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FOREWORD

| ampleased to put into the hands of readers Volume-4; Issue-2: Mar-Apr 2019 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 objective 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.

| 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, 1 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: May, 2019
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Abstract— The recent out-break of cotton mealybug,
Phenacoccus  solenopsis (Tinsley)  (Hemiptera:
Pseudococcidae) on many crops belong to different
families making a real worry for both farmers and
research scientists. The objective of this study was to
determine total life cycle of the cotton mealybug from the
first instar to the death of adult. The study focused on the
biology of P. solenopsis (Tinsley) on tomato and eggplant
under laboratory conditions at the Entomology Section,
Agriculture Research Corporation (ARC), Sudan during
the period from January to March 2016. The results
showed that the developmental period for the 15t:2"¢ and
3" instars, adult female longevity and duration of life
cycle were recorded as 4.5+1.29, 6.6+2.07, 6.0+2.16,
3.241.31, 3.7£1.77, 2941.12 and 26.9+9.72 days
respectively, on tomato and 6.0£1.56, 9.5+2.87,
10.3£3.29, 3.0+£0.9, 4.33x1.72, 2.66+0.85 and
35.79+11.22 days respectively, on eggplant. That means
the life cycle of mealybug on eggplant was longer more
than on tomato

Keywords— Biology of cotton mealybug, Eggplant,
Phenacoccus solenopsis (Tinsley), Tomato.

I.  INTRODUCTION

Cotton mealybug, Phenacoccus solenopsis Tinsley
(Hemiptera : Pseudococcidae) has been reported from 35
localities of various ecological zones of the globe [1]. It has
a wide range of variation in morphological characters,
biological adaptation and ecological adjustability [2]. P.
solenopsis has been shown to be sexually dimorphic,
having short life cycle winged males and longer-lived,
wingless females. A survey was made in the Gezira and
Khartoum states showed at least 26 host plant species
belonging to 16 plant families were infested with citrus
mealy bug (CMB) and reported from Gezira, Khartoum,
Sennar, Gedarif, Kassala, White Nile and Blue Nile,
Northern state and River Nile states, and the mealybug was
identified as P. solenopsis (Tinsley) [3].
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It was found to reproduce sexually, producing off-springs
instead of laying eggs. The eggs are retained in the body
until they are ready to hatch, a phenomenon known as
ovoviviparity [4]. The study concluded that P. solenopsis
occurred more commonly on the roots, stems and foliage
close to the soil line in dry climates compared to settling on
the upper foliage of the plant in more humid areas. The
feeding habit of mealybug causes yellowing, defoliation,
reduces plant growth and finally plant death at sever stage
[5]. The objective of this study was to determine the
developmental stages, pre-oviposition, oviposition, post-
oviposition and life span of cotton mealybug P. solenopsis
(Tinsley) on tomato and eggplant.

1. MATERIAL AND METHODS

This study was conducted at Entomology Section, Crop
Protection Research Center, Agriculture Research
Corporation (ARC), Cezira state, Sudan during January —
March 2016. The laboratory has an average temperature
range between 25 - 45°C and the relative humidity
ranging between 20 - 40%. Special leaf or plant cage
were used. These cages made from disposable plastic
containers, in each cage a leaf of tomato or eggplant was
placed with one adult female. This was replicated fifteen
times. Cages were observed daily for egg-laying during
the life span of the adult female.

The same individual adult in the cage was shift to
another leaf in the same leaf (eggplant) or branch
(tomato) cage, daily after counting the ovisacs, nymph
observed. Soft camel hair brush and the eye - lens of
binocular microscope (5X) were used in counting the
neonates of the mealybug. First, the adult was removed
gently by the brush to a new leaf and the counted
individuals of neonate were excluded gently by using the
brush and the magnifying lens. The number of ovisacs
observed and nymphs were recorded and subjected to
analysis.
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The number of eggs per ovisac for each insect was
recorded using binocular microscope (5x) and replicated
over one hundred times.

Five newly hatched crawlers of mealybug (first
nymphal instar) were enclosed in a separate leaf cage of
tomato or eggplant with 20 replicates. The nymphal
period was observed every 24hrs using a magnifying hand
lens (5X). The nymph was considered passing to another
stage when a change in size, presence of exuvia or
deposition of wax was observed.

The newly hatched crawlers were reared to the adult stage
which determined by the sign, presence of exuvia or
deposition of wax, then the total life span for the adult
was monitored.

Collected data were subjected to descriptive analysis
using Microsoft Excel.

1. RESULT AND DISCUSSION

3.1. Determination of ovisacs/female

Table (1) shows the number of ovisacs laid by each of
the 20 females. The results showed that each female had
formed only one ovisac during its entire life time.
Table (1) Number of ovisacs laid by each female of P.
solenopsis on tomato and eggplant

Female experimented Number of ovisac laid
by female

1
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3.2. Number of nymphs / ovisack
Table (2) shows the number of nymphs/ovisac on both
host plant ie. tomato and eggplant. Among the 130
ovisacs tested, the highest mean number of
nymphs/ovisac was found to be 459 nymphs/ovisac,

)
= o
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while the lowest mean number was 70 nymphs/ovisac
with an average of 167 nymph/ovisac i.e. 21715 nymph
observed in 130 ovisacs, lowest and highest  mean
number/ovisac was 70, 459 and 167, respectively. Also
this table illustrated that more than 38% of the examined
an ovisacs contain 100-200 nymphs, while 6% of them
contain 400-500 nymph. That means the nymphs laying
capacity of this species was high i.e. 100-200 or 400-600
nymphs/ovisac when compared with the previous results
obtained by Radadia et al., (2008) who found the mean
150-600 egg/ovisac and the total number of egg/female
310-625 with mean of 470 eggs/female by Tanwar et al.,
(2007).

Table.2: Number of nymphs / ovisac of cotton mealybug

P. solenopsis on tomato and eggplant

Number of Ovisac Total Mean
nymphs / Number %
ovisac
0 - 100 43 331 3038 70.6
101- 200 50 385 7252 145
201 - 300 20 15.4 4658 2329
301 — 400 9 6.9 3091 3434
401 — 500 8 6.1 3676 459.5
Total 130 100 21715 1251.4
Awerage nymphs /ovisac 167

Number and life time of nymphal instars

Table (3) shows that the CMB has only three nymphal
instars. The periods (days) taken by the first, second and
third nymphal instars were (4.5t£1.29, 6.0+1.56),
(6.6x2.07, 9.5+2.87) and (6.0+2.16, 10.3£3.29) on tomato
and eggplant, respectively. Also hereunder appendices
and Table (4) show the pre-oviposition, oviposition, post
ovipositon and total life cycle as (3.2+1.31, 3+0.90),
(3.7£1.77, 4.33+1.72), (29+1.12, 2.66+0.85) and ( 26.9
+9.97 , 3579+11.22) on tomato and eggplant,
respectively. The time required for growth and
development was longer on eggplant compared to tomato.
However similar results were shown by Sharma (2007)
who found that the period of development from crawler to
adult stage is approximately 25-30 days, depending on the
weather and temperature. Mean development period were
49+1.4, 45+0.6 and 5.9+1.1 days, respectively for the
first, second and third instars of female and 15.3+1 days
mean development from crawler to adult stage
(Mohammed, 2015). While the same trend was observed
for the pre-, post- and oviposition period but with low
rate. The results of this study here were similar to that
was obtained by Dhawan and Saini (2009), who were
found that the female of CMB have three nymphal instars,
the first instar nymph lasted for 4-6 days, the second was
also 4-6 days and the third instar nymph lasted 5-7 days
and the adult female period lasted for 13-17 days, while
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the pre-oviposition, oviposition and post- oviposition
were 3-5, 8-9 and 2-3 days, respectively.
4. Life time of the adult female
Tables 4 and 5 show that the duration of the pre-
oviposition, oviposition and post-oviposition period of 31
studied adult females of cotton mealybug on tomato and
20 ones on eggplant. The pre-oviposition period was
determined starting with completion of the third instar
stage to the appearance of the ovisac out of the female
ovipositor.

Table.3: Period (days) required for growth and
developmentfor variousstages of P. solenopsis on tomato

and eggplant

Days (Meant SD)

Stage

Tomato Eggplant
First instar 4.5+1.29 6.0+1.56
Second instar 6.6+2.07 9.5+2.87
Third instar 6.0+2.16 10.3+3.29
Pre-oviposition 3.2+1.31 3.0+£0.90
Oviposition 3.7£1.77 4.33+1.72
Post-oviposition 2.9+1.12 2.66+0.85
Total life cycle 26.9£9.72 35.79+11.21

Table.4: Pre-oviposition, oviposition and post-oviposition
period (days) of P. solenopsis on tomato

Number  Pre S Post

ofadult oviposition Ow_posmon ovipositon
. period .

female period (days) period

studied  (days) (days)

4 2 3 2

1 2 7 2

1 2 3 7

2 2 5 3

1 2 4 2

1 2 2 3

1 2 6 2

2 3 5 2

2 3 7 3

2 3 1 3

1 3 1 4

3 3 3 2

1 4 3 2

1 4 5 3

2 4 2 2

1 4 3 4

2 5 3 2

2 5 4 3

1 5 3 5

Total 60 70 56

Range 1-5 1-7 2-7

gﬂgan to304131 37177 2.0+1.12
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V. CONCLUSION

From the above results, the following conclusion was
obtained; firstly, the cotton mealybug, Phenacoccus
solenopsis (Tinsley), has three nymphal instars, and the
developmental stages need more time on eggplant than on
tomato. Secondly, each female of cotton mealybug lays
only one ovisac during its entire life span. The total life
span of Cotton mealybug on tomato and eggplant
completed in 26.9£9.7 and 35.7£11.2, respectively.
Eventually, tomato and eggplant not be intercropped
when the cotton mealybug was expected to occur during
the season or even subsequent and/or overlapping each
other in the cropping system.

Table.5: Pre-oviposition, oviposition and post-oviposition
period (days) of P. solenopsis on eggplant

Numbe  Pre Ovipositio  Post
r of ovipositio  n period ovipositio
adult n period (days) n period
female (days) (days)
studied
1 2 7 2
1 2 6 2
1 2 3 2
2 2 3 3
3 2 5 3
1 3 4 2
1 3 3 5
1 3 6 2
1 3 2 3
1 3 3 2
3 4 4 3
1 4 4 2
1 4 8 2
1 4 3 3
1 4 4 4
Total 45 65 40
Range 2-4 2-8 2-5
Mean 3+0.90 4.33£1.72 2.66+0.85
+(SD)
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Abstract— The use of biochar and biocompost can be one
solution to the addition of organic matter in soybean
cultivation. This study aims to obtain a good description of
the role of biochar and biocompost on growth, yield, and N
uptake. The results of the study show that: (1) Application
of biochar in soybean plants affects plant height, number of
vacuous pods, number of pods containing, weight 100
seeds, and N uptake compared with no biocharapplication.
(2) Biocompost application has a significant effect on the
height of soybean plants aged 2,3, 4 and 5 weeks after
planting, dry weight, seed weight, number of vacuous pods
and number of pods filled. (3) Biocompost with a liquid
form dose of 2.5 grams/plant significantly affected the
number of filled pods and the number of soybean pods. (4)
Liquid biocompost dose of 5 grams/plant affects dry weight
and plant height of 2 MST. While the 7.5 gram/plant liquid
biocompost has an effect on the weight of soybean seed

plants.
Keywords— Biochar, Biocompost, and Soybeans.

1. INTRODUCTION

Soybean (Glycine max L) is one of the food plants
that plays an important role in Indonesia. Annual domestic
soybean consumption is estimated at 2.6 million tons to 2.7
million tons. Soybean production in Indonesia alone has not
been able to offset these needs (Reily, 2018).In NTB the
harvest area and soybean production from 2015-2017 also
decreased, which in 2015, soybean production reached
125,036 tons/ha with a planting area of 94,948 ha
experiencing a drastic decrease in production to 56,097
tons/ha with an area of 43,149 ha in 2017. Soybean vyield
potential (tons/ha) in NTB also decreased from 1,316
tons/ha  (2015) to 1.3 tons/ha (2017) (Kementerian
Pertanian, 2017). This decrease in production is caused by
various factors such as soil factors, climate, pests and
diseases, and poor methods of land management. Therefore
we need a variety of technological innovations that can
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increase soybean production, one of which is through land
intensification. Efforts that can be made to increase the
production output both the quality and quantity of soybean
production are by adding organic matter in the soil.

Furthermore, the use of biochar and biocompost can
be an alternative problem solver in soybean cultivation.
Biochar is a material made from the pyrolysis process of
organic matter and when deposited on the soil can function
as a provider of soil carbon for a long time (Quiliam et al,
2013). From various research results, biochar combined
with fertilizer can also increase soil nutrients in it which
increases soil biota and nitrogen (N) and phosphorus (P)
uptake (DeLuca et al, 2009).

Biocompost itself is compost made with the help of
lignocellulolytic microbes that persist and act as controlling
agents for plant diseases and decomposers of organic matter
(Mastur, 2014). Sudantha (2007) reported that T.harzianum
saprophytic fungi SAPRO-07 isolates and T. koningii
endophytic fungi ENDO-02 isolates were local superior
microbial NTB as decomposers of organic matter.

The interaction of the influence of both is not well
known. To obtain a good description of the role of biochar
and biocompost on growth, yield and N uptake, this
research needs to be carried out in depth. Therefore, the
authors are interested in conducting a study of "Biochar and
Biocompost Giving Responses to Growth, Yield and
Absorption of Soybean Plants (Glycyne Max (L)
Merr.)".This study aims to determine the effect of biochar
and biocompost administration on growth, yield and N
uptake of soybean crop production on dry land.

. METHOD
The ingredients used include: Anjasmoro variety
soybean seeds, biochar ingredients, biocomposite
ingredients, and Trichoderma spp. The research was carried
out in the village of Montong Are, Kediri District.

Page | 250


http://dx.doi.org/10.22161/ijeab/4.2.2
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)
http://dx.doi.org/10.22161/ijeab/4.2.2

Vol-4, Issue-2, Mar-Apr- 2019

ISSN: 2456-1878

RESULTS AND DISCUSSION
Biochar Fermentation Trichoderma Application TestPlant height
Table.1: Average soybean plant height due to biochar administration at 2,3,4 and weeks after planting (MST).

Treatment Plant Height (cm)

2 MST 3 MST 4 MST 5 MST
With biochar 15,07 a*) 19,10 a*) 25,09 a*) 31,14 a*)
Without biochar 13,96 b 17,74 b 2249 b 28,60 b
BNJ 5% 0,44 0,51 0,53 0,41

Based on Table 1, the effect of biochar has a
significant effect on the height of soybean plants. The
average height of soybean plants with the application of
biochar was 15.07 cm, whereas without biochar it was 13.96
cm in the parameters of plant height at 2 MST.Plant height
at the age of 3 MST showed the average height of soybean
plants with the application of biochar was 19.10 cm,
whereas without the application of biochar it was 17.74 cm.

The parameters of plant age 4 MST showed that the
average height of soybean plants with the application of
biochar was 25.09 cm, whereas without the application of
biochar it was 22.49 cm. The parameters of plant height 5
MST showed the average height of soybean plants with the
application of biochar was 31.14cm, while those without
biochar were 28.60 cm.

Biochar can act as a trigger for plant growth and
retain nutrients in the soil so that nutrients in the soil are not
easily lost in the washing process in the soil and will
ultimately affect the increase in yields (Lehmann et al.,
2003).In  addition, this Trichoderma fermented biochar
provides macro nutrient and micro nutrient requirements,
containing humic acid (humus) increasing soil cation
exchange capacity, increasing soil microorganism life and
can help increase soil pH (Lelu et al., 2017). Especially in N
nutrient uptake which is important in supporting the growth
of soybean plant height. Where according to Lingga and
Marsono (2006), that the role of N is to accelerate overall
growth, especially stems and leaves.

Number of vacuous pods and contains
Table.2: Average number of soybean pods with application
of biochar fermented Trichoderma spp.

6.58 pods. Whereas soybean plants applied by Trichoderma
spp mushroom fermentation biochar have a low number of
empty pods which are only 5,37 pods.

Giving of biochar also has a significant effect on the
number of pods containing soybeans. Soybean plants with
biochar have the highest number of pods, 32.82 pods. While
soybean plants without the application of Trichoderma spp
biochar fungal fermentation have a number of pods
containing low which is 30.46 pods.

The addition of biochar itself can significantly
increase plant growth and important nutrient uptake during
flowering (Steiner, et al, 2008). It can also accelerate the
flowering time of soybean plants faster and increase the
number of filled pods (Sudantha, 2011). Biochar can spur
soil biological functions by providing a growing habitat for
soil microorganisms that have an effect on nutrient
availability and enzymes (Gomez, et al, 2014). Because the
condition around the plant becomes more porous, it is very
possible the absorption of available nutrients and inorganic
nutrients that affect the process of forming soybean pods
(Thies and Rillig, 2009).

Biochar can spur soil biological functions by
providing a growing habitat for soil microorganisms that
have an effect on nutrient availability and enzymes (Gomez,
et al, 2014). Because the condition around the plant
becomes more porous, it is very possible for absorption of
available nutrients and inorganic nutrients to influence the
process of forming soybean pods (Thies and Rillig, 2009).

Weight of 100 seeds
Table.3: The average weight of 100 seeds of soybean plants

Treatment Amount of vacuous Pods | Number of pods with the application of fermented Trichoderma spp.
(fruit) containing (fruit) Treatment Weight of 100 seeds (g)

With biochar | 6,58 a*) 32,82 a*) With biochar 17.98 a*)

Without 537 b 30,46 b Without biochar 17,04 b

biochar BNJ 5% 0,772

BNJ 5% 51,13 1,912 '

Based on Table 2, biochar has a significant effect on
the number of soybean empty pods where without the
biochar application the highest number of empty pods is

www.ijeab.com

Based on Table 3, shows that the treatment of
Trichoderma spp biochar fermentation has a significant
effect and can improve the quality of soybean seed plants.
This can be seen from the weight of 100 seeds treated with
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biochar. The average weight of 100 seeds is highest in the
treatment with biochar, which is 17.85 grams and the lowest
is in the control treatment (without biochar), which is 16.71
grams.

Improving the quality of soybean seeds due to the
addition of Trichoderma spp fermented biochar is due to the
ability of biochar to help fulfill the nutrients needed by
plants for the vegetative and generative phases. Lingga
(2003) explains that the nutrients needed by plants are
available in sufficient quantities, the metabolic results will
increase. Of course cell division, elongation and maturation
of tissue becomes more perfect and fast so that the increase
in volume and weight is getting faster which in the end
plant growth will be better.

N Uptake
Table.4: Average N uptake of soybean plants with the
application of fermented Trichoderma spp.

Treatment N uptake (%)
With biochar 1.242 a*)
Without biochar 0472 b

BNJ 5% 0,096

In table 4, it can be seen that biochar has a
significant effect on soybean N uptake in the amount of
1.242%. Compared with without biochar application which
only shows N uptake of 0.472%.N uptake in soybean plants
is also strongly influenced by the addition of fermented
biochar. This is consistent with the statement of Zwieten et
al (2010) that the addition of biochar significantly increases
N uptake with fertilizers in ferrosol soil. This is because
biochar has a high absorption area, high porosity and
various content of organic material which has the potential
to increase cation exchange capacity, and absorption
capacity when added to the soil (Rajakumar and Sankar,
2016).

Biokompos Fermentation Trichoderma Plant High

Application Test

Table.5: Average height of soybean plants as a result of the
influence of biocompost at ages 2,3,4, and 5 MST

with biocompost 7,5 gram 978 b
liquid/plant
with biocompost 2,5 gram 9,02 b
liquid/plant
with biocompost 5,0 gram 8,96 b
liquid/plant
Without biocompost 723 ¢

Based on table 7, soybean plants without biocompost
application have a significant effect on the weight of
soybean seeds, which is weighing 7.23 grams. The
application of biocompost in the form of a liquid that is a
dose of 7.5 grams / plant has the largest seed weight of
1040 grams and the lowest weight of soybean seeds
obtained in biocompost treatment in granular form with a
dose of 5 grams / plant weighing 8.96 grams.

Of course the administration of biocompost is very

appropriate because it can increase nutrient availability,
increase nutrient efficiency and take nutrients during
fertilizer application (Agegnehu et al, 2015; Jeffery, et.al,
2011).
Rizgiani et al (2007) stated that absorbed elements can be
used to encourage cell division and the formation of new
cells to form better organ organs such as leaves, stems and
roots so as to facilitate photosynthesis.

Dry Sturdy Weight
Table.8: Average dry weight of soybean plants by
application of biocompost fermented Trichoderma spp

Treatment Dry weight (gr)
with biocompost 5,0 gram 11,55 a*)
granules/plants

with biocompost 7,5 gram 10,54 a
granules/plants

with biocompost 7,5 gram 10,48 a
granules/plants

with biocompost 2,5 gram 1043 a
granules/plants

with biocompost 2,5 gram 10,43a
granules/plants

with biocompost 5,0 gram 98 b
granules/plants

Without biocompost 723 ¢

Treatment Seed weight per plant
(9)

with biocompost 7,5 gram 10,40 a*)

liquid/plant

with biocompost 2,5 gram 10,00 a

liquid/plant

with biocompost 5,0 gram 981 a

liquid/plant

www.ijeab.com

Based on table 8, soybean plants without the
application of biocompost to soybean plants have no
significant effect on the dry weight of soybean plants which
is 7.23 grams. The application of biocompost in the form of
liquid with a dose of 5 grams / plant has the highest dry
weight, which is weighing 11.55 grams and the lowest

Page | 252



http://dx.doi.org/10.22161/ijeab/4.2.2
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/4.2.2

Vol-4, Issue-2, Mar-Apr- 2019
ISSN: 2456-1878

weight weight is obtained in biocompost treatment in
granular form with a dose of 5 grams / plant weighing 9.8
grams.

The difference in dry weight between treatments
without biocompost and given biocompost application
shows that biocompost is able to provide sufficient amounts
of nutrients needed. Lingga (2003) explains that if nutrients
are sufficient for plants, metabolic synthesis will increase.

Addition of soil organic matter such as biocompost
from Trichoderma spp. this is very influential on the
absorption of nutrients in soybean plants. This Trichoderma
spp mushroomserves as a source of nutrients for plants and
energy sources for soil organisms and helps plants to grow
and develop better (Sudantha, 2010a).

AVA CONCLUTION

1. The application of biochar on soybean plants affects
plant height, number of empty pods, number of pods
containing, weight of 100 seeds, and N uptake
compared with without biochar application.

2. The biocompos application has a significant effect on
the height of soybean plants aged 2.3, 4 and 5 weeks
after planting, dry weight, seed weight, number of
empty pods and number of pods filled.

3. Biocompost with a liquid form of 2.5 grams/plant has a
significant effect on the number of filled pods and the
number of soybean pods. Liquid biocompost dose of 5
grams / plant has an effect on dry weight and plant
height at 2 MST. While the 7.5 gramV/plant liquid
biocompost has an effect on the weight of soybean seed
plants.

4. Biocompost granules of 7.5 gram dosage / plant plants
have an effect on plant height aged 3 and 5 MST.
While the dose of 2.5 grams of granules / plants affects
the height of soybean plants aged 4 MST.
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Abstract— Variable oxidation states of vanadium and
strong binding ability of doxycycline have been exploited
to synthesize three new oxovanadium complexes of
doxycycline. The structures of the new complexes were
validated by elemental analysis (C, H, N) and FTIR
spectroscopy. The ratio of oxovanadium to doxycycline is
1:3 in all the three complexes. Doxycyclinecoordinates
tothe first and second vanadium using phenolic oxygen
and nitrogen atoms at ring A as well as the amide and
keto oxygen atoms of ring A. The third vanadium binds to
phenolicand keto oxygen atoms on rings B and C to form
complex 1. 2,2-bipyridine and 1,10-phenanthroline
coordinate to the third oxovanadium replacing the two
aqua ligands attached to it in complexes 2 and 3
respectively. Oxovanadium forms 5-coordinate complexes
in all the three complexes.Antiplasmodial studies showed
that complex 2 have comparable activity with the parent
drug, doxycycline, while all three complexes have higher
activities than lincomycin.

Keywords— doxycycline; iron(l11); diimine;
antibacterial; DNA Binding; antiplasmodial .

l. INTRODUCTION

Vanadium is a trace element which is beneficial and
possibly essential in humans?® but certainly essential for
some organisms.2® Vanadium exists in many oxidation
states: -3, -1, 0, + 1, + 2, + 3, + 4, and +5 although
thermodynamically and kinetically possible oxidation
states under physiological conditions are +5, + 4, and +3.
The most notable action of vanadium ion and vanadium
compounds is their insulin-mimetic activityand ability to
reduce blood sugar levels from high to normal though the
oxidation state most relevant to insulin action has not
been established.?

A monoperoxovanadate(V) complex,
oxoperoxopicolinatovanadium(V) dehydrate [mpV(pic)]
(Figure 1), has been shown to achieve a 20% decrease in
plasma glucose in STZ-diabetic rats when administered
by intraperitoneal or subcutaneous injection.1® Vanadium
has also been shown to have some ability to lower
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cholesterol levels and blood pressure at low doses in
humans.®

{]- OHa

03
O ‘u-\\\ OH;

I
i

Fig.1: Oxoperoxopicolinatovanadium(V) [mpV(pic)] with
pentagonal bipyramidal geometry

Vanadium ions have many structural roles
shown by its structural and electronic analogy to
phosphorus.810 It is an enzyme co-factor! and is found in
certain tunicates®191land possibly mammals. VOSOs has
been reported to be a potent inhibitor for Escherichia coli
alkaline phosphatasel213 and the aqueous V!V chemistry
has been described in detail to explain this phenomenon 4
The most well-known V!V species is the vanadyl cation
(VO%*-cation, [VO(H20)s2*(Figure 2).15-17

O _|2+

H20,, {:r wOHs

v v
H-0 ! OH-
OH,
Fig.2: Vanadyl cation, the most common in aqueous
solution

The CT DNA, protein binding (bovine serum
albumin), DNA cleavage and cytotoxic activities of chiral
V(V) schiff base complexes, (S)-[VO(OMe)L] and (R)-
[VO(OMe)L] (Figure 3), have been reported. Both
enantiomers of the same complexshowed efficient groove
or surface binding with DNA, the (R)-[VO(OMe)L]
enantiomer exhibiting stronger DNA binding affinity (5 +
1 x 105> M) than its S, enantiomer (8 £ 1 x 10* M-1). The
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R enantiomer efficiently cleaved the DNA in the presence
of white fluorescence light via mechanistic pathway that
involves the formation of singlet oxygen. The R
enantiomer also displayed stronger BSA binding and
cytotoxic activity.18

e
T} >H CO Il\ob

HaCO

I:S}-[‘-."O[DME]L] {R}-[VO{OMe)L]
Fig.3: Vanadium(V) schiff base complexes

[VO(sal)(phen)]

0]
Clvay ”,,,.,....N =
&, T‘*w Sk
N

Chakravarty and co-workers have shown that
heteroleptic ~ oxovanadium(lV) ~ compounds  with
salicylidene and N,N-heterocyclic ligands like phen, dpq,
or dppz coordinated to the metal e.g. [VO-(sal)(phen)]
(Figure 4) bind to double-stranded DNA with a K value
in the 10° M- range.l®Although the chemical nuclease
activity in the dark was poor, light-induced double-strand
cleavage was observed upon excitation at both 365 and
750 nm through a singlet oxygen formation pathway,
whereas neither the ligands or vanadyl sulfate alone
showed any activity.

Both singlet oxygen and hydroxyl radical
formation were identified in mechanistic studies with
various quenchers and radical scavengers of the bis-dppz
complex [VOCI(dppz).]* (Figure 4) when activated with
near-IR light at 750 nm.20

_|+

[VOCI{dppz)a]

Fig.4: Oxovanadium(IV) complexes with diamine ligands

A recent review on the applications of vanadium-based
compounds in industrial processes such as in catalysis,
batteries, metal-organic frameworks as well as possible
pharmacological applications has been published.2!

1. EXPERIMENTAL
Materials and methods
All reagents and solvents were of analytical grade and
used without further purifications. Doxycycline hyclate
was a gift from Neimeth International Pharmaceuticals
Plc, Lagos, Nigeria. Fresh solutions were prepared to

ensure stability; 1,10-phenanthroline monohydrate and
vanadyl sulphate were obtained from S. D. Fine
Chemicals Ltd., India and used as received. Chloroquine
diphosphate was obtained from Sigma. UV/Vis spectra
were recorded on a Jasco UV-vis spectrophotometer.
Infrared spectra were recorded on samples pressed in KBr
pellets.  Elemental  analyses  were taken on
ElementarAnalysenSystemeVario ® MICRO VI 6.2
GmbH. Melting points were taken on Jenway digital
melting point apparatus and were uncorrected.

Fig.5: Structures of ligands used.
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Synthesis of the complexes
Synthesis of [(VO)sDox(Hz20)4(OH)2] (1)

0.126 g (0.5 mmol) of VOSO4 was added to
0256 g (0.5 mmol) doxycycline hyclate in water-
methanol and the solution stirred for 2 hours. The
resulting solution was set aside at room temperature to
obtain green solid which was redissolved in methanol and
purified by column chromatography using alumina as
stationary phase and acetone and methanol as eluent.
Calculated: C, 35.22; H, 4.43; N, 3.73. Found: C, 34.82;
H, 3.75; N, 3.57. FT-IR (KBr, v/icm?): 3367, 1582, 1443,
1216, 1127, 953.
Synthesis of [(VO)sDox(Hz20)4bpy] (2)

0.126 g (0.5 mmol) of VOSO4 was dissolved in 3
ml water and 0.256 g (0.5 mmol) doxycycline hyclate and
5 ml methanol added. The solution was stirred at ambient
conditions for 2 hours and 0.078 g (0.5 mmol) of 2, 2-
bipyridine was added as solid and stirring continued for
another 1 hour. The resulting solution was allowed to
stand at room temperature and the green solid obtained
was redissolved in methanol and purified by column
chromatography using alumina as stationary phase and
acetone and methanol as eluent. Calculated: C, 44.05; H,
451; N, 6.42. Found: C, 44.99; H, 4.10; N, 6.65. FT-IR
(KBr, vicmt): 3366, 1584, 1495, 1442, 1313, 1242, 1158,
1061, 1025, 952, 885, 765, 732.
Synthesis of [(VO)sDox(H20)sphen] (3)

0.126 g (0.5 mmol) of VOSO4 was dissolved in 2
ml water and 0.260 g (0.5 mmol) doxycycline hyclate and
10 ml methanol added. The solution was stirred at
ambient conditions for 2 hours and 0.1100 g (0.5 mmol)
of 1,10-phenanthroline was added as solid and stirring
continued for another 1 hour. The resulting solution was
allowed to dry by setting aside at room temperature. The
dark green glassy solid obtained the next day was
redissolved in methanol and purified by column
chromatography using alumina as stationary phase and
acetone and methanol as eluent. Calculated: C, 45.55; H,
4.38; N, 6.25. Found:C, 45.48; H, 3.70; N, 6.32. FT-IR
(KBr, vicmt): 3342, 1738, 1582, 1519, 1445, 1426, 1326,
1217, 1107, 1038, 963, 848, 805, 723, 620, 606, 572, 549,
530, 523.
Antiplasmodial study

Samples of all compounds were tested in
triplicate against chloroquine-sensitive (NF54) strains of
Plasmodium falciparum. Continuous in vitro cultures of
asexual erythrocyte stages of P. falciparum were
maintained using a modified procedure of Trager and
Jensen.22  Quantitative assessment of in  vitro
antiplasmodial activity was determined with the parasite
lactate dehydrogenase assay using a modified method of
Makler and Hinrichs.22 20 mg mL™ stock solution in
100% DMSO of the test samples were prepared to and
stored at —20 °C. Further dilutions were prepared on the
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day of the experiment. Chloroquine diphosphate (CQDP)
was used as the reference drug. A full dose-response
experiment was performed for all compounds to
determine the concentration inhibiting 50% of parasite
growth (ICso-value). Samples were tested at a starting
concentration of 100 pg mi™%, which was then serially
diluted 2-fold in complete medium to give 10
concentrations; with the lowest concentration being 0.2
pg mL—1. Reference drug (CQDP) was tested at a starting
concentration of 1000 ng mL™L. The highest concentration
of the solvent to which the parasites were exposed to had
no measurable effect on the parasite viability (data not
shown). The ICso-values were obtained using a non-linear
dose response curve fitting analysis via Graph Pad Prism
v.4.0 software.

1. RESULTS AND DISCUSSION
Synthesis and characterizationof complexes 1-3

Trinuclear oxovanadium  complexes of
doxycycline have been synthesized and characterized.
The complexes were obtained in good yield and are stable
in solid state and in solution at ambient conditions. Data
obtained from FT-IR and elemental analysis are in
agreement with the proposed molecular formulae for the
complexes.

Amide Il absorption at 1520 is absent in all the
complexes except in VODoxphen (3) which appears at
1519 cml(weak). Strong band at 1678 cm? due to
carbonyl stretching of ring A, v(C=0), is absent in all the
complexes indicating its coordination to VVO%*. Carbonyl
stretching v (C=0) on ring C at 1616 cm' in doxycycline
shifted to 1582, 1584 and 1582 cmlin VODox (1),
VODoxbpy (2) and VODoxphen (3) respectively. v
(COH) + & (CH3) of BCD chromophore at 1558 cm! also
shifted to 1443, 1442 and 1445 cm?® for VODox (1),
VODoxbpy (2) and VODoxphen (3) respectively. This
suggests there is considerable change in the structure and
probably conformation in the doxycycline ring of the
formed complexes due to the trinuclear nature of the
complexes formed. Similar coordination modes proposed
for the new complexes have been previously reported for
dinuclear Vanadium-tetracycline complexes.24

Two bands at 1244 and 1219 cmlin FTIR
spectrum of doxycycline assigned to 6 (NH.) and v(C-
NH.) are essentially unchanged in the new complexes
indicating that NH2 is not involved in coordination in the
complexes. The stretching frequency of the V=0 group
expected in the range 960 + 50 cm® are the new strong
absorptions at 953, 952 and 963 cmlin VODox(1),
VODoxbpy(2) and VODoxphen(3) respectively. v(C-N-
C) of diimine appeared at 765, 732 for VODoxbpy(2)
and 723 VODoxphen(3) while C=N of diimine appeared
at 885 and 848 for VODoxbpy(2) and VODoxphen
(3)respectively.
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Table.1: Diagnostic bands in the FT-IR Spectra of complexes 1-3 (wavenumber in cm™)
VODox (1) VObpyDox (2) VODoxphen (3) Assignment
3367 str, br 3366 str, br 3342 br v-O-H
Amide | C=0 absent in the complex
1582 1584 1582, 1519 Amide Il absorption
dNH2 +vC-NH2
1443 1495, 1442 1445, 1426 3(COH )+ 8(CHs) of BCD chromophore
1216 1242 1217 dNHz andvC-NH: (no change)
953 952 963 v(V=0)
885 848 C=N of diamine
765, 732 723 v(C-N-C) of diamine
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Fig.7: proposed structures of the complexes [(VO)3Dox(H20)4(0OH)2] (1), [(VO)3Dox(H20)4bpy] (2) and
[(VO)3Dox(H20)4phen] (3)
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Fig.6: FTIR spectra of(a) 1, (b) 2and (c) 3
Antiplasmodial activity study
The minimum inhibitory concentration and relative activity— ICso (parental compound/ICso (metal complex) of doxycycline

and the vanadyl complexes 1-3 are presented in Table 2.

