings 

Treatments 
Shoot Length 

(cm) 

Root 

Length 

(cm) 

Shoot fresh 

weight 

(mg/plant) 

Root 

fresh weight 

(mg/plant) 

Shoot dry 

weight 

(mg/plant) 

Root dry 

weight 

(mg/plant) 

Control 11.37±0.52d 4.92±0.03f 0.34±0.01 f 0.27±0.02 d 0.20±0.01c 0.14±0.03 c 

IN003 14.97±0.15c 6.51±0.10b 0.58±0.02 e 0.33±0.01cd 0.49±0.03b 0.19±0.01bc 

IN006 16.40±0.15bc 4.26±0.04g 0.66±0.01 d 0.39±0.02bc 0.47±0.02b 0.18±0.01bc 

IN007 18.43±0.93bc 5.25±0.04e 0.79±0.01 b 0.40±0.01bc 0.59±0.05b 0.22±0.01bc 

IN008 17.93±0.95bc 5.50±0.04d 0.65±0.01 d 0.42±0.02bc 0.54±0.03b 0.22±0.03bc 

IN009 17.63±0.87bc 5.87±0.02c 0.76±0.01bc 0.39±0.02bc 0.59±0.01b 0.18±0.01bc 

IN015 23.33±0.34a 8.76±0.05a 0.99±0,02 a 0.57±0.04 a 0.81±0.01a 0.37±0.03a 

IN018 14.90±0.35bc 5.20±0.04e 0.72±0.01 c 0.45±0.01 b 0.62±0.04b 0.24±0.02b 

Values followed by the same letter are not significantly different as determined by Tukey’s mean comparison test  (p ≤ 0.05). 

The statistics were performed separately for the data in each column (means of three replicates, ± standard error). 
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B 

 

Fig 1: Effect of Plant growth-promoting endophytic diazotrophic bacteria inoculation on shoot and root length (A) and shoot 

and root fresh weight and dry weight (B) of rice seedling (Suwandel  variety) growing in hydroponics. Error bars are SE from 

three replicates per same treatment. 

 

IV. CONCLUSION 

The current study indicated that endophytic bacteria 

isolated from the shoots and roots of Suwandel and Bg 

358 has beneficial effects on plant growth promotion 

through IAA production, phosphate solubilization, and 

nitrogen fixation. Seven bacterial isolates belong to 

different species produced IAA and fix nitrogen in the 

nitrogen-free media while 5 out of 7 bacterial isolates 

showed phosphate solubilizing activity. Rapid screening 

of their ability to promote rice plant growth was carried 

out using a hydroponic system and the results of this 

study clearly demonstrated the positive effect of these 

bacterial inoculations on rice plant growth. However, 

plant inoculation experiment was carried out under 

laboratory conditions. Therefore, results obtained in this 

study may not reproduce exactly under the field 

conditions. Further studies under field conditions are 

recommended to identify the real potential of these 

bacteria to promote rice plant growth. Multiple plant 

growth-promoting abilities and positive effect on plant 

growth parameters in the plant inoculation experiment 

suggest that the bacteria isolated in this study have the 

potential to develop as biofertilizer to promote rice plant 

growth. Enterobacter sp. (IN015) showed most effective 

in rice plant growth promotion compared to other 

bacterial isolates. However, more research is needed to 

understand the interaction between endophytic bacteria 

and rice plant to fully exploit their potential as 

biofertilizers. 
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Abstract— This paper investigated the usefulness of seed 

cake and husk as industrial wastesgenerated from 

Jatrophacurcas in biotechnology. Seeds were dehulled, 

milled and processed for biodiesel production at 

department of Chemical and Biological Engineering, 

University at Buffalo, New York, USA.Proximate analysis of 

the wastes generated (seed husk and cake) was carried out 

the National Research Institute for Chemical Technology 

(NARICT) Zaria, Kaduna State, Nigeria. All concentrations 

were determined using the Microwave Plasma Atomic 

Emission Spectrophotometer Agilent 4200 (MP-AES) 

model. Statistical analysis was done on the Minitab 

software 16.The cake contained 35% moisture, 17% ash, 

40% lipid, 70% protein and 78% carbohydrate.However, 

fibre content in husk (27%) was higher than in cake (16%). 

The husk also contained fairly high amount of carbohydrate 

(47.8%).Phosphorus was high in both husk and cake 

(17.1% and 22.3% respectively). The cake contained higher 

quantities of micronutrients than the husk with significant 

differences (t=2.243, p=0.05). The seed cake and husks are 

rich organic sources of manure as they contain basic 

nutrients needed by plants to grow. The high amount of 

protein and carbohydrate makes them perfect candidates as 

animal feeds when detoxified. From all indicators except in 

fibre and potassium contents, the seed cake is better than 

the seed husk. The combined strength and properties of both 

seed husk and cake should be exploited in Agricultural 

biotechnology. The two wastes are relevant in both crop 

and animal production when used as organic manure and 

animal feeds respectively. 

Keywords— Agricultural biotechnology, Animal feeds, 

Industrial waste, Jatrophacurcas, Organic manure. 

 

 

I. INTRODUCTION 

Jatrophacurcas L. (family Euphorbiaceae) has recently 

gained global attention as potential source of biodiesel 

production(Akogwu, 2011; Nanda et al., 2015). The quest 

for biofuel as environmentally friendly and renewable 

energy source is in line with UN goal on climate and the 

need to ensure safer biosphere that is free from pollutants 

generated from fossil fuel combustion(Aguoruet al., 2015). 