Table.2: Antiplasmodial activity of doxycycline and vanadium complexes

SIN_ | COMPLEXES CONCENTRATION RELATIVE ACTIVITY
(ug/ml) TO DOX

12. | VODox 1 20 05

13. | VODoxbpy 2 13 0.77
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14, VODoxphen 3 30 0.33
Dox Hyclate 10

B Lin Hydrochloride >100

C CQ diphosphate 0.02

For the vanadium complexes, the bpy complex (2) was
seen to have similar activity to the parent ligand
doxycycline while the binary complex (1) and
phenanthroline complex(3) were found to be two and
two-and-half fold less effective than the parent ligand
respectively. This shows that the planarity of the
polypyridyl ligands is not a criterion for the activity of
these complexes. Though the activities of all these
complexes against chloroquine sensitive (CQS) strain of
Plasmodium falciparum (NF54) are lower than the parent
drug, doxycycline and chloroquine, theyall have higher
activities than lincomycin.

V. CONCLUSION

Three new oxovanadium complexes of doxycycline have
been synthesized and structurally characterized. FTIR and
elemental analyses data confirmed the formation of both
single ligand doxycycline complex (1) and mixed ligand
doxycycline complexes with 2,2-bipyridine (2) and 1,10-
phenanthroline (3). Complex 2 possess comparable
antiplasmodial activity against chloroquine sensitive
NF54 and higher activity than lincomycin. These
complexes are quite soluble in water and very stable at
ambient conditions. This work has shown that formation
of single ligand and mixed ligand complexes hold
promise to finding stable drugs with equal therapeutic
efficacies.
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Abstract— Many consumers have adopted the food of
dietary supplements. However, since the threshold of
professional knowledge for dietary supplements is usually
high, most of the consumers do not possess sufficient
knowledge for making an appropriate purchase decisions
as they concern buying the products of dietary
supplements. As a result, many consumers rely on word-
of-mouth as they need to make purchase decisions on
buying dietary supplements. It causes health risk to
consumers since the word-of-mouth may be wrong and
thus to make consumers take wrong dietary supplements.
To address this deficiency, this study explores how
consumers’ knowledge for dietary supplements and risk
perceptions influence their search behavior for word-of-
mouth in the purchase of dietary supplements. With a
two-stage cluster sampling strategy, 370 questionnaires
were distributed to thecustomers of retail stores for
selling Ganoderma dietary supplements, while 314
questionnaires were valid for statistical analysis. With the
analysis of linear structural equation modeling, the
causal structural relation among consumers’ product
knowledge, risk perception and word-of-mouth search
behavior was examined. According to the statistical
results, consumers’ subjective product knowledge has
greater overall impacts on the degree of word-of-mouth
search behavior, compared with consumers’ objective
product knowledge. Namely, if consumers have more
subjective knowledge for products, they are less likely to
rely on word-of-mouth for the purchase of dietary
supplements. For promoting the concept of food safety to
consumers, consumers should be prepared with more
correct product knowledge, in order to develop trust in
self product knowledge in the publicity of safe
consumption of dietary supplements, and reduce their
dependence on the reputation of the dietary supplements
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without clear sources.
Keywords—  word-of-mouth, product knowledge,
information search, risk perception, food safety.

I INTRODUCTION

Due to the emergence of health-oriented lifestyle,
dietary supplements have become a major line of product
in the food biotechnology industry. According to the
statistics, the transaction value of the global dietary
supplement market reached USD 195.8 billion in 2011
(Liu, 2012), and the scale of dietary supplement market in
Taiwan was NT$ 62.5 billion, accounting for 10.4% of
the entire food consumption market and becoming the
largest food industry in Taiwan (Chen,2008; Chen, 2007).
In fact, many consumers have accepted the idea of using
dietary supplements to strengthen bodily functions.
According to the consumer survey by the International
Food Information Council Foundation, over 70% of the
interviewed people agree that consuming particular food
could enhance bodily functions and ensure health (Liu,
2007). Nevertheless, dietary supplements often involve
complicated constituents and effective ingredients,
physiological mechanism or manufacturing procedure.
Therefore, the threshold of product knowledge for dietary
supplements is high. According to the theory of
consumers’ purchase decision process, consumers with
inadequate internal knowledge would seek more external
information so as to reduce purchase risk in highly risky
purchases. Consumers can obtain information through
diverse channels, among which word-of-mouth (WOM) is
nearly the most reliable external information source for
consumers. Hence, WOM is often regarded as the main
external information for consumers (Bansal &Voyer,
2000; Mattila&W irtz, 2002). According to the results of
Nielsen’s online questionnaire survey on 47 countries in
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2007, WOM is the most trustworthy information source
for purchase decision (Nielsen, 2007). The consumer
studies on dietary supplements in recent years have also
shown that dietary supplements are consumer goods with
high risk perception and high involvement of information
search, while WOM play an important role as reference to
the consumers for purchasing dietary supplements (Pillai
& Hofacker, 2007; Raju et al., 1995; Slone, 2006).

From the perspective of foods and drugs safety,
consumers’ excessive dependence on WOM may lead to
much anxiety in the safety offood and drug consumption.
Despite that health foods must pass the entirereview and
testing procedure of the government before it is launched
in the market, consumers often misuse dietary
supplements or trust the WOM without clear sources due
to the lack of adequate professional knowledge, thus
suffer from physical and mental harms(Hsieh, 2008).
Moreover, some manufacturers purposely adopt buzz
marketing to avoid the regulation on prohibiting the
publicity with medical effects. In buzz marketing,
bloggers, shopping experts and experienced users share
their experiences to attract consumers. The Ministry of
Health and Welfare implemented the “Five DO NOTS in
Safe Medicine Consumption,” namely “Do not trust,”*Do
not listen,”“Do not buy,”“Do not take” and “Do not
recommend” to warn consumers on mistrust of
inappropriate advertisement or WOM on dietary
supplements. However, as the threshold of the
professionalism on these products is high, many
consumers still make purchase decisions based on the
commercial advertisement of manufacturers or WOM of
friends and family(Shih et al., 2010; Ministry of Health
and Welfare, 2010).

As discussed above, studies on consumers’
WOM search behavior are valuable to the publicity of
foods and drugs safety. However, most of previous
studies on the consumption of dietary supplements
focused on consumers’ acceptance (Frewer et al.,
2003;Siré et al., 2008), attitude and understanding of
dietary supplements(Childs &Poryzees, 1997; Verbeke,
2005), as well as use evaluation and purchase choice
(Hailu et al., 2009; Teratanavat& Hooker, 2006;
Urala&Lahteenméki, 2003; Wandel & Bugge, 1997, West
et al., 2002), while seldom on consumers’ WOM search
behaviors. Therefore, this study attempts to make up for
this deficiency. The purposes of this study are as follows:
(1) to explore the effects of consumers’ product
knowledge on their WOM search behavior on dietary
supplements; (2) to analyze the mediating role of risk
perception on consumers’ product knowledge and WOM
search behavior in their purchase of dietary supplements.

1. LITERATURE REVIEW

www.ijeab.com

1. Product knowledge

Product knowledge refers to the degree to which
a person knows about a certain product (Beatty & Smith,
1987; Solomon, 2007). It can be divided into three types
according to the knowledge content: (1) Subjective
knowledge: referring to consumers’ measurement of their
product knowledge, or their subjective understanding or
self-evaluation of their product knowledge, implying the
confidence that consumers show in their product
knowledge; (2) Objective knowledge: referring to the
amount, type and structure of information a person stores
in his/her long-term memory or the degree to which a
consumer knows a product in reality; (3) Experience-
based knowledge: referring to the product experience that
a person gradually accumulates through the purchase or
use of a product as his/her product knowledge (Brucks,
1985;Park et al., 1994). As the processing of the product
information differs from person to person and is difficult
to measure, scholars often took objective and subjective
product knowledge as the benchmark of the measurement
of consumers’ product knowledge (Brucks, 1985;
Mattila&Wirtz, 2002;Park et al., 1994). In the purchase
decision process, consumers’ product knowledge plays an
important role in consumers’ information search and
processing(Pillai &Hofacker, 2007; Raju et al., 1995).

2. Perceived risk

Perceived risk refers to psychological
uncertainty. Bauer (1967) defined perceived risk as the
uncertainty and negative results that consumers have to
face when they cannot predict the results of purchase
decision. For instance, the dietary supplement companies
tend to label the effective ingredients of their products
and emphasize on the health-enhancement effects, so as to
intrigue consumers’ purchase intention. However, as
consumers do not have adequate professionalism on
dietary supplements, they may not fully understand or be
able to evaluate the reliability of the product information
provided by the manufacturers. As a result, they become
uncertain about the health-enhancement effects of dietary
supplements and develop perceived risk (Solomon, 2007).

Previous studies have suggested that consumers’
perceived risk has a multi-dimensional structure.
Adopting the concept of time risk proposed by previous
researchers suggested that consumers need to spend time
and energy in the purchase decision-making, and thus
face the risk of uncertainty in time and energy (Peter
&Tarpey, 1975; Roselius, 1971). Jacoby and Kaplan
(1972) indicated that consumers’ perceived risk consists
of six dimensions, namely, financial risk, psychological
risk, efficacy risk, health risk, social risk, and time risk.
These six risk dimensions have been cited in numerous
studies as the basis for measuring consumers’ perceived
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risk (Brooker, 1984). Dietary supplements are classified
as food products, but as they can enhance health and need
sophisticated processing technologies to ensure the
functions, they are often sold at a high price. Moreover, if
they are consumed in an inappropriate way, consumers
may not obtain desired health-enhancement effects, or

even suffer from physical health problems, in worse cases.

Hence, a wrong decision on the purchase of dietary
supplements would cause financial risk, efficacy risk, and
health risk to consumers. The threshold of the product
knowledge on dietary supplements is high and the product
functions are specialized, so the purchase decision of
dietary supplements requires high involvement, and may
lead to high time risk. Additionally, the doubt over the
functions and possible side effects of dietary supplements
would also result in the psychological pressure on
consumption. Consumers may face social risksdue to
disagreement from their friends and family.
3. Correlation among product knowledge, risk
perception and WOM search

Bansal and Voyer(2000) conducted experiments
on the purchase decisions of consumers in the service
industry. The research results showed that consumers’
subjective product knowledge was in a significant
negative correlation with perceived risk. In other words, if
consumers have more subjective product knowledge, they
will feel less perceived risk. Klerck and Sweeney(2007)
explored the effects of consumers’ subjective and
objective product knowledge on their perceived risk of
genetically-modified food in Australia. According to the
research results, consumers’ objective product knowledge
has a significant negative correlation with the functional
risk and psychological risk of products. As consumers
gain more objective product knowledge, their perceived
risk is reduced significantly. Lusk and Rozan(2005) found
that if the consumers in the U.S. and Europe have less
objective product knowledge on genetically-modified
food, they would have greater perceived risk of the food
and then have a weaker intention of purchasing it.
Nevertheless, different product knowledge has different
impacts on the risk perception of biological products.
Sufficient objective product knowledge helps to alleviate
consumers’ efficacy risk perception and psychological
risk perception of genetically-modified food, while
sufficient subjective product knowledge increases their
health risk perception of the food. However, it only
happens when consumers have little objective knowledge
on the food (Klerck& Sweeney, 2007). House et al.(2004)
found that the type of product knowledge would influence
consumers’ acceptance of genetically-modified products.
For them, sufficient subjective product knowledge would
enhance consumers’ acceptance of the products, while
objective product knowledge has little impact on
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consumers’ acceptance of the products. Previous studies
on the consumption of dietary supplements seldom
analyzed the correlation between product knowledge and
risk perception, but the research results showed that well-
educated consumers are more likely to use dietary
supplements than those with lower educational level, who
also seldomhave positive use experience and have doubts
about the consumption of dietary supplements (Landstrém
et al, 2007; Niva&Mékeld, 2007). According to the above
literature review, this study proposes the following
hypotheses:

Hla:When consumers have more subjective product
knowledge on dietary supplements, they have less
perceived risk of purchase.

Hlb:When consumers have more objective product
knowledge on dietary supplements, they have less
perceived risk of purchase.

Consumers that lack product knowledge have
highly complicated risk perception. If they are involved in
the consumption with high perceived risk, they tend to
search information to reduce the probability of risk; when
they perceive higher risks, they would collect more
information (Solomon, 2007). In the process of
information search, consumers often face a problem -- the
reliability of information sources. To lessen the risk of
wrong information, consumers tend to acquire
information from the most reliable information
source(Goyal, 2008; Solomon, 2007). Among the
information source, the most reliable one is the WOM
from consumers’ interpersonal network, which is often
the important reference information that the consumers
use to analyze risk and reduce their perceived risk (Beatty
& Smith, 1987; Hirunyawipada&Paswan, 2006).
According to the results of foreign studies, as consumers
have high perceived risk on dietary supplements, they
tend to show high involvement in information search, in
particular, WOM provides reference for consumers (Pillai
&Hofacker, 2007; Raju et al., 1995; Slone, 2006). Studies
in Taiwan found that Taiwanese consumers without
adequate professional knowledge would purchase dietary
supplements according to commercial advertisements or
WOM from friends and/or family (Hsieh, 2008; Ministry
of Health and Welfare, 2010; Shih, 2010). Based on the
literature review, this study proposes the following
hypothesis:

H2:When consumers have higher perceived risk on
dietary supplements, they are more likely to
search for information for the purchase of dietary
supplements.
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To date, no conclusion has been drawn on the
impacts of consumers’ product knowledge on their
information search. Although previous studies have
reached varied results, they could be categorized into
three groups: (1) consumers’ product knowledge has
significant positive effect on their information search; (2)
consumers’ product knowledge has significant negative
effect on their information search; (3) consumers’ product
knowledge is in a U-shaped relationship with their
information search(Wang, 1999; Fiske, 1994).

Raju et al.(1995)argued that consumers’ product
knowledge influences their dependence on and preference
for different types of information and their ability to
process information in the purchase decision (Raju et al.,
1995). In general, consumers with sufficient product
knowledge have better information search skills and can
use more appropriate clues to facilitate purchase decision-
making. Moreover, they tend to evaluate their decisions
according to the possible positive or negative results
caused by the purchase and seldom make decisions
according to actual clues (Raju et al., 1995; Cordell,
1997). Park and Lessig found that consumers with little
product knowledge tend to rely on non-functional clues
(e.g., price and brand) in their purchase decisions; they
spend more time on decision-making than those with
much product knowledge and are less confident in their
decisions (Park &Lessig, 1981). Bettman and Parkfound
that consumers with average knowledge have diverse
methods to process available information and seldom rely
on existing knowledge or experience. It is deduced that
consumers with little product knowledge may not be able
to process information due to their inadequate knowledge
level, thus lack the motivation to analyze or process
existing information. Consumers with sufficient product
knowledge are capable to process information. As there is
abundant internal information and rich experience in the
use of products, they also lack the motivation to process
existing information and tend to rely on their internal
information and relevant experience (Bettman& Park,
1980). The research results also reveal that the consumers
with much product knowledge feature great involvement
in brand information while those with little product
knowledge show more involvement in the attribute
information of products than brand information.

The reference attributes that consumers rely on
in the purchase decision of dietary supplements are
diverse, including health benefit, efficacy, taste, sense,
convenience, price and the familiarity with products,
manufactures or brands. All these are essential reference
factors that influence consumers’ purchase decision
(Urala& L&hteenmaki, 2003). Both functional and non-
functional attributes of products are important clues for
consumers in the purchase decision. According to the
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above literature review, the amount of knowledge on
dietary supplements influences consumers’ ability to
process these reference clues and their dependence on
these clues, and then affect the degree of WOM search.
Hence, this study proposes the following hypotheses:

H3a: Consumers’ subjective product knowledge on
dietary supplements has significant effects on their
WOM search for making purchase decision on
dietary supplements.

H3b:Consumers’ objective product knowledge on dietary
supplements has significant effects on their WOM
search for making purchase decision on dietary
supplements.

Perceived risk may play a mediating role
between product knowledge and the degree of
information search. In the construction of the theoretical
model of risk response strategies for consumers, Dowling
and Staelinsuggested that consumers’ prior knowledge is
one of the antecedents that triggers their perceived risk
and then influences the following-up information search
(Dowling &Staelin, 1994). After that, some studies
demonstrated the mediating role of perceived risk
between product knowledge and information search in
relevant empirical studies. For example, Klerck and
Sweeney(2007) took genetically -modified food for a case
study to explore consumers’ product knowledge,
perceived risk and information search. They found that
consumers’ product knowledge influences their efficacy
risk and psychological risk perception of genetically-
modified food, and then affects their tendency of
information search before the purchase. In other words,
the consumers with less product knowledge would have
stronger risk perception and tendency to seek more
relevant information. Scholars also found similar results
in the studies on consumers’ purchase of wine.
Consumers’ inadequate knowledge on wine would
increase their risk perception of purchase, so they would
seek external information to reduce possible purchase
risks(Olsen et al.,, 2003). Atkin and Thach(2012) delved
into the risk perception and information search of wine
purchase of the millennium generation and found that the
millennium generation often sought external information
to reduce their perceived risk if they did not have
adequate product knowledge. Among the relevant
external information, WOM s regarded as highly reliable
among consumers. Previous studies on the correlation
between product knowledge and information search
seldom discussed the mediating role of perceived risk.
This may explain the reason why there is such great
difference in the results of the studies on the correlation
between consumers’ product knowledge and information

Page | 264


http://dx.doi.org/10.22161/ijeab/4.2.4
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.org/10.22161/ijeab/4.2.4

Vol-4, Issue-2, Mar-Apr- 2019
ISSN: 2456-1878

search(Fiske et al., 1994; Wang, 1999).

H4: Consumers’ perceived risk of dietary supplements
plays anmediating role between their product

knowledge and WOM search.
According to the above research hypotheses, the
research structure of this study is shown in Fig.1.

H4
H3a 2
Subjective Hia 1. Perceived risk
product ———————=| 2. Financial risk
knowledze 3. Efficacy rizk H?
4. Health risk —===—»| Degree of
Objective 5. Psychological risk WOM search
product Hib &. Sgcml psk
Enowledge T Time risk
Hib

Fig.1: The conceptual work of the study

1.
1. Materials

Ganoderma is a traditional Chinese herb for
health enhancement, and is highly popular in the market.
The annual growth rate of the market demand for Chinese
herbs with health enhancement effects is about 4.4%, and
the transaction volume was predicted to reach USD 1.3
billion by 2015 (Liu, 2008). With great market potential,
Chinese herbs are listed as major technological
development by the government of Taiwan (Chen, 2009).
This study took ganodermafor a case study, and a
questionnaire survey was conducted to validate the
theoretical model constructed in this study.
2. The operational definition of variables and the
design of measurement items

In this study, the questionnaire was used to
collect data. The official questionnaire consists of five
parts. Part 1 comprises 18 items and measures consumers’
perceived risks in the purchase of ganodermadietary
supplements. Part 2 includes 8 items and measures
consumers”  WOM ganodermadietary
supplements. Part 3 has 5 items and measures consumers’
subjective product knowledge on ganodermadietary
supplements. Part 4 consists of 6 items and measures
objective  product  knowledge  on
ganodermadietary supplements. Part 5 includes 5 items
and records the social and economic background
information of the respondents. After the questionnaire
was developed, 30 copies were distributed for a pre-test to
ensure that the meaning of the items was conveyed
accurately and appropriately. The operational definition
of the variables and the design of the measurement items
are as follows:

MATERIALS AND METHODS

search on

consumers’

www.ijeab.com

(1) Product knowledge

The measurement items for the
variable“subjective product knowledge” are developed
based on scholars’ definition for the variable (Brucks,
1985; Parket al., 1994), so they have the content validity.
In this study, five items were developed to test consumers’
subjective product knowledge on ganodermadietary
supplements. Additionally, this study defined consumers’
objective knowledge on ganodermadietary supplements as
the amount, type and structure of the information
consumers store in their long-term memory or as
consumers’ actual knowledge on ganodermadietary
supplements. Relevant measurement items were made
according to the operation in previous studies
(Mattila&W irtz, 2002; Parket al., 1994; Raju et al., 1995).
After the information about ganodermadietary
supplements was collected and the items were developed
(Ganoderma Health Foundation of Legal Persons of
Consortium, 2009), three experts who specialized in the
physiological development of ganoderma and the
processing of ganoderma food were invited to test the
validity of the measurement items. In other words, the
expert validity method was used to ensure that the items
were objective, definite and distinguishable, so as to test
consumers’ objective knowledge on
ganodermadietary supplements.
(2) Perceiwed risk

According to scholars’ definition of perceived
risk, this study defined perceived risk as the anxiety that
consumers feel when they are unsure if the dietary
supplements they purchase would meet their expectation.
The perceived risk is divided into financial risk, efficacy
risk, health risk, psychological risk, social risk and time

actual
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risk (Bauer, 1967; Stone & Gronhaug,1993). The content
validity method was also adopted to develop the
questionnaire. Apart from the items of the above six risk
dimensions proposed by Stone and Gronhaug(1993), this
study considered other scholars’ opinions on perceived
risk (Brooker, 1984; Jacoby & Kaplan, 1972; Peter
&Tarpey, 1975;Roselius, 1971) and adopted the items
that scholars used to test consumers’ perceived risk of
different products (Klerck& Sweeney, 2007; Stone
&Gronhaug, 1993). According to the comparison of
consumers’ features in the consumption of dietary
supplements, the items were developed to test consumers’
perceived risk ofganoderma dietary supplements.
(3) WOM search

In this study, the degree of WOM search is
defined as the degree to which consumers collect others’
opinions, use experience or comments in their purchase
decisions of dietary supplements. The measurement items
was developed based on the ones adopted by previous
scholars regarding the measurement of consumers’
volunteer inquiry of WOM (Bansal &Voyer,
2000;Bertrandias& Goldsmith, 2006). Based on the
literature review, this study designed eight items to
measure the degree to which consumers search WOM
search for purchase decision of ganodermadietary
supplements. Since these measurement items were based
on previous definitions and scales, thus they have good
content validity.
3. Sampling

The subjects of this study were existing and
potential consumers of ganodermain Taipei City. Two-
stage cluster sampling was adopted to develop the
structural equation model for analyzing and controlling
the error of the analytical results under the condition that
the normalized hypothesis is wvalid. First, the 12
administrative regions of Taipei City were numbered
from “1” to “12”, and random sampling was adopted to
select four administrative regions. After that, all the
neighborhoods in four administrative regions were
numbered, and four neighborhoods were randomly
selected from each administrative region. To ensure that
the selected samples were existing and potential
consumers of ganoderma, samples were collected from
the marketing channels of ganodermadietary supplements.
The marketing channels included Chinese and Western
pharmacies and chain drug stores(Chou, 2005; Hair et al.,
2006).
4. Statistical Analyses
(1) Reliability and validity tests

Reliability coefficient of scales refers to the
reliability of the items of a variable or the consistency or
stability of the results of measurements; the validity of
scales indicates the effectiveness of scales or the degree to
which the adopted scales can measure the targeted
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subjects (Hair et al, 2006). The reliability of the
measurement items of this study was analyzed with
Cronbach’s a. Aside from the above content validity
method and the expert validity method, the maximum
likelihood estimation of the confirmatory factor analysis
was used to estimate parameters and calculate the
composite reliability and average variance extracted
(AVE) of the measurement items, and test the convergent
validity and discriminant validity of the measurement
items.

According to previous studies, four evaluation
norms were compiled by this study to test the
convergence of the items (Bagozzi& Yi, 1989; Hair et al.,
2006): (1) the goodness of fit index (GFl), the normed fit
index (NFI) and the comparative fit index (CFI) must be
higher than 0.9, while the root mean square residual
(RMR) must be lower than 0.05; (2) the factor loads of
the items were significant (o = 0.05); (3) the composite
reliability (CR) of the items of the variables must be
higher than 0.7; (4) the average variance extracted (AVE)
must be higher than 0.5.

Discriminant validity refers to the relevance
between the items describing a variable in the
measurement tool and that describing other items. It is
also called divergent validity. If the relevance between
two variables is weak, it means that the measurement
items between the two variables have discriminant
validity. This study adopted the discriminant validity
evaluation proposed by Fornell and Larcker(1981)to test
the AVE of theitems of each variable.

(2) Analysis of the theoretical model

This study employed the structural equation
modeling (SEM) to validate the causal relationship among
consumers’ product knowledge, perceived risk and the
degree of WOM search for the purchase decision of
dietary supplements. According to the two-stage analysis
and previous studies, this study first conducted the
confirmatory factor analysis to test the goodness of fit of
the model. Then, the operational SEM was analyzed to
discuss the causal relationship among the potential
variables (Anderson &Gerbing, 1988; McDonald & Ho,
2002). The above methods were based on the prerequisite
that the observation variables are in a normal distribution.
Hence, the skewness and kurtosis of the observation
variables were used to test the normality of the data
before the confirmatory factor analysis and the SEM
analysis.

V. RESULTS
1. Structural features of samples
This study distributed 370 copies of questionnaire,
and retrieved 314 valid samples, including 128 from
males (40.8%) and 186 from females (59.2%). In terms of
age, most of the respondents aged from 35 to 44 (32.5%),
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followed by 25 to 34 (30.6%), and lastly 18 to 24. As
foroccupation, most of them work in the business/service
industry (37.6%), followed by military, civil servants, and
teachers (22.3%), and lastly the retirees. In terms of
educational background, most of them have university or
college education (68.8%). Regarding monthly disposable

income of household, most of them have a monthly
disposable income of NT$ 70,001 to NT$ 90,000,
followed by NT$50,001toNT$ 70,000, and lastly NT$
150,001. The social and economic background structure
of the respondents is shown in Table 1.

Table.1: The socio-economics of the samples

Variable Population er)centage Variable Population ;Zr)centage

Gender Jobs

Male 128 408 Sftaff of agriculture, forestry, 22 70
fishery and husbandry

Female 186 59.2 Mining/manufacturing 28 8.9
Business/service industry 118 37.6

Age SO|dIeI’/CIVI! servant/ 20 23
teacher/policeman

18-24 years old 16 51 Student 16 51

25- 34 yearsold 96 30.6 Housekeeper 24 7.6

35-44 years old 102 325 Retirement 4 13

45-54 years old 64 204 Others 32 10.2
Monthly disposable income

55-64 years old 36 115 of household

Education NT$30,000 or below 8 25

Primary - school 06 NT$30,001 ~ $50,000 62 197

or below

Secondary 2 06 NT$50,001 ~ $70,000 88 28.0

school

High

school/vocationa 32 10.2 NT$70,001 ~ $90,000 96 30.6

I school

University/junior -, ¢ 68.8 NT$90,001 ~ $120,000 48 15.3

college

Research

institute or 62 19.7 NT$120,001 ~ $150,000 10 32

above
NT$150,001 or above 2 0.6

2. Results of the reliability and validity tests

The Cronbach’s o of “subjective product
knowledge” was 0.94, and those for “financial risk
perception”, “Efficacy risk perception”, “Health risk
perception”, “Psychological risk perception”, “Social risk
perception” and “Time risk perception” were 0.83, 0.89,
0.91, 0.88, 0.82 and 0.85, respectively. The Cronbach’s a
of “Degree of WOM search” was 0.86. Additionally, the
measurement items of “Objective product knowledge”
were made to test consumers’ actual knowledge on
ganodermadietary supplements (Mattila&Wirtz, 2002;
Park et al., 1994; Raju et al., 1995; Ganoderma Health
Foundation of Legal Persons of Consortium, 2009).
According to the definition of objective product
knowledge and the operation in previous studies, this
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study measured consumers’ basic knowledge on
ganodermadietary supplements. A higher score indicates
more objective product knowledge on ganodermadietary
supplements. The test items covered the source of the
bitterness of ganoderma, the effective ingredients of
ganoderma, the making of ganoderma products, and the
immune effects of ganoderma. For that reason, the
reliability of the items about objective product knowledge
differed from that of the items based on the Likert’s 5-
point scale and thus cannot be represented through
Cronbach’s a. Therefore, this study adopted the expert
review method, where three experts who specialize in the
physiological development of ganoderma and the
processing of ganoderma food were invited to test the
validity of the items.
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As for the validity test on the items, the items
were compiled according to the content validity and the
expert review method in the process, and the maximum
likelihood estimation of the confirmatory factor analysis
was also used to calculate the composite reliability and
AVE of the items of the variables and test the convergent
validity and discriminant validity of the items. The results
of relevant tests are shown in the following test on
goodness of fit of the measurement model.

3. Validation of the theoretical model
(1) Normal distribution of data

In this study, the statistical skewness and
kurtosis were used to test the normal distribution of data.
In the operation of the SEM, if the absolute value of the
skewness of the data concerning variables is less than 3
and the kurtosis is less than 10, it would be regarded as
normal distribution (Kline, 2011). In this study, the
normal distribution of the variables is shown in Tables 2
to 4. The absolute values of the skewness and kurtosis of
the variables are in the scope of evaluation values,
showing that the data concerning the variables of this
study met the statistical hypothetical conditions of normal
distribution and were suitable for the confirmatory factor

analysis and the SEM analysis.
(2) The goodness of fit of the measurement model

In this study, the maximum likelihood estimation
of the confirmatory factor analysis was adopted to test the
goodness of fit of the measurement models. The adopted
indexes include: (a) the factor loads of the items were
significant («=0.05); (b) the measured value of composite
reliability was higher than 0.7; (c) the measured value of
AVE was higher than 0.5; (d) the GFI, NFI and CFI must
be higher than 0.9, and the RMR must be lower than 0.05.

The results are as follows:

iy

The measurement model of subjective product
knowledge: (a) the factor loadings of the items were
all significant (P < 0.001); (b) the composite
reliability was 0.941, meeting the criterion of higher
than 0.7; (c) the AVE was 0.764, also meeting the
criterion of higher than 0.5; (d) the GFI, NFI and
CFI were 0.967, 0.982 and 0.985 respectively, all
higher than 0.9, while RMR was 0.017, lower than
the criterion of 0.05. The test results revealed that
the measurement model of subjective product
knowledge has effective goodness offit (Table 2).

Table.2: Confirmatory factor analysis and normal distribution test of the measurement model of subjective product
knowledge

Estimated Parameter

Normal Distribution Test

of MLE
Variable Factor rl\r/lmeer?tsure
Load (A .
% Error (3) CR AVE Skewness Kurtosis
Subjective product knowledge - - 0941 0.764 0.573 -0.075
1. | believe that I have sufficient 0.740% 0,449 B N 0.323 0333
knowledge on ganoderma.
2. It is safe t_o saythat_l am an expert on 0.887* 0.213 B B 1234 1751
ganoderma in my social network.
3. | have more knowledge on ganoderma 0.928* 0139 3 3 0.786 0.305
than most peopledo.
4.1h fth
ave a good command ofthe 095+ 0181 - - 0501 0472
knowledge on ganoderma.
5.1 fidentin selecti d
am confident in selecting ganoderma 0,805+ 0,199 B B 0,602 0,497
products.
GF1=0.967, NFI=0.982, CFI=0.985 RMR=0.017
*p < 0.001

a: Composite Reliability
b: Average Variance Extracted

2) The measurement model of objective product
knowledge: each item of the objective product
knowledge of this study can directly indicate the
amount of information of consumers. The total score
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of the items was taken as the observation item and
added into the model. The confirmatory factor
analysis was not suitable for the measurement of this
variable, so in the construction of this measurement

Page | 268


http://dx.doi.org/10.22161/ijeab/4.2.4
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.org/10.22161/ijeab/4.2.4

Vol-4, Issue-2, Mar-Apr- 2019
ISSN: 2456-1878

model, this study used literature review to ensure
that the measurement indexes met the theoretical
foundation. Moreover, the expert review method was
employed to ensure the goodness of fit of this
measurement model.

0.853, meeting the criterion of higher than 0.7; (c)
the AVE was 0.509, meeting the criterion of higher
than 0.5; (d) the GFI, NFI and CFI were 0.837,
0.865 and 0.890 respectively, higher than 0.8 (within
the acceptable scope) though lower than the criterion

3) The measurement model of perceived risk: (a) the of higher than 0.9. The RMR was 0.069. Although
factor loadings of the items were all significant (P < the RMR was lower than the criterion of lower than
0.001); (b) the composite reliability of the two-stage 0.05, it was also within the acceptable scope (Hair et
confirmatory factor analysis of perceived risk was al., 2006) (Table 3).

Table.3: Confirmatory factor analysis and normal distribution test of the measurement model of perceived risk
Estimated Parameter s
of MLE Normal Distribution Test

Variable Factor Measure

Load ment

(Ax) Error 3) CR AVE Skewness Kurtosis
Perceived risk - - 0.853 0.509 0.488 0.788
Financial risk 0.860* 0.260 0.844 0.648 0.317 -0.470
1. I think it is a waste of money to buy 0,920 0.154 N N 0.447 0272
ganoderma.
2.1 t_hmk F)uymg ganoderma would bring 0.628* 0,606 N N 0125 0733
me financial burden.
3. 1 do notthink it worthy to buy 0,839 0.296 N N 0.379 0397
ganoderma.
Efficacy risk 0.746* 0.443 0.893 0.736 -0.400 -0.105
1. I do not think ganoderma is effective. 0.894* 0.201 - - -0.446 -0.452
2. .I am wotried that ganoderma would not 0.884* 0219 B B -0596 0227
bring the expected effects.
3. I have no confidence in the functions of
ganoderma. 0.791* 0.374 - -- 0.097 -0.672
Health risk 0.774* 0.401 0.912 0.778 0.353 -0.647
1l lam _vvorrled thatganoderma would 0.917* 0.159 N N 0.179 0717
cause side effects.
2. | am worried that ganoderma would 0.979* 0,042 N N 0.243 0729
cause health problems.
3.1 am_ wo_rrled that ganoderma may cause 0.732* 0.464 . B 0.189 -0.930
potential risk to my health.
Psychological risk 0.843* 0.289 0.890 0.730 1.067 1.709
1. I worry aboutthe consumption of 0.813* 0.339 3 3 1091 1286
ganoderma.
2. | feel anxious aboutthe consumption of 0,919 0.155 3 N 1087 2007
ganoderma.