Many advanced countries are now cultivating useful plants 

in large scale for oil and biodiesel production. 

Jatrophacurcasis particularly of interest today because of 

its availability, adaptability, ease of cultivation, non-

interference with food production and non-edibility 

(Ouattaraet al., 2018). For this reason, heaps of wastes are 

generated from the seeds after industrial processing, 

especially the cake and husks. Burning the wastes would 

add more to the global CO2 level resulting in enhanced 

greenhouse effect and climate change(Rathore et al., 2016). 

Degradation of the recalcitrant husk may take long time 

thus polluting the environment. Biotechnological 

conversion of biowastes into useful products is now a 

welcome development.The aim of this research was to 

establish the relevance of wastes generated from 

Jatrophacurcas seed during biodiesel production. The 

report focused on the proximate analysis and nutritional 

composition of the seed cake and husks and their potential 

applications.  

 

II. MATERIALS AND METHODS 

For the purpose oil and biodiesel production, seeds of 

Jatrophacurcas were collected from 9 Local Government 

Areas in Benue State. Seeds were dehulled, milled and 

processed at department of Chemical and Biological 

Engineering, University at Buffalo, New York, USA. 
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Proximate analysis of the wastes generated including seed 

husk and cake was carried out the National Research 

Institute for Chemical Technology (NARICT) Zaria, 

Kaduna State, Nigeria. Nutritive components, macro and 

micro-elements were investigated following standard 

protocols (Adinurani et al., 2015; Sanchez-Arreola et al., 

2015).  All concentrations were determined in part per 

million (ppm) using the Microwave Plasma Atomic 

Emission Spectrophotometer Agilent 4200 (MP-AES) 

model. Statistical analysis was done on the Minitab 

software 16. 

 

III. RESULTS AND DISCUSSION 

Table 1presents seven nutritional composition in the 

industrial waste investigated in Jatrophaseed. The cake 

contained 35% moisture, 17% ash, 40% lipid, 70% protein 

and 78% carbohydrate. These components are relatively of 

higher values in cake than husk. However, fibre content in 

husk (27%) was higher than in cake (16%). The husk also 

contained fairly high amount of carbohydrate (47.8%). Box 

plot (Figure 1) revealed significant differences in the 

nutritional values of the two wastes from Jatropha seeds 

(t=4.092, P=0.002).Figure 2 shows the macronutrients 

investigated. Phosphorus was high in both husk and cake 

(17.1% and 22.3% respectively). The potassium content of 

husk (21.2%) doubled that of cake (11%) but the latter 

contained more sodium (20.4%). Among the five micro-

elements studied (Table 2), the iron content recorded the 

highest values (3.12ppm in husk, 6.66ppm in cake). Other 

elements >1ppm were zinc (1.98ppm in cake) and lead 

(1.62ppm in cake). The cake contained higher quantities of 

micronutrients than the husk with significant differences 

(t=2.243, p=0.05). Arsenic was present in equal proportion 

(0.36ppm). With the exception of copper present in minute 

quantity in seed husk (0.059 ppm), other micronutrients 

were present in high quantity which appeared to confer 

toxicity to the seed. 

 

Table 1: Comparative Nutritional Compositions ofJatrophacurcasSeed Husk and Cake 

Jatropha seed cake and husk(t=4.092, P=0.002) 

 

Moisture 

(% ) 

Ash 

(% ) 

Lipid 

(% ) 

Fiber 

(% ) 

Protein 

(% ) 

Carbohydrate 

(% ) 

Husk 11.8 6 3.2 27 5 47.8 

Cake 35 17 40 16 70 78 

 

 

 

Fig.1: Box plot showing significant differences in nutrient composition in  
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Fig.2: Macronutrients in Jatrophacurcas L Seed Husk and Cake 

 

Table.2: Micro-elements in Jatrophacurcas Seed Husk and Cake 

Element (ppm) Jatrophacurcas Seed Husk Jatrophacurcas Seed Cake 

Zinc (Zn) 0.225 1.980 

Arsenic  (As) 0.360 0.360 

Copper (Cu) 0.059 0.260 

Iron (Fe) 3.124 6.664 

Lead (Pb) 0.154 1.618 

(t=2.243, p=0.05) 

 

The seed cake after proximate analysis was found to have 

very high percentage of protein. This protein content 

obtained from the present report is far higher than similar 

report on Jatropha seed cake from India that contained 

50% protein (Nepal et al., 2018). This difference may be 

attributed to the fact the seeds collected from Benue State 

is of higher qualitywhich maight be due to the soil fertility 

and higher amount of rainfall that characterize the climate 

in the study area (Aye and Haruna, 2018). This view 

agrees with similar findings that high rate of rainfall and 

soil fertility are required for better yield and optimum 

nutritive content in the plant (Matos et al., 2018), although 

Jatropha as a member of the Euphorbiaceae family can 

survive under low rainfall. 

The outcome of this work strongly recommends Jatropha 

seed cake and husk asgood source of protein for animal 

feeds provided the protein can be rendered toxin free (Nepal 

et al., 2018). The present report agrees with earlier findings 

that Jatrophaseed cake is an excellent source of protein 

but it contains some anti-nutritional factors (ANF) that can 

act as toxins and thus negatively affect the growth and 

health status of animals (Kromeet al., 2018; Zhao et al., 

2018). For instance, the concentrations of arsenic and lead 

as poisonous heavy metals are quite high in this 

report.Although toxin content can limit the consumption 

of Jatrophacurcas seed cake, detoxified Jatrophacurcas 

protein isolate (DJPI) may be a better option in combating 

malnutrition most especially in Africa (Musa, et al., 

2018;Phuliaet al., 2018).  

Apart from high protein content, the cake also contains very 

high amount of carbohydrates (78%) of carbohydrate, little 

amount of lipids, crude fibre and ash. The quantity of iron is 

quite impressive. Hence, it is recommended as an excellent 

animal feed if detoxified. Detoxification should target the 

removal of poisonous lead and arsenic. The agrowaste can 

also serve as a source of organic manure. This is supported 

by the high amount of macronutrients such as phosphorus, 

potassium and sodium present in the seed cake and husk. 

The present study aligns with the work of Nepal et al. 

(2018) where basic nutrients were reported in the seed cake 

and husk. In the proximate analysis and mineral 

composition of seeds of Jatrophacurcas from Pankshin 

Local Government Area of Plateau State (Maguet al. 2018), 

the percentages of micro, macronutrients and minerals 

contained in the cake and husk were smaller compared to 

the present findings. 
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From the above findings, the agricultural benefits of 

Jatrophaplant are enormous. The plant can also 

be intercropped with many cash crops such as coffee, sugar, 

fruits and vegetables with the Jatrophacurcasoffering 

both fertilizer and protection against livestock. 

Jatrophacurcas needs at least 60 mm of rain annually to 

thrive however it can survive three years of drought by 

dropping its leaves. Jatrophais excellent at preventing soil 

erosion, and the leaves it drops act as a wonderful soil 

enriching mulch (Baumertet al., 2018).The present report is 

in line with the work of Aguoruand Okibe(2015)where 

potential environmental pollutants were bioconverted into 

useful industrial products of global economic value.It also 

aligns with previous studies where Jatropha seeds had 

significant effects in the production of Clariasgariepinus 

fingerlings (Musa et al., 2008). 

In conclusion, the seed cake and husks as agrowaste are rich 

organic sources of manure as it contains basic nutrients 

needed by plants to grow. The high amount of protein and  

carbohydrate makes the agrowaste perfect candidates as 

animal feeds when detoxified.From all indicators except in 

fibre and potassium contents , the seed cake is better than the 

seed husk. Thecombined strength and properties of both 

seed husk and cake as highlighted above should be 

exploited in Agricultural biotechnology. The two wastes are 

relevant in both crop and animal production when used as 

organic manure and animal feeds respectively. 
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Abstract— The growth, development and urban 

densification are related to consumption and energy 

dependence. In relation to the consumption of electric 

energy, such as cities and their regions with predominance 

of residential, commercial and more vulnerable services. 

It is vital the understanding of the various interactions 

between people and energy of utmost importance for 21st 

century cities and their spatial behavior and distribution. 

Cities can be understood as Urban Energy Systems - SEU, 

which represent the combined processes of consumption 

and energy acquisition as a supply of demands of an urban 

population. Systems, represented by cities, regions, sub-

districts and districts are like space units, infrastructure 

facilities consisting of homes, buildings, schools, business 

centers, large shopping centers and streets that connect 

these space units. The energy issue is closely related to a 

spatial occupation and distribution of cities. Therefore, 

this paper explores this conceptual discussion, based on 

the theoretical and philosophical development of socio-

ecological systems, comes with the main objective of 

serving as a tool for subsidizing urban energy planning 

and a proposal of public policies for a reduction of urban 

energy vulnerability. 

Keywords— urban energy systems, urban energy 

vulnerability, electricity, spatial analysis, public policies. 

 

I. INTRODUCTION 

Comprehending the several interactions between 

people and energy is the main point to understand 21st 

century cities. In these cities, the so-called Urban Energy  

Systems (UES) are consolidated and represent the 

combined processes of consumption and acquisition of 

energy in order to meet the demands of an urban 

population, as defined by Jaccard (2006). 

The UES include very diverse demands: heating and 

cooling of buildings, lighting services in both public and 

private areas, transportation and communication services, 

electric power for devices and others (RUTTER & 

KEIRSTEAD, 2012).  

In a society more and more dependent on, and 

connected to, electric services, the safety of the electricity  

distribution system is a determining factor for social well-

being and maintenance of productive processes in cities 

and, due to its importance, it becomes a recurrent item in  

debates about public policies.  

In order to contextualize societies’ energy safety, 

some definitions are borrowed from other scientific areas, 

such as the concepts of vulnerability, resilience, and 

adaptability. There is an effort to uniform these different  

concepts; according to Gallopín (2006), this happens 

because they involve different areas of knowledge that are 

often unrelated as Evolutionary Biology, Ecology, Cultural 

Studies (interdisciplinary field of investigation – 

Sociology, Anthropology, Philosophy, Literature), 

Computer Science and Engineering.  