. i Idi
3. Consuming ganoderma would impose 0.828* 0.314 3 N 0,996 0,999
pressure on me.
Social risk 0.589* 0.653 0.832 0.626 0.987 1.550
1. I am worried thatit is againstmy social ~ 0.702* 0.507 - - 0.946 1.033
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Table.3: Confirmatory factor analysis and normal distribution test of the measurement model of perceived risk

Estimated Parameter

Normal Distribution Test

of MLE

Variable Factor Measure

Load ment

(Ax) Error 3) CR AVE Skewness Kurtosis
status to consume ganoderma.
2.1 am worried that my fr.lends would 0.913* 0.166 3 N 1106 1511
make joke of my consuming ganoderma.
3. 1 am worried that my friends would
disapprove of me on the consumption of 0.742* 0.449 - - 0.780 0.444
ganoderma.
Time risk 0.320* 0.898 0.867 0.695 -0.231 -0.816
.1. | thlnl.< it takes much time to collect the 0.566* 0.680 B B 0,002 0781
information about ganoderma.
2. | think it takes much time to search for
information on choosing ganoderma 0.908* 0.176 - - -0.247 -0.723
products.
3. I think it takes much time to search for
information on how to use ganoderma 0.969* 0.061 - - -0.178 -0.708
products.

4)

GFI=0.837, NFI=0.865 CFI=0.890, RMR=0.069

*p < 0.001
a: Composite Reliability

b: Average Variance Extracted

The measurement model of the degree of WOM
search: (a) the factor loadings of the items were all
significant (P < 0.001); (b) the composite reliability
of the two-stage confirmatory factor analysis of
perceived risk was 0.887, meeting the criterion of
higher than 0.7; (c) the AVE was 0.525, meeting the
criterionof higher than 0.5; (d) the GFI, NFl and CFI
were 0.853, 0.842 and 0.844 respectively, higher
than 0.8 (within the acceptable scope) though lower
than the criterionof higher than 0.9. The RMR was

0.052. Although the RMR was lower than the
criterionof lower than 0.05, it was also within the
acceptable scope (Hair et al., 2006) (Table 4).

This study referred to the discriminant validity
criterion suggested by Fornell and Larcker (1981) to test
the AVE of the items of each variable. The results showed
that the AVE of each variable was higher than the
variable and the squared value of relevant coefficients of
other variables. This means that the variables of this study
have effective discriminant validity.

Table.4: Confirmatory factor analysis and normal distribution test of the measurement model of the degree of

WOM search
Estimated Parameter o
of MLE Normal Distribution Test
Variable Measure
Factor ment
Load (A\x) Error 3) CR AVE Skewness Kurtosis
Degree of WOM search -- - 0.887 0.525 -0.205 -0.291
Active search -0.691 0.557
EI.. I would considerothers’ suggestions 0.850* 0.245 . . 0457 0.141
in the purchase of ganoderma.
2. 1 would consult others before 0.879* 0.235 -0.606 -0.104
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purchasing ganoderma.

3. Others’ opinions would make me
feel assured when | purchase
ganoderma.

4. 1 would collect relevant negative
comments before purchasing others’
opinions.

5. I would collect relevant positive
comments before purchasing others’
opinions.

0.833*

0.567*

0.687*

0.377

0.577

0.408

-0.657 0.237

-0.837 0.820

-1.117 1.893

Passive search

| seldom ask others about how to

T3
purchase ganoderma. 0829

0.256

0.063 -0.936

GFI=0.853, NFI=0.842, CFI=0.844, RMR=0.052
*p < 0.001

a: Composite Reliability; b: Average Variance Extracted

(3)The goodness of fit of theory model

Previous studies have proposed different

suggestions on the test on the goodness of fit of the SEM.
Following the suggestions from Bagozziet al. and Hair et
al. (Bagozzi& Yi, 1989; Hair et al., 2006), this study
tested three types of goodness of fit, including the
absolute fit measures, the incremental fit measures, and
the parsimonious fit measures. The results are shown in
Table 5. The meaning and index results of the measures
are as follows:

D

Absolute fit measures: it tests the degree of fit
between the overall model and actual data. The
indexes adopted in this study were square degree of
freedom (x2/d.f.), GFl, RMR and RMSEA. The
suggested value of square degree of freedom was
under 3, which indicates that the overall model and
observation data haveeffective fit. The square degree
of freedom (y2/d.f.) of the overall theoretical model
was 2.978, meeting thesuggested value.

Goodness fit index (GFI) refers to the ratio(Hair et
al., 2006) of the variance and co-variate that can be
explained by the measurement theory model. If GFI
is closer to 1, the overall fit is higher and the
explanatory ability of the model is stronger. In
general, a GFI higher than 0.9 is taken as the
threshold value, and GFI should higher than 0.8
(Bagozzi& Yi, 1989). The GFI of the overall
theoretical model of this study was 0.868, which
indicates that the fit of the proposed model is
accepted. In terms of RMR, Hair et al. (2006)
suggested that a smaller RMR is better and the best
RMR is lower than 0.05. RMSEA is not influenced
by either the number of samples or the complexity
of model. In general, a lower RMSEA indicates a
higher fit of model, and a RMSEA lower than 0.08
is regarded as the criterion(Hair et al., 2006). The
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3)

RMR of the model established in this study was
0.049, and the RMSEA was 0.076, meeting the
suggestion that RMSEA be lower than 0.05 and 0.08.
Incremental fit measures: it is used to measure the
difference between the hypothetical theoretical
model and the null model. The indexes adopted in
this study included AGFI, NFI and CFl. AGFI is
obtained by adjusting the degree of freedom of fit
index (Hair et al, 2006). If it is closer to 1, the
overall fit is higher and the explanatory power of
model is stronger. In general, a GFI higher than 0.9
is taken as the threshold value, and GFI should be
higher than 0.8 (Bagozzi& Yi, 1989). The AGFI of
the overall theoretical model of this study was 0.807,
which indicates that the fit of the proposed model is
accepted. NFI is used to reflect the incremental fit of
model, and a NFI higher than 0.9 is regarded as the
criterion (Hair et al., 2006). According to the
statistical results, the NFI of the hypothetical model
constructed in this study was 0.914, meeting the
suggestion that NFI be higher than 0.9. CFI is used
to show the difference between the theoretical model
and the independent model without any co-variate
relation. A suggested CFI is higher than 0.9. In this
study, the CFI of the proposed was 0.943, meeting
the suggestion that measured CFI be higher than 0.9.
Parsimonious fit measures: it is used to compare the
fit of the estimate coefficients of the models with
different number of estimate coefficients. The
adopted indexes were PNFI and PCFI. Both PNFI
and PCFI should be higher than 0.5 to reach a good
fit (Hair et al., 2006). The PNFI and PCFI of the
proposed theoretical model were 0.616 and 0.637
respectively, both of which were higher than 0.5 and
within the scope of suggested values.
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Table.5: Results of test on the fit of theoretical model

Fitness test Evaluation index Criterion Results of  Evaluation of
analysis Fitness test
Absolutefit measures x2/d.f. <3 2978 Effective
GFI >0.9 (or>0.8) 0.868 Acceptable
RMR <0.05 0.049 Effective
RMSEA <0.08 0.076 Effective
Incremental fit measures AGFI >0.9( or>0.8) 0.807 Acceptable
NFI >0.9 0.914 Effective
CFI >0.9 0.943 Effective
Parsimonious fit measures PNFI >0.5 0.616 Effective
PCFI >0.5 0.637 Effective

(4) Structural model of the correlation among product
knowledge, perceived risk and the WOM search

The statistical results of the indexes measuring
the fit of the causal relationship model of the variables of
subjective  product knowledge, objective product
knowledge, perceived risk and the degree of W OM search
was effective enough to explain the actual data. Therefore,

this study adopted the structural model obtained from the
SEM analysis to test the path coefficients of potential
variables to determine the statistical significance of the
structural relation and the causal relationship among the
variables. The results are shown in Table 6, and the path
analysis of the causal relation among the potential
variables is shown in Figure 2.

Table.6: Results of test on the path coefficients of the structural model

Path Research
Paths . p . Testresults
coefficient hypothesis
Subje.ctlve product knowledge—> 042 664 0,000%** Hia Valid
Perceived risk
jecti knowl >
Objective product knowledge 0,01 :0.39 0.694 H1b Invalid
Perceived risk
Perceived risk-> Degree of WOM search ~ 0.11 2.25 0.025** H2 Valid
Subjective product knowledge> Degree  -0.39 -5.98 0.000*** H3a Valid
of WOM search
Objective product knowledge—> Degree o .
of WOM search 0.23 2.47 0.014 H3b Valid
Subjective product knowledge—> Haa Partially
Perceived risk-> Degree of WOM search valid
Objective product knowledge> .
. . Hab Invalid
Perceived risk-> Degree of WOM search nvall
** p<0.05; ***p < 0.001
The path analysis of the linear structural Hla is supported. Consumers’ objective product

equation found that, the type of product knowledge has
different impacts on consumers’ perceived risk in their
purchase of dietary supplements. Despite that consumers
is in a positive correlation with their subjective and
objective product knowledge of dietary supplements (B=
0.22, P = 0.000), the two factors have different impacts
on the perceived risk of dietary supplements. Consumers’
subjective product knowledge is in a negative causal
relationship with their perceived risk, and the
standardized path coefficient was -0.42 (P <0.001); hence,

www.ijeab.com

knowledge, however, does not have significant influence
on their perceived risk (P = 0.694); hence, H1b is not
supported. The findings are consistent with previous
studies, which indicated that consumers with more
subjective product knowledgehave less perceived risk of
products (Bansal &Voyer, 2000; Srinivasan &Ratchford,
1991). Consumers’ subjective product knowledge is
correlated to objective product knowledge, the two have
different impacts on consumer behaviors (Park et al.,
1994; Raju et al., 1995; Teratanavat& Hooker, 2006).
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The findings of this study suggest that
consumers’ perceived risk of dietary supplements has
significant positive impacts on the degree of WOM search
in their purchase decision of dietary supplements. The
standardized path coefficient was 0.11. Although the
influence weight is not high, it has statistical significance
(P = 0.025); hence, H2 is supported. This finding suggests
that if consumers have more perceived risk of dietary
supplements, the degree of WOM search is higher. This
result is also consistent with previous studies (Goldsmith
& Horowitz, 2006; Hennig-Thurau& Walsh, 2003).

According to the SEM in this study, consumers’
subjective product knowledge has significant negative
impacts on the degree of their WOM search, and the
standardized path coefficient is -0.39 (P< 0.001); hence,
H3a is supported. According to the analytical results, if
consumers have more confidence in their knowledge of
dietary supplements (or more subjective product
knowledge), they are less dependent on WOM in the
purchase decision of relevant products. Consumers’
objective product knowledge also has similar impacts on
the degree of WOM search in their purchase decision of
dietary supplements. In other words, consumers’ objective
product knowledge has significant negative effects on the
degree of WOM search, and the standardized path
coefficient is -0.23 (P< 0.05); hence, H3b is supported.
The results of this study are consistent with the theory on
consumers’ use of information. In other words, only in
face of inadequate information would consumers
voluntarily search for information and make greater
efforts to obtain information to facilitate their
consumption  decision-making. According to the
comparison of path coefficients, the direct impacts of
subjective product knowledge are greater than that of
objective product knowledge.

The analysis on the mediating role of perceived
risk found that the indirect impacts of subjective product
knowledge on the degree of W OM search areless than the
direct impacts. The analysis of path coefficients found
that the indirect impacts of subjective product knowledge
on the degree of WOM search is - 0.046, which is lower
than the direct impacts (- 0.390). This result is not
consistent with the criterion on a complete mediating
relationship that the indirect impacts of an independent
variable on a dependent variable must be greater than the
direct impacts (Baron & Kenny, 1986). As the direct
impacts of perceived risk on the degree of WOM search
exist (or H2 is valid), the perceived risk still plays a
mediating role in the relationship between subjective
product knowledge and the degree of WOM search,
though the indirect impacts of the intermediate role are
weaker than the direct impacts. In the test on the
mediating role of objective product knowledge, the
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impacts of consumers’ objective product knowledge on
consumers’ perceived risk are insignificant (P = 0.694).
This is inconsistent with previous studies that an
independent variable must have significant impacts on a
mediating variable (Baron & Kenny, 1986). Therefore, it
can be deduced that the mediating role of perceived risk
in the relationship between objective product knowledge
and the degree of WOM search is invalid. Based on the
above, H4 is partially supported.

V. DISCUSSION

Due to the prevalence of chronic diseases and the
problems associated with aging population, there has been
an increasing demand for dietary supplements in Taiwan.
With substantial market potential, dietary supplement has
become a focus in Taiwan to promote the
biotechnological industry. Although dietary supplements
have to undergo rigorous inspection before launched into
the market, they can be easily accessed and consumers
can obtain them through general retailing channels
without prescription. As a result, people tend to purchase
dietary supplements based on their own judgment, and
seldom seek for professional consultation. As the
threshold on the product knowledge of agricultural and
biotechnological dietary supplements is high, people
without adequate knowledge would easily purchase
dietary supplements according to WOM or the publicity
manipulated by the manufacturers. Sometimes, consumers
may mistakenly take some dietary supplements that are
not legally licensed or contain prohibited ingredients, thus
suffering physical problems. Despite that inappropriate
WOM is a key factor that affects the drug safety, this
study found that previous studies on the consumption of
dietary supplements mostly focused on consumers’
attitude, preference, evaluation and selection of dietary
supplements, while seldom on consumers” WOM search.
Therefore, this study explored the correlation between
consumers’ product knowledge of dietary supplements
and the degree of WOM search.

This study carry both theoretical and practical
contributions. The theoretical significance of this study is
as follows. First, previous studies on other product fields
showed that both subjective and objective product
knowledge have a negative causal relationship with
consumers’ perceived risk. In other words, if consumers
have more subjective or objective product knowledge,
they have less perceived risk. This study took dietary
supplements for the case study but found that there is a
negative causal relationship between consumers’
subjective product knowledge and perceived risk, and that
the impacts of objective product knowledge on perceived
risk are insignificant. Therefore, it is deduced that the
impacts of consumers’ product knowledge on perceived
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risk differ according to the meaning of knowledge (e.g.,
subjective and objective product knowledge) and the
product. Second, there are three arguments on the
relevance between consumers’ product knowledge and
information retrieval, including positive correlation,
negative correlation and U-shaped correlation. Taking
dietary supplements for a case study, this study found that
the two are in a negative correlation and that if consumers
have more subjective and objective product knowledge,
they have a lower degree of WOM search. Third, the
correlation between consumers’ product knowledge and
information search differs according to knowledge.
Subjective product knowledge has direct negative impacts
on the degree of WOM search, and has indirect impacts
with risk perception playing a mediating role. Through
the negative impacts on risk perception, subjective
product knowledge can indirectly lower the degree of
WOM search. However, objective product knowledge
merely has direct influence on the degree of WOM search,
and risk perception does not play a mediating role in the
relationship between the two.

In terms of practical contribution, the findings
suggest that different dimensions of product knowledge
have different impacts on consumers’ dependence on
WOM in the purchase decision of dietary supplements
and the influence mechanisms are also different.
Consumers’ objective or subjective knowledge has direct
negative influences on the degree of WOM search. In
other words, if consumers have more objective or
subjective knowledge, they have a lower degree of WOM
search. Aside from imposing direct impacts on WOM
search, consumers’ subjective product knowledge also
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influences the degree of WOM search through risk
perception as a mediating role. If consumers have more
subjective product knowledge, they have less risk
perception of the dietary supplements and thus show a
lower degree of WOM search. However, the impacts of
objective product knowledge on risk perception are
insignificant, risk perception does not have mediating
effect on the relationship between objective product
knowledge and the degree of WOM search. Obviously,
consumers’ risk perception in the purchase decision of
dietary supplements comes from their inadequate
confidence in their product knowledge. Therefore, they
consider WOM and others’ use experience to reduce
possible purchase risk. Hence, the institutions in charge of
drugs safety should offer correct knowledge on safe
consumption of drugs and strengthen consumers’
confidence in their product knowledge, so as to alleviate
consumers’ dependence on WOM. In particular, in the era
with abundant online information, it is easy to obtain
WOM. In the commercial operation model of
manufacturers and through the marketing model featuring
online shopping experts and WOM, the business
reputation purposely manipulated by the manufacturers
can easily become reference information for consumers;
consequently, consumers would consume dietary
supplements inappropriately, and may suffer from
possible physical and mental health problems. Thus,
consumers should be educated with appropriate
knowledge about dietary supplement to prevent them
from referring to incorrect information from WOM, and
thus to danger their health.
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Abstract— This research focuses on the identification of key
indicators of climate change impacting the cereal crop
yields for fourteen countries across the world employing the
principal component analysis (PCA) and the linear scoring
technique using the World Bank Data for the period 1961 to
2013 for all indicators for all the countries. The Climate
Change Crop Performance Indices (CCCPIs) are generated
for each country for the first time using both the
climatological and socio-economic indicators. These indices
are used for comparing and monitoring the relative crop
performance during the study period. The locations under
study included Canada and Mexico from North America;
Argentina, and Cuba from Latin America; France, and
Portugal from Europe; Iran, and Israel from Middle East;
Liberia and Somalia from Africa; and Mongolia, Nepal,
Myanmar, and Philippines from Asia. Based on the PCA
analysis and underlying assumptions, the following list of
key indicators are identified for each country: Canada:
temperature, COze and LACP; Mexico, France and Israel:
temperature, CO-e and RF; Argentina and Cuba: COze and
RF; Portugal and Somalia: Temperature, CO2e, LACP and
RF; lIran: temperature, CO2¢, CY and RF; Liberia and
Mongolia: COz¢, CY and temperature; Nepal: CO2e, CY and
RF, and Myanmar and Philippines: temperature and CO-€;.
These indicators provide a signal of the desirable or
undesirable changes in climatological or socioeconomic
parameters that have occurred or may occur in future in the
above-mentioned countries. These key indicators might help
even the technology developers, land managers and the
policy makers to develop new strategies and formulate new
policies.
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Keywords—climate change, crop performance, principal
component analysis, temperature, rainfall, CO2 emissions.

l. INTRODUCTION
Agriculture is the key economic and sustainable
development sector, sensitive [1] and vulnerable [2, 3] to
climate change. It accounts to an average of 28% of the
gross domestic product for many low-income countries[4]
and its sustainability depends on many drivers acting at
multiple scales from local to global [5].Majority of the crops
are grown based on the role of climate change in agricultural
productivity[6]. During the past years, due to climate
change, most of the agricultural crops are reported to have a
slower growth [7]. In places, where the agriculture is
vulnerable to extreme climate variability like recurring
droughts, floods, poor distribution of rainfall, temperature
variations and carbon dioxide (CO;) concentrations, the
yields are directly affected especially during critical crop
growth periods [3], which in turn has profound impact on
the food security of a nation [8].Among the various factors,
temperature, precipitation and CO; are the most influential
ones affecting the crop yields directly and indirectly [7]
causing a decline in the performance of most of the crops
across the world by the end of the century. The broad
agreement among the climate scientists is that due to an
increase in CO, emissions under various scenarios, there
will be an increase in temperatures by 1-5°C to 5.8°C by
2100.This will result in a shift in precipitation patterns that
will cause the ecosystems to move poleward. This will also
create a huge impact on the global economy and
consequently decline in the quality of life [1]. For instance,
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it has been reported that there has been an approximately 40
million tonnes yield loss or $5 millions per year economic
loss of the major crops such as wheat, maize, and barley,
demonstrating the negative impacts of climate change [9].

To assess the effects of climate change on agriculture,
literature provides an evidence of employing various impact
assessment models like the climate, crop, and economic
models, crop simulation models [8, 10], statistical models,
process-based agro ecosystem models [11] and integrated
ecological-economic modelling framework resulting in a
wide range of projected climate outcomes [12]. Each of
these models have their own advantages and shortcomings,
presenting different levels of complexity and completeness
in relation to the specific aspects considered in its analysis.
In addition to the modelling approach, the impact of the
climate change on agricultural sector can be assessed by
selecting appropriate indicators and studying their changes
in a long run. Indicators are any observations or measurable
attributes that can be used to track changes or trends in any
system. But the selection of appropriate indicators for
climate change studies is very critical and depends on the
consideration of environmental change and climate change
from various perspectives. The indicators chosen should be
continuous in time and space, easily measurable,
monotonically increasing or decreasing, be a state variable,
have a long record of observations with low natural
variability [13]. In relation to agriculture, several indicators
have been developed for climate smart agriculture [14] and
environmental and socioeconomic indicators for measuring
the outcomes of on-farm agricultural production [15]. For
the Organisation for Economic Co-operation and
Development (OECD) countries, which are the world’s food
suppliers, agri-environmental indicators have been identified
related to soil water, air, and biodiversity [16]. Another
study identified indicators for environmental sustainability
of agriculture including waste, GHG emissions, land
conversion, soil health, nutrients, and pesticides [17]. But
studies involving the agri-climate change indicators are
meagre and needs further research.

The current study has been aimed to identify the agro-
climatological and socio-economic indicators which make
an impact on agriculture, especially on the cereal yields at
different geographical locations under different climatic
conditions worldwide. The socio-economic indicators reflect
the impacts on the current and future agricultural
productivity in both developed and developing countries.
However, in some of the developing countries, agriculture is
purely based on the climatic conditions in addition to other
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factors like soil types, agricultural inputs, etc. Based on the
key indicators identified, an index would be computed to
show how any location would perform in terms of cereal
production under the influence of the key indicators. This
index would be termed as the Climate Change Crop
Performance Index (CCCPI) and doesn’t exist in the
literature. This index might help in focussing on monitoring
or keeping a watch on the qualified indicators and
formulating suitable adaptation and mitigation strategies,
develop suitable crop and land management technologies,
frame relevant climate change policies to overcome or deal
with the negative or positive consequences of climate
change on the cereal crop production.

1. MATERIALS AND METHODS

2.1. Study Area

This study adopted fourteen heterogenous locations across
the world representing various climatic regions. The criteria
for selection of these countries include: locations having
agriculture especially cereal production as one of the main
livelihoods, their vulnerability to climate change variability
and extremes, and their contribution towards GDP. The
countries selected for the study were: Canada and Mexico
from North America; Argentina and Cuba from Latin
America and Caribbean; France, and Portugal from Europe;
Iran, and Israel from Middle East; Liberia and Somalia from
Africa; and Mongolia, Nepal, Myanmar, and Philippines
from Asia.

2.2. Climatological and socio-economic Indicators

The variables used in the present study as indicators include
the climatological indicators, which are, temperature and
precipitation, and the socio-economic indicators, which are,
Carbon dioxide emissions(CO¢), cereal yield (CY), and
land area under cereal crop production (LACP) (ha). The
data for these indicators has been obtained from the World
Bank data repository for a period from 1961 to 2013[18].
The observation records include the monthly temperature
and precipitation for all the above-mentioned locations.
COzemissions data, measured in kilo tons (kt), includes the
emissions from burning of the fossil fuels and the
manufacture of cement, consumption of solid and gas fuels
and gas flaring. The cereal yield data, measured in kilograms
per hectare (kg ha?), includes the dry grain yields for wheat,
rice, maize, barley, oats, rye, millet, sorghum, buckwheat,
and mixed grains and excludes the crops harvested for
fodder, harvested for hay and food, feed, grazing, and silage
purpose [18].
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2.3. Methodology for identification of key indicators and
computation of Climate Change Crop Performance
Index (CCCPI)

The prime objective of this study is to identify the key agri-
climatic indicators and compute the crop performance
indices under varied climate conditions termed as “climate
change crop performance index” (CCCPI). The
methodology to calculate this index has been adopted with a
few modifications from Andrews et al., Doran and Parkin
[19], [20], followed by Sharma et al. [21, 22]. Although
similar approach in computing the CCCPl has been
employed in the present study, the current study will use the
agriculture related climate change indicators for the first
time to assess the impacts under climate change conditions.
Principal component analysis and linear scoring techniques
are used in calculating the index.

The initial step includes testing the indicators for their levels
of significance using Mann-Kendall test and eliminate the
non-significant indicators from the assessment process [23].
In the present study, as the number of indicators is low, all
the indicators, irrespective of their levels of significance,
have been included in the study. This is followed by
identification of minimum data set (MDS) which is the
smallest set of the indicators, that best represents the specific
region and can be used to assess the impacts of climate
change. All the indicators which have been retained in the
minimum data set need not to be considered as the key
indicators, but only the most appropriate ones selected based
on further statistical analysis. It is only these key indicators
which are included in computation of CCCPI. This is done
by using principal component analysis (PCA) where the data
is subjected to reducing the dimensionality (number) of the
variables and retains only the original variability. Hence the
principal components which received the Eigen values > 1
and which explained at least 5 % of the variation in the data
set [24] and which had high factor loadings are considered
as the best representatives of the system attributes. Within
each PC, only the highly weighted factors are retained for
the MDS. In cases, where more than one variable was
qualified, correlation analysis was performed to determine if
any of the variables could be considered redundant and
dropped from the MDS. Among the well correlated (r >
0.70) variables, only one variable with higher correlation
sum is considered for the MDS. However, flexibility criteria
were followed depending upon the importance of the
variables for some of the locations. In cases, when the highly
weighted variables are not well correlated, they were
retained in the minimum data set. The variables thus
qualified under these series of steps were termed as the key
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indicators. These key indicators were considered for
computing the CCCPIs of various locations under the study.

Once the key indicators were identified, all the observations
for these indicators were transformed using linear scoring
technique [20]. To assign these scores, first the indicators
were identified if a higher or the lower values were
considered ‘good’ or ‘bad’. In case of indicators with
“higher values are better”, each observation was divided
with the highest value such that the observation with the
highest value gets a score of one. In the case of “lower
values are better” indicators, the lowest value was divided
with each observation such that the lowest value gets a score
of one. Once the observations are transformed using linear
scoring, each observation of the MDS indicators were
multiplied with the weighted factor using the PCA results.
The weighted factor was obtained by dividing the % of
variation explained by each PC with the total percentage of
variation explained by all the PCs with only eigen value >1.
Once these weighted scores were obtained for the MDS
indicators, they are summed up for each observation to
arrive at the CCCPIs using the following relation:

CCCPI = lrlzl(WiSi)

where, W; is the weighted factor obtained from the PCA and
S, is the variable score. The underlying assumption is, higher
the CCCPI value, greater is the crop performance under the
prevailing climatic changes. Thus, the relative crop
performance during various years of the study period under
various locations has been assessed and the key climate
change indicators which are responsible for causing any
change in the crop performance can be monitored.

1. RESULTS
The results of identifying the minimum dataset, selection of
key indicators and computation of the CCCPIs are presented
here and the importance of the key indicators identified are
also discussed briefly.

3.1. Identification of key agri-climate change indicators

To identify the key indicators of climate change which
influence the cereal crop production, all the indicators i.e.
temperature (Temp), rainfall (RF), CO, emissions (CO.e),
cereal yield (CY), and land area under cereal production
(LACP) were considered. In the primary step, out of the five
indicators selected for the study, rainfall showed statistical
significance only for few countries out of all the locations
(Tablel). However, this climate variable has been retained in
the data set for further processing since it is one of the most
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climatologically important indicators. The results of the PC
analysis (Table 2) reveal that only two PCs i.e. PC1 and PC2
with eigen value >1 are qualified for all the locations except
for Philippines and Myanmar. These PCs explained a
cumulative variability ranging from 61.5 to 89.0% across the
locations.

For both Canada and Mexico, PC1 included similar highly
weighted variables i.e. temperature, COze and the crop
yields. But in PC2, Canada had LACP while Mexico had RF
as the highly weighted variables. For PC1 of Canada,
temperature did not show any correlation with other
indicators while CO.e and the CY showed a significant
correlation (r = 0.78) due to which only CO.e indicator has
been retained for CCCPI calculation. While for Mexico, as
all the three indicators were significantly correlated,
correlation sums were calculated for all the three indicators.
COgze and CY showed similar and higher correlation sum of
(r = 2.70), and hence only CO.e has been selected. Though
temperature showed a lower correlation sum, it was also
retained in the MDS based on its significant role in the
climate change. Hence, for Canada, the indicators retained
as the key indicators in the MDS included temperature,
COze and LACP while for Mexico, the key indicators
retained were Temperature, CO2e and RF.

Both Argentina and Cuba showed only two PCs with eigen
values >1. Out of these in PC1, both the locations had same
highly weighted variables i.e. CO.e and CY while in PC2
both the locations showed RF as the highly weighted
variable with a cumulative variance of 71.6 and 65.2%
respectively. Significant correlation existed between COze
and CY of PC1 for Argentina (r = 0.81) and Cuba (r = 0.70)
due to which only the COze has been retained for the MDS.
Hence, for both Argentina and Cuba, the highly weighted
variables which were retained as key indicators in the MDS
were CO2e and RF.

Similarly, for France and Portugal, only two PCs were
qualified. Under PC1, in case of France, three variables i.e.
temperature, CO2e and CY were highly weighted variables
while for Portugal LACP is also qualified along with the
above three variables. But in PC2, both the locations showed
RF as the highly weighted variable in the data set. Among
the variables in PC1 of France, CO.e did not show any
significant correlations with other variables while
temperature was well correlated with the CY and CO.e.
Though, CY showed highest correlation sum, it has not been
retained in the data set due to its correlation with
temperature. Hence, temperature and COe were retained as
the variables for the MDS in PCL. In case of Portugal,
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among the variables of PC1, temperature did not show any
significant correlation with other variables while COze, CY
and LACP were well correlated between each other.
Between COze and CY variables, CO.¢ had the highest
correlation sum (r = 3.33) compared to CY (r = 3.26) and
has been retained. But compared to COze, LACP had
slightly higher correlation sum (r = 3.39) and is retained as
an indicator in the MDS. Hence, for the European countries,
the variables which are retained as key indicators in the
MDS include: Temperature, CO.e and RF for France; and
Temperature, CO2e, LACP, and RF for Portugal.

In the case of Iran and Israel, two PCs were qualified and
explained a cumulative variability of 83.4% and 82.3%
respectively. Under PC1, for Iran, temperature, COze and
CY were highly weighted and for Israel, temperature, COze
and LACP were found to be highly weighted variables. In
PC2, for both the locations, RF was the only variable which
was found to be highly weighted. In case of Iran, under PC1,
though all the variables were found to be highly correlated,
all the three variables were retained for the MDS
irrespective of their correlation sums considering the
importance of these indicators. In the case of Israel, among
the three variables, both COze with the highest correlation
sum (r =2.64) and temperature with correlation sum of r
=2.42 were retained in the MDS due to their primary role in
these areas. However, the LACP with the lowest correlation
sum was dropped out from the MDS. Hence, the variables
which are retained as the key indicators in the MDS for Iran
include: Temperature, CO.e, CY and RF; while for Israel:
temperature, CO2e and RF.

For both Liberia and Somalia, the PCA analysis showed two
qualified PCs explaining a less percent cumulative
variability of 58.8% and 62.7% respectively. In PC1, for
Liberia, CO-e and CY were found to be the highly weighted
variables while, for Somalia, temperature, and CO.e were
the highly weighted variables. In the case of PC2, for
Liberia, only temperature has been found to be the highly
weighted variable while for Somalia, both RF and LACP
were qualified as highly weighted variables. It was quite
interesting to note that none of the variables either in PC1 or
in PC2 for both the locations showed any significant
correlation and each were independent. Hence all these
variables were inevitably retained in the MDS as indicators.
Overall, the variables which are qualified and retained as the
key indicators in the MDS were:COe, CY and temperature
for Liberia; and temperature, CO.e, RF and LACP for
Somalia.
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Table.1: Tests of significance for the indicators used in the computation of climate change crop performance index

Temperature Rainfall CO; Cereal Yield Land area

(°C) (mm) emissions (kt) (kg ha®) (ha)
North America
Canada *x *x *x ok fal
Mexico ol NS ol ol w
South America
Argentina faled NS faled ** **
Cuba *x NS ol ol w
Europe
France ol NS ol *x NS
Portugal *x NS *x ok fal
Middle East
Iran *x NS *x ok fal
Israel ** NS ** *x *x
Africa
Liberia ** NS ** *x NS
Somalia *x NS *x ok NS
Asia
Mongolia ** NS ** * *
Nepal *x NS *x ok fal
Myanmar ** ** ** e e
Philippines ** NS ** ** **

Note: * = p<0.05 and ** = p<0.001

Among the Asian countries, Mongolia and Nepal showed
two qualified PCs with eigen values greater than 1 and
which explained a cumulative percent variability of 67.5 %
and 86.4 % respectively. However, in PC1, for Mongolia,
Temperature and COze were found to be highly weighted
variables while for Nepal, temperature, CO2e and CY were
found to be highly weighted variables. In the case of PC2,
CY and RF were found to be highly weighted variables for
Mongolia and Nepal respectively. However, the variables
qualified under PC1 for Mongolia were not significantly
correlated with each other and hence were retained in the
MDS. But in the case of Nepal, all the three variables were
found to be significantly correlated with each other and
hence the correlations sums were worked out. Among the
three variables of PC1 of Nepal, COze and CY showed
similar correlation sums of r=2.63 and r=2.62 respectively
while temperature had the lowest (r=2.47). Hence, CO.e
and CY were retained to be qualified as indicators in the
MDS. While in case of Myanmar and Philippines, only one
PC with eigen value >1 was qualified for both the locations
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explaining 88.9 % and 84.3 % cumulative variation
respectively. PC1 of Myanmar showed all the variables i.e.
temperature, RF, COze, CY and LACP to be highly
weighted while Philippines also showed similar variables
except RF. For both the locations, correlation analysis was
performed which showed significant correlations between
the variables. For Myanmar, temperature did not show
much significant correlation with any of the parameters
except CY while the rest of the indicators CO2e, CY and
LACP were found to be well correlated. Among these three
variables, COze had the highest correlation sum followed by
CY, LACP and RF. Hence, among these variables,
temperature has been retained due to its non-significant
correlation with other variables except CY. But COe was
retained due to its high correlation sum. But in the case of
Philippines, all the variables viz., temperature, CO»e and
CY were well correlated while LACP did not show any
significant correlation with any of the variables and had the
lowest correlation sum. Hence for Philippines, temperature
and CO.e were retained as indicators in the MDS.
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Table.2: Principal component analysis (PCA) — Factors, correlations sums, percent variance and variables selected for all the
countries under study

Components and variables qualified

Correlation sums

PC1 PC2
North America
Canada Temp, COze, CY LACP 2.08,2.32, 2.32
Mexico Temp, COz, CY RF 244,270, 2.70
Latin America
Argentina COze, CY RF 1.81,1.81
Cuba CO-¢, CY RF 1.70,1.70
Europe
France Temp, COze, CY RF 1.76,1.71, 2.01
Portugal Temp, COze, CY, LACP RF 2.72,3.33, 3.26, 3.39
Middle East
Iran Temp, COze, CY RF 2.40, 2.55, 2.57
Israel Temp, COze, LACP RF 2.42,2.64,2.16
Africa
Liberia COgz¢, CY Temp 1.39,1.39
Somalia Temp, COze RF, LACP 1.39,1.39
Asia
Mongolia Temp, COze CYy 1.26,1.26
Nepal Temp, COze, CY RF 2.47,2.63, 2.62
Myanmar Temp, RF, CO.¢, CY, LACP - 3.51,3.82,4.18, 4.07, 4.08
Philippines Temp, CO2e, CY, LACP - 2.97,3.27,3.31,2.81

Note: PC = Principal component; Temp = temperature; RF = rainfall; CO2e = CO, emissions; CY = Crop Yield;

LACP = Land area under cereal production

In this case, LACP was also required to be included but as it
was not found as a limiting factor in the study and hence, it
was not considered. However, based on various assumptions
and decisions, the variables chosen to be retained as key
indicators in the MDS were: temperature, CO2e and CY for
Mongolia; COze, CY and RF for Nepal; Temperature and
CO.e for Myanmar; and temperature and COgefor
Philippines.

3.2. Climate Change Crop Performance Indices (CCCPI)
After identifying the key indicators, linear scoring was
performed for all the selected variables in dataset.
Temperature which was identified as the key indicator for
most of the locations, was considered “more is better” for
countries like Canada, Cuba, France, Portugal, and
Mongolia while for rest of the countries, it was considered
“less is better”. Rainfall has been assigned “more is better”
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status for most of the locations where it has been qualified as
an indicator except for Nepal. COzewasconsidered “less is
better” indicator for all the locations due to its deleterious
role in climate change and its impact on agricultural sector.
The CY and LACP were considered as “more is better”
indicators for all the locations for which they were qualified.
Each observation of the indicators was assigned the linear
scores, multiplied by the weighted factors of the qualified
PCs (Table 4) and the values were summed up to arrive at
CCCPI values. These CCCPI values were computed for all
the locations for all the years and would help to assess the
relative performance of the cereal crops between the years as
influenced by the climate change.

The graphical representations of the CCCPI indices against
all the indicators (Fig 1 to 4) elucidates the relative trend in
response to the indicators and correlations were worked out
(Table 4) to make a comparative analysis.
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Table.3: Weighted factors obtained from the qualified principal components of the PCA

% variance

Cum. variance

PC1 PC2
North America
Canada 54.51 (0.73) 20.19 (0.27) 74.69
Mexico 57.15 (0.69) 25.41 (0.31) 82.56
South America
Argentina 45.40 (0.63) 26.20 (0.37) 71.60
Cuba 44.74 (0.69) 20.52 (0.31) 65.25
Europe
France 46.25 (0.69) 20.68 (0.31) 66.92
Portugal 64.07 (0.76) 20.22 (0.24) 84.29
Middle East
Iran 58.85 (0.71) 24.54 (0.29) 83.39
Israel 61.52 (0.75) 20.81 (0.25 82.33
Africa
Liberia 32.14 (0.55) 26.80 (0.46) 58.84
Somalia 36.59 (0.58) 26.09 (0.42) 62.68
Asia
Mongolia 36.07 (0.54) 31.38 (0.47) 67.45
Nepal 66.29 (0.77) 20.11 (0.23) 86.39
Myanmar 79.03 (0.89) 9.83(0.11) 88.86
Philippines 64.55 (0.77) 19.73 (0.23) 84.28

Note: Figures in parenthesis are the weighted factors for each PC from the PCA

For the North and Latin American countries, CCCPI indices
were slightly higher in the early years and thereafter tended
to decline slowly up to 1970s and remained steady with
some variabilities in between. Canada’s CCCPI curve,
declined slowly in the beginning and remained nearly
constant thereafter throughout the years with rise in the
climatic and socio-economic indicators. For Mexico and
Argentina, the CCCPI showed a decline with rise in all the
indicators expect the land area in case of Argentina. Cuba
showed a lot of variability in the crop performance as
influenced by climate change.

Of the European countries (Fig 2), the CCCPI indices for
France tended to slightly rise over the years irrespective of
the increase or decrease in the climate change variables. The
CCCPIs for Portugal showed a slight decline during the
years 1961 to 1975 and then remained steady until 2001 and
thereafter showed an increase. In the case of the Middle East
countries, Iran showed a slight decline in the CCCPI up to
1966 and thereafter remained constant. While for Israel, the
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CCCPI tended to decrease and was observed to decrease
gradually over the years. In case of African countries, the
CCCPI did not show any consistent rise or decline and
displayed inconsistencies between the years. However,
Liberia depicts an increase in the CCCPIs during the initial
years. For Asian countries, a varied performance in the
CCCPI has been observed across the study locations.
Mongolia showed a lot of variations while in case of Nepal,
Myanmar, and Philippines, the CCCPIs presented an initial
steep decline and thereafter a gradual decline except for
Nepal which showed a slight rise.

CCCPI showed a positive correlation with temperatures for
Canada, Portugal, France, Iran, and Liberia while the rest of
the countries showed a negative correlation. However, the
correlations were significant and positive for France and
significantly negative for Myanmar and Philippines. CCCPI
showed a non-significant negative correlation with rainfall
for Canada, Mexico, Liberia, and Philippines while the rest
of the countries exhibited a positive correlation, of which
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Table.4: Correlations between CCCPI Indices and the climatological and socio-economic indicators

Temperature Rainfall Cereal Yield CO; emissions Land area under cereal
(°C) (mm) (kg ha®) (kt) production

(ha)
Canada 0.12 -0.34 -0.52 -0.73 0.17
Argentina -0.29 0.08 -0.81 -0.91 0.32
Mexico -0.57 -0.02 -0.86 -0.90 -0.51
Cuba -0.32 0.22 -0.69 -0.92 -0.32
Portugal 0.31 0.38 0.38 -0.01 -0.03
France 0.84 0.13 0.91 -0.59 -0.44
Iran 0.11 0.15 0.20 0.00 -0.37
Israel -0.59 0.41 -0.63 -0.87 0.85
Liberia 0.21 -0.23 0.33 -0.51 -0.41
Somalia -0.40 1.00 -0.05 -0.11 0.21
Mongolia -0.20 0.18 0.14 -0.13 -0.14
Nepal -0.15 0.002 0.12 -0.17 -0.50
Myanmar -0.62 0.66 -0.87 -0.89 -0.76
Philippines -0.72 -0.15 -0.75 -0.81 -0.78

only Somalia and Myanmar were significant. CCCPI
exhibited a significant negative correlation with CO-e for all
the locations and the correlations were non-significant for
Portugal, Iran, Somalia, Mongolia, and Nepal. Increase in
the CO, emissions showed a decline in the CCCPI
performance. France is the only country which showed a
decrease in CO. emissions and hence the rise in CCCPIs
while Liberia, Somalia, and Mongolia, did not show any
conspicuous response irrespective of the huge variability.
CCCPI revealed a positive correlation with cereal yields for
Portugal, France, Iran, Liberia, Mongolia, Nepal. However,
the correlation was significant only for France. For the rest
of the locations, CCCPI had significant negative correlations
except for Somalia. In the case of land area, the CCCPls
showed a positive correlation for Canada, Argentina, Israel,
and Somalia of which Israel showed high positive
significance. For rest of the locations, CCCPl showed a
negative correlation of which Myanmar and Philippines
showed a high significance while Portugal showed the
lowest. However, it is beyond the scope of this study to
discuss and present the underlying reasons for all the trends
observed.

V. DISCUSSION
The key agri-climate change indicators which have been
identified for each country were most relevant to the
climatic pattern of each location. For most of the locations,
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temperature and COze were qualified to be the major
indicators in PC1 except for Argentina, Cuba, and Nepal.
Temperature affects the crop yields to a greater extent [27]
by playing a significant role at all stages of plant
development influencing the key physiological processes of
flowering and grain filling in cereal crops [25, 26].
Additionally, the significant alterations in global climate due
to rapid increases in CO; emissions is also an influential
climate factor [28, 29] causing declines, stagnations,
collapses and increased year to year variations in crop yields
[7, 30, 31]. Thus, both temperature and CO; emissions have
interconnected influence on agricultural production.
Doubling of CO;, might raise the temperature and absolute
humidity indirectly influencing the soil and plant
evaporation, soil and ground moisture storage, length of
growing season, heating degree days, and crop heat units.
High temperatures during growing season, might speed up
crop maturity, but temperature induced water stress might
contribute largely to yield decreases in crops such as barley,
wheat, oats, sunflower, and canola. Conversely, the
projected warm temperatures and the long growing seasons,
might be beneficial to crops such as corns, soybeans,
potatoes, beans, and sorghum and less affected by plant
water stress. Indirect effects of temperature changes would
be, the incidence of pests and pathogens and the dependence
of existing varieties more on irrigation for sustenance [32].
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Fig.1: Climate Change Crop Production Indices (CCCPIs) plotted against each indicator for North and Latin American countries for the period 1961-2013
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Fig.2: Climate Change Crop Production Indices (CCCPIs) plotted against each indicator for European and Middle East countries for the period 1961-2013
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Fig.3: Climate Change Crop Production Indices (CCCPIs) plotted against each indicator for African countries for the period 1961-2013
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Fig.4: Climate Change Crop Production Indices (CCCPIs) plotted against each indicator for Asian countries for the period 1961-2013
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Rainfall has emerged as one of the key indicators in PC2 for
most of the countries, except Canada, Liberia, Mongolia,
Myanmar, and Philippines. During the period of study,
almost all the countries, with a few exceptions like Nepal
and Portugal showed a decrease in rainfall over the
successive decades with some variations in between (Fig 1
to 4). The African and the Asian countries with higher
temperatures showed a decrease in rainfall, while the
American and European countries showed very slight
increase. Though rainfall might not be a limiting factor for
countries receiving abundant rainfall per annum, but the
change in its magnitude and timing is one of the most
significant consequences of climate change [33].Increased
rainfall events might reduce the pesticide efficacy requiring
heavier and more frequent applications thus leading to
increased costs and externalities [34]. For countries like
Somalia, lIsrael, Iran, which receive very less amount of
rainfall, it is an important indicator. In the case of Mongolia
and Canada, though they receive less amount of rainfall,
they also experience long and cold winter with precipitation
as snow. Hence, rainfall has not emerged as an indicator for
these countries. For high rainfall areas, rainfall distribution
remains to be prime determinant of mitigation effects of
adopting specific sustainable land management practices
[35, 36]. In general, due to the uncertainties in the rainfall,
shifts in seasonality, and the extent of rainfall, the concern
and adaptation strategies for potential climate change are
mostly focussed on agriculture sector [37].

Land area under cereal production (LACP) emerged as a key
indicator only for some of the locations such as Canada,
Portugal, Somalia, and Philippines and has been retained in
the MDS. Canada, Portugal, Somalia, and Israel showed a
strong decreasing trend in LACP over the decades. In
Canada, the agricultural landscapes are impacted differently
by temperature and precipitation by way of increase in
spring precipitation and runoff, and high intensity storms,
reduced sea ice cover, reduced summer rainfall, increasing
drought frequency, and increasing demands for water. These
factors challenge the water management causing decline in
land suitability for some of the small grain crops [38]. The
increase in droughts in Southern Prairies of Canada, thus
shifting the production areas northward, could be one of the
factors in reduction in land use [39]. In the case of Portugal,
there is a drastic reduction in the land area under cereal
production from 1961-2013 but the cereal yields showed an
increase with high variability. This reduction might be due
to the industries and service sectors increasing at a faster
pace than agriculture [40] during 60s and 80s, urbanization
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and agricultural land abandonment in coastal areas during
1990 to 2000 [41], and permanent grassland and meadows
gaining importance resulting in a decrease in the arable land
during the 2000s [42]. There was agricultural intensification
during this period thus improving the cereal yields [41].

Crop vield (CY) emerged as an indicator for most of the
locations but has been retained only for Iran, Liberia,
Mongolia, and Nepal. For Iran, the crop yields increased
gradually up to the years 2005 and thereafter started
declining which requires further insight. Liberia, and
Mongolia showed huge fluctuations in cereal yields. Nepal
showed increase in cereal yields over the years which might
be due to increase in the land area under cereal production. It
is necessary to understand the complex interactions of the
effects of insects, weeds, and diseases on agricultural
production thus necessitating the crop diversification as a
measure to fight the climate change effects [34]. Despite the
advancement in the crop production technologies including
intensive research and breeding techniques, the climate and
weather have a strong hold on the agricultural production in
many ways [43]. Environmental stresses such as droughts
and high temperatures will also become the key stress
factors having a major impact on crop yields [44].

A clear perception of the possible impacts of climate change
on crop production over time across the locations is needed
to facilitate more informed climate change mitigation and
adaptation strategies and policies [45] without which the
long-term mean crop yields are likely to decline [25].
However, it would be difficult to isolate the compounding
impacts of climate change, the technological advancements
and the socioeconomic conditions on crop production.
Hence, this indicator selection approach is an excellent
option to investigate the effects of individual output by
keeping all other factors constant [46]. These key indicators
identified for each country can be centred to frame the
adaptation and mitigation strategies.

The key indicators identified for Canada include
temperature, CO2e¢ and LACP and the CCCPIs had
significant negative correlation with the COze. The
temperatures of Canada are increasing gradually, COe are
already in rise while LACP is decreasing (Fig 1). These are
the indicators which need to be given a careful
consideration. Already a declining trend in CCCPI has been
observed and future changes in any of these indicators might
alter the CCCPI. Despite the predictable risks of extreme
temperatures and droughts, the cereal yields have been
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managed and improved over the years with the adoption of
processes like minimum tillage [38], conservation tillage,
reduction in summer fallow, adoption of precision
agriculture, enhanced crop rotation, improved -cultivars,
increased nitrogen use efficiency and improvements in
technology. These processes also facilitated the increased
removal of CO,from the atmosphere and sequestration in the
soil [47, 48, 49]. Although, there is expected possibility of
increase in yields with increase in temperatures for some
crops, the negative consequences from the introduction of
new diseases and pests can negate the yield increases [50,
51]. Studies predict increased length of growing season, less
cool periods, more hot periods, increase in crop heat units
and growing degree days by 2040-2069 due to temperature
rises; lower water stress for crops due to increased water use
efficiency of crops under elevated CO; and increased crop
yields [51]. However, predictions also exist for decreased
snow accumulation, reducing spring runoff and increasing
desertification thus calling for improved land and water
management strategies [34].

The key agri-climatic indicators identified for Mexico were
Temperature, COze and RF and the CCCPI showed a
negative correlation with all these indicators (Table 4 and
Fig 1). The factors like low and intense rainfall, high CO-
emissions and risk of frequent droughts and floods,
hurricanes, climate change variability, long and hotter
periods, and land use transformations constrain the food
production in Mexico. But it can be observed that there is an
increase in crop yields over the decades which might be due
to the adaptation measures undertaken like formulating
irrigation development policies, increased use of chemical
inputs, land development and transformation, infrastructural
and technological development, etc., to fight against the
climatic change and the crop production risks [52, 53].

The key indicators qualified for Argentina and Cuba include
CO2e and RF. The CCCPI exhibited a positive correlation
with rainfall and negative with CO, emissions (Table 4 and
Fig 1). In Argentina, weather remains to be one of the most
uncontrollable factors affecting agriculture mainly due to its
inter-annual variability [46]. There was an increase in the
temperature during the last decade and a slight decrease in
the total annual rainfall and continuous increase in CO;
emissions over the years of study period. Over the years,
land area varied and increased crop yields during 1970s [54]
while in the later years, it showed a decrease due to urban
expansion [55]. Despite these variabilities, significant
increases in productivity have been observed due to the
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agricultural transformation during the past 50 to 70 years
owing to the adoption of no-till farming practices along with
improved technologies, judicious fertilizer use, and less
aggressive pesticides and use of improved varieties and
hybrids [56, 57]. Though the cereal yields are increasing
over the years, the declining trend in CCCPI from the
present study, and the future predictions of increasing
temperatures and decreasing crop Yyields calls for an
attention to frame or strengthen the crop production
strategies.

Similar to Argentina, Cuba also had RF and CO.e as the key
indicators which showed a positive and negative correlation
respectively with CCCPI. Cuba is highly vulnerable in terms
of water resources availability and water distribution. As the
country lacks fresh water from rivers, and rainwater being
the only available source for irrigation, makes RF as an
important indicator. Cuban soils also exhibit poor soil
structural and fertility properties. Added threats to
agriculture from climate change in Cuba include seawater
intrusions, rising median temperatures, shorter rainy
seasons, suffocating summer temperatures, heavy rains,
extended periods of drought and modifications in pest
behaviour. Intense hurricane of 2008 resulted in decline in
agricultural production [58]. Cuba has implemented
sustainable organic farming as against the industrial farming
like in Canada to mitigate the environmental impact on
climate [59]. The use of most competent meteorological and
extreme weather warning and response system, and the
renewable energy sources has become a part of adaptation
and mitigation programs [60].

For Portugal, the key indicators qualified were: temperature,
CO2e and LACP. The correlation effects of these indicators
with CCCPIs were positive for temperature and negative for
CO2e and LACP but not significant. Agriculture mostly
relies on wheat, corn, and rice. The overall agricultural
performance in Portugal was unfavourable due to various
factors. These include low level of agricultural investment,
very low usage of machinery and fertilizer quantities, small
and fragmented farms in the north not more than 5 ha
maximum (mostly <1ha), incapability of modernizing the
farms, poor productivity associated with low education
levels of the farmers and finally, inadequate distribution
channels and economic infrastructure [61]. In terms of
climate change, Portugal has adapted conservation
agriculture which reduced CO, emissions by decreasing
number of farm machinery and by increasing soil carbon
sequestration during the later years [62].
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For France, temperature, and CO»e were qualified as the key
indicators and showed significant positive and negative
correlation with CCCPIs respectively. However, the CCCPI
indices for France has tended to slightly increase over the
years irrespective of the increase or decrease in the climate
change variables. The average temperature of France
showed an increase of 0.5°C per decade which might
increase the warmer summers rather than cooler summers.
The CO; emissions here, especially the industrial sources are
substantial and are the most worrisome due to their long
residency in the atmosphere as well as the societal reliance
on energy and industrial processes emitting them. Hence,
France has adapted the mitigation technology of deploying
the CO, emissions only from the industrial sources by way
of CO; capturing, transportation, and storage within the
country, to address the CO, emissions across the sectors
[63]. Mitigation measures are being taken to bring the CO-
emission levels down. Negative responses were observed in
wheat and barley vyields due to spring and summer
temperatures in France [64]. In terms of crop performance,
France shows a positive trend and might continue if the
temperatures do not increase further. With the prevailing
temperatures, France was not exempted to experience the
severe heat waves during 2003 and 2006 as well as severe
flooding in 2010. Hence, there is every possibility that,
increase in temperatures might cause an increase in the
water stress for which adaptive measures need to be taken
[65].

For the Middle East countries, i.e. Iran and lIsrael, the key
indicators qualified for both the countries were temperature,
CO2e and RF and showed non-significant correlations with
CCCPI. For lIran, the temperature changed by 0.2°C per
decade while rainfall showed less variations. The CO;
emissions showed a continuous increase over the study
period. The land area under cereal production and the crop
yields were also increasing with a drop only during the last
decade. The CCCPI also showed a slight decline up to the
years 1966 and thereafter remained steady throughout the
years. Under these prevailing circumstances, Iran is just
planning to take some proactive steps to reduce its carbon
foot prints [66]. However, it needs to develop adaptive and
mitigation measures to reduce the water crisis and CO;
emissions apart from other direct and indirect climate
change effects before the situation gets to any worse.
Switching to low water requirement and temperature tolerant
varieties might be a good adaptation measure, but lack of
technology and knowledge of the process and consumption
are important factors to be considered [67].
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For lsrael, the key indicators qualified were temperature,
CO2e and RF. Despite being small, its climate shows
remarkable variability and changes over minor distances
[68]. During the study period, the temperatures showed a
slight increase after 2000 and the rainfall remained to be
similar with a very slight decrease during 2000-2010 due to
the severe drought [69]. The CO, emission levels showed an
increase of approximately 1.5 times per decade since 1961.
It was quite interesting to note that the cereal yields
increased over the decades while the land area under cereal
production showed a continuous decrease. CCCPIs tended to
decrease gradually over the years and showed a significant
negative correlation with temperature and CO.e and a
significant positive correlation with RF. Specially in
drylands, agricultural production mainly depends upon the
temperature and rainfall and the crop performance becomes
vulnerable with the vulnerability in these indicators mainly
when associated with the accumulation of greenhouse gases
like CO; [2]. Israelis agriculture depends more on water,
and to cope up with the temperature and rainfall anomalies,
the government already issues incentives to farmers to use
the water efficiently. Another interesting aspect of Israel is
to have a unique system of investing its capital to substitute
water for land by adopting drip irrigation and cover
technologies thus shaping their agriculture to take advantage
of the heat rather than becoming a victim [70]. Hence, it can
be observed in the present study, that according to the
prevailing climate, the CCCPI is decreasing but, despite the
decrease in land area under cereals, the crops yields tended
to increase because of the adaptive measures taken.
However, the observed changes from the study suggest that
Israel’s climate is entering a new period of uncertainty
where it is likely to influence the water resources and
agriculture [69].

The key indicators qualified for Liberia were CO2e, CY, and
temperature. Rainfall did not emerge as an indicator because
Liberia is blessed with abundant rainfall [71]. Liberia
showed a variability in temperatures and the CO, emissions
were low showing a great variability especially up to 1980
and increased during the last decade. The cereal yields
showed a drastic increase over the decade 1961-70 and
continued to maintain the same yields [72]. Irrespective of
the wide variability in the indicators, the CCCPIs showed a
non-significant positive correlation with temperature and
negative correlation with COe and CY and was not affected
much by the variability of the indicator patterns over the
years. Agricultural production in Liberia is based on rainfed
farming with rice as the staple crop. Heavy reliance on
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rainfall exposes these farmers to vagaries of weather and
rice would be negatively affected by the higher temperatures
even though the precipitation is adequate [72]. Liberia,
however, is vulnerable to climate variability thus presenting
challenges to socio-economic development of the country.
The civil war of 1989-2003 has played a detrimental effect
in making the country low in its adaptive capacity to respond
to climate change. Agriculture itself supports 75 per cent of
its population and contributes to approximately 76.9 per cent
of GDP as of 2016. Given the dependency on agriculture
and lower adaptive capacity, it might become sensitive to
future rainfall shocks with extreme rainfall to become more
common and the future is likely to experience more social
conflicts due to climate change. Hence, the country should
focus on improvements on water storage capacity and
irrigation systems, improved crop varieties, measures to
prevent flood damage and transparency in the government
functions [73].

For Somalia, the variables qualified as indicators include
temperature, COze, RF and LACP. The climate is
predominantly desert with a year-round hot climate, with a
high average annual temperature of 26.9°C and less total
annual rainfall of 270.1 mm. Temperature and rainfall
showed slight increases over the decades with high
variability (Fig 3). The CO; emissions are very meagre and
are similar over the decades from 1961. The cereal yields
showed an increase over the decades and the land area under
cereals increased up to 1980 and thereafter decreased.
However, during 1991-92, the country experienced severe
famine, thus decreasing the crop yields. The CCCPIs did not
show any decline or rise throughout the years but remained
at the same level with variability between the vyears.
However, CCCPIs showed a significant positive correlation
with RF and non-significant correlation with CO.e and
LCAP. Somalia has typically low and highly variable
rainfall throughout the country with an annual rainfall
ranging from 158 mm to 423 mm. The major cereal crops
cultivated include sorghum and maize which are grown both
under irrigated and rainfed conditions. At present, this
country is worst hit by the drought, thus worsening the food
security, escalating food prices, and increased malnutrition.
Though early warnings for the 2011 droughts were issued,
immediate action plans and risk management initiatives
were not triggered due to major constraints of funding,
access, and responsible mechanisms [74, 75, 76]. Water
scarcity is a major problem as it is receiving less amounts of
rainfall since the 1990s. Rehabilitation of malfunctioning
boreholes, water trucking to exhausted areas would be a
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great asset [77]. Somalian agriculture contributes to 60.2 per
cent towards GDP and remains to be an important economic
sector. Though Somalia is a food deficit country, potential
exists for the country to reduce its dependence on food
imports and where irrigation is possible along the rivers of
Shabelle and Juba [78]. It cannot rely upon the present
agricultural production for its future food demands. Despite
the 1.6 per cent land put to agricultural use, more amount of
land can be brought under cultivation. Impudent strategies
need to be evolved to engage in modern, intensive, and
sustainable agriculture. Once grain sufficient in 1970s and
80s, can again be made grain sufficient with good farming
system instead of remaining as food imports dependent [79].
The coping strategies available in other regions to cope with
shocks and to mitigate long term stresses might be
unavailable or inappropriate [80].

The indicators retained for Mongolia include temperature,
CO2e and CY. It is a land-locked developing country in the
northern latitudes and is a place for the occurrence of highest
global warming [81]. Due to its high altitude, it is generally
colder than other countries at same latitude. It also has a
harsh continental climate, with high annual and diurnal
temperature fluctuations, and low rainfall. During the study
period, from the year 1961, there is an increase in
temperature each decade while during the last decade a
decrease was observed. The CO, emissions increased each
successive decade and was more pronounced during the last
decade especially. The cereal yields also increased every
successive decade and showed drastic changes recording
high yields during 1981-90 and 2011-15. However, the land
area under cereal production fluctuated with alternate
increase and decrease. The CCCPIs also showed a great
variability throughout the years and showed non-significant
correlations with temperature, COe and CY. Heavy rains,
snowfall, strong winds, sandstorms, snowstorms hail and
flooding are the major natural disasters affecting the socio-
economic situations of the country. It is necessary to
understand the complex interactions of the effects of insects,
weeds, and diseases on agricultural production. Crop
diversification is an essential measure to fight the climate
change effects for a country like Mongolia [34].

For Nepal, the key indicators to determine the CCCPI
include COze, CY, and RF. During the study period, the CO,
emissions drastically increased from the decade 1991-2000,
while the cereal yields and rainfall did not show much
variation between the decades except during the last decade,
where it showed a sudden increase. The CCCPIs showed a
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decline during 1961-70 and remained at the same level for
the rest of the period and then slightly increased at the end.
CCCPIs showed a no significant positive correlation with
rainfall and cereal yield and negative correlation with CO.e.
Precipitation is a major factor affecting the crop yields and
the present study also reveals a decrease in rainfall. In 2006,
the west Nepal experienced flash floods while the Eastern
Nepal experienced extreme drought thus leading to a
decrease in crop yields. Late or erratic monsoons might
result in crop damages and subsequent food insecurity. A
decline in agricultural productivity by 17.3% has been
predicted if no adaptation or carbon fertilization strategies
are to be implemented with the current technological growth
[82]. Nepal, one of the least developed countries, categorises
the climatic impacts to be severe due to its static adaptation
capacity and high wvulnerability. Hence, initiation of
government supported large-scale planned strategies like
controlling excess water flows arising from flash floods, and
seasonal landslides are very important to protect the crops
[82].

For Myanmar temperature and COe were retained as the
key indicators to determine the CCCPIs. Both these
indicators showed a significant negative correlation with the
CCCPIs. During the study period, temperature showed a
variation of 0.1°C per decade while the CO; emissions
showed a continuous and drastic increase from 1961 to
2015. Rainfall showed a greater variation and was observed
to decrease. By 2100, there was a temperature prediction of
0.5°C to 5.5°C rise. Being a least developed nation,
Myanmar is highly vulnerable to negative effect of changing
climate. With its extensive coastline, it is inherently prone to
extreme weather events like flooding, cyclones, tsunamis,
droughts, heavy monsoon rains, and storm surges. The
changing climate might increase the frequency of these
extreme weather events posing new threats. Sea level rises
might decrease the coastal rice producing shore level [83,
84]. Development of climate resilient cultivars by exploiting
the genetic variability and yield potentials would be essential
to sustain the crop productivity [85].

For Philippines, the key indicators retained to determine the
CCCPI include temperature, CO2e, and LACP.
Temperatures and CO.e showed a significant negative
correlation with CCCPIs while LACP showed a significant
positive correlation. Considering the temperatures, during
the study period, Philippines had an average annual
temperature of 25.5°C with an increase of 0.1°C over the
years. The CO, emissions increased drastically over the past

www.ijeab.com

few decades and the land area also increased over the
decades. According to a study, climate change is expected to
impact agriculture by PHP145 billion dollars through 2050
[86]. Our study revealed a declining trend in the CCCPlIs up
to 1967 and thereafter remained steady for few years and
then ultimately decreased slightly over the years, but the
cereal yields showed an increasing trend which could be
attributed to increase in land area. Philippines is usually
highly vulnerable to adverse impacts of climate change
especially the floods, droughts, heat waves, and typhoons
which alter the agricultural output and productivity.
Consequently, it has already experienced crop losses.
Adaptation strategies like improved stress tolerant varieties
and farm management techniques might have contributed to
the improved yields added to the increase in land area [87].
In the recent past, measures like improving disaster risk
management and reduced dependence on agriculture have
been taken up to reduce its extreme vulnerability to climate
change.

V. CONCLUSION

The climate change crop performance index calculated from
this study gives an idea of the performance of the crops
under varied climatic conditions over the years and
comparison can be made to assess the impacts of range of
climate variability. Just for the limitation of data availability,
there would have been a broader scope of choosing
additional indicators of agricultural related climatic and
socio-economic variables, which are more relevant to the
study location. Amidst the body of extensive literature of
earths warming, crop production remains to be inherently
sensitive to climate change and variability. Various
adaptation and mitigation measures have already been
adopted by some countries while some of the countries like
Somalia are still at the initial stages of development of these
measures.

In general, the study reveals a gradual increase in the
temperatures, constant rise in CO, emissions (except for
France), gradual or no change in rainfall, and rise or decline
in land area under cereal crops. In most of these cases, the
CCCPIs showed only a declining or no change trend. The
negative correlations of the CCCPIs with most of the key
indicators suggest every possibility of altering the cereal
crop performance even with slight changes in any of the
indicator. Contrary to the existing climatic situations, if
future IPCC predictions of temperature increases, and
rainfall reductions tend to set in, might result in direct or
indirect influence on other indicators causing detrimental
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effects on cereal production. This demands a constant vigil
and monitoring especially on the key indicators apart from
other indicators. Suitable adaptation and mitigation
strategies centered around these key indicators are very
much essential for these countries. If appropriate adaptation
and mitigation strategies have already been taken, a general
appraisal of these strategies and policies should be made for
developing new strategies. Despite the vast adaptation and
mitigation practices, there still exist room for further
adoption of climate proof and climate friendly practices.

The index could not be standardized as this is the first study
of its kind. Detailed year-wise comparison in evaluating or
assessing the crop performance for each location could not
be taken up as it is beyond the scope of the paper. These
indices can be further strengthened, and some critical points
can be identified based on which the crop performance can
be monitored regularly. The methods used to monitor these
indicators should be fully defined to make easy
comparisons. Thus, the findings of the present study might
be found useful for the future researchers, land mangers,
policy makers or any other stakeholder engaged in
developing measures to sustain the cereal yields thus
contributing to country’s economy and its food security.
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Abstract— A sample of 93 stakeholderswassurveyed and
monitored to analyze the socio-economic and
organizational aspects of the marketing of crop residues
used in animal feed in the city of Niamey. It emerges from
this study that almost all the actors are male. More than
45% of actors are between 40 and 60 years old. The
Hausa ethnic group is the majority of wholesalers / semi-
wholesalers (54.5%). Those of the Zarma ethnic group
are more numerous at the level of sellers / resellers
(92.7%),while those of the Fulani ethnic group represent
the majority of street vendors (57.9%). Inheritance and
profitability were the main reasons that led to the activity
of wholesalers/ semi-wholesalers (30.3% and 24.2%) and
street vendors (26.3% and 31%). 6%). Among sellers /
resellers, itis rathersurvival (24.4%), passion (22%) and
constraint (22%). Most wholesalers / semi-wholesalers
(60.6%) and sellers / resellers (68.3%) are supplied and
delivered locally at their own point of sale. cash
settlement is the most common (79% for wholesalers /
semi-wholesalers, 61% for sellers / resellers and 74% for
street vendors). The daily gross margin of a wholesaler /
semi-wholesaler of crop residues is 14753.03 =+
25724 24FCFA. It is higher than that of street vendors
(6946.05+2204.23FCFA), whichis also higher than that
of sellers/resellers (5855.54 + 5065.49FCFA). In short,
the marketing of crop residuesis a very profitable activity
for the actors, especially in the cold dry season. However,
the recurrent displacements of actors for lack of fixed
places and the harassment of the collection agents from
the municipalities represent a brake on the development
of this activity. It is therefore imperative to regulate their
implementation  while facilitating  administrative
procedures leading to the granting of authorization for
installation.

Keywords— Cultivated residues, breeding, sale, Niamey,
Niger.

l. INTRODUCTION
Livestock farming in tropical countries occupies a very
important place in household activities (Zoffoun et al.,
2013). It is a source of considerable income for the

www.ijeab.com

population and plays an important socio-cultural role
(Steinfeld et al., 2010). In Niger, drought cycles have led
in recent years, the descent of farmers in agricultural areas
and their establishment almost permanently. This has
resulted in a change in dietary practices, including the
switch from extensive livestock farming using large areas
to a semi-intensive or intensive system in urban centers
(Faye and Alary, 2001). In addition, the low forage
productivity despite the large area of primary pasture
production (620 000 kn?), makes animal feed one of the
main constraints of livestock farming in Niger (Chaibou
et al, 2012; Rhissa, 2010; Maidadji, 2003). In order to
alleviate this dietary constraint of booming urban and
peri-urban farms, fodder food markets have developed
(Sanou et al., 2011), in which speculation has taken place
with several types of actors around crop residues. Thus,
the marketing of crop residues is a profitable economic
activity that is essential for the prosperity of urban and
peri-urban livestock farming in Niamey. The objective of
this study is to analyze the socio-economic and
organizational aspects of the marketing of crop residues in
the city of Niamey.