Thus, this article presents general and applied 

concepts in the context of energy safety of strongly 

urbanized areas from the point of view of urban energy 

systems. The conceptualization will consolidate the 

understanding and definition of urban energy vulnerability 

and, for example, could guide public policies in order to 

construct models for understanding energy systems in  

urban areas, which shall be greatly useful in planning and 

managing said systems. 

In order to do this, general concepts such as 

vulnerability, resilience and adaptability will be explored , 

including contributions from several areas of knowledge 

on the theme. Classic concepts from the energy science will 

also be presented and they will support such discussions, 

such as: energy, electric energy, primary and secondary 

sources, and final uses. These concepts will be connected 

and applied to concepts such as socio-ecological systems, 

complex systems, urban energy systems, energy safety, 

global continuity performance (DGC), frequency and 

duration of failures (FEC, DEC), and others. 

Then, these definitions will be extended into the 

context of urban energy system, resulting in the central 

point of this study: urban energy vulnerability and energy 

adaptability.  

 

II. CITIES AND SYSTEMS 

2.1 Cities 

Many definitions presented for cities are based on 

historic, social, and political aspects. In this regard, some 

concepts by referenced authors are presented, pertinent to 

this research. 

In Brazil, according to the Brazilian Institute of 

Geography and Statistics (IBGE, 2010), about 84.36% of 
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the population lives in cities. In these urban spaces, the 

exchange of goods and services, culture and knowledge 

among habitants is outstanding via the energetic conditions 

fundamental to such habitants of urban life.  

Cities are considered the great geographical 

expression of this century, that is, they are the 

consolidation of human society and economic, political, 

and social relations determine their growth. The urban 

space is shaped by the interdependencies among cities, 

which influences local environmental and energetic 

quality. 

In this century, cities became, mainly, urban public 

spaces, scenery for major social, political and 

environmental issues, conflicts, inequality, and unbalance, 

where lies injustice and exclusion. 

The low-income population who dwells in urban 

areas is directly affected by the fact that public authorities 

do not ensure their basic survival rights and by the 

deficiency in public policies that meet social and 

environmental demands. 

This scenery is aggravated when one realizes the 

irrational use of natural resources, the inadequate 

infrastructure constructions and urban installations that 

impact the environment irreversibly and have their main  

effect as the deterioration of life quality in cities.  

According to Lefebvre (2001), the urban space has 

a “conceived” character, that is, a homogenous space, 

abstractly, the place for social relations, for experience 

exchange; the space lived / perceived of representations 

and daily practices. At the same time, this abstract space 

works as an instrument, as control and as management for 

the State that it works as a controlling instrument for those 

owners of economic and political power. 

Moreover, the author approaches the urban space as 

the result of a historical process of consolidation of cities 

that went through processes of industrialization and 

urbanization, a qualitative change, resulting of the way of 

life and daily practices of their population. The urban space 

must be considered the lived space and its place to 

understand urbanization. 

When one analyses the meaning of the terms urban 

and urbanization under the critical perspective, one 

understands that their definitions go beyond the concept of 

cities and are defined from the condensation of social and 

spatial processes that allowed capitalism to go on and to 

reproduce its essential production relations and its own 

survival. Moreover, the urban space, for capitalism, is the 

conditioning and regulating agent of the socio-spatial 

contradictions. 

In this line of thought, cities have different uses and 

can be articulated and fragmented at the same time; such 

uses define their function. Cities are defined by the areas 

inside the urban space, such as downtown, residential 

neighborhoods of marginalized social classes, popular 

districts, periphery – that is, a set of distinct areas in terms  

of form and social content. 

The urban space also assumes a symbolic dimension  

in which several relations are reproduced in daily life, 

feelings of belonging to a place where individuals coexist, 

as well as social practices, beliefs, and values created over 

the consolidation of societies. 

According to Serpa (2008, p.305), the space is what 

modifies the connections among spaces and facilitates 

flows. The integration allowed by globalization establishes 

that the participation in an integral spatiality, both of places 

and of flow, depends on the place’s accessibility and on 

people in the technical-scientific-informational 

environment. 

The levels of accessibility define the relations 

among urban space and other localities. The development 

of a place is related to several present infrastructure, as well 

as to economic activities established in the built space. 

 Understanding the space involves several 

meanings, receives different elements in a way that any and 

every definition is not a permanent conception; it is flexib le 

and allows changes. The space has elements defined from 

their function in the maintenance of socio-spatial 

dynamics. Among them the infrastructures, which can be 

explained by the human work materialized and spatialized 

in the shape of buildings, automobiles, energy, plantations, 

and others. 

Santos (2001, p. 60) believes that “the space denotes 

the result of constant interactions between ‘fixed’ and 

‘mobile’”, namely, between materiality and immateriality . 

The fixed can be understood as elements built by human 

actions and equipped with intentionality; therefore, they 

have functions (means of transport, energy, capital, 

information, communication, knowledge). 

Thus, each fixed spatial element is interconnected to 

a succession of interactions and local and distant 

interdependencies, with economic, historic, social, and 

cultural relevance. The fixed can be denominated territorial 

fixed, since they are built in space, have address, and have 

localization – they can be georeferenced. 

On the other hand, the mobiles give meaning to life 

and economic activities over the historical processes and 

are considered the direct and indirect result of actions and 

cross or settle themselves in the fixed, modifying their 

meaning and value and, at the same time, modifying  

themselves (SANTOS, p. 15,1988). 