1. MATERIALS AND METHODS
2.1. Study areas

The study was conducted in the urban area corresponding
to the large metropolitan area of Niamey which is
subdivided into five communes (Niger, 2016). It is
located in the western part of the country, between 2 ° 10
‘and 2 ° 14' east longitude and 13 ° 33 'and 13 ° 36' north
latitude (Beidari 1999, Niger 2015a). It covers an area of
about 55227 ha with a tropical climate of the Sudano-
Sahelian type characterized by an average temperature of
30.25 ° C; a high of 42.1 ° C in April and a low of 17.8 °
C in December. The average rainfall is 563.3 mm / year
(Niger, 2015a). The vegetation is generally shrubby,
sparse with  seasonal-season herbaceous plants.
Agriculture is practiced in a traditional way and occupies
a good part of the population. Livestock occupies a
prominent place in the activity of the population, and the
herd is 105,212 TLU in 2015 (Niger, 2015b).

Page | 301


http://dx.doi.org/10.22161/ijeab/4.2.6
http://www.ijeab.com/
mailto:malawa80@gmail.com

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/4.2.6

Vol-4, Issue-2, Mar-Apr- 2019
ISSN: 2456-1878

2.2. Data collection
It was identified in the first months by an identification of
the actors involved in the marketing of crop residues.
These actors are generally settled around livestock
markets and on the main boulevards of the city of
Niamey.
Thus, 296 actors identified during the period from
November to December 2016 served as sampling frame.
Then, 1/4 of the 296 identified actors, or 93 actors were
randomly drawn. Among these 93 actors, there are 33
wholesalers / semi-wholesalers and 41 sellers / resellers.
To these 93 actors drawn at random, 19 street vendors
met during the same phase of identification were added.
This gave a sample of 122 actors. The latter were selected
for seasonal monitoring to see the effect on the activity.
These include the hot dry season (March-June, 2017), the
rainy season (July-October, 2017) and the cold dry season
(November 2017-February2018). The information sought
focused on the socio-economic characteristics of the
actors, the different types of crop residues sold, the types
of packaging, the price and weight of the local unit, and
the stock available.

2.3. Statistical analysis
The collected data were coded and entered into a model
built on the SPSS version 19 software. A descriptive
statistic (Khi2 test, Fisher's exact test at the 5% threshold)

and an ANOVA (multivariate analysis, followed by the
Levene error variances test) through the general linear
model were performed between the variables. The
averages were compared according to Duncan's test at the
5% threshold. Some data has been exported to the Excel
spreadsheet for the production of tables and figures.

1. RESULTS
3.1. Socio-economic characteristics of actors

The majority of the actors surveyed (more than 45%) are
relatively old (age between 40 and 60 years old). This
study also shows a very low proportion of female actors
(6.1% wholesalers / wholesalers and 2.4% sellers /
resellers), and a large proportion of single actors (52.6%).
at street vendors. We notice more actors of Hausa ethnic
group at the level of wholesalers / semi-wholesalers;
actors of ethnic Zarma at the level of sellers / resellers and
actors of Fulani ethnicity at the level of street vendors.
Also, the actors do not have much experience (less than 5
years) in the activity of selling fodder (51.5% wholesalers
/ wholesalers, 34.1% sellers /resellers and 63.2% street
vendors) and their majority activity is the sale of livestock
feed (60.6%) for wholesalers / semi-wholesalers;
agriculture (53.7%) for sellers / resellers and the sale of
fodder (68.4%) for street vendors (Table 1).

Table.1: Socio-economic characteristics of the respondents

Variable Modality Wholesaler / semi wholesaler Seller/ reseller Street vendor b value
N % N % N %
> 20 <40 years 13 394 4 9.8 6 31.6
Age > 40 <60 years 15 455 9 63.4 50 474 .
> 60 years 5 15.2 11 26.8 4 21.1
Total 33 100 41 100 19 100
Male 31 93.9 40 97.6 19 100
Sex Female 2 6.1 1 24 0 0 Ns
Total 33 100 41 100 19 100
Married 31 93.9 39 95.1 10 52.6
Marital status Single 2 6.1 1 24 9 474 o
Widower/widow 0 0 1 24 0 0
Total 33 100 43 100 19 100
Haussa 18 54.5 3 7.3 0 0
Ethnic group Zarmaf 11 333 38 92.7 8 421
Fulani 2 6.1 0 0 11 57.9 falall
Kanuri 2 6.1 0 0 0 0
Total 33 100 41 100 19 100
Agriculture 12 36.4 22 53.7 6 31.6
. Fodder sale 0 0 5 122 13 68.4
Core business .1 of livestock feed 20 60.6 12 293 0 0 ok
Sale wood + Secko 1 3 2 4.9 0 0
Total 33 100 41 100 19 100
Number ofyear <5 years 17 515 14 34.1 12 63.2
of exercise > 5 <10 years 6 18.2 9 22 6 31.6 Ns
> 10 <15 years 1 3 3 7.3 1 53
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> 15 <20 years 4
> 20 years 5
Total 33

12.1 5 12.2 0 0
15.2 10 244 0 0
100 41 100 19 100

Ns = notsignificant; * = p<0.05; *** =p<0.001; N =effective; % = Percent

3.2. Reasons  for  the  practice of the
commercialization of crop residues

The main reasons that led to the marketing practice of

wholesalers (30.3% and 24.2%) and street vendors (
26.3% and 31.6%). As for sellers / resellers, it is rather
survival (24.4%), passion (22%) and constraint (22%)

crop residues are among other reasons, inheritance and (Figurel).
profitability respectively for wholesalers / semi-
= Wholesaler / Semi Wholesaler
u Seller / Reseller
%1303 316 1 Street vendor
30 - 26.3
24.2 24.4
25 - 22 22
S 18. 18.2
g 20 - 8 .8
3
E 15 T ) ‘5
10 - 6. 3
5 3
0
Inheritance Passion Constraint Income Survival Income
genere genere and
Reason survival

Fig. 1: Reasons for the practice of marketing crop residues

3.3. Trade Organization

3.3.1. Type of crop residues sold
The different types of crop residues encountered in the
marketing system as livestock feed are cowpea haulm,
groundnut haulm and rice straw. These last are object of
specific sale, or of combined sale at the level of the
various actors. Figure 2 shows that all street vendors

surveyed sell cowpea haulm and 36.84% of them sell
extra rice straw. Wholesalers / semi-wholesalers mainly
combine cowpea and groundnuts haulm (57.6%). The
largest proportion of sellers / resellers sells specifically
cowpea haulm (43.9%), followed by the sale of cowpea
haulm to groundnut haulm (31.7%).

100

100
90
80

70 57.6

60
50 43.

Percentage

30 18.2
20 12.

10 0 0

® Wholesaler / Semi Wholesaler
u Seller / Reseller
W Street vendor

36.84

CH GH

CHet GH

Type of crop residues

RS CHetRS HetRS

Fig. 2: The different types of crop residues sold

3.3.2. Supply and delivery

All street vendors obtain supplies from the producers.
Most wholesalers / semi-wholesalers (60.6%) and sellers /

www.ijeab.com

resellers (68.3%) are supplied and delivered locally at
their own point of sale (Figure 3).
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Fig. 3: Supply and delivery
3.3.3. Quantity of crop residues per supply (41.4%) and more than 200 boots of rice straw (66.66%).
Street vendors stock up on boot of cowpea and rice straw. The vast majority of sellers / resellers are delivered
The quantities per supply are mainly between 50 and 100 relatively small quantities. A proportion of 57.1% is
boots of cowpea haulm (78.9%) and 100 and 200 boots of delivered 10 to 25 boots of groundnut haulms; 41.5% are
rice straw (100%). Wholesalers / semi-wholesalers supply fed a quantity of cowpea grass less than 25 boots and
mainly groundnut and rice straw. The quantity per supply 49.68% are supplied with a quantity of rice straw of
is generally greater than 100 boots of groundnut haulm between 100 and 200 boots (Figure 4).
100 ® Wholesaler / Semi Wholesaler
100 m Seller / Reseller
= Street vendor
0
80
g
)
[«%
50 414 41544
40
30
20
10
0
<10|>10 |>25 |>50 |>100|<25|>25 |>50 > 100 (>200 (<25 |>25|>50
Qtty bag GH Qtty bunches CH Qtté bunches RS
Quantity ofcrop residues
Fig. 4: Quantity of crop residues per supply
3.3.4. Payment method of supply formula is the most widely practiced (79% for
Overall, there are two modes of supply settlement: cash wholesalers / semi-wholesalers, 61% for sellers / resellers
payment or cash and credit combination. This latter and 74% for street vendors) (Figure 5).
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Fig.5: Supply payments mode

3.3.5. Storage

The most common method is to store crop residues on bricks and / or tires and cover them with plastic (72.7% wholesalers /

semi-wholesalers and 87.5% resellers) (Figure 6).

= Wholesaler / Semi Wholesaler
u Seller / Reseller

6.1 E /

On tiresand bricks ~ On tires and or bricks

100 1 87.5
72.7
80 4
[5]
g 60 -
c
s
e 0 21.2
20
0 .
On tires and or bricks
covered with plastic

covered with secko

Storage technique

covered with plastic
and secko

Fig. 6: Storage

Labor is used only by wholesalers / semi-wholesalers and
sellers / resellers. Thus, 72.7% of wholesalers / semi-
wholesalers and 46.3% of sellers / resellers claim to use
labor. It is mainly family-based (91.7% for wholesalers /
semi-wholesalers and 100% for sellers / resellers). In
most cases this labor is used during all the periods of the
year. The majority of wholesalers / semi-wholesalers
(87.9%) and sellers / resellers (68.3%) pay a tax for the
exercise of the crop residue marketing activity. It is

mainly the installation tax for the town hall or the
synthetic patent. It should be noted that street vendors are
exempt from these (Table 3).
3.3.6. Daily recipe

Daily revenues are higher at wholesalers / semi-
wholesalers, mainly in the cold dry season (59803.03 +
60381.979FCFA). They are generally lower among sellers
/ resellers, especially during the rainy season (Table 4).

Table.2: Use of labor

Wholesaler / semi Seller/ Street vendor
Variable Modality wholesaler reseller P value
N % N % N %
Use of labor Yes 24 2.7 19 46.3 - -
No 9 273 22 537 19 100 wkk
Total 33 100 41 100 19 100
Cold dry season 1 4.2 - - - -
Period of useofthe Hot dry season - - 1 53 - -
labor All the dry season 9 375 6 316 - - Ns
Ser:sz:d rainy 14 583 12 632 - -
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Total 24 100 19 100 - -
domestic 22 917 19 100 - -
Type of labor used  wage 2 8.3 - - - - Ns
Total 24 100 19 100 - -
Ns = not significant; *** = p<0.001; N = effective; % = Percent
Table.3: Tax Payment
Wholesaler / semi
Variable Modality wholesaler Seller/ reseller Street vendor P value
N % N % N %
Tax payment Yes 29 87.9 28 68.3 0 0
No 4 12.1 13 3.7 19 100 Fxx
Total 33 100 41 100 10 100
Town hall 14 48.3 20 714 0 0
patent 1 3.4 2 7.1 0 0
Type oftax Mayor and patent 14 48.3 214 0 0 Ns
Total 29 100 28 100 0 0
Ns = notsignificant; *** = p<0.001; N = effective; % = Percent
Table 4: Daily recipe according to the seasons
Daily recipe
Actor category Rainy Season Cold Dry Season Hot Dry Season P value
N Mean N Mean N Mean
Wholesaler / Semi 28 36767.86+35341.06 33 59803.03+60381.98 32 53421.88+64048.1
wholesaler 6
21 13433.33+16510.1 41 15136.59+19767.21 26  19119.23+23664.3
Seller / Reseller 5 o
Street vendor 9 28888.89+9279.61 19  21171.05+9410.42 13 21173.08+9323.68
Total 58  27096.55+28540.99 93 32218.82443399.99 71 24955.63148123. 7

*E* = p<0.001; N = effective

3.4. Determinants of margins by type of actors
The expenses related to the marketing of crop residues are
mainly the costs related to refueling, packaging and
storage; to labor and to the payment of tax. According to
this study, in Niamey, the daily gross margin of a

wholesaler / semi-wholesaler of crop residues is 14753.03
+ 25724.24FCFA. It is higher than that of street vendors
(6946.05 + 2204.23FCFA), which is also higher than that
of resale sellers (5855.54 + 5065.49FCFA) (Table 5).

Table 5: Daily gross margin by types of actors

Categories of actors

Topics Wholesaler / semi wholesaler Seller/ reseller Street vendor
Mean Mean Mean

Loads (FCFA)

Feeding in fodder 34802.31+29391.62 9175.96+14633.72 15332.08+7112.04

Conditioning and storage 571.97+286.27 676.83+328.05 587.72+358.94

Labor 357.14+303.05 - -

Tax 187.59+47.37 198.49+173.6 -

Total expenses 35919.01+30028.3 10051.28+15135.37 15919.8+7470.98

Products (FCFA)
Daily recipe
Gross margin

50672.04+55752.55
14753.03+25724.24

15906.82+20200.86
5855.54+5065.49

22865.85+9675.21
6946.05+2204.23
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AVA DISCUSSION
4.1. Socio-economic characteristics of the actors
The marketing of crop residues is more an activity of
male actors, whose age is between 40 and 60 years
(Oumarou, 2016). This is apparent from this study, or
only about 40% of wholesalers / semi-wholesalers are
under 40 years of age. Compared with sellers / resellers
(with almost 10%) and street vendors (with nearly 30%)
of young people under 40, this proportion represents the
category of actors with the youngest people. The sellers /
resellers were former street vendors of bush hay. They are
of Zarma ethnicity and after getting older, settle down in
strategic fixed places in search of potential customers
(Lawal, 2014). The street vendors, for their part, are rural,
single, of Fulani ethnicity for the most part. This is
justified on the one hand, by the fact that the surrounding
villages of the city of Niamey are mainly made up of
Fulani, on the other hand, by the precariousness which
reigns in the rural world making the conditions of life
difficult in these environments. In wholesalers / semi-
wholesalers, it is rather actors of Hausa ethnic group, with
a relatively young fringe. This situation can be explained
by the fact that it is a profitable activity on the one hand
(Maimouna, 2012), and on the other hand, by its ethno-
linguistic character (Ouseseini et al, 2017) through the
marketing of groundnut haulm. As a result, a large
proportion of these (60.6%) make the marketing of
livestock feeds, their main activity. Although the
marketing of fodder is a profitable activity for the actors
(Aboh, 1999, Kiema et al, 2012, Sanou et al, 2011, Sanou
et al, 2016), several reasons lead to the practice of
commercialization of crop residues. This is inheritance
and profitability, respectively for wholesalers / semi-
wholesalers (30.3% and 24.2%) and street vendors
(26.3% and 31.6%). Among sellers / resellers, it is rather
the survival (24.4%), the passion (22%) and the constraint
(22%) which constitutes the fundamental reasons for the
practice of the activity. Usually, the sale of fodder is an
activity of actors of ethnic Zarma (Ouseseini et al, 2017)
from the Zarmaganda. Young people are engaged in street
vending on carts and camels, and older sellers, usually
over 40, settle into fixed places and are handed over by
young people. Those with significant capital maintain
relationships that allow them to be delivered in large
quantities and become wholesalers / semi-wholesalers.
The others who do not have substantial means remain
sellers / resellers by constraint because their survival
depends on it. Nevertheless, a large group of wholesalers /
wholesalers and street vendors have engaged in this
fodder business because it generates a lot of revenue
(Maimouna 2012, Dan Gomma et al, 2017). Sellers /
resellers are usually sourced locally at the point of sale,
usually by street vendors or a few wholesalers / semi-
wholesalers. Although this situation exempts shipping and
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handling costs from the products, it significantly reduces
the margin of the sellers / resellers' customer base,
because of having products with a relatively high price.
4.2. Marketing and supply management

The different types of crop residues used as livestock
feed, encountered in the marketing channel, are cowpea,
groundnut and rice straw. In Bobo Djioulasso in Burkina
Faso, it is rather stalks of millet, sorghum and corn
instead of rice straw (Sanou, 2016). These last are object
of specific sale, or of combined sale at the level of the
various actors. In fact, all the street vendors surveyed sell
cowpea hay and 36.84% of them sell the rice straw and
more. This situation is explained by the fact that the
production of groundnuts in the urban community of
Niamey and its surroundings is almost non-existent. The
banks of the Niger River are valued mainly by growing
rice through two productions per year (Siddo 2010,
Gergely 2014, Dan Gomma et al 2017). Cowpea is
generally associated with cereals (millet and sorghum).
Cereal stalks are not found in the marketing market at the
level of the different actors because they are either used
by the producer himself for feeding his animals and other
uses such as fences, or sold directly to breeders (Dan
Gomma et al, 2017). The quantity and nature of crop
residues by supply depends on the category of actor
(Sanou et al, 2011). Street vendors are more interested in
cowpea haulm and rice straw boots. Supply quantities are
in most cases between 50 and 100 boots of cowpea hay
(78.9%) and 100 and 200 boots of rice straw (100%).
These quantities generally represent the carrying capacity
of the carts. The amount of cowpea haulm is relatively
inferior to that of rice straw because the packing of
cowpea haulm does not allow them to be compacted in
order to better preserve the leaves, while the rice straw
can. It should also be noted that rice straw has a lower
nutritional value, with a price that is relatively low.
Therefore, to make the trip profitable, you need a
relatively large load. As for wholesalers / semi-
wholesalers, the importance of supply is mainly in
groundnut and rice straw fodder, with quantities per
supply generally greater than 100 boots of groundnut fane
(41.4%) and 200 boots of rice straw (66.66%). Groundnut
leaves come from the interior of the country mainly from
the Maradi and Tahoua region (Niger, 2015c) and rice
straw from the riverbanks at the producer level (Dan
Gomma et al, 2017). Wholesalers / semi-wholesalers
acquire it per production plot and carry it on carts.
Sometimes street vendors serve as carriers for this task.
These quantities of groundnuts and rice straw are most
often used to supply sellers / retailers who obtain small
quantities because they have small means, but also to feed
the herdsmen through a small part used to feeding the
stand of the wholesaler / semi-wholesaler in person. The
method of payment of the cash supply is very rare. Cash
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and credit are the most common methods of payment
(79% for wholesalers / wholesalers, 61% for sellers /
resellers and 74% for street vendors). This allows those
who cannot afford cash to have the products on credit for
a small advance. The rest of the money will be paid in full
at the next delivery. This observation is similar to that
made by Oumarou (2016).
The subsequent storage and storage of crop residues is
done on old tires and / or bricks. They are then covered by
tarpaulins or polystyrene plastic (Lawal, 2014, Oumarou,
2016, Ousseini et al, 2017) or secko. Tarpaulins are used
for their thickness, hardness and weather ability whereas
polystyrene plastics are used for their easy handling and
relatively low cost. The seckos, on the other hand, are
those resulting from slump, which are at the beginning of
degradation or completely degraded. In this way, the cost
of storage and storage is reduced.
In this crop residue marketing activity, a significant
number of wholesalers / semi-wholesalers (72.7%) and
sellers / resellers (46.3%) use labor. This workforce,
mainly family consists of members of the family of the
actor. Sometimes they are schoolchildren who serve as
labor during the off-class periods. This workforce is
unpaid because it is an integral part of the family.
However, in case of marriage or baptism and or religious
festival, the expenses of the latter are the responsibility of
the actor. Through this study, (87.9%) wholesalers / semi-
wholesalers and (68.3%) sellers / resellers claim to pay
taxes for the town hall.
It is mainly the installation tax and the synthetic patent. It
should be noted that these settle without prior
authorization from the municipality. For this purpose,
they are subject to recurrent displacement for lack of
permanent place. Thus, for the maintenance and
preservation of their place, they are confronted with a
system of racketing by the collection agents of the
municipality. This is one of the main constraints linked to
the marketing of fodder in general (Lawal 2014, Soulé
2014).

4.3. Determinants of margins by type of actors
The proper conduct of the crop residue marketing activity
requires costs related to refueling, packaging, storage,
labor and the payment of taxes and duties. Daily revenues
are higher at wholesalers / semi-wholesalers, mainly in
the cold dry season (59803.03 + 60381.979FCFA). It is
lower among sellers / resellers during the rainy season. In
fact, the variations and fluctuations in the price of fodder
for general stoves depend on the season, the type of
fodder and the type of packaging (Manzo 2009, Soulé
2014, Oumarou 2016, Dan Gomma et al 2017).
According to Sadoud (2010), feed prices depend mainly
on the periods and behavior of the storers. This activity
generates a daily gross margin of 14753.03 =+
25724.24FCFA at a wholesaler / semi-wholesaler. It is
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higher than that of street vendors (6946.05 =+
2204.23FCFA), which is also higher than that of resale
sellers (5855.54 + 5065.49FCFA). The quantity of the
product and its availability play a very important role in
the realization of profit.

V. CONCLUSION

It follows from this study that the marketing of crop
residues in the urban community of Niamey is an activity
reserved mainly for male actors, whose age is between 40
and 60 years. The main reasons that lead to this activity
are legacy and profitability, survival, passion and
coercion. The quantity and nature of crop residues by
supply is a function of the category of actor and the
method of payment of cash supply is very rare. The
storage of products is done on old tires and or bricks,
covered by tarpaulins or polystyrene plastics. The labor
used is mainly family and consists of members of the
actor's family. It also shows that the marketing of crop
residues is a very profitable activity for the actors,
especially in the cold dry season. However, the recurrent
displacements of the actors for lack of fixed place coupled
with the harassment of the agents of recovery of the
municipalities represent a brake with the development of
this activity. It would therefore be imperative to regulate
their implementation while facilitating the procedures
leading to the granting of installation authorizations.
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Abstract— Introduction: Water is one of the important
natural sources for all living organisms. It is one of the
ecological systems. It’s the essential source for human
health, food production and economic development. The
quality of water is important is an important parameter to
be noted. The quality of water is affected by various
contaminants. The consumption of contaminated water
may cause serious health problems due to the activity of
microorganism present in it .Due to the activity of
microorganism the quality of water becomes very poor and
also causes harmful diseases. Thus in this study we are
aimed to test the quality of water from different sources by
means of physicochemical studies.

Objectives: The objective of the present studiesis to provide
information on the physicochemical characteristics &
detailed ecological studies of Portable water and Lake
water (Habitat) in order to discuss it’s suitability for human
consumption. Physicochemical aspects of the water have
been investigated to assess the quality of water.

Result: The variations of physicochemical properties and
comparative analysis of water different sources were
analyzed.

Keywords— Biochemical aspects, Ecological system,
habitat, physicochemical studies.

1. INTRODUCTION
Water is one of the important natural sources for all living
organisms. It is one of the ecological systems. It’s the
essential source for human health, food production and
economic development (1). The quality of water is
important is an important parameter to be noted. The quality
of water is affected by various contaminants (2, 4). The
consumption of contaminated water may cause serious
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health problems due to the activity of microorganism
present in it(2,4) .Due to the activity of microorganism the
quality of water becomes very poor and also causes harmful
diseases. Thus in this study we are aimed to test the quality
of water from different sources by means of
physicochemical studies (6, 10, 14).

Sample Collection:

Portable water sample was collected from five different
areas of Kanchipuram.

Habited water sample was collected from four different
lakes of Kanchipuram, Mathuranthagamn Lake, Kolavai
Lake, Karunguzhi Lake and Vedanthangal Lake.

1. Material and Methods

The water sample was collected from four different lakes
for the project work. The sample was taken in a closed
bottle was dipped into the lake and opened the cap inside
the lake and was closed again to bring it out at the surface
(9). From the time of sample collection, biological and
chemical reactions may change the quality of water sample.
To minimize the growth of microorganism, we have to
preserve soon after the collection of water sample (13, 9).
Once the water sample is collected, the odour, taste and
TDS should be analyzed and preserved by adding chemical
preservations and lowering its temperature (13). The water
analysis process was carried out for a period of four months.
The collected water samples were brought to the laboratory
and analysis were performed. .pH was determined using pH
meter, and similarly turbidity is measured by turbiditymeter
(Verma Pradeep et al, 2012).
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Table.1: Portable Water Samples

Sr. | Test Processed Chengalpet Madhuranthaga | Vedanthangal Kolavai
No. Water Municipal m municipal Municipal
Sample Water Sample Municipal Water Water
Water Sample Sample
Sample
1 Temperature (°C) 28 28 28 28 28
2 Colour (Unit) <1 <1 <1 <1 <1
3 Odour Agreeable Agreeable Agreeable Agreeable Agreeable
4 Taste Agreeable Agreeable Agreeable Agreeable Agreeable
5 pH 6.9 7.0 6.9 6.8 7.0
6 Turbidity (NTU) 0.38 0.29 0.30 0.28 0.30
7 TDS (ppm) 141 140 144 140 146
8 Dissolved oxygen (ppm) 6.1 6.2 6.3 6.1 6.3
9 Dissolved carbon 38 36 40 38 37
dioxide(ppm)
10 Alkalinity (ppm) 8 8 9 8 10
11 Chloride (ppm) 58 30 41 33 35
12 Calcium (ppm) 6.2 7 6 8 7
13 Barium (ppm) Nil Nil Nil Nil Nil
14 Magnesium (ppm) 2.2 3 3 35 25
15 Total Hardness (ppm) 4 45 45 5 4.9
16 Copper (ppm) 0 0 0 0 0
17 Sulphate (ppm) 8 10 14 16 11
Table 2: Lake Water Samples
S. Test Chengalpet Mathuranthagam | Vedanthangal Kolavai
No. Lake Sample Lake Sample Lake sample Lake Sample
1 Temperature 28 27 29 28
2 Colour (Unit) <23 <3 <25 <3
3 Odour Disagreeable Disagreeable Disagreeable Disagreeable
4 Taste Disagreeable Disagreeable Disagreeable Disagreeable
5 pH 8.3 8.6 8.7 8.8
6 Turbidity (NTU) 8 9 11 10
7 TDS (ppm) 900 946 987 735
8 Dissolved oxygen 5.7 5.9 44 5.0
(ppm)
9 Dissolved carbon-di- 7.0 6.9 6.6 6.1
oxide(ppm)
10 Alkalinity (ppm) 150 168 164 170
11 Chloride (ppm) 84 83 60 74
12 Calcium (ppm) 72 73 68.6 67
13 Barium (ppm) 41 32 31 36
14 Magnesium (ppm) 32 15.2 78 8.2
15 Total Hardness (ppm) 280 279 343 321
16 Copper (ppm) 19.76 15.27 17.43 15.89
17 Sulphate (ppm) 74 62 61 71
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Fig.:1: Comparative graph for municipal water sample and lake water sample

. DISCUSSION

Physical parameters like Odour & Taste was agreeable
in portable water. The general ISI standard for Drinking
water’s Turbidity is 5 NTU is considered unhealthy (2). In
Different areas of portable water the Turbidity ranging from
0.2 NTU to 0.4 NTU (13). In Municipal water, observed
higher Turbidity than other area. The normal pH range of
drinking water is between 6.5 to 7.0. The pH municipal
water was observed between 6.5t07.0. So that the criteria of
pH range was acceptable. For Portable water, Dissolved
carbon dioxide & Dissolved oxygen were found to be 6.2
and 38 (Average value of five different areas) respectively
(8). TDS of water sample showed range below 1000 ppm &
it complied with the given criteria of Indian standard.
Minerals like Calcium, Magnesium, Chloride, Sulphate,
Barium, and Copper are essential for human body. Tests of
these minerals were performed on portable water sample
(9). The results complied with the given range to be Test for
Minerals. Alkalinity & Total Hardness of potable water
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samples should less than or equal to 10 and 300 ppm
respectively (13). Results were complied with the given
limits of both tests. Turbidity of lake water sample ranges
from 4 NTU to 11 NTU. The Total dissolved solid recorded
ranges from 668 ppm to 942 ppm.

AVA CONCLUSION

The result obtained during study was compared with ISI
standards. Portable water is water safe enough to be
consumed by the humans and the habited water is generally
used by animals & birds & aquatic life. After
physicochemical analysis we found that the sample of
Portable water and habited water are free from pollution &
ecologically balanced.
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Abstract— In this study, we investigated the lipolytic
activity of different bacteria strains isolated from different
cooking oil contaminated soils.This was with a view to
finding the isolate with the highest lipase-producing
potential A total of 70 bacteria strainswere isolated from
the soil samples and the morphological examination ofeach
isolate was done and characterized. 20 bacterial isolates
were screened for lipase activity using chromogenic
composed medium and the lipase producing
microorganisms produced clear zones on this media. The
isolate showing maximum activity was identified as
Pseudomonas sp using Berger’s manual. The result showed
that Pseudomonas sp. has the highest lipase activity with
the largest diameter of 20.4 mm, 20.4 mm and 20.9 mm at
24, 48 and 72 hours of incubation while Escherichia coli,
Klebsiella sp., Alcaligens sp., Citrobacter sp.,
Streptococcus sp., and Serratia sp. showed no lipase
activity with 0.00 mm within the hours of incubation.The
prevalence of lipase activity of each suspected bacterial
isolate was investigated. Pseudomonas sp. has the highest
prevalence of lipase activity with a value of 32.3% and the
bacterial isolates with the lowest prevalence rate include
Klebsiellasp, Escherichia coli, Serratia sp., Citrobacter sp.,
Streptococcus sp., and Alcaligens sp. with 4.2% each..
Staphylococcussp. has a prevalence rate of 21.2%, Bacillus
sp. with 6.1% prevalence rate while Bifidobacterium sp.
and Corynbacterium sp. has 7.6% each.

Keywords— Lipase, Isolate, Pseudomonas, cooking oil,
contaminated soil.

I INTRODUCTION
Lipases are the enzymes that play a principal role
in the hydrolysis and synthesis of esters formed fromlong-
chain fatty acids and glycerol (Sharma et al., 2001,
Svendsenet al., 2000). Several studies have reported the
ability of some  microorganisms to  produce
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specializeenzyme (ltakorodeet al., 2019; Oyedejiet al.,
2013). Large quantities of useful metabolites are mostly
obtained from microorganisms with extracellular lipases
producing potential. About 98% of the world’s
microorganisms have not been explored as enzyme sources.
Soil, a region where biology, geology and nature meet
provides a home to animal, plants and microbial life. The
soil is also a region on the earth’s crust that teems with both
microscopic and macroscopic life. The different kinds of
microorganisms present in soil depend on many
environmental factors such asthe number of nutrients
available, the degree of aeration, pH, temperature and
available moisture (Akporet al., 2006). Soil bacteria and
fungi play prominent roles in various biochemical cycles
most especially in recycling of organic compounds. It also
influencesecosystems by contributing to plant nutrition,
plant health, soil structure and soil fertility (O’Donnell et
al., 2001). Lipase (EC 3.1.1.3), an ester hydrolase catalyzes
the hydrolysis of its substrate (triacylglycerol) to glycerol
and fatty acids (Sharma et al., 2001). Lipases are ubiquitous
and are produced by many microorganisms and higher
eukaryotes (Kamimuraet al., 2001; Elibol and Ozer, 2000).
Several attempts have been made to isolate an organism
with lipase producing potential since this enzyme is
becoming popular in numerous biotechnological processes
most especially wastes management industries (Sharma et
al., 2001). The use of microorganism for lipase production
have varieties of advantages over higher eukaryotes that are
lipase producers. Microorganisms have avariety of
enzymatic activities, high production within a short period
of time and the ease with which they can be genetically
manipulated. Microorganisms have been found to produce
high yields of lipases compare to the animal and plants.
This high yield might be because of their ease of production
and genetic manipulation (Akohet al., 2007). The oily
environment (oil mill effluent) may provide a good
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environment for the isolation of lipase producing
microorganisms. Bacterial lipases are mostly extracellular
and are greatly influenced by nutritional and
physicochemical factors, such as temperature, pH, nitrogen
and carbon sources, inorganic salts, agitation and dissolved
oxygen concentration (Gupta et al., 2004).This study,
therefore, aims at isolating lipase producing bacteria from
differentsoil samples that can be of use in the treatment of
oil-contaminated soil.

I MATERIAL AND METHOD
Study Area
The study was carried out on different oil contaminated soil
samples collected from different locations in lle-Ife,
Ipetumodu, Moro, and Asipa towns, Osun state.lle-Ife is an
ancient Yoruba city in south-western Nigeria. lle-Ife city
lies on the geographical coordinates of Latitude 7°28'N and
Longitude 4934’ E.Moro, Ipetumodu and Asipa are towns
located in Osun state, in the southwestern part of Nigeria
with geographical coordinates of latitude 7922’N and
longitudes 4°30’E. Ipetumodu is also a university town of
Oduduwa University. It shares a common boundary with
lle-Ife, the spiritual headquarters of the Yoruba Kingdom.
Sample Collection
Oil spilled soil samples were collected from different sites
located at lle-Ife, Ipetumodu, Moro and Asipa by adapting
the aseptic technique from a depth of 5-10 cm. The samples
were collected aseptically in sterilized polyethylene bags,
transferred to the laboratory immediately and processed for
microbiological analysis within one hour of collection.
Media
The media used included: Nutrient Agar (NA), Buffered
Peptone water, Simmons Citrate Agar (SIM), Agar, Methyl-
red-VogesProskuer (MR/VP) broth
Preparation of Culture Media
The medium used was prepared according to the
manufacturer’s specification (28g of Nutrient agar was
measured into sterile conical flasks; 1000 ml of distilled
water was dispensed into the conical flasks). The conical
flasks were shaken very well to dissolve the medium, and
then boiled on the hot-plate to homogenize. 9 ml of distilled
water was dispensed into different sterile test tubes using a
syringe, the test tubes were covered with cotton wool,
aluminum foil and paper tape. The medium and the test
tubes were sterilized in the autoclave at 121°C for
15minutes.
Isolation of Bacteria
1g of each sample was dispensed into their respective test
tubes containing 9 ml of the sterile water each, the test tubes
were shaken very well to dissolve so as to prevent tiny
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particles from settling at the bottom. The samples were then
serially diluted up to 10 (Olutiolaet al., 2000). A volume
of 1 ml of each diluent was dispensed into labelled Petri
dishes and the sterilized medium was dispensed into the
Petri dishes and left to solidify. The Nutrient agar plates
were incubated together with one sterile Nutrient agar plate
to serve as control at 37°C for 18-24 hours to check for
growth of bacteria. After 24hrs, the growth of bacteria
appeared in the form of colonies and the numbers of
colonies was counted using the colony counter.4 distinct
colonies from each growth plate were sub-cultured on
another sterile Nutrient agar plates each and incubated for
24 hours at 37°C.