The concepts presented here will be necessary for 

better understanding the cities, considering their relations 

and their multi themes and scales, namely, cities, and their 

sets and components must be considered as systems with 

energy interaction vectors of different sizes and meanings. 
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2.2 Systems 

Socio-ecological 

Adguer (2006) says that the concept of a Socio-

Ecological System reflects the idea that human actions and 

social structures are integrated to nature and there is no 

distinction between social and natural systems. 

Complex 

The Complexity Sciences appropriated 

characteristics of natural systems aiming at representing 

the artificial ones, as close to reality as possible. 

 

III. GENERAL CONCEPTS RELATED TO 

ENERGY SCIENCES 

The basic, general concepts necessary to understand 

this research refer to the energy sciences theme and shall 

substantiate the discussions presented here. 

The energy relations of an area, usually a State, are 

presented in the energy balance. The energy balance refers 

to the study of the current landscape and the projections of 

energy inputs, production, consumption, and outputs in a 

defined spatial unit. 

The energy balance’s general structure is composed 

by primary energy, transformation, secondary energy, and 

final consumption.  

Energetic compounds derived directly from nature, 

such as oil, natural gas, mineral coal, firewood, sugarcane 

products, plant and animal residues, uranium, hydraulic 

energy, solar energy, and wind energy form the primary 

energy. Primary sources are classified as renewable and 

non-renewable sources. 

Secondary energy refers to energetic products 

resulting from the transformations centers, which forward  

such energy to several consumption sectors or to another 

transformation center. As examples, one can mention  

diesel oil, liquefied petroleum gas (LPG), naphtha, 

kerosene, and other residues derived from petroleum. 

In order to the generated and transformed energy 

reach the consumer, it must go through the transmission 

and distribution system. 

The distribution scenery in Brazil presents 63 

energy providers plus authorized companies. In the state of 

São Paulo, there are 7 to 8 distributors and, in the capital, 

Eletropaulo provides the energy. 

  

3.1. Energy supply and final consumption 

Energy supply is the amount of energy made 

available to be consumed (final consumption). The amount 

of energy available to be consumed in a determined spatial 

unit or consumer group is defined as energy supplied. 

According to BEN (2016), in 2013, the final 

consumption of electricity corresponded to 18% in the 

whole world, behind only of oil consumption, with 39.9%.  

According to data obtained by BEN (2016), 

production of energy in the state of São Paulo decreased 

4.2% in 2015 when compared to the previous year. In 

2014, energy production was 65.409 GWh and, in 2015, it  

was 62.654 GWh (BEN, 2016, p. 150). 

 

3.2. Energy sources 

The main energy sources presented in the energy 

balances and existing in the country are oil, natural gas, 

electric energy, mineral coal, wind energy, biodiesel, and 

sugarcane products. 

Brazil’s electric matrix is composed by the 

following primary sources: wind, solar, hydroelectric, 

nuclear, thermal, sugarcane bagasse, and firewood sources. 

Brazil has an original electric matrix that is 

predominantly renewable, specially the hydraulic 

generation, which corresponds to 64% of the internal 

supply. Renewable sources represent 75% of the internal 

energy supply in Brazil (BEN, 2016, p. 17). 

 

3.3. Consumer economic sectors  

The final consumption of energy encompasses all 

sectors of economic activity, which converge primary and 

secondary energies. Final consumption is the sum of 

energy and non-energy consumptions. Energy 

consumption is represented by sectors such as residential, 

commercial, public buildings, agribusiness, transport 

sector, industrial, and non-identified consumption. 

The final consumption of energy is presented in 

national and state energy balances by the following sectors: 

energy, residential commercial, public, agribusiness, 

transportation, and industrial. 

Among all sectors, the residential sector, when 

added to others (except industry and transportation), 

represents over 50% of global energy consumption. In 

2013, of 1677 106 tep, 56.2% derived from sectors other 

than the industrial and the transportation sectors (BEN, 

2016). 

The residential sector is supplied, predominantly, 

by electricity, with almost 46% of participation; in 2015, it 

corresponded to almost 11.300 tep (BEN, 2016). Both 

firewood and petroleum liquefied gas (PLG) are still 

significant sources in the sector and together they represent 

over 50% of the total of the sector’s  participation, while 

natural gas represents little over 1%. 

The chart presented by BEN (2016), concerning 

the final consumption of the residential sector during the 

analyzed period shows that energy consumption grows to 

the detriment of firewood. This behavior certainly 

corresponds to the correlation between economic 

development and consumption by energy sources in the 

residential sector. That is to say that as a region develops, 

its final consumption enhances, tending firstly to be of 

energy consumption.  
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Fig.1: Final consumption of energy in the residential sector (1975-2014) 

 

Source: BEN, 2016. 

In 2015, the residential sector presented the 

second largest electricity consumption of the country, 

representing a little more than 21% of participation, with 

131 TWh in the year (BEM, 2016, p.40). 

In 2015, the state of São Paulo registered the 

highest energy consumption in residencies compared to 

other states, corresponding to 38.212 GWh (BEN, 2016). 

Thus, it can be observed the state’s expressiveness in 

residential consumption in comparison to the rest of the 

country. 

 

IV. APPLIED CONCEPTS 

The concepts applied to this topic concern the 

theme of this research and are presented in the following  

structure: Urban Energy Systems, Energy Safety, Threat, 

Risk, Fragility, Resilience, Adaptability, Transformability , 

and Vulnerability. 

 

4.1. Urban Energy Systems - UES 

Urban Energy Systems (UES) can be defined 

based on the concept of Socio-Ecological System (SES), 

which is characterized as a system that includes the social 

(human) and biophysical subsystems in mutual interaction 

(GALLOPÍN et al., 1991). The SES, as well as the UES, 

can be applied in different scales, from local communities  

and their environment to global systems formed by all 

human communities and the biosphere (GALLOP ÍN , 

2006). 

Based on the concept of socio-ecological systems, 

one can consider the energy context interconnected 

(mainly the question of electricity and transportation) and 

it is formed by social and biophysical subsystems. The 

UES refers to a complex system that is influenced by 

environmental, ecological, social, and market factors. 

According to Gruble et al. (2012), the term 

“Urban Systems” is used for the urban phenomenon of a 

functional perspective, as well as a traditional territorial or 

administrative perspective. Thus, according to the author, 

urban energy systems encompass all components related to 

consumption and provision of energy services associated 

to functional urban systems, regardless of location, uses, 

and energy conversions.  

Considering the natural tendency of economically  

developing countries to reach urbanization and 

consumption levels of developed countries, global 

challenges concerning access to clean energy and energy 

safety services have to take into account the limitations and 

opportunities of urban energy systems in local scale.  

According to Walker et al. (2004), the dynamic 

stability of human and natural systems emerges from the 

complementarity and understanding of the following  

features: resilience, adaptability, and transformability . 

Adaptability can be understood as the capacity of 

managing the system’s resilience, and it may employ  

managing tools in order to minimize the vulnerability of 

urban energy systems. 

 

4.2. Energy Safety 

According to Winzer (2011), reaching energy safety 

is among every nation’s most important goals. In order to 

reach such goal without conflicts among countries 

(keeping in mind that energy systems do not follow 

political frontiers), the term energy safety must be well 

defined and clearly measured.  

During the revision of the literature on the theme, it 

is possible to observe that there is no consensus, neither on 

the academics, nor on the legislators’ part when it comes 

to defining “energy safety” [see in Sovacool (2011), the 45 

definitions employed for the term]. However, the present 

research presents some definitions that were considered 

important, as seen in the consulted literature. 

The international Energy Association (IEA, 2016), 

for example, defines energy safety as the continuous 

availability of energy sources  for a fair price, so to balance 

economic development and environmental aspects. In this 

definition, it is clear the understanding that energy safety 
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is similar to energy supply safety, which is common among 

other authors (e.g. Löschel et al., 2008; Kruyt et al., 2009;  

Australian Government, 2011; Winzer, 2011). 

Parag (2014) criticizes the interpretation adopted by 

several academics and governments because it does not 

take into consideration, among other things, the active role 

that final consumers have over urban energy systems, 

above all in times of discussions about low-carbon  

economies. According to the author, energy safety must be 

approached as energy services safety in order to 

incorporate the complex nature of urban energy systems: 

the interaction among energy infrastructures, final uses, 

and behavioral, social, and cultural aspects of energy use.  

When incorporating such aspects in what concerns 

energy, Jansen (2009) defines energy services safety as 

“the measure in which population in a certain area (country 

or region) can have access to energy services of adequate 

quality for a fair and competitive price”. 

At the same time, the IEA defines energy safety 

considering the equilibrium of economic development and 

environmental aspects for a fair price. Jansen (2009) 

focuses on the population with access to energy services 

with quality and fair price, but does not mention  

environmental aspects. 

It is perceivable that all definitions are concerned 

with the challenge of offering energy services with quality 

and fair prices, even if not all authors consider 

environmental questions . Thus, the focus is shifted to 

consumers who desire quality services that meet their 

current and future demands. This is an intrinsic need of 

consumer goods orienting the identification of direct and 

indirect variables. 

 

4.3. Threat and risk 

The Chertoff Group (2014) defines threat as the 

potential capacity or pretension to cause damages and it is 

related to a probability (or potentiality) of certain damage 

occurring, being a non-null variable. However, Turner et 

al. (2003) argue that threats are dangers to a system that 

include disturbance, stresses, and stressors (source of 

stress). 

In addition, Sovacool (2001) understands that 

threats can be defined from the system’s scales, dividing  

them into three categories: macro, micro, and meso (midd le 

or intermediate). Macro threats are those that impinge on 

the global system; micro threats impinge on local scale; 

and meso threats are located between the global and local 

scales.  

Urban energy systems are limited by economic, 

technical, social, political, and environmental questions, 

which can represent threats. In the point of view of energy 

safety, it is understood that these threats are caused by the 

existence of a factor over the energy supply chain. 

The idea, common to all these definitions of 

energy safety, can be described as “the absence of 

protection or adaptability to threats caused by an impact on 

the energy supply chain”.  

The concept of risk can be defined as the 

possibility that consequences from any event or action 

damage aspects valued by humans (Kates & Kasperson, 

1983; Hohenemser, Kates, & Slovic, 1983). For example, 

the falling of branches on energy distribution cables 

causing power failure. The Chertoff Group (2014) presents 

risk as the intersection of three aspects: threat, 

vulnerability, and consequences.  