Characterization of Bacterial Isolates

The pure bacterial isolates were further identified by
microscopic and  several biochemical examinations.
Bergey’s Manual of Determinative Bacteriological (Holt et
al., 1994) was used as a reference for the identification
based on the result of various biochemical tests.

Detection of lipase activity

A chromogenic substrate medium composed 0f0.5 g Congo
red, 10 g Peptone, 5 g Sodium chloride (NaCl), 0.1g
Calcium Chloride (CaClz), 6.36 g Agar and 1 ml immersion
oil in 1 litre of distilled water. The composition was
dispensed into a beaker, boiled on hot-plate to homogenized
and dispensed into two sterile conical flasks and autoclaved
at 121°C for 15 minutes. The sterile medium was dispensed
into Petri dishes and left to solidify. The organisms were
inoculated on the sterile medium plate and incubated at
370C for 24, 48 and 72hours. This was carried out using the
modified method of Gupta et al. (2004). The clearance
zones of inhibition and diameters of colonies were
measured after 24, 48 and 72hours of incubation.

1 RESULTS
A total of 11 soil samples contaminated with cooking oil
were collected from different locations in lle-Ife, Moro,
Ipetumodu and Asipa. The soil samples were processed and
serially diluted and pour plated using Nutrient agar medium,
the growth colonies on each plate were counted and
recorded as shown in Table 1. The result shows that sample
A has the lowest bacterial count with 4.80x102 CFU/g while
sample H has the highest bacterial count with 6.40x10*
CFU/g. The bacteria strains isolated are presented in Table
2.The frequency distribution of the suspected bacteria
strains as shown in Table 3 shows that Staphylococcus sp.
has the highest occurrence in the soil sample collected while
Escherichia coli, Alcaligens sp., Citrobacter sp., and
Serratia sp. has the lowest occurrence. Out of the 70
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isolates, 20 bacterial isolates were screened for lipase
activity by culturing them on a chromogenic composed
medium. Table 4 shows the zone of inhibitions for the
suspected bacterial isolates in diameter after 24, 48 and 72
hours of incubation; 12 bacterial isolates showed lipase
activity while 8 bacterial isolates showed no lipase activity
within the hours of incubation. The result shows that
Pseudomonas sp. has the highest lipase activity with the
largest diameter of 20.4 mm, 20.4 mm and 20.9 mm at 24,
48 and 72 hours of incubation while Escherichia coli,
Klebsiella sp., Alcaligens sp., Citrobacter sp.,
Streptococcus sp., and Serratia sp. showed no lipase
activity with 0.00 mm within the hours of incubation. This
shows that lipase-producing bacteria have been isolated
from the soil samples collected.

Figure 1 shows the prevalence of lipase activity of each
suspected bacterial isolate. This graph shows that
Pseudomonas sp. has the highest prevalence of lipase
activity with a value of 32.3% and the suspected bacterial
isolates with the lowest prevalence rate include Klebsiella
sp., Escherichia coli, Serratia sp., Citrobacter sp.,

Streptococcus sp., and Alcaligens sp. with 4.2% each..
Staphylococcus sp. has a prevalence rate of 21.2%, Bacillus
sp. with 6.1% prevalence rate whileBifidobacterium sp. and
Corynbacterium sp. has 7.6% each.

Table.1: Total Number of Heterotrophic Bacterial Count in
Cooking QOil Contaminated Soil Samples

SAMPLE TOTAL HETEROTROPHIC
CODE BACTERIAL COUNT CFU/g
A 4.80x 102
B 1.42x 10#
C 1.76x 10*
D 1.96x 10%
E 1.80x 10*
F 4.95x 10
G 5.90x 10
H 6.40x 10
| 2.34x 10°
J 2.63x 10
K 2.10x 103

CFU/ml (Colony Forming Unit per gram)

Table.2: The biochemical characteristics and probable identification of bacteria isolated from soil samples contaminated with

cooking oil
Isolate code Cat Coa I Cit Oxi MR VP  Probable Identity
A0l NA NA _ NA _ _ + Serratia sp.
A02 + + NA NA _ NA NA  Staphylococcus aureus
A06 NA NA + _ _ + _ Escherichia coli
Al3 + _ NA NA _ NA NA  Staphylococcus sp.
Al4 + NA _ + _ _ + Bacillus sp.
Al5 + NA _ + _ _ + Bacillus sp.
BO1 + NA _ + _ _ + Bacillus sp.
B02 + NA _ + + _ + Bacillus sp.
BO3 + NA _ + + _ + Bacillus sp.
B04 + + NA NA NA NA  Staphylococcus aureus
B12 + + NA NA NA NA  Staphylococcus aureus
B13 NA NA _ + _ _ Pseudomonas sp.
B14 NA NA _ + _ _ Pseudomonas sp.
Cco1 _ _ NA NA NA NA  Streptococcus sp.
C02 _ _ NA NA NA NA  Streptococcus sp.
C03 _ _ NA NA NA NA  Streptococcus sp.
C04 + _ NA NA NA  NA Staphylococcus sp.
C05 NA NA _ + _ _ Pseudomonas sp.
C06 + NA _ + _ + Bacillus sp.
Cco7 + _ NA NA NA NA  Staphylococcus sp.
C08 NA NA _ + _ + Klebsiella sp.
C12 + _ NA NA NA NA  Staphylococcus sp.
D06 + NA _ + _ + Bacillus sp.
B0l _ NA NA + NA NA NA  Bifidobacterium sp.
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BE05
B07
FO1
F03
FO4
FO5
FO8
F12
F13
F14
F15
G01
G02
G03
G04
G12
G13
Gl4
G15
HO02
HO3
Ho4
HO5
HO6
H13
H14
H15
101

102

103

104

105

106

108

Jo1
J02
JO5
J06
Jo7
JO8
J12
J13
J15
K01
K02
K13

+
NA

+ o+

+ o+ 4+ o+ 4

+ + 4+ + + + + + + + + + + A+ + o+

zZ Z Z Z Z
>>>t+tst+t+t 5>

+
NA
NA
NA
NA
NA
NA
NA

NA
NA

NA
NA

+

+ + + + + +

+ + + + + o+

NA
+
NA

Staphylococcus sp.
Citrobacter sp.
Bifidobacterium sp.
Bacillus sp.
Bacillus sp.
Bifidobacterium sp.
Bacillus sp.
Bacillus sp.
Staphylococcus sp.
Staphylococcus sp.
Staphylococcus sp.
Pseudomonas sp.
Pseudomonas sp.
Staphylococcus sp.
Staphylococcus sp.
Klebsiella sp.
Pseudomonas sp.
Staphylococcus sp.

Staphylococcus aureus
Staphylococcus aureus

Staphylococcus sp.
Pseudomonas sp.
Staphylococcus sp.

Staphylococcus aureus

Staphylococcus sp.
Staphylococcus sp.
Staphylococcus sp.

Staphylococcus aureus
Staphylococcus aureus

Bacillus sp.

Staphylococcus aureus

Bacillus sp.
Staphylococcus sp.
Corynebacterium sp.

Staphylococcus aureus

Staphylococcus sp.
Staphylococcus sp.
Staphylococcus sp.
Alcaligens sp.
Corynebacterium sp.
Bacillus sp.
Pseudomonas sp.
Bacillus sp.
Pseudomonas sp.
Pseudomonas sp.
Pseudomonas sp.

Keywords: + (Positive), _ (Negative), NA (Not Applicable), MR (Methy-red test), VP (MogesProskauer test), Cat (Catalase test),

Coa (Coagualse test), | (Indole test), Oxi (Oxidase test), Cit (Citrate test)
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Table.3: Frequency distribution of the suspected bacteria isolates from soil samples contaminated with cooking oil

Suspected Bacterial Isolate Frequency Percentages

Serratia sp. 1 1.4%

Escherichia coli 1 1.4%

Bacillus sp. 15 21.4%

Pseudomonas sp. 11 15.7%

Staphylococcus sp. 30 42.9%

Bifidobacterium sp. 3 4.3%

Klebsiella sp. 2 2.9%

Corynebacterium sp. 2 2.9%

Streptococcus sp. 3 4.3%

Citrobacter sp. 1 1.4%

Alcaligens sp. 1 1.4%

Total 70 100

Table.4: Screening of the bacterial strains for lipase production on solid agar

Lipase activity in diameters(mm)
Incubation time (hours)

Isolates code Probable Identity 24 48 72

A01 Serratia sp. 0.00 0.00 0.00

A06 Escherichia coli 0.00 0.00 0.00

BO1 Bacillus sp. 0.00 10.2 20.0

B13 Pseudomonas sp. 20.1 20.1 20.1

B14 Pseudomonas sp. 20.3 204 20.9

C05 Pseudomonas sp. 10.8 20.1 20.1

B0l Bifidobacterium sp. 0.00 0.00 0.00

Fo1 Bifidobacterium sp. 0.00 10.9 20.5

F13 Staphylococcus sp. 0.00 20.1 20.1

Gl12 Klebsiella sp. 0.00 0.00 0.00

H02 Staphylococcus aureus 0.00 0.00 0.00

HO4 Pseudomonas sp. 10.6 10.8 20.3

104 Staphylococcus aureus 0.00 10.7 20.5

108 Corynebacteriumsp. 0.00 10.9 20.5

J05 Staphylococcus sp. 10.8 10.8 20.0

Jo7 Alcaligens sp. 0.00 0.00 0.00

J13 Pseudomonas sp. 0.00 105 10.9

K01 Pseudomonas sp. 20.2 20.2 20.2

E07 Citrobacter sp. 0.00 0.00 0.00

Co3 Streptococcus sp. 0.00 0.00 0.00
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Fig.1: Prevalence of the lipase activity of suspected bacteria isolates in percentage

DISCUSSION
Lipases are serine hydrolases that catalyze both the
hydrolysis and synthesis of long-chain triacylglycerol.
Extracellular lipases are produced by microorganisms, fungi
and bacteria and the use of bacteria lipases in a variety of
biotechnological applications is becoming popular.
Pseudomonas lipases have proved to be the most important
ones which have a significant potential in detergent industry
and organic chemistry.Bacteria isolated from the
environmental soil samples contaminated with cooking oil
were screened for their lipase producing ability on solid
agar. A total of 11 bacteria genus (Pseudomonas sp.,
Bacillus sp., Corynebcaterium sp., Alcaligens sp.,
Staphylococcus sp., Streptococcus sp., Bifidobacterium sp.,
Klebsiella sp., Citrobacter sp., Serratia sp. and Escherichia
coli) were isolated from different soil samples contaminated
with cooking oil collected from different locations in lle-
Ife, Asipa, Moro and Ipetumodu towns. The total
heterotrophic bacteria count per gram of each soil sample
ranged from 6.40x10* CFU/g of sample H and 4.80x10?
CFU/g of sample A. Table 3 shows the percentage
frequency of occurrence of the different bacteria isolated
from the samples. Staphylococcus sp. had the highest
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frequency of occurrence (42.9%), followed in order by
Bacillus sp. (21.4%), Pseudomonas sp. (15.7%),
Streptococcus sp. (4.3%) and Bifidobacterium sp. (4.3%),
Klebsiella sp. (2.9%) and Corynebacterium sp. (2.9%),
Escherichia coli, Serratia sp., Alcaligens sp., Citrobactersp
(1.4%). Similar results have been reported by Riazet al.
(2010) and Pandey et al. (1999). The screening of bacterial
isolates for lipase production on solid agar is shown in
Table 4. The lipolytic activity ranged within 10.6-20.3 mm,
10.2-20.4 mm, and 10.9-20.9 mm at 24, 48 and 72 hours of
incubation respectively. Pseudomonas sp. (B14) had the
highest activity at different hours of incubation followed by
Staphylococcus sp.The rest of the isolate showed little
lipolytic activity (Figure 1).Sirisha,et al. 2010 also reported
the lipase producing potential of Staphylococcus sp.

V. CONCLUSION
Lipase producing microbes have been found in diverse
habitats such as industrial wastes, vegetables, oil
contaminated soil, oilseeds, and decaying food. Lipases are
important enzymes in the chemical industry and the
production of wine chemicals.In this study, lipase producing
bacteria were isolated from the soil contaminated with
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cooking oil and the bacteria were identified as
Pseudomonas sp.,Staphylococcus sp., Bacillus sp.,
Bifidobacterium sp., and Corynebacterium sp. The high
lipase producing potential of Pseudomonas sp. suggests that
the organism might be of use in waste management
processes and in chemical industries.
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Abstract— Traffic contributes to a range of gaseous air
pollutants and to suspended particulate matter (PM) of
different sizes and composition. The effects on health of
transport related air pollution are among the leading
concerns.  Research in recent decades consistently
indicates the adverse effects of outdoor air pollution on
human health.
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In the coming decades, road transport is likely to remain a
significant contributor to air pollution in cities. Traffic
contributes to a range of gaseous air pollutants and to
suspended particulate matter (PM) of different sizes and
composition. The effects on health of transport related air
pollution are among the leading concerns of transport.
Research in recent decades consistently indicates the
adverse effects of outdoor air pollution on human health.
The evidence points to air pollution stemming from
transportare an important contributorto these effects.

In this view, a systematic reporting of diseases related to
air pollution as well evaluation of health risks posed due
to such pollution are documented. The discussion of the
adverse effects on health aims to consider both
epidemiological studies and toxicological assessments
and studies of biological mechanisms are of great concern
for further research work.

A major challenge facing India is to attain a proper
balance between economic growth and environmental
quality, of which air pollution is an important aspect.
Particulate are mainly produced from coal combustion,
diesel engines, construction and industrial activity.
Presence of toxic elements in the atmospheric is of great
concern due to their adverse affect on human health and
ecosystem. Air pollution is a form of environmental
degradation which has become widespread regarding
economic and population growth. Such environmental
degradation leads to public health consequence, thereby
causing diseases impairing community welfare (1,3) a
relationship between PM10, exposure and negative effects
on health leading to respiratory and cardiovascular
morbidity and mortality has already been established
(4,2). Air toxics can be defined as having three
characteristics a. they have the potential to cause serious
adverse health effects in the general population or to
organisms in the environment as a result of air borne
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exposures b. they are released fromanthropogenic sources
c. they include 189 hazardous air pollutants listed in
section 112.b.1 of the clean air act of 1990. WHO
estimates that some 80% of outdoor air pollution related
premature deaths were due to ischemic heart disease and
strokes while 14% of deaths were due to chronic
obstructive pulmonary disease or acute lowered
respiratory infections, and 6% of deaths were due to lung
cancer. A 2013 assessment by WHO’s International
Agency for Research on Cancer (IARC) concluded that
outdoor air pollution is carcinogenic to humans, with the
particulate matter component of air pollution most closely
associated with increased cancer incidence, especially
cancer of the lung. An association also has been observed
between outdoor air pollution and increase in cancer of
the urinary tract / bladder.

Ambient (outdoor air pollution) in both cities and rural
areas was estimated to cause 3.7 million premature deaths
worldwide per year in 2012; this mortality is due to
exposure to small particulate matter of 10 micro or less in
diameter (PM 10), which cause cardiovascular and
respiratory disease and cancers.

Accurate estimates of human exposure to inhaled air
pollutants are necessary for a realistic appraisal of the
risks these pollutants pose and for the design and
implementation of strategies to control and limit those
risks. Except in occupational settings such estimates are
usually based on measurements of pollutant concentration
in outside (ambient) air, recorded with outdoor fixed site
monitors. Whether a person is exposed once a week or
several times a day can be an important determinant of air
pollution injury. Individual exposure versus population
exposure is as follows. The pollutant concentrations
experienced by an individual during normal daily
activities are referred to as personal or individual
exposures. A personal exposure depends on the air
pollutants concentration that are present in the locations
the person moves through, as well as on the time spent in
each location. Measuring any one person’s exposure is a
relatively straight forward procedure, but from a public
health perspective it is important to determine the
population exposure. The aggregate exposure for a
specified group of people such as community or an
occupational cohort is rarely necessary to measure the
exposure of each member of the group. But some
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measures of the distribution of individual exposure is
needed. This typically includes at least a measure of the
central tendency (ex: mean exposure and of its variability
(ex :variance). An accurate and statistically valid
characterization of even these simple descriptors of
population exposure may require many personal exposure
measurements.

However, even if one established that a particular
specified hazard can be responsible for some unwanted
health effect (asthma and air pollutants), this level of
information on its own is of limited practical use, what is
really needed is a quantitative measure of the likelihood
of an adverse health effects i.e. the risk for a given level
of exposure.

Another necessity is to determine the exposure response
relationships for mixed exposures and the interaction
between these and other risk factors. Having established
causation, and exposure response relationships (no mean
task) it may be important to translate these into health
economic terms.
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Abstract— An experiment was conducted to assess the
advance spring wheat mutant lines for some quantitative
traits in ten genotypes of wheat (Triticumaestivum L.)
evolved through mutation breeding techniques along with
two check varieties (NIA- Sunahri and Kiran-95). The
experimental trial was conducted in the field of Plant
Genetics Division, Nuclear Institute of Agriculture (NIA),
Tandojam, during Rabi season 2011-2012. The experiment
was laid out in Randomized Complete Block Design
(RCBD) with three replications. The experimental material
was examined for mean performance, correlation
coefficient and regression coefficient of important yield
components towards grain yield plant™. The mean squares
(ANOVA) and mean performances of ten wheat genotypes
revealed highly significant differences at (p<0.01) level
fordays to 75% heading, days to 75% maturity, spikelets
spike™, grains spike™*and grain yield of main spike, while
harvest index is significant at (p<0.05) level. The trait
grain yield plant™* was positively and highly significantly
associated with days to 75% heading, spikelets spike*and
grains spike while significantly and positively correlated
with grain yield of main spike (g), however, it was non-
significantly associated with days to 75% maturity and
harvest index (%).Regression analysis showed that an
increase in the days to 75% heading, days to 75% maturity,
spikelets spike™, grains spike™, grain yield of main spike
and harvest index (%) will increase grain yield plant™ by
0.261, 0.195, 1.120, 0.376, 10.432 0.398 grams,
respectively. It was, therefore, suggested that days to
heading, spikelets spike*and grainsspikeshould be given
emphasis for future wheat yield improvement programs.
Keywords— Wheat, correlation, mutation breeding,
agronomic traits.
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I INTRODUCTION

Bread Wheat (TriticumaestivumL.) has got a very
unique position among all the cereals being cultivated
throughout the world. It occupies the central position in
formulating agricultural policies (Farooq, 2011). Creative
human studies have produced tangible results in the
evolution of new wheat varieties from the crosses of old
and new varieties in view of an enhanced consumption
pressure of growing population. The reduction in
production of wheat stresses the need to develop genotypes
with consistent performance over a wider range of
environments.

Crop improvement using induced mutagenesis is
now well Standardized. A large number of new promising
varieties in wheat crop have successfully been developed
world wide using both physical and chemical mutagens.
Recent advances in technology combined with classic crop
improvement using induced mutagenesis is now well being,
mutation breeding offers new and exciting challenges for
development of new varieties. (Datta, 2005).

Correlation is the simultaneous variation of two
variables. It is often desirable to observe and measure the
relationship between two series because in case of
relationship, the fluctuation in one result into a
proportionate variation in the other. Hence, the breeding
work gets simplified and facilitated. (Bhutto et al., 2005).

. MATERIALS AND METHODS

To evaluate ten wheat genotypes viz,
Mutant-9, Mutant-12, Mutant-17, Mutant-22, Mutant-28,
Mutant-29, Mutant-32, Mutant-34, evolved through
mutation breeding techniques along with two check
varieties (NIA- Sunahri and Kiran-95), the experiment was
conducted in Randomized Complete Block Design (RCBD)
during Rabi season 2011 with three replications at
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experimental area of Nuclear Institute of Agriculture
(NIA), Tandojam. Fourrows/entrywere kept, with 30cm
row to row distance and 2 meter row length. The data was
recorded on days to 75 % heading, days to 75 % maturity,
spikelets spike, grains spike?, grain yield of main spike
(9) and harvest index (%). The data collected was subjected
to statistical analysis according to the Gomez and Gomez
(1984) andSnedecor and Cochran (1987). Correlation
coefficient and regression coefficient were calculated for
following character combinations.

1. Days to 75% heading VIS Grain yield plant!

2. Days to 75% maturity VIS Grain yield plant!

3. Spikelets spike VIS CGrain yield
plant®

4. Grains spike! VIS Grain yield plantt

5. Grain yield of main spike VIS Grain yield

plant?

6. Harvest index VIS Grain yield plant!
. RESULTS

The mean squares (ANOVA) and the mean performances
of ten wheat genotypes are presented in Table- 1 and
Table- 2 respectively. Table- 1 showed that genotypes are
highly significant at 0.01 level for days to 75% heading,
days to 75% maturity, spikelets spike-1, grains spike1, grain
yield of main spike (g), while harvestindex is significant at
(p<0.05).

Table.1: Analysis of variance (mean squares) of ten genotypes for twelve important agronomic characters of bread wheat

Characters Replication mean Genotypes mean Error mean F-value
square(DF.2) square (DF.9) square (DF.18)

Days to 75% heading 0.1333 34.7444 2.4667 14.09**

Days to 75% maturity 0.10000 8.16296 0.84074 9.71**

Spikelets spike! 7.50533 5.09704 0.60904 8.37**

Grains spike! 29.457 250.199 34.560 7.24%*

Grain yield of main spike (g) | 0.10192 0.31122 0.04475 6.95**

Harvest index (%) 71.4885 30.1492 11.5059 2.62*

Table.2: Mean performance of yield and yield contributing characters of wheat genotypes.
Genotypes Days to 75% Days to Spikelets Grains Grain yield of Harve-st
heading 75% maturity spike! spike! main spike (g) index (%)

Mutant-9 88 116.67 20.4 60.133 2.177 40.523
Mutant-12 88.667 116.67 21.267 64.067 2.277 38.365
Mutant-17 84 115.33 19.667 54.133 2.03 34.373
Mutant-22 82.333 115.00 19.533 55.067 2.203 35.123
Mutant-28 88.667 117.33 22.133 68.267 2.243 37.84
Mutant-29 90 117.00 22 64.467 2.247 40.72
Mutant-32 82.333 114.67 18.2 474 1.703 37.386
Mutant-34 89.333 118.33 20.2 51.533 1.553 36.914
NIA-Sunahri 81.667 113.33 18.867 52 2.23 37.277
Kiran- 95 89.333 113.67 194 712 2.717 29.84
LSD @ 5% 2.6941 15729 1.3387 10.084 0.3629 5.8187

Days to 75% heading

The analysis of variance for days to
heading of different wheat genotypes is given in Table-1.
The F-value of 14.09 showed highly significant difference
among the genotypes. The mean performance for days to
heading is presented in Table-2.The mean values revealed
that the genotypes differed significantly from each other.
The check variety NIA-Sunahri took minimum days to
heading (81.667) followed by genotype M-32 and M-22,
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the genotypes M-29, M-34 and Check variety Kiran-95
took maximum days to heading as compared to all other
genotypes. While the genotypes M-9, M-12, M-17, M-28
took more or less equal days to heading.

Days to 75% maturity

The analysis of variance for the character
days to maturity is given in Table-1. The analysis of
variance showing F-value of 9.71 indicated highly
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significantly difference among the genotypes. The mean
performance for days to maturity is presented in Table-2.
The mean values of genotypes were differed significantly
from each other. These values were ranged from 113.333 to
118.333. In the present study check varieties NIA-Sunahri,
Kiran-95 and genotype M-32 took minimum days to
maturity. The genotypes M-28, M-29 and M-34 took
maximum days to maturity.

Spikelets spike -1

In Table-1, F-value (8.37) indicating
highly significant difference among all genotypes for the
character of spikelets spike -1. In Table-2, the mean values
of the genotypes are ranging between 18.2 to 22.133. The
genotype M-28 produced maximum number of spikelets
spikel (22.133) as compared to all other genotypes. The
minimum number of spikelets-1spike were produced by
genotype M-32 (18.2). The mean performance of check
varieties NIA-Sunahri and Kiran-95 statistically at par to
rest of the genotypes.

Grains spike -1

The analysis of variance for grains spike -
Lof different genotypes and check varieties are presented in
Table-1. The F-value of 7.24 indicated highly significant
differences among all the genotypes. The mean
performance of all the genotypes for grains spike? is
depicted in Table-2, which reveals that the genotype
differed significantly from each other. Their values are
ranging from 47.4 to 77.2. The check variety Kiran-95
produced maximum number of grains spikel (77.2)
followed by genotype M-28 (68.267), M-29 (64.467) and
M-12 (64.067). However, the genotype M-32 reflected

minimum number of grains spikel (47.4) followed by
genotype M-34 (51.533) and check variety NIA-Sunahri
(52.000).

Grain yield of main spike (g)

The data regarding analysis of variance
for the character grain yield of main spike is summarized in
Table-1. The F-value 6.95 indicating highly significant
difference among the genotypes.The mean performance of
Ms genotypes and check varieties for the traits grain yield
of main spike, is shown in Table-2, which revealed great
differences among the genotypes. The mean values of all
the genotypes are ranging between 1.553 to 2.717. The
check variety Kiran-95 (2.717) and genotype M-12 (2.277)
produced maximum grain yield of main spike followed by
genotype M-28 (2.243) and check variety NIA-Sunahri
(2.23). The genotype M-34 produced the lowest grain yield
of main spike (1.553). While other genotypes remains at
par to check variety NIA-Sunahri.

Harvest index (%)

The mean square for harvest index is
presented in Table-1, the F-value 2.62 indicating
significant differences among all the genotypes. The mean
performance of genotypes for harvest indexis depicted in
Table-2, reveals that the genotypes differed from each
other and the values are ranging b/w 29.84 to 40.72. The
genotype M- 29 (40.72) showing maximum harvest index
% followed by genotype M-9 (40.523). However, the check
variety Kiran-95 (29.84) showing minimum harvest index
%, while other genotypes remain at par to check variety
NIA-Sunahri.

Table.3: The value of correlation coefficient (r), coefficient of determination (r?), regression coefficient (b) and their significance
for main agro-economical traits and grain yield plant™* combinations in wheat.

S.No. Characters Correlation Coefficient of Regression Remarks
r determination (r)2 coefficient‘b’
1 Days to 75% heading v/s Grain
yield plant (g) 0.617 0.38024 0.261 *x
2 Days to 75% maturity v/s Grain
yield plant? (g) 0.351 0.12337 0.195 N.S
3 Spikelets spike! v/s Grain yield
plant? (g) 0.790 0.62489 1.120 *%
4 Grains spike! v/s Grain yield plant-
1(9) 0.674 0.45476 0.377 **
5 Grain yield of main spike (g) v/s
Grain yield plant (g) 0.543 0.29550 10.432 *
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Correlation coefficients and regressionanalysis

Correlation coefficient coefficients (r),
coefficients of determination (r?), regression coefficients
(b) and their test of significance (t) between grain yield and
other quantitative traits were conducted in ten genotypes
for twelve characters viz., days to 75% heading, days to
75% maturity, spikelets spike, grains spike, grain yield
of main spike (g) and harvest index (%) are presented in
table-3. The results are described hereunder

Days to 75% heading V/s grain yield plant? (g)

Highly significant correlation coefficient
(r =0.617)** had been obtained between days to 75%
heading and grain yield plant-, (Table-3). Coefficient of
determination revealed that 38.02% of the total variability
in grain yield plant-! was due to its association with days to
75% heading. The regression coefficient determined an
increase of 0.261 grams in grain yield plant* with increase
a day in days to 75% heading.

Days to 75% maturity /s grain yield plant? (g)

The Table-3 reveals that the character
days to 75% maturity showed non-significant association
(r= 0.351)N-S with grain yield plant (g), which indicating
that 12.34 per cent variation in grain yield plantl was
caused due to the variation in days to 75% maturity.
Regression coefficient indicated that with delay of one day
in maturity, the grain yield increased by 0.195 grams.

Spikelets spike1 /s grainyield plant?® (g)

The Table-3 shows a highly significant
positive correlation between spikelets spike’? and grain
yield plant? (r= 0.790). The coefficient of determination
indicated 62.48 per cent of the total variability in grain
yield plant-'to be accounted for its association with
spikelets spikel. The value of regression coefficient
indicated that because of a unit increase in spikelets spike-1
will result in simultaneous increase of 1.120 grams in grain
yield plant-1,

Grains spike vis grain yield plant? (g)

The Table-3 depicts a highly significant
positive correlation (r= 0.674) between grains spike and
grain yield plantl. The coefficient of determination
indicated that 45.48 per cent of the total variability in grain
yield plant can be accounted for its association with
grains spikel. Regression coefficient indicated that with a
unit increase in grains spike, the grain yield plant?
increased by 0.376 grams.
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Grain yield of main spike (g) Ws grain yield plant!

A significant positive correlation (r=
0.543) has been computed between grain yield of main
spike and grain yield plant (Table-3). The coefficient of
determination indicated that 29.55 per cent variation in
grain yield plant! could be accounted for its association
with grain vyield of main spike. The coefficient of
regression displayed that an increase of a yield in main
spike will results in a corresponding increase of 10.432
grams in grain yield plant.

Harwest index % /s grain yield plant?® (g)

The Table-3 reveals non-significant and
positive correlation (r= 0.329) between harvest index and
grain yield plantl. the coefficient of determination
indicated that 10.83 per cent of the total variability in grain
yield plant? was due to its relationship with harvest index
(%). The regression coefficient indicated that with a unit
increase in harvest index, the grain yield plant! increased
by 0.398 grams.

(AVA DISCUSSION
1) Mean performance of genotypes

The mean squares revealed highly
significant differences among the genotypes for the
characters viz, days to 75% heading, days to 75%
maturity, plant height, tillers plant-1, spike length, spikelets
spike1, grains spike, grain yield of main spike, grain yield
plant! and biological yield. Whereas significant for harvest
index and non-significant for 1000- grains weight. It
reflects great genetic variability among the material
studied.

The results regarding to mean
performance of the genotypes for twelve important traits
reveals that check variety NIA-Sunahri, genotype M-22
and M-32 were early in days to heading, whereas the
genotypes M-29, M-34 and check variety Kiran-95 were
late in days to heading. As for as days to maturity is
concerned, the check varieties NIA-Sunahri and Kiran-95
were early in maturity and late maturing genotypes were
M-28 and M-34.For the character spikelets spike™,
genotypes M-28 and M-29 produced maximum spikelets
spikel. The maximum grains spikel produced by check
variety Kiran-95 followed by the genotype M-28. As far as
the trait grain yield of main spike! is concerned, the check
variety Kiran-95 produced maximum grain yield of main
spike followed by the genotypes M-12, M- 28 and M-29.
The maximum harvest index (%) value were attained by
the genotypes M-9 and M-29, The present findings
revealed great difference among the genotypes, which
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reflecting utilization of such variability for the
improvement of crop as well as for the trait concerned.
Several researchers like Memonet al. (2007), Mohammad
et al. (2008), Anwar et al. (2009), Haget al. (2010)and
Mohibullahet al. (2012) indicated the observed variability
among the genotypes in wheat in various morphological
characters.

2) Correlation coefficients and regressionanalysis

Correlation coefficient and regression
studies between grain yield and other quantitative traits
were conducted in ten genotypes for the characters viz,
days to 75% heading, daysto 75% maturity, plant height
(cm), tillers plant, spike length (cm), spikelets spiket,
grains spikel, grain yield of main spike (g), 1000-grains
weight (g), biological yield plant (g) and harvest index
(%) combinations with grain yield plant. The results
obtained for correlation coefficients (r), coefficients of
determination (r2), regression coefficients (b) and their test
of significance (t) are presented in table-3. The results are
described hereunder.

The present findings revealed that there
existed a highly significant positive correlation between
these two characters. These results are in agreement with
the findings of Akhteret al. (2011), who also reported
significant and positive correlation between these
characters. The coefficient of determination indicated that
variability of 38.02 per cent in grain yield plant? was due
to its association with days to 75% heading. The regression
coefficient determined an increase of 0.261 grams in grain
yield plant! with a unit increase in days to 75% heading.
Therefore early heading genotypes would be important
selection criteria for improved grain yield plant? in the
breeding material studied. A non-significant positive
correlation has been obtained between days to 75%
maturity and grain yield plantl. Coefficient of
determination indicated that 12.34 per cent variation in
grain yield plant? (g) was caused by its association with
days to 75% maturity. Regression coefficient indicated that
with a delay of one day in maturity, the grain yield
decreased by 0.194 grams. Present results are supported by
the findings of Anwar et al. (2009) and Haqget al. (2010).
From these results it is evident that while selecting for
increased grain yield plant-, early maturing plants should
be selected.

In the present study, these two characters
displayed almost positive relationship which exhibited that
62.48 per cent of total variation in grain yield plant! was
induced by spikelets spike!. Regression coefficient also
determined that, a unit increase in spikelers spike!
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produced a corresponding increase of 1.120 grams in grain
yield plant?. present findings are also in agreement with
those of Khan and Dar (2010), Haqget al. (2010) and
Akhteret al. (2011) who also found similar results for these
two characters. The very high positive correlation between
spikelets spike! and grain yield plant-can be successfully
exploited while selecting for high grain yield in any
breeding programme.Highly significant and positive
correlation has been recorded between these two
characters. Present results are in agreement with those
obtained byMajumderat al. (2008) and Akramat al. (2008)
who also found similar type of relationship between grains
spike? and grain yield plant-1. Coefficient of determination
indicated that 45.48 per cent of the total variability in grain
yield plantt was due to its association with grains spike-l.
regression coefficient indicated that with a unit increase in
grains spike, the grain yield plant! increased by 0.376
grams. This high positive and significant correlation
between these two characters shows that this yield
component is considerably important in breeding
programme for high yielding wheat varieties.