 

4.4. Fragility  

Fragility can be defined as propensity to 

deterioration or rupture of a system, being opposed, then, 

to system resistance and tenacity. This term is present in  

socio-ecological systems, economic sciences, urban 

systems, resistance of materials, and others. 

Fragility is categorized by the consequences that 

the deterioration or rupture can cause upon certain impact . 

Fragility is evaluated in the face of a threat or risk. It is only 

active if said impact promotes alteration, deterioration, or 

rupture to a system. 

Klemkosky (2013) defined the economic 

systems as fragile. Such fragility can cause economic 

impacts, as in Japan and in the United States, and usually 

generate periods of low economic growth. 

On the other hand, Commins (2011), who 

studies the fragility of the African urban system, states that 

fragility manifests itself in a context of crisis of 

governmental deterioration and prolonged political 

conflicts in the urban scope. Fragile governments lose their 

capacity of providing basic and safety services to their 

citizens. 

In urban areas, fragility is intensified by urban 

energy systems that are mostly fed – or, in most cases, 

exclusively fed – by the National Interconnected System 

(SIN) and by local distributors. The UES’ fragility is also 

intensified because it refers to a system strongly dependent 

on a single source, electric power, with emphasis on 

demands and spaces, such as building set with data servers, 

elevators, and air-cooling central systems. Such spaces 

become more fragile the less diversified the energy sources 

that supply them.  

In the case of a building set, the fragility of the 

system can be managed with complimentary sources or 

energy efficiency, as with cogeneration, i.e., diversification  

measures that decrease the dependence on SIN and that can 

minimize the building system’s fragility. 

 

4.5. Resilience 

According to Folke et al. (2010), the resilience 
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concept was originally introduced in socio-ecological 

systems by Holling (1973) as a concept for understanding 

the capacity that ecosystems have of persisting in their 

original state even when subject to disturbances. 

Yet Walker et al. (2004) defines resilience as the 

capacity that a system has of absorbing disturbances and 

reorganizing itself while retaining the same function, 

structure, and identity. In this sense, one can point out some 

policies implemented in the city of São Paulo to decrease 

traffic and that, at time, culminated in unexpected 

behaviors. The first example was the creation of bus 

corridors, which could encourage people to use public 

transport instead of private, with the added bonus of 

spending less time in traffic. 

This measure can promote the change towards the 

use of public transport in detriment of private transport or 

it can have no effect in the behavior of users. The choice of 

continuing to use private cars can increase travel time when 

the same route can be travelled in public transport. In this 

case, one can see resilience in the user who, instead of time, 

is prioritizing comfort and adapting to his new and longer 

stay in traffic during his dislocations – here, the user 

experiences the so-called “adaptability”. However, if the 

user chooses the public transport, he can spend less time 

travelling, but naturally relinquishes certain comfort – this 

change of habits represents transformability. 

An application of such concepts of socio-

ecological systems can be seen in the concepts of 

mechanics of materials presented in Figure 2. A material 

subjected to axial loading will suffer deformations. If these 

deformations do not surpass the limit called “elastic 

region”, the deformations will not be permanent and the 

material will come back to its original state. If the 

deformations go beyond the elastic region and reach the 

plastic region, then they will become permanent. 

 

Fig.2: Elastic region of deformations on a material  

 

In this context, resilience can be defined as the 

material’s elastic region, in which deformations are 

dissolved and it will return to its initial state. The maximu m 

energy necessary to the material overcomes the elastic 

region and reach the plastic region can be defined as 

resistance. The precariousness refers to the current 

deformation of the system in relation to the maximu m 

deformation of the elastic area and it is, then, a function of 

time. Lastly, panarchy happens when the characteristics 

described in this system are altered by sudden and 

unexpected changes in variables external to the system.  

 

4.6. Adaptability and Transformability  

Adaptability has been discussed in several 

scientific areas, for example, in the energy systems. 

Authors Grubb e Minh Ha Duong (1995) say that energy 

systems and technologies adapt themselves to external 

pressures. 

Walker et al. (2004) defines adaptability in the 

context of socio-ecological systems, such as the capacity 

that human agents have of influencing a system’s 

resilience, changing its latitude, resistance, or 

precariousness. Going to back to the example of the bus 

corridors, their creation can be considered a measured that 

influenced resilience, increasing the system’s latitude, 

resistance, and preciousness. 

When going through a process of adaptability, a 

system can have its resilience limit pulled closer or pushed 

far away from its current state (alteration in its latitude). It 

can have an increase in its difficulty of reaching latitude 

(alterations in its resilience) or even have its current state 

moved, i.e., not in the latitude direction (alterations in the 

precariousness level). 

Carpenten e Brock (2008) distinguish the term 

adaptability from transformability and state that, even 

though changes occur in the internal demands and forces 

external to the system, it can adapt to maintain certain 

processes and not transform itself into a fundamentally 

new system. 

Transformability occurs when a current system is 
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unsustainable, when the resilience zone has been 

surpassed, and a fundamentally new system is formed . 

Folke et al. (2010) considers the concept a capacity of 

crossing limits reaching new paths of development.  

Based on these definitions, it is possible to believe 

that the city of São Paulo and its metropolitan region may  

be facing this moment of energy transformability  

concerning transportations. And it can also be experiencing  

the so-called adaptability concerning its demand for 

electricity. 

 

4.7. Vulnerability 

According to Calvo e Dercon (2005), the term 

vulnerability comes from the Latin “Vulverare”, which  

expresses the idea of being hurt and suffering damages, 

associated to dangers and threats and not to general 

uncertainties.  

Gallopín (2006) evaluated that this term is usually 

understood as the susceptibility of a system to a potential 

damage or transformation when subjected to disturbances 

or environmental pressure, instead of a 

real damage measure. When we compare 

that to the urban vulnerability, it comes from the 

fragmentation and segregation of the urban space. 

The concept of vulnerability is not a consensus 

among the studies on the theme and it varies in several 

areas of study. A revision of the definitions of the concept 

of vulnerability can be found in Figueiredo et al. (2010).  

The system’s vulnerability, as defined by 

Doorman et al. (2006), is the system’s insufficient capacity 

of bearing an unwanted situation. The unwanted situation 

is considered any unexpected externality that may 

disorganize the current shape and is, then, understood as a 

threat or risk. 

 

V. URBAN ENERGY VULNERABILITY: 

CONNECTING THE CONCEPT 

Energy systems’ failures can affect the final user 

more or less and this intensity is called vulnerability. The 

availability of energy is connected to the wellbeing and 

safety of the population, from simpler 

cases as a consumer’s food stock, the 

trajectory of an elevator in a building, the thermal comfort  

created by air conditioning, to the more complex case of 

the operation of a hospital. 

The implantation of a network that favors the 

distributed generation, with micro generators in urban 

centers, can contribute to the reduction of the UES’ 

vulnerability, since the exposition of a generation center to 

a threat does not compromise the operation of other centers. 

In this context, a mathematical formula is 

proposed in order to evaluate the vulnerability according to 

the probability of failure of the electric system, taking into 

consideration the population the can be eventually affected. 

 

 

 

In which: 

 –Vulnerability; 

 –Probability of failure of electric system (FEC, DEC); 

 –Population of evaluated area. 

 

It is understood that vulnerability is a function 

between threat and damage intensity, thus being a portion 

of the relation of fragility, not considering consequence. 

 

 

 

In which:  

 –Vulnerability; 

A –Threat; 

ID – Damage intensity. Refers to portion of the fragility  

relation. 

 

The threat represents the risk of a certain part of 

the population being without electric power or public 

transportation, for example. The treat can be defined as part 

of the study of FEC and DEC (frequency and length of 

system failures), which can express a threat when its linear 

and non-linear projection is made. 

The threat considers the rupture or deformation  

per se and the probability of its occurrence, that is, the 

threat is the variation on axis X, referring to the sceneries 

1 and 2. 

 

 

In which: 

A –Threat; 

 –Variation on axis X; 

P –Probability of occurrence of threat. 
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Fig.3: Utility’s resilient region. 

 

The intensity of damage can be measured 

through the hours of congestion caused by it, for 

example. All examples are vulnerability measures 

expressed by utility, rather, the marginal utility strongly 

discussed and applied in economic theory. 

                                                      ID 

= [U , U']  

 

The marginal utility, here expressed by U’, 

represents one of the manners of measuring the 

satisfaction, or the consumption vector of goods and 

services, represented from the measure of how much  

satisfaction increased as one unit of X increases.  

 

 

 

The concept of disutility encourages the 

discussion, in the environmental area, of negative as pects. 

For example, the higher the goods consumption, the greater 

the need for raw material and the greater the environmental 

impacts generation by its extraction, i.e., each increase in  

marginal utility increases a marginal disutility in the same 

proportion until equilibrium, where the marginal utility  

increase does not represent more increase in marginal 

disutility.  

 

 

                                                     

Fig.4: User’s marginal utility curve (U). 

 

What is proposed here is the use of the concept of 

urban vulnerability to evaluate the neighborhood effect in 

a city, which is defined as the sum of each scenery’ utility  

and its respective probability of happening. 

This concept is proposed as a means of measuring 

the vulnerability because it allows evaluating in an 

integrated manner each region’s individual vulnerability , 

taking into account the integration of such regions and the 

influence of energy flows in the system’s behavior as a 

whole. 

The utility curve is determined in function of the 

energy flows among regions and determines the way in  

which other regions are capable of servicing the population 

of regions where failures occur. 
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The importance of this concept is paramount for 

evaluating the present scenery and how the technological 

changes in the energy model can influence the utility curve 

positively. 

 

VI. FINAL CONSIDERATIONS 

Due to the strong energy dependency of the great 

urban centers, it is necessary to create managing tools and 

to implement new, integrative technological innovations 

using several energy vectors, aiming at efficiency and 

system safety. 

Thus, a reductionist approach focused on isolated 

elements would not be enough to understand the processes 

in an urban energy system. Then, this conceptual 

discussion, based on the theoretical and philosophical 

development of socio-ecological systems, has the main  

goal of promoting the urban energy planning and 

proposing public policies to decrease urban energy 

vulnerability. 

In this regard, based on the concepts discussed 

here, mainly that of the Urban Energy Vulnerability and 

the territorial space’s importance and complexity, the city 

of São Paulo is seen as an ideal area for a case study in 

future studies. Therefore, it must be analyzed in detail in  

what concerns its formation and energy-space-time 

relations, presenting its background and relations with the 

energy and electric demands. 
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