The present findings revealed that there
existed a significant positive correlation between these two
characters. These results are in agreement with the findings
of Akhteret al. (2011) who also reported significant
positive correlation between these two characters. The
coefficient of determination indicated that the variability of
2955 per cent in grain yield plant? was due to the
corresponding variation in grain yield of main spike-t. The
regression coefficient revealed that a unit increase in grain
yield yield of main spike! cause a linear increase of 10.432
grams in grain yield plant-l. Therefore for breeding and
selection programmes for high yielding varieties of wheat,
emphasis should be placed on high yielding spikes
genotypes.In the present study, these two characters
displayed non-significant and positive relationship which
exhibited that 10.83 per cent of the total variation in grain
yield plantt was due to its relationship with harvest index
(%). The regression coefficient also determined that a unit
increase in harvest index, the grain yield plant- increased
by 0.398 grams. Present findings are also in agreement
with those of Mohammad et al. (2008).

V. CONCLUSIONS
It is therefore concluded that while
formulating any strategy in a breeding programme for
higher grain yield of wheat, emphasis should be placed on
the selection for more number of tillers plant-l, longer
spikes, more number of spikelets spike, more number of
grains spikel and biological yield plant-* which had highly
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significant direct and indirect influences on the grain yield
of wheat.
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Abstract— Nickle pollution is worldwide problem due to
industrial and anthropogenic activities. Seedlings of
cowpea (Vigna unguiculata) were treated to different
(NiSO4.6H20) concentrations as 0.0 mM, 0.6 mM, 1.2 mM,
1.8mM and 2.4 mM salt into distilled water. The seedlings
of V. unguiculta became less tolerable to nickel at higher
concentration 2.4 mM as compared to control treatment.
Nickel in trace amount is required for plant growth. In
present study, the high level of nickel concentration 1.8 and
2.4 mM significantly (p<0.05) affected seedling growth
performance and physiological, biochemical parameters of
V. unguiculata. The nickel treatments at 1.2 mM
concentrations significantly (p<0.05) affected the number
of leaves, shoot, seedling length, fresh weight and dry
weight of seedling and root / shoot ratio of V. unguiculata.
The treatment of Ni*? at 1.20 mM also significantly affected
shoot root and seedling fresh and dry weight of cowpea.
The leaf area, leaf weight ratio and root fresh and dry
weight of V. unguiculata showed less affect at 0.6 to 2.4 mM
treatment of nickel. Nickel treatment at 0.6 mM, 1.2 mM,
1.8 mM and 2.4 mM concentrations showed considerable
effects on relative water content, chlorophyll ‘a’,
chlorophyll ‘b’ total chlorophyll, carotenoids and phenols
of Vigna unguiculata.

Keywords—Cowpea, nickel, photosynthesis pigments,
root, seedling growth.

I INTRODUCTION
Ni*2- is a solid silver white hard transition element
[23] and used in manufacturing of stainless steel, coin,
jewelry, nickel plating, nickel refining and dental care
products. The micronutrients are responsible for plant
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growth and exposure at higher level considered toxic for
human health risk and plant growth [13, 17 and 26].
Literature is available on the effects of nickel toxicity in
plants. Inhibition in rate of seed germination percentage,
photosynthesis, seedling growth, metabolism, growth and
development of plants [4, 5, 14, 15, 19, 20, 21, 25 and 33].
In an investigation, the decline in chlorophyll content of the
leaves of maize and Vigna mungo were recorded [12 and
28]. The nickel stress at 40 mg Lt showed decrease in the
photosynthetic pigments of Vigna radiata [1]. Nickel
content in food may vary considerably from place to place
due to the difference in nickel content of the soil while,
certain foods are routinely high in nickel content [9].
Studies have shown toxic effects of nickel on seed
germination and seedling growth of plants. The
concentration of nickel normally considered in soil 5-
500ug/gram, plant tissue 0.5-5pg/gram, and animal tissue
0.1-5ug/g and fresh water 5-100 pg/liter [2]. Nickel
approximately 0.008% available in Earth’s crust, and in soil
contains 40 ppm on average basis [8]. The concentration of
nickel in soil vary due to soil types, use of synthetic
fertilizers, pesticides, nickel smelters, industrial effluents
and urban wastes [7]. Nickel is an essential element for
healthy plant life, and trace amounts naturally found in most
vegetables, fruits, nuts and in slightly greater amounts in
chocolate and wine [22].

Nickel is tough silvery hard metal with atomic
number 28 and found in living organism and mainly in
plants. It is generally believe that nickel at higher
concentrations in environment produce toxic effects on
plant growth. The researchers are working on the impact of
heavy metals on plant growth since last few years. This
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paper gives information about the effect of nickel toxicity
on seedling growth and some physiological and biochemical
parameters of an important legume bean crop cowpea
(Vigna unguiculata L) cultivating in agricultural areas of
Pakistan.
Il MATERIALS AND METHODS

The study was conducted in the green house of the
Bio saline Research Laboratory, located at the Department
of Botany, University of Karachi, Pakistan, during July to
August. The sand was collected from Sands pit sand dunes,
Karachi. The sand was passed through 2.00 mm sieve to
remove gravels and other material. The sand was washed 5
to 6 times with running tap water and later with distilled
water in order to make it free from all nutrients and

minerals. The washed sand was filled up to 2/3 in plastic
pots measuring 7.3 cm in diameter and 9.6 cm in height. At
the bottom of pot, holes were made for the purpose of
absorption of nutrients and water. The filter paper was also
placed at the bottom of pots before adding sand. Four pots
were place in each plastic tray, which contains irrigation
medium.

A modified Hoagland solution was prepared
according to Epstein [11]. The composition of Hoagland
solutions given in Table 1. Different NiSO4.6H20 solutions
0.6 mM, 1.2 mM, 1.8 mM and 2.4 mM) were prepared in
Hoagland solutions. The 0.0 mM nickel solutions
considered as control.

* Table 1. Composition of modified Hoagland nutrient solution.
Concentration of stock “olume of stock solution per
Compounds solution (mMD) liter of final solution (ml)
KMNO3 1000 6
Ca (NOz)2. 420 1000 3
Mlacronutrients EKHzPO4 1000 2
FMzS0s. 720 1000 1
KCL 25
H3BOs 125
MnSOy. HzO 1.0
Mlicronutrients ZnS04. TH20 1.0 2
CuS0Og. SH20O Q.25
MoOa Q.25
Fe Na EDTA 64 1

The average pH and E.C. (Electrical conductivity) of irrigation medium was determined by pH meter (AD 1000 p H/ mv

and temperature meter) and conductivity reading meter, respectively.

Table 2. The average EC (d5.™ 1) and pH of the irrigation medium
Ni1504.6H20 solution (D) EC (dS.m1) pH
0 2375 8.16
0.6 2415 8185
12 250 836
1.8 2.56 8.445
2.4 2615 8.515

The healthy seeds of cowpea (Vigna unguiculata
L) were bought from the local market and were surface
sterilized with 0.2% solution of sodium hypochlorite
(NaOCI) for one minute to avoid any fungal contamination.
Then the seeds were imbibed for 30 minutes in distilled
water. The seeds were germinated in sterilized Petri plates,
moistened with distilled water. Four seedlings of the same
size were selected and transplanted into pots at nearly equal
distance. The seedlings were initially irrigated with Y4
strength Hoagland solutions for one week. The solution was
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replaced after two days interval. Then the seedlings were
irrigated with % strength Hoagland solution two times at the
interval of two days. The irrigation medium was changed to
full strength Hoagland solution and the seedlings were
established and were subjected to the respective desired
Ni*2 treatment. The treatment was given twice a week.
During the experiment, the range of minimum and
maximum temperature and relative humidity were in
between 28 to 33 °C and 65 to 74%, respectively The
experiment was completely randomize block design
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consisted of eight replicates. Four replicate were used for
growth analysis while four were used for relative water
content and biochemical analysis.

After five weeks, the seedlings were harvested and
different growth parameters were determined including
number of leaves per plant, leaf area, length of root and
shoot, fresh and dry weight of leaves, root and shoot. For
dry weights, the root and shoots were dried at 80° C for 48
hours in oven. The root, shoot ratio, leaf weight ratio,
specific leaf area and leaf area ratio  were determined by
the following formula, respectively.

Root/ shoot ratio
weight

Leaf weight ratio
dry weight
Specific leaf area (cm? g1) = Leaf area/ leaf dry weight
Leaf area ratio = Leaf area / Total plant dry
weight

= root dry weight / shoot dry

= leaf dry weight / total plant

Relative water content (%)

For the determination of relative water contents, fully
expanded leaf was excised from one plant of each pot. The
dust particle were removed. The leaf sample was
immediately weighted to take the fresh weight (FW) and
then immersed in distilled water at 4° C for 10 hours. The
saturated leaf sample was removed from water and excess
water was removed by tissue paper. The leaf sample was
weighted to obtain turgid weight (TW) and the dried in an
oven at 70° C for 48 h to record dry weight (DW). The
RW.C. of leaf was determined by the following formula

RW.C (%) = [FW-DW]/ TW-DW] X 100

Physiological and biochemical analysis:

Phenols were determined by using folin reagent
method while, soluble sugars were obtained by Anthrone
reagent method.

Soluble phenols were determined by the methods
of Singleton and Rossi [29]. The dried leaf powder was
homogenized in 80% methanol and centrifuged. In 1 ml of
diluted extracts, 5 ml of Folin-Ciocalteu reagent (1.9 ratio in
distilled water) and 4 ml of 7.5 % Na>COz were added. The
absorbance was recorded at 765 nm after incubation of 30
minutes at 25° C. The soluble phenols concentration in leaf
tissues was determined against Gallic acid and calculated
from best-fit standard curve. The concentration of total
phenols mentioned in ug.g-1 dry weight of leaves.
Biochemical analysis
Photosynthetic pigments
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The leaf samples were excised from the plants and
immediately frozen in liquid nitrogen and stored at -20° C
until used for photosynthetic pigments. The leaf samples
(0.1 g) were grounded in liquid nitrogen and then
homogenized in 5 ml 80% cold acetone, centrifuged at 3000
rpm for 5 minutes. The supernatant was separated and the
residue was again dissolved in 3 ml of 80% cold acetone
and centrifuged. The process were repeated until all the
photosynthetic pigments were extracted. All supernatant
fractions were pooled and final volume was adjusted. The
absorbance of the extract was recorded at 649 and 665 nm
for chlorophylls determination while 480 and 510 nm for
carotenoids determination, respectively. The absorbance
was recorded on spectrophotometer the chlorophyll and
carotenoid contents were determined according to the
equation described by Strain, et al., [30] and Duxbury and
Yentsch [10], respectively.

Chlorophyll a (ug/ml) =11.63 (Ases) — 2.39 (Asa9)

Chlorophyll b (ug/ml) =20.11 (Asag) — 5.18 (Ases)

Total Chlorophyll (ug/ml) = 6.45 (Aeses) + 17.72
(Asa9)

Carotenoids (ug/ml) = 7.50 (Aaso) — 2.63 (As10)
Statistical analysis

The means as well as standard errors were
calculated. Analysis of variance (ANOVA) and Duncan’s
Multiple Range Test (DMRT) using personal computer
software packages SPSS version 14.0 were statistically
analyzed the data. Level of significance for these tests was
at P <0.05.

1 RESULTS AND DISCUSSIONS

In this paper, the treatment of various
concentrations of nickel 0.6, 1.2, 1.8 and 2.4 mM affected
number of leaves, root, shoot, seedling length, fresh weight
of root, shoot and leaves, dry weights of root, shoot and
leaves, leaf area and specific leaf area of V. unguiculata as
compared to control (0.0 mM). Nickel affects significantly
(p<0.05) the seedling length and shoot length of cowpea at
0.6 mM as compared to control. Nickel after two weeks of
treatment started leaves tip chlorosis and then in third week
necrotic lesions appeared on leaves followed by the wilting
of cowpea seedlings. In another study, barley plants grown
in 100 pM Ni showed typical visual symptoms of Ni
toxicity such as chlorosis, necrosis of leaves and browning
of the root system [24]. Nickel in adequate quantities has a
vital role in a large variety of physiological processes, from
seed germination to productivity [31] . Root, shoot and
seedling growth of green gram showed tolerance at low
concentration of nickel. Metals toxicity is a problem for all
living organisms [18]. The report confirmed that seedlings
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treated to Nickel metal at higher concentration induced Nickel treatment at 1.2 concentration affected root
toxicity and showed reduction in seedling growth of green growth of V. unguiculata. While, no significance difference
gram and agrees with the findings of Yang and Zhao [32] was found in root length of V. unguiculata at highest
who reported that Ni2* treatment affected all growth indices concentration of nickel treatment at 2.4 mM. The treatment
of oilseed rape (Brassica napusL.) gradually at higher of nickel at 1.2 mM significantly affected on number of
concentration. leaves of V. unguiculata as compared to control.

1.8mM 2.4mM

~ 06mM

W Treatments pk
Fig. 1. Effects of different concentrations of nickel (control, 0.6 mM, 1.2 mM, 1.8 mM and 2.4 mM) on number of leaves, root,
shoot and seedling length (cm) of Vigna unguiculata. Statistical difference determined by ANOVA and Values followed by the
same letter are not significantly different (p<0.05) according to Duncan’s multiple range test.
Nickel treatment at all concentration produced toxic effects on fresh weight of root for V. ungiculata (Fig. 2). An
increase in concentration of Nickel 1.2 mM caused a gradual decline significantly in fresh weight of root for V. unguiculata.
Nickel treatment at 1.20 mM also significantly affected shoot, IEaves and total seedling fresh weight of V. unguiculata.

=&

Fig. 2. Effects of different concentrationsof nickel (control, 0.6 mM, 1.2 mM, 1.8 mM aﬁd 2.4 mM) on fresh weight of root, shoot,
leaves and total fresh weight (g) of Vigna unguiculata. Statistical difference determined by ANOVA and Values followed by the
same letter are not significantly different (p<0.05) according to Duncan’s multiple range test.
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In V. unguiculata a constant decline in dry weight of root, shoot, leaves and seedling dry weight was recorded (Fig. 3).
The Ni*2 treatment at 1.2 mM caused a significant (p<0.05) decrease in seedling dry weight of V. unguiculata. An increase in
concentration of Nickel to 2.4 mM caused further reduction (p<0.05) in shoot, leaves and seedling dry weight of V. unguiculata
as compared to control.

12mM 18mM 24mM
Treatments

Fig. 3. Effects of different concentrations of nickel (control, 0.6 mM, 1.2 mM, 1.8 mM and 2.4 mM) on dry weight of roots, shoot,
leaves and total dry weight (g) of Vigna unguiculata. Statistical difference determined by ANOVA and Values followed by the
same letter are not significantly different (p<0.05) according to Duncan’s multiple range test.

In V. unguiculata no significance difference (p<0.05) was found in leaf area and root / shoot ratio of V. unguiculata with
the treatment of nickel at all concentration as compared to control (Fig. 4). An increase in concentration of Nickel 0.6 to 2.4 mM
caused a decline in leaf area and root / shoot ratio of V. unguiculata. Increase in nickel treatment also decreased the leaf weight
ratio, specific leaf area and Ieaf area ratio of V. unguiculata.ﬂ

Fig. 4. Effects of different concentrations of nickel (control, 0.6 mM, 1.2 mM, 1.8 mM and 2.4 mM) on leafarea, root / shoot
ratio, leaf weight ratio, specific leaf area, leaf area ratio of V. unguiculata. Statistical difference determined by ANOVA and
Values followed by the same letter are not significantly different (p<0.05) according to Duncan’s multiple range test.
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The effects of different concentrations of nickel
0.6 mM, 1.2 mM, 1.8 mM and 24 mM on relative water
content (%), chlorophyll ‘a’, chlorophyll ‘b’ total
chlorophyll, carotenoids and phenols pg/ml of Vigna
unguiculata were recorded The effects of nickel on relative
water content of V. unguiculata was less affected (Fig. 6).
In, V. unguiculata the decreasing trend was found in relative
water content with the increase in concentration of nickel.
The variations in photosynthetic pigment content of V.
unguiculata was found. The chlorophyll ‘a’ and total
chlorophyll content was significantly (p<0.05) decreased,
but no significant different was found in chlorophyll ‘b’
content. In a study, Singh and Pandey (2011) [Jreported the
toxic effect of nickel stresses on uptake, pigments and
antioxidative responses of water lettuce, Pistia stratiotes L.
Carotenoid also showed significant decreasing trend from

control to higher values. ie. 1.8 mM Ni and 24 mM Ni
concentration. The reduction was cleared at 24 mM Ni
concentration. An increase in phenols contents of V.
unguiculata at higher concentration ie. 240 mM Ni
concentration as compared to control was recorded. Such
results are in agreement with the findings of Gopal et al.,
(2002), Pandey, and Sharma (2002) []. These results
suggests that nickel might have oxidative damaged to
membranous system of chloroplast (Boaccouch et al.,
[11998). High levels of this micronutrient can alter various
metabolic activities of the plant such as the ratio of mineral
nutrients, enzyme inhibition, functioning of the stomata,
photosynthetic transport of electrons, and degradation of
chlorophyll  molecules, consequently reducing the
photosynthetic rate, growth and chlorophyll content and
biological yield of plants[] (Bybordi and Gheibi, 2009).

Fig. 6. Effects of different concentrations of nickel (control, 0.6 mM, 1.2 mM, 1.8 mM and 2.4 mM) on relative water content
(%), chlorophyll ‘a’, chlorophyll ‘b’ total chlorophyll, carotenoids and phenols pg/ml of Vigna unguiculata. Statistical
difference determined by ANOVA and Values followed by the same letter are not significantly different (p<0.05) according to
Duncan’s multiple range test.

v

CONCLUSION

In summary, from the present findings suggest that
the nickel treatment at different levels 0.6, 1.2, 1.8 and 2.4
mM) affected seedling growth performance, physical and
biochemical parameters of cowpea (Vigna unguiculata (L.).
Root growth, specific leaf area and leaf area ratio of cowpea
seedlings showed tolerance to nickel toxicity at 0.6 mM
concentration as compared to control. Seedling fresh and
dry weight affected at 1.2 mM Ni concentration. Nickel
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concentration at 1.2 mM significantly affected number of
leaves of cowpea. Shoot growth of cowpea highly affected
than root growth. Relative water content of cowpea in
response to nickel levels at 0.6 mM were less affected as
compared to control. Ni*2 treatment at 0.6 mM significantly
affected chlorophyll ‘b’ and carotenoids (pg/ml) content of
cowpea. Ni*2 treatment significantly increased phenols
content of cowpea with the increase in nickel treatment.
Overall results suggests that cowpea has a potential of
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cultivation in nickel polluted soils having less than 2.4 mM
level of nickel and could serve as marker of nickel toxicity.
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Abstract— The vegetation growing close to the railway
tracks are usually exposed to various types of toxic
pollutant discharged from the locomotive diesel engines. In
present studies, the seedling growth performance of Acacia
nilotica responded differently in soils of Cantonment
Station, Drighroad Junction, Malir Station and Landhi
Junction as compared to Karachi University Campus
(Control) soil. The seedling growth of A. nilotica (Linn.)
Delile gradually increased in soil of Drighroad Junction,
Malir Station and Landhi Junction. The seedling growth of
A. nilotica in Cantonment soil was significantly (p<0.05)
deceased as compared to the treatment of University
Campus soil. The root, shoot, seedling lengths,
circumference, root, stem and seedling dry weights of A.
nilotica grown in soil of Cantonment Station showed
significant (p<0.05) reduction as compared to University
Campus. The growth parameters such as root, shoot,
seedling lengths, number of leaves, leaf area,
circumference, root, stem, leaf, seedling dry weights of A.
nilotica grown in soil of Malir Station and Landhi Junction
were significantly (p<0.05) enhanced as compared to
University Campus soil.

Keywords— dry weight, kikar, locomotive railway diesel
engine, root, seedling growth, tolerance.

I INTRODUCTION

Pakistan is a developing country and its urban cities are
suffering by a series of environmental pollution problems
due to increase in automobile and industrial activities [29].
The automobile activities is a major source of different
types of pollutants such as suspended particulate matter,
carbon monoxide, hydrocarbons (HC), nitrogen dioxide
(NO2), sulfur dioxide (SO2), ozone (Os), peroxyacetyl
nitrate (PAN) and heavy metals (Pb, Cd, Cr, Ni, Zn) in the
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environment. The addition of pollutants in soils nearby
railway track might produce toxic effects on the
biodiversity, trees and crops productivity. The diesel
engines showed low concentrations of carbon monoxide and
unburned hydrocarbons outlet as compared to spark ignition
engines. Currently, the automotive manufacturing industries
are facing the serious challenges to meet the future specific
requirements for the regulation of both NOx and particulate
emissions [19].

Karachi is the 22" biggest city of the world and is
the largest city of Pakistan. It is situated at 64° longitudes
and 27° latitude on the shore of Arabian Sea near the Indus
River delta with main seaport of the country. The city
covers an area of approximately 3,530 square kilometers
with more than 18 towns and 6 cantonment boards. The
transport system to carry goods and public in the city is
comprises on locomotive train, trucks, buses, mini buses,
cars, rickshaws and motor cycle which are the primary
mode of conveyance. The railway track of Pakistan covers
about 11, 755, 00 kilometers including double line track.
The Pakistan railway consists of 12 steam locomotives, 16
electric locomotives and 500 diesel electric locomotives for
the transport of goods and public Pakistan Railway, 2010-
2011, [22]. 115 passenger and most of the cargo trains have
been suspended temporarily due to fuel shortage (The
Nation, September 29, 2011). According to Rizvi [28], 26
mail and express, 39 intercity, 33 passenger, 24 mixed, 03
international, 03 Karachi shuttle and 02 cargo trains are in
operation from Karachi to other parts of the country.

Gasoline and diesel fuels are mixtures of
hydrocarbons (made of hydrogen, oxygen carbon atoms).
Diesel fuel is a mixture, which may contain approximately
400 distinct hydrocarbons and 20 organic compounds of
sulfur and additives [21]. The level of environmental
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pollution with polycyclic aromatic hydrocarbons (PAHS)
can be correlate with the region of industrialization and the
traffic density. These PAHs accumulate in soil along the
roads. PAH, contents found at the depths up to 2 meters. It
was concluded that the plants can be absorb and decompose
some PAHs which were mostly deposited in the soil, and
some of them in the roots [31].

Railway transportation is an important mode of
transportation [18] in Pakistan and all over around the
world. The railway transportation, leaked cargos, fuel
combustion, the wuse of lubricate oils and sleeper
impregnation oils during railway transportation considered
the main resources of heavy metals likewise Pb and Cd [5].
The impact of toxic pollutants near the railway track and
railway stations on ecological point of view investigated by
different researchers [6, 8 and 9]. Polycyclic aromatic
hydrocarbons (PACs) and heavy metals assessed in soil and
plant samples collected from different areas of the railway
junction llawa Glowna, Poland. PAH, contamination of soil
and plants was reported highest in the platform area and
near the railway siding and lowest in loading ramp and
cleaning bay areas. Whereas, the heavy metal contamination
pattern was different. The soil and plants were very highly
contaminated in the cleaning bay and sidetrack areas while
the loading ramp and platform areas were less contaminated
[17]. The botanists carried out some studies for plants
growing along the railway tracks for the last many years

[33]. A floristic study in 246 areas along the railway tracks
of Poland was carried out [11]. Railway ballast contains
little organic material [15]. The exceed concentrations of
fine particulate matter (PM25) levels, carbon dioxide (CO2)
levels and particle number concentrations (PNC) against
World Health Organization (WHO) permissible limit
(25 pug/m?) in train carriages on seven routes of the mass
transit railway in Hong Kong were recorded [34].

The aim of the present study was to investigate the
seedling growth behavior of an important woody tree
species, Acacia nilotica (Linn.) Delile in the soil collected
from near the different railway tracks sites of Karachi, city
and compared with the soil of Karachi University Campus.

1l MATERIAL AND METHODS
Description of study site

Karachi faces many challenges from the last few
decades due to rapid urbanization and industrialization. It is
an important hub in economy of Pakistan due to its presence
on the coast along the Arabian Sea situated at latitude of
24° 48 N and longitude of 66° 55' E. The study area covers
about 20 kilometers from Cantonment Station to Landhi
Junction (Fig. 1). The area was disturbed and affected from
the activities of rail and road transport. The detail work
regarding seedling growth behavior of Acacianilotica in the
past years is scanty.

STUDY AREA

-y
i< ra

Figl Map of the study area

The brief description of the study area is as follows:

A. Karachi University Campus: Karachi University is a
public University and away from the city center of
Karachi, Pakistan. The University is situated at latitude
of 24° 56' N and longitude of 67° 07' E. The Karachi
University Campus is considered as pollution free site
as compared to other studied sites. The University of
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Karachi was established by an act of Pakistan
parliament in June, 1951. The present campus, to which
the University shifted in 1959, is spread over 1279
acres of land, situated 12 Km away from the city center
[32] .
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B.

Cantonment Station: Karachi Cantonment Railway
Station is situated at a latitude of 24° 50' N and
longitude of 67° 02 E. Roads with high traffic
congestion surround the area around the Cantonment
railway station. The main express and local train
arrives and depart from here for “up” and “down” side
of the country. Most of the passengers use this railway

station due to departure and arrival points of many
trains. The mechanical diesel workshop at this station is
also situated. The service facility is available at this
station for cleaning and washing of coaches. Most of
the cargo trains and extra coaches are parked at this
station (Fig. 2).

Fig 2. Railway locomotive diesel engine workshop at Karachi Cantonment Railway Station.

Drigh road Junction: Drigh road railway Junction is an
important railway station of Karachi, Pakistan and
situated at latitude of 24° 53' N and longitude of 67° 07'
E. The up trains have no stoppage at Drigh road
Junction while the down trains stop here for 2 to 5
minutes. Only few passengers use this railway station

coming from other parts of the country to Karachi. The
Drigh road railway station serves for “up” and “down”
trains. In the past, this railway junction was used for
cargo trains on large scale, but now days this junction
is available for parking of the cargo trains (Fig. 3).

Fig 3. Dnigh Road Railway Station.|

Malir Railway Station: Malir railway station is located
in Malir 15 and situated at a latitude of 24° 52' N and
longitude of 67° 11' E. This railway station was active
in the past but now days, the passengers less use this
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station. The local train runs on this route. The long
route trains have no stoppage here and in case of
emergency, the trains are used to stop here.
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Fig 4. Malir Railway Station.

E. Landhi Junction: Landhi Railway Station Junction is
situated at latitude of 24° 52' N and longitude of 67° 11'
E. Although, this junction is a large one. The fast and
cargo trains runs on the Landhi railway line. Some of
the passengers use this railway station as departure and

arrival points for some trains. The station is situated at
the east end of the Karachi, city that, make the less
disturbance to vegetation and soil as compared to other
railway track site (Fig. 5).

Fig 5. Landhi Junction Railway Station.

Species description

Acacia nilotica (Linn.) Delile is a small to medium
size tree with more or less rounded umbrella shaped crown
and locally known as Kikar (Fig. 1). It belongs to family
Fabaceae and sub-family Mimosideae. It is widely
distributed in subtropical and tropical Africa from Egypt to
Mauritania southwards to South Africa, and in Asia
eastwards to Pakistan and India [3]. It is widely planted in
arid and semi-arid regions of India and Pakistan [24]. A.
nilotica is also a salt tolerant species and successfully
adapted in arid environment [20]. The adult and juvenile
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plants easily regenerated from the base after removal of top
growth and viability of seed remain more than five years
[4]. The tap roots of A. nilotica rapidly penetrated deeply in
soil and access soil moisture for successful growth that
ensured the competition to other plants [16] and the seeds
remain dormant for long periods due to the presence of hard
impermeable seed coats [23]. A. nilotica rapidly grow up to
2-3 m in diameter and 15-18 m in height. The pods with 8-
12 seeds, increased 7-15 cm in length with a necklace
appearance [13]. A. nilotica is multipurpose leguminous
nitrogen fixing tree which increased the soil fertility [2].
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Fig. 6. Acacia nilotica growing in Karachi University C ampus.l

Seedling growth experiment

The soil samples of polluted sites near the railway
tracks (Cant Station, Malir Halt, Malir-15, Landhi Junction)
and non polluted site the Karachi University Campus were
obtained at 30 cm depth and were brought to the laboratory
in polythene bags. The soil samples were air dried and then
sieved through 2 mm sieve to remove large size particles,
stones and boulders. The healthy seeds of Acacia nilotcia
(Linn.) Delile were collected randomly from the Karachi
University Campus. The experiment was conducted in
green house at the Department of Botany, University of
Karachi in pots. The top ends of the seeds were slightly cut
with a clean scissor to remove any possible dormancy. The
seeds were sown in large pots having garden soil at 1 cm
depth and watered regularly. After two weeks of their
germination, uniform size seedlings was transplanted in
pots of 7.0 cm in diameter and 9.8 cm in depth containing
the soil of Cant Station, Malir Halt, Malir-15, Landhi
Junction and University Campus. There were five replicates
for each soil and the experiment was completely
randomized. The seedlings were irrigated with tap water
after two days intervals. Pots were reshuffled weekly to
avoid light/shade or any other environmental effect. After 8
weeks of growth, the seedlings were removed from pots and
washed their roots with water. Root, shoot and leaves were
separated to dry in an oven at 80°C for 24 hours. Data on
seedling, root, shoot length and leaf area was obtained.
Oven dried weights of root, shoot, leaves and total seedling
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dry weights were taken by electrical balance. Root/shoot
ratio, leaf weight ratio, specific leaf area and leaf area ratio
were determined as mentioned by Rehman and Igbal [27].
Statistical analysis

Data of various growth parameters of A. nilotica and
different variables of soil samples was statistically analyzed
by analysis of variance (ANOVA) and Duncan's Multiple
Range Test at p< 0.05 level on personnel computer using
statistical software COSTAT ver. 3.

]| RESULTS
The seedling growth performance of Acacia
nilotica was evaluated in soils of University Campus,
Cantonment Station, Drighroad Junction, Malir Station and
Landhi Junction. The seedling growth of A. nilotica was
gradually increased in soil of Drighroad Junction, Malir
Station and Landhi Junction, while in Cantonment Station
soil, the growth was decreased as compared to University
Campus soil. The root, shoot, seedling lengths,
circumference, root, stem and seedling dry weights of A.
nilotica grown in soil of Cantonment Station showed
significant (p<0.05) reduction as compared to University
Campus. The growth parameters such as root, shoot,
seedling lengths, number of leaves, leaf area,
circumference, root, stem, leaf, seedling dry weights of A.
nilotica grown in soil of Malir Station and Landhi Junction
were significantly (p<0.05) enhanced as compared to

University Campus soil (Fig. 7a and 7b).
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Fig.7: Growth of Acacia nilotica in different soils (a) and after harwest (b)
Symbol used: A = Karachi Uniwersity Campus; B = Karachi Cantonment Railway Station;
C = Drighroad Railway Junction; D = Malir Railway Station; E = Landhi Junction

The seedlings of Acacia nilotica showed better
growth regarding root, shoot and seedling lengths, number
of leaves and circumference in soil of Drighroad Junction,
Malir Station and Landhi Junction as compared to
University Campus while, the seedlings grown in
Cantonment Station soil showed inhibitory effects on root,
shoot and seedling lengths, number of leaves and
circumference (Table 1). The root length of A. nilotica was
significantly (p<0.05) enhanced in soil of Drighroad
Junction (9.40 cm), Malir Station (11.98 c¢cm) and Landhi
Junction (12.66 cm) as compared to University Campus
(8.20 cm) while, in soil of Cantonment Station a significant
(p<0.05) reduction was found in root length (7.38 cm). The
shoot length of A. nilotica was significantly (p<0.05)
increased, 39.60 cm, 42.80 cm and 46.00 cm in soil of
Drighroad Junction, Malir Station and Landhi Junction,
respectively as compared to University Campus (33.20 cm).
A significant (p<0.05) decline was noted in shoot length in
the soil of Cantonment Station (26.60 cm) as compared to
the University Campus soil. The seedling length of A.
nilotica seedlings grown in soil of Cantonment Station
showed a prominent reduction (33.98 cm), whereas
Drighroad Junction, Malir Station and Landhi Junction soil
represented a significant (p<0.05) increase in seedling
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length, 49.00 cm, 54.78 cm and 58.66 cm, respectively as
compared to the University Campus soil (8.20 cm). The
number of leaves of A. nilotica was significantly (p<0.05)
greater, 65.00, 74.00 and 96.20 seedlings grown in soil of
Drighroad Junction, Malir Station and Landhi Junction,
respectively as compared to University Campus while, the
seedlings grown in soil of Cantonment Station showed a
significant(p<0.05) reduction which was recorded as 42.00.
The leaf area of A. nilotica seedling was significantly
(p<0.05) increased, 1.29, 1.40, 1.91 and 2.04 cm? in soil of
Cantonment Station, Drighroad Junction, Malir Station and
Landhi Junction, respectively as compared to University
Campus (1.07 cm?). The circumference of A. nilotica was
significantly (p<0.05) reduced to 20.00 cm for the seedlings
grown in soil of Cantonment Station as compared to
University Campus (29.40 cm). A non significant difference
was observed in circumference of the seedlings developed
from the soil of Drighroad Junction, Malir Station and
Landhi Junction as compared with University Campus soil.
The dry weights of root, stem, leaves and cumulative
seedlings of A. nilotica were recorded high for the seedlings
which were grown in soil of Malir Station and Landhi
Junction as compared to University Campus (Table 1).
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Table 1. Effects of different soils on growth of Acacia nilotica in the field conditions.

ka
Sites Root length (cm) Shoot length (cm) Seedling length (cm) No. of leaves Leaf area (cm*) Circumference (cm)
A 8.20+0.22b 33.20+0.66b 41.40+0.61b 56.60+0.68b 1.07+0.11a 20.40+0.92b
B 7.38+0.18a 26.60+£0.81a 33.98+0.74a 42.004£0.71a  1.29+0.04b 22.00+0.89a
C 0.40+0.14¢ 39.60+£0.81c 49 00+0.76¢ 65.00£1.67c  1.40+0.03b 30.60+0.92b
D 11.98+0.28d 42.80+0.86d 54.78+0.86d 74.00+1.79d  1.91+0.06¢ 28.80+1.56b
E 12.66+0.12e 46.00£0.71e 58.66+0.67e 96.20£1.3%  2.04+0.05¢ 31.00+1.00b
LSD (p<0.05) 0.58 228 220 393 0.19 318

Symbol ysed; A = University Campus; B = Cantonment Station; C = Drighroad Junctionn: D = Malir Station; E = Landhi Junction
Numbers followed by the same letter in the same column are not significantly different according to Duncan Multiple Range
Test at p<0.05 level; + Standard Error

feLan -

Table (2) showed a significant (p<0.05) increase in
root dry weight of A. nilotica grown in soil of Drighroad
Junction (0.064 g), Malir Station (0.113 g) and Landhi
Junction (0.152 g) in comparison with University Campus
(0.072 g). The seedlings of A. nilotica developed from the
soil of Cantonment Station showed a significant (p<0.05)
reduction (0.064 g) in dry weight. The stem and leaf dry
weights of A. nilotica also showed a significant difference for
the seedlings grown in soil of Cantonment Station, Drighroad
Junction, Malir Station and Landhi Junction as compared to
University Campus (Table 2). The cumulative seedling dry
weight of A. nilotica was recorded significantly (p<0.05)
high for the seedlings grown in Drighroad Junction (0.833 g),
Malir Station (0.931 g) and Landhi Junction (1.186 g),
whereas the seedlings grown in the soil of Cantonment

Station demonstrated a significant (p<0.05) reduction (0.494
g) as compared to University Campus soil (0.782 g). The
root/shoot ratio of A. nilotica was significantly (p<0.05)
different for the seedlings grown in Cantonment Station,
Malir Station and Landhi Junction as compared to University
Campus soil. Leaf weight ratio of A. nilotica showed a
significant (p<0.05) difference only for the seedlings
developed from the soil of Malir Station and Drighroad
Junction as compared to the University Campus soil. The
specific leaf area showed significant (p<0.05) difference in
seedlings grown in soil of Cantonment Station as compared
with  University Campus. The leaf area ratio showed
significant (p<0.05) increase (264 cm? g1) in seedlings
grown in Cantonment Station and Malir Station soil as
compared to the University Campus.

Table 2. Effects of different soils on dry weights and ratios of different variables of Acacia nilpticg in the field conditions.

Sites Root dry Stem dry Leafdry  Seedling dry Root/shoot Leaf weight Specific leaf Leaf area ratio
weight (g)  weight (g)  weight (g) weight (2) Ratio ratio area (cmg?) (cm®g?)
A 0.072£0.002b 0417£0.01b 0.238+0.04b 0.7282001b 0.11£0.003a 033£0002a 450+041a 147z013a
B 0.064£0.001a 026620012 0.162+0052 0494£001a 0.15£0.005¢ 0.33£0.005a 8.06£054b  2.64£0.14c
C 0.095£0.002¢c 0.424+0.02ac 0.313£0.01c 0.833£0.03¢c 0.13£0.008ab 0.38+0.006c 451+022a  1.69+003a
D 0.113£0.003d 0.461£0.02c 0.356x0.01d 0.931£0.02d 0.14£0.008bc 0.38£0.011c 536+0.10a  2.04z0.04b
E 0.152£0.002e 0.635£0.13d 0.398£002e 1.186£002e 0.15£0.004bc 0.33£0012a 51840352 1.722007a
LSD (p=0.05) 0.007 0.04 0.04 0.07 0.02 0.02 1.05 1.05

Symbol ysed; A = University Campus; B = Cantonment Station; C = Drighroad Junction; D = Malir Station; E = Landhi Junction

Numbers followed by the same letter in the same column are not significantly different according to Duncan Multiple Range

Test at p<0.05 level; + Standard Error
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Table 3 (a): Physical properties of soil.

[Sites || BLW.HLC. B.D Forosity Hamd Eile Clay Soil texture
X (%) {zec) [ (%) | ()] (] L] clazy |
| X 16592018 13640 1h 4o 00a 24342081 (| 442840005 || 3E4240.002 Clay boasn. |
| B 31,110 e 1,580 41 452 (g 41 Blk=1 (M 26 (=i 3 16 h=f Clavy b |
L C 1720112 1.47=0.01c Azl 00 || 60800840 || 310020300 || 03 20044 || Sedy clavloen |
I J3E4+0 Wa 1.253=0.03a deS00h || 64.08+1 000 [} 010080500 || 2T 934085 Sandy clay loam |
| | E 4520002 || 1AF=000ke || ASR50a || G0.02£020c || D100000: || 289240002 || Sandy cley loam
Table Mbc Chemtical proportied of soll
it Col{hy 8] gH AL T H EC TS Ex. Xa Ex K
&) {mpl. Y %) (g} (g jdSerl)y {mgl:H {ppm) {ppmi}
A ||24e00ia ||o000pD 00 || TO0A00Z) 430005 ||24160. 000 ||SERSA0MH || 18 0e0Ssia 113500400 || 18000e0 00h ([ 1580045000
B 113000 40 ||375.0200 000 || 7052000 8 3eehida [)2.0500.000 || bad.Goed 00 () 100620300 [ 14.8200550 | 139000205004 |] §8000=7 00
C 15 Te0 3 [[i00az0d |IT40a0.00c S350 || L5E0 032 || 712500000 |4 Ae030h | 330 200 o0 500 || 160.0041].0
. n 1470 15 || E00.5e3. (e Bielodd FE00LE (|2 2600 (| ES0.00=d 00 ]850 80§10 20 1200005 00 EO00=1 5k
| E 1740257 |[80.025 000 TAnegovc aEepied |2 Teen0ld (150254000 || 2000200 0 16e0.20c 100.00=1 00 BT 00k

Syvmbol used: A= University Campus, B= Cane Station, C=Malir Halt, D= Malirl  E=Landh Junction

MW.H.C. = Maximem Water Holding Capacity, B.D. = Bulk Density, CaC0Os = Calcrum
carbanate, Cl= Chlarides OM = Organee matter, TA0.C. = Total Organic Carthen, EC= Electrical
Conduetivity, T.D.S. = Total Dizeolved Saltz, Ex. Na™ = Exchangeable zodivm, Ex. K=
Exchangzable potassivm. Numbers followed by the same letter in the same colomn are not
siznificantly different according to Duncan Multiple Eange Test at p<0.05 level, £ Standard

Error, Source: (Faroeqi ef af, 2016.)

V. DISCUSSION

The influence of railway exhaust emission on the
seedling growth of Accacia nilotica was investigated.
Railway emission affected seedling growth of A. nilotica. A
significant (p<0.05) reduction in seedling growth of A.
nilotica raised in soil of Cant railway station observed. The
routine works on railway tracks of Karachi is badly affected
the soil properties near the railway tracks. The workshops
for maintenance of vehicles, train engines and coaches also
contaminated the soil of the area. The plants growth directly
depends on the soil of the area in which they are growing,
because the soil is the medium for plant growth, water and
nutrient supplier and give support to plants [10]. In our
previous studies the changes in physical and chemical
properties of soil near the railway track of Karachi, city
were recorded (Table 3a, 3b). The roots of plants penetrate
in soil, which act as a water-holding tank and fulfill the
needs of water for plants growth. The physical properties of
soil such as compactness, structure, and texture and bulk
density directly influenced the root penetration, growth
performance and production of yield to different crops [12].
The nutrient availability, their absorbance and uptake from
water to plants depend on physical attributes of soil [30].
The soil texture, bulk density, porosity and water holding
capacity, organic matter, dissolved salts and available
sulfates are affecting the plants growth [26].

The physical and chemical characteristics of
University Campus, Cantonment Station, Drighroad
www.ijeab.com

Junction, Malir Station and Landhi Junction soils were
different. The activities of automobiles at the above
mentioned study areas are different and the rate of
pollutants introduction in environment vary from area to
area. The most polluted and disturbed area was Cantonment
Railway Station and the less polluted area was Landhi
Junction as compared to Karachi University Campus. The
growth performance of Acacia nilotica, showed a
significant (p<0.05) variation raised in different soils of the
study area due to changes in physical and chemical nature.
The height of A. nilotica was highly increased in soil of
Landhi Junction whereas; in the soil of Cantonment Station
height of A. nilotica was lowest. The lowest number of
leaves and circumference were recorded in soil of
Cantonment Station. Rehman [25] carried out similar
studies in the polluted soils of Landhi and Korangi
industrial areas of Karachi city. The height and number of
leaves of Leucaena leucocephala showed discontinuous
variation after every two weeks in polluted soils of Landhi
and Korangi industrial areas [27].

The seedlings of A. nilotica grown in soil of
Karachi Cantonment Station exhibited significant reduction
in root, shoot and seedling lengths, number of leaves and
circumference due to most contamination of repairing and
servicing activities of train engine and coaches as well as
some other activities in that area. The reduction in these
parameters of different plants might be due to disposal of
waste products and spent engine oil in the vicinity of
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Cantonment railway station. These findings were supported
by Akoto et al. [1], who described that vegetation in the
vicinity of railway servicing workshops in Kumasi city of
Ghana was severely affected. The root, stem, leaf and
seedling dry weights of A. nilotica seedlings grown in soil
of Karachi Cantonment Station were significantly reduced
as compared to University Campus, Drighroad Junction,
Malir Station and Landhi Junction. The same results were
coated by Igbal and Shafig [14], who described that the
reduction in leaf number, plant height, circumference, root,
shoot and total plant dry weights of Prosopis juliflora and
Blepharis sindica were suppressed due to low contents of
calcium carbonate, high electrical conductivity and high
contents of sodiumand potassiumsalts.

\% CONCLUSION

The present study showed that the seedling growth
of A. nilotica raised in the soil of different areas of railway
tracks of Karachi responded differently due to
anthropogenic activities, grazing, and construction of
railway tracks and release of emission from railway
engines. The soil of Cantonment Station was highly
polluted due to repairing activities, release of exhaust from
train engines, chemical used for rolling stock, exploitation
(machine grease, fuel oils, and sleeper impregnation oil)
and toxic substances processed by railway transport. If the
exposure of pollutant on soil near railway tracks goes on
then there would likely to be more damage to the vegetation
changes in future.
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Abstract— In many countries around the world, including
Nigeria, access to potable water has become a mirage.
Thus, exploitation ofgroundwater through the construction
of hand-dug wells has become a major source of drinking
water for majority of the populace. The need to assess the
quality of water from this source has become imperative
because of the health impacts on individuals. The physico-
chemical characteristics of water from 166 hand-dug wells
in Wadata area of Makurdi metropolis, Nigeria, were
assessed during the dry season of 2017. Chloride(ClY),
Nitrate(NO3’), Sulphate(S04%), Ammonium(NH4*),
Phosphate(PO+*"), Total hardness (TH), Total dissolved
solids (TDS) and turbidity were determined using standard
analytical methods. Sodium (Na), Calcium (Ca),
Magnesium (Mg), and Potassium (K) were determined
using Flame Atomic Absorption Spectrophotometer (PG
990 model). As part of the physical parameters,
TDSranged from 19.20 to 8932.20 mg/L while Turbidity
also ranged from 1.00 to 12.00NTU. Chemical parameters
were in the range of: CI(14.18 to 751.54 mg/L); NO3
(11.00 to 62050.00mg/L); SO4* (6.70 to 321.70mg/L);
P0O4+%(12.30 to 1093.25mg/L); NH4*(2.60 to 321.40mg/L);
TH(76.80 to 5467.80mg/L). Metalloids were in the range
of: Na (2.90 to 78.60 mg/L); Ca (0.00 to 654.00mg/L); Mg
(3.70 to 67.80 mg/L); K (4.00 to 238.00 mg/L).Many hand-
dug wells in the area are contaminated based on the
physicochemical parameters tested as values were above
the acceptable limits prescribed by Standard Organization
of Nigeria (SON) for drinking water.This information is
important to all stakeholders including regulatory
authorities in environment and those saddled with the
responsibilities of preventing and controlling water borne
disease outbreaks.

Keywords— Environment, Hand-dung wells, Health,
Physicochemical properties Water quality.
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I INTRODUCTION

Cenerally, groundwater, surface water (rivers, streams and
ponds), atmospheric water (rain-water, snow) and springs
are the main sources of water available to people. The
quality of these water bodies vary widely depending on the
location and environmental factors [1]. The major source of
groundwater is precipitation that infiltrates the ground and
moves through the soil and pore spaces of rocks. Other
sources include water infiltrating from lakes and streams,
recharge ponds and water treatment systems. As
groundwater moves through soil sediments and rocks, many
impurities such as disease-causing micro-organisms are
filtered [2]. In developing countries such as Nigeria many
water resources are unhealthy because they contain harmful
physical, chemical and biological agents. To maintain good
health, water should be safe to drink and meet the local and
international standards. To monitor the water resources and
ensure sustainability, national and international criteria and
guidelines established for water quality are being used [3].
In Benue State, despite efforts made by Government to
provide potable water to urban and rural areas, a large
percentage of the water supply schemes are malfunctioning,
forcing consumers to use unprotected sources that pose
health hazards. Annual report from national dailies show
marked episodes of epidemic in Wadata area of Makurdi
metropolis arising from water problem [4].The trend of
uncontrolled and haphazard construction of groundwater
facilities, particularly hand-dug wells, in the residential
areas with refuse dumps within the vicinity, is a great health
concern, as this may contribute significantly to adverse
impact on the aquifer as a result of overdependence and
over-abstraction with attendant negative effects. To
safeguard the health of the residents, it is imperative that the
quality of the water from hand-dug wells be ascertained.
The overall goal of the study was therefore, to determine the
potability of water from the hand-dug wells located in
Wadata area of Makurdi metropolis.
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. METHODOLOGY
Study Area
Makurdi, the study area, is situated on Long 8° 10'N and 8°
45IN; and Lat.7° 1'E and7° 45'E in the Southern Guinea
Savanna of Nigeria. The town is drained by the River Benue
which bisects it into two parts — North and South banks.
Other minor rivers that drain the town, and in turn empty
their water in the River Benue include; Rivers Idye,
Genabe, Unudu, Kpege and Kereke [5]. These rivers are
highly seasonal and dry up in the dry season with some
stagnant pools in their channels in the dry season. Due to
the general low relief of Makurdi town, large portions of the
area are water-logged and flooded during heavy rainstorm.
Two major climate seasons are recognized; the dry season
which is between November and March, and the wet season
which starts in April and then ends in October with a short
break in mid-August. The average annual precipitation is
above 220mm and serves as a major source of groundwater
replenishment. Temperature ranges between 21.3°C and
32.8°C [6].
Water sampling
One hundred and sixty-six (166) water samples were
collected from the study area (Fig.1), in September, 2016,
using multi-stage sampling techniques. Fifty-five (55)
samples from protected wells (p); 55 from semi-protected
well(s); and 56 from un-protected wells(u), using two-litre
rubber bottles which have been previously washed with
10% nitric acid (HNOz) and 1:1HCI for 48hours. The
rubber bottles were labeled and immediately, few drops of
HNO3 were added in order to prevent loss of metals and the
growth of any micro-organisms. Turbidity of the water
samples were also measured at the time of collection.

Laboratory analysis

Turbidity and nitrate were determined using direct reading
spectrophotometer (DR/2000) made by HACH Company.
Total dissolved solids was determined using TDS kid
Model 50150 made by HACH. Total water hardness (TH)
was determined using Hardness EDTA titration. Cl-, NOz-,
S042-, PO43- and NH4* ions were determined using standard
analytical methods. Metalloids: Na, Ca, Mg, K were

determined using Atomic Absorption Spectrophotometer
(ASS) Model PG 990. All instruments were calibrated
before use.

. RESULTS AND DISCUSSIONS

Table 1 presents the total dissolved solids, hardness and
turbidity of water samples. Total dissolved solids (TDS)
ranged from 19.20 to 8932.20 mg/L with a mean of 540.48
mg/L. TDS values were above permissible level of 500mg/I
by SON, for drinking water. The high values observed may
be as a result of intrusion or runoff of wastes from the
surroundings into the wells[7,8,9]. Turbidity ranged from
1.00 to 12.00 NTU with a mean of 4.67 NTU. Turbidity
positively correlated with TDS, sulphate and phosphate.
High turbidity may be as result of runoff of wastes fromthe
surroundings which increased the amount of dissolved
solids and suspended materials in the water. Total hardness
(TH) ranged between 76.80 mg/L and 5467.80 mg/L with a
mean of 567.08 mg/L. TH exceeded SON threshold of 150
mg/L for drinking water. TH correlated significantly and
positively with CI and NOz" (at 0.05 level) and SO4?- (at
0.01 level). High values may be as a result of high chloride,
sulphate, and ammonium ions present in the water samples.
TH also correlated weakly with Na* and Ca2*. This implies
that the presence of these ions in water might have
contributed positively to water hardness. The hardness
observed in water in the study area may therefore, be
permanent hardness. Sodium correlated significantly and
positively with nitrate (at 0.05level).This implies that the
two ions might have contributed to water hardness.
Magnesium correlated significantly and positively with
nitrate (at the 0.01 level), implying that the ions might have
formed salt in water. Ca?* correlated significantly and
positively with CI- ions (at 0.05 level), implying that the
two ions might have formed salt in the water. Statistical
analysis using at 5% significant level indicated that there
was significant variation in total hardness within the wells.
High values may be attributed to run-off of materials from
the surroundings of the wells which increase the amount of
dissolved inorganic materials in the water [10].

Table.1: Total dissolved solids, hardness and turbidityof watersamples

Water SON (2007)
Parameter Unit Min. Max. Mean Std. Guideline

TDS mg/L 19.2 8932.2 540.48 765.7 500
Turbidity NTU 1 12 4.67 2.67 5

TH mg/L 76.8 5467.8 567.08 559.49 150

TH=Total hardness; TDS=Total dissolved solids; SON=Standard organization of Nigeria

Min=minimum; Max=Maximum; Std=Standard deviation
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Table 2 presents the chloride, nitrate and sulphate contents
of water samples from hand-dug wells. Chlorides are
usually in water in the form of sodium chloride. This may
impact a salty taste to water. When present in
concentrations more than 200mg/L the taste may be
objectionable to some consumers. Results showed that
chlorides ranged from 14.18mg/l to 751.54 mg/L with a
mean of 246.62 mg/L. Chloride concentration was very
high though not all samples exceeded permissible level of
250 mg/L by SON for drinking water. Statistical analysis at
5% significant level indicated that there were significant
variations in the amount of chloride ions within the wells.
The high values observed for standard deviation (std), may
be attributed to high variations in the amount of the ions at
different sample collection points. The high levels of
chloride ions might be attributed to high infiltration of
dissolved inorganic substances and runoff during rainy
season [9].

Nitrates in water can cause methamoglobinaemia in infants
less than six months old [11]. Nitrate ranged between
11.00mg/L and 62050.00 mg/l with a mean of 160.11 mg/L.
The level of nitrate ions exceeded the permissible level for
drinking water. Thus, babies in the study area may be

exposed to serious health hazards. High nitrate
concentration observed may be attributed to ingress of
animal and human wastes from open septic or sewage
systems [7, 8]. Statistical analysis at 5% significant level
indicated that there were significant variations in the
concentration of nitrate ions in the water within the wells.
The high nitrate concentration may also be attributed to
high rate of decomposition of organic materials and
infiltration of dissolved compounds[12]. Nitrate ions
correlated positively and significantly with total hardness,
sodium, and magnesium ions, implying that the presence of
nitrate ions in water might have contributed positively to the
formation of water hardness [10]. Sulphate is an important
constituent of hardness with Ca and Mg. At concentrations
above 300mg/L, sulphate produces an objectionable taste
and unwanted laxative effects in water. Sulphate ranged
between 6.70mg/L and 321.70mg/L with a mean of
63.50mg/L. These levels are lower than the permitted
values set by SON. Statistical analysis at 5% significant
level indicated that there were significant variations of
sulphate in water within the wells. The presence of sulphate
in the water may be attributed to infiltration of dissolved
inorganic compounds into the wells [7].

Table.2: Chloride, nitrate and sulphate contents of water samples from hand-dug wells

Water Unit Min. Max Mean Std. SON (2007)
Parameter Guideline
Cl mg/L 14.18 751.54 246.62 136.16 250
NOs" mg/L 11 62050 160.11 1285 50
S042 mg/L 6.7 3217 63.5 64.11 100

SON=Standard organization of Nigeria; Min=minimum; Max=Maximum; Std=Standard deviation

Table 3 describes the phosphate and ammonium contents of
water samples from the hand-dug wells.Phosphate ranged
between 12.30mg/L and 1093.25mg/L with a mean of
189.99 mg/L. The high value of standard deviation may be
as a result of variation in the values observed from different
sample collection points. The level of phosphate ions
exceeded SON threshold for drinking water. Statistical
analysis at 5% significant level indicated that there were
significant variationsin phosphate ions in water within the
wells. The high values of phosphate may be as a result of
decomposition of organic matter and from runoff, surface

catchment and interactions between water and sediments
from dead plants and animals that remained at the bottom of
the wells. Ammonium ranged between 2.60 mg/L and
321.40mg/L with a mean of 4420 mg/L. The values
exceeded SON threshold for drinking water. Statistical
analysis at 5% significant level indicated that there were
significant variations in the level of ammonium ions in
water within the wells. The high values observed may be as
a result of decomposition of organic matter from the
surroundings and runoff water which infiltrated the
wells[7].

Table.3: Phosphate and ammonium contents of water samples from hand-dug wells

Water Parameter Unit Min. Max. Mean Std. SON (2007) Guideline
PO4% mg/L 12.3 1093.25 189.99 1745 5
NH4* mg/L 2.6 3214 44.2 3101 <1.00

SON=Standard organization of Nigeria; Min=minimum; Max=Maximum; Std=Standard deviation
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Table 4 presents the sodium, calcium, magnesium and
potassium contents of water samples. The values of sodium
ions ranged from 2.90 mg/L to 78.60 mg/L with a mean of
10.19 mg/l. The level of sodium ions did not exceed SON
threshold for drinking water. Statistical analysis at 5%
significant level indicated that there were significant
variations in the amount of sodium in water within the
wells. Sodium ions in water can cause water hardness.The
values of calcium ranged between 0.0mg/l and 654.00 mg/L
with a mean of 213.90 mg/L. Calcium ions exceeded WHO
standards (50mg/L) for drinking water. Statistical analysis
at 5% significant level indicated that there were significant
variations in the level of calcium ions in the water within
the wells. Magnesiumions showed a range of 3.70 mg/L and

67.80 mg/L with a mean of 10.72 mg/L. The results showed
magnesium levels above standards by SON. Statistical
analysis at 5% significant level indicated that there were
significant differences in the level of magnesium ions in
water within the wells. The presence of Mg ions in water
may be attributed to runoff and infiltration of dissolved
materials from the surroundings. Potassium showed a range
of 4.00mg/L to 238.00 mg/L with a mean of 75.72 mg/L.
The levels are above WHO standards (1-2mg/L) for
drinking water. Statistical analysis at 5% significant level
indicated that there was no significant difference within the
wells. The presence of K ions in water may be attributed to
runoff and infiltration of dissolved waste materials from the
surrounding dumpsite.

Table.4: Sodium, calcium, magnesium and potassium contents of water samples

Water Unit Min. Max Mean Std. SON (2007)
Parameter Guideline
Na mg/L 2.9 78.6 10.19 8.79 200
Ca mg/L 0 654 2139 164.86 100
Mg mg/L 3.7 67.8 10.72 6.14 0.2
K mg/L 4 238 75.72 41.82 10

SON=Standard organization of Nigeria; Min=minimum; Max=Maximum; Std=Standard deviation

Figure 1 clearly compared the mean values of water
parameters and SON minimum threshold as standards.
Based on this, average nitrates, phosphates, ammonium,
total hardness, calcium, potassium and ammonium contents

in water samples were above the SON limits. Average
turbidity, chloride, sulphide, magnesium and sodium were
still within or lower than the minimum threshold.

600
500
400 -
300
200
100

= Mean values of water parameters

===S0N (2007) Guideline

Concentrations mg/L

Physicochemical parameters

Fig.1: Line plot of mean water parameters and SON standard guideline

SON=Standard organization of Nigeria

V. CONCLUSIONS
The overall results showed that the water fromthe hand-dug
wells is contaminated with the physical and chemical
parameters analyzed. The water is therefore, not safe for
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drinking, cooking and laundry purposes. The inhabitants are
therefore, at risk of harmful chemical ions in water which
may lead to endocrinal damage, dental decay or dental
caries in babies, oxygen starvation in the brain of infants
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leading to ‘blue baby’ syndrome, kidney or gall bladder
stones, disruption of heart and muscular function, water
hardness and irritation of the mucous membranes. The need
to reduce contamination has a direct relationship with
contraction of harmful chemical ions which may lead to
water-borne diseases. To achieve this, there is the need to
treat the well water before use, either by boiling and
filtration or by chemical sterilization or both. Periodic water
quality monitoring and incorporation of household water
treatment practices with hand-dug well water are
recommended. Improved sanitation and hygiene practices
by the residents in the area are indispensable.
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Abstract— Natural decay of pollutants is rarely considered
in mass transport equation. This paper develops a
mathematical model of a filter based on iron oxide-coated
sand for the removal of chromium in groundwater and
surface water. The natural decay of chromium was analyzed
using a zero-order decay reaction. The advection dispersion
equation for this purpose is solved analytically using the
Laplace transform method and numerically by the Fourth
order Runge kutta method to determine the spatio-temporal
distribution of the pollutant through the filter. The control
parameters are the adsorption coefficient, the initial
concentration and the chromium degradation coefficient. It
has been proven that the chromium degradation coefficient
strongly affects the concentration values of pollutants inside
the filter. The results of this work should be used to
manufacture low-cost filters based on iron oxide-coated
sand.

Keywords— Filter, Sand, Iron oxide, Chromium,
Adsorption, Advection-dispersion, Laplace.

l. INTRODUCTION
Water is an essentialcomponent in the universe and plays an
important role in the proper functioning of ecosystems [1].
Despite this, access to drinking water is an increasingly
recurrent challenge worldwide and it is estimated that nearly
eight hundred and eighty (880) million people lack safe
drinking water athome [2, 3]. Water pollution results mainly
from poorly planned urban and rural development, industrial
discharges, agricultural discharges, geological and
environmental activities, domestic activities etc., it is a
serious problem because it affects our lives [4]. In addition,
the World Health Organization (WHO) estimates that 80%
of the diseases that affect the population are directly carried
by water: 400 million people are permanently affected by
gastroenteritis, 160 million from malaria and 30 million
onchocerciases [5]. The industry uses heavy metals in
various fields because they have a high electrical
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conductivity; however, these heavy metals have some
toxicity to humans, leading in particular toxic effects on the
nervous system, carcinogenic effects on the blood and the
bone marrow and kidney disorders.

Chromium is one of the most widely used metals in
industries, since it has enough advantages for tanneries,
textile, wood processing, agribusiness... Chromium V1 is the
most problematic form of chromium since in this form
chromium is very toxic and very soluble in water. This
solubility gives it great mobility in ecosystems. Today,
following a lack of compliance with laws or accidents, a large
number of industrial sites are polluted by chromium.
Therefore, the development of low-cost, easy-to-maintain
technologies to reduce this pollutant in drinking water
sources to an acceptable level for consumption is an
interesting research topic.

The methods implemented today to treat discharges polluted
by chromium (V1) are generally aimed at recovering this
metal, in order to reuse it and thus reduce its eco-
toxicological impact. In parallel, physicochemical methods
attempt to eliminate Cr (V1) and electrochemical methods
attempt to reduce Cr (V1) to Cr (lll). Iron oxide-coated sand
has proven its effectiveness for the elimination of various
heavy metals (As, Cd, Cr, Pb, ...) atan elimination rates close
to 100%. In this study, we develop a mathematical model to
understand and predict the adsorption of chromium VI in a
fixed column bed made witch iron oxide-coated sand. As
Chromium undergoing a naturaldecay, the discussion will be
focus on the effect of the degradation coefficient A on the
spatio-temporal variation of the pollutants inside the filter.

1. MATERIAL AND METHODS
2.1 Preparation of iron oxide-coated sand
The iron oxide-coated sand was prepared using a procedure
similar to that of Bailey et al. (1992) [6]. The author used
washed and dried river sand with a weight of 200 g and a
geometric size of 0.49 mm [7]. It is obtained by mixing for 2
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min, 80 ml of a solution of ferric nitrate 2M (Fe (NOs)
39H:0) to washed river sand and dried. He then placed the
mixture in a drying oven at 110 ° C for 14 hours. He finally
places the mixture in distilled water until the runoff is
cleaned at 105 ° C and stored in closed bottles [7].
2.2 Mathematical description
The linear dispersion advection-equation is used to describe
the transport of pollutants in this fixed column bed (Fig. 1).
The equation was derived to predict aqueous concentrations
of contaminants over time and spacein the porous medium.
It is written as follows: [8]

2} ac d%c
pa—z+95=9D§—Va—x Q)
Where p is the density, 6 the water content, D the
hydrodynamic dispersion coefficient, V: average Darcy
velocity and g the equilibrium adsorbed concentration which
is described as follows [8]:

q=kc" @
Where k is the adsorption capacity and n the adsorption
intensity.

In the absence of the iron oxide-coated sand which is the
adsorbent, Cr (V1) ion disappeared naturally from the
solution. Given the fact that chromium is a naturally
decreasing pollutant, this disappearance rate was assumed to
be at zero order as follows:

—dc/dt =;c=cyatt=0 3
Where A is the zero order rate constant or chromium
degradation coefficient, co is the initial Cr(VI) concentration
and c the Cr(VI) concentration at the time t.

By adding a decay term Ac to the equation above according
to Runkel, 1996 and by considering a linear adsorption
isotherm (n = 1), after a few transformations, we obtain:

ac d%c ac
—=d——-u—-—Ac 4
at ox? 0x

The appropriate boundary conditions for the model are given
by:
c(x,00=0 ,x>0;
c (0, t) =co, t>0; (5)
c(,0)=0 ,x>0

2.3 Analytical solution of the mathematical model

The analytical solution is obtained using Laplace transform.
It is use to transform one or more partial derivatives of the
differential equation into algebraic expressions. We call
Laplace transform of the function G denoted L (G), the
function of complex variable P defined by:

L[GW]= GR)=J; e P G(x t)dt ®)
Where L denotes the Laplace transform, G (t) is a function of
time, G(P)is a function of the transformed space, it
corresponds to the Laplace value. The operational property
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of the transformation that eliminates a partial derivative of
the equation is as follows:

L2E =pG - G(0) @)
Where G (0) is the value of G at time t = 0. To reduce
equation (4) to a more familiar form, we take:

ux uzt

cx,t) = Ir'x,t)exp [;— A t] 8
ux  u’t

Let @(x, t) _E_E_At

By substituting equation (8) in equation (4), we obtain:

w=att ©

at ax

The initial and boundary conditions (5) become:
c(x,00=0 ,x>0
¢ (0, t) =co exp (1:—: +A't),t>0 (10)
c(»0,0)=0 ,x>0
The Laplace transform of equation (9) is:

ar o°r
L(E) = dax (1)
Therefore, it's reduced to an ordinary differential equation
9°T P x
Pl EF (12)
The solution of the problem is:

0 LAY
r,t) = C;exp [L;—d+ y) t] [ezgerfc (a+ i) +

e erfc(a— i ) ] (13)
Substituting (13) in equation (8), the solution becomes:

£

CC—U= iexp [(%)e'z‘E erfc (a - —) + e*erfc (a + 2)] (14)

a

2 )
Where, a = Zxﬁ, €= /(Z—d+ A [ﬁ],H = ijd and ' =

V1+2H
Finaly:

. i{e"p [%(1 - I")] erfc (XZ_\;;_ZF) +exp [%(1 +
Derfc (%)]} (19

2.4 Numerical solution of the mathematical model

The numerical solution allows to take into account more
complex heterogeneous systems, and they can be thus more
realistic and flexible to simulate thereal conditions. It is not
very obvious to obtain an analytical solution of linear PDE
such as equation (4). However, there is an approximate
solution for linear PDEs obtained from different numerical
methods. Therefore, to solve the EDP of pollutant transport
in porous media, we use numerical methods. The partial
discretization method, where the finite difference
approximation is used to obtain the discrete form of the
spatial derivative. Then, the finite space difference diagram
in space is used to have discrete shape spatial derivation
equations of equation (4). Finally, the fourth order Runge
Kutta system (RK4) is used to solve equation (4). This
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numerical technique is used to solve the ordinary differential
equation expressed as follows:

=90 (15)
The RK4 algorithm is written as follows:

ki=At g(t, c(t)

ka=At gt +12At, c(t) +§k1)

ki= gtH2AL, ¢(t) +k2) (16)
ke=At g(t+ At, c(t) +ks)

c(t + At) = c(t)+ é(k1+2 k22 kat ka)

Where, At is the time step, c(t) is the concentration of the
pollutant at time t, c(t + At) is the concentration at time (t +
At). The partial discretization method of the finite difference

approximation of first-order spatial derivatives is:
dc _ GG,

; = Ax (17)
The discrete form of derivative of the second order is:
ﬂ — CJ;+1_2C§+Ci—1 (18)

ax? Ax?

The indices (i) and (j) represent the discretization nodes along
(x) and (t) respectively. Ax is the step of space. Thus,
equation (4) can be written in the following reduced form:

% = g(t, X, C:H,C:,C:_l) (19)
where ,

i i da i j j u i i
g(t, x,c,C, CH) = sz‘(cm —2c + CH) o (c,—c-1)—

A'C:
g(t’ X Cij+1’cii’ Cii—1) = dl(cij+1 - 26: + Cij—1) - dz(cii - Cij-1)
- ¢

Withd; = %, d, = x

17 42027 sy
We define x = idx, t = jAt with (=0, 1,2..., Ny) and (j=0,
12, ..., Nt)

The discrete version of the initial condition associated with
equations (4) and (5) is expressed as follows:
¢'=coifi=0 (20)
=0 ifi#0

Equations (20) express a column without initial
contamination. The discrete form of the boundary conditions
is: ci0 = ¢y, Co IS the initial concentration of the pollutant.

I11. RESULTS AND DISCUSSION
3.1 Spatial and temporal variation of pollutants
Figure 1 represents the spatial evolution of the concentration
of the pollutant (chromium) as a function of the depth x for
the different times t = 1 day,t: = 5 days and t- = 30 days.c/co
is the ratio of the simulated value of the pollutant
concentration to a depth x The analysis of this figure shows
that at a time t the concentration of the pollutant decreases
exponentially inside the filter. In general, this concentration
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increases with the time. Considering 40% of the initial
chromium concentration as a guideline, we found that the
depths of the column x should be x1 = 10 cm for t; = 1day,
x2=20 cm for to=5 days and x3 =25, 5 cm for t3 = 30 days.
Figure 2 shows the time evolution of the concentration ofthe
pollutant at the filter outlet for different depth values of the
filter: xa= 20cm, = 25 cm and x= 30 cm. It is found that
the concentration of the pollutant increases with time and
decreases as the depth of the filter increases.

0% —tA )
- —tf=3s
05 — =

M —
13- :

| 5 1 1 il b ki1
Hem)

Fig. 1: Evolution of chromium concentration in space for x

=30cm

Fig. 2: Evolution of the chromium concentration over time

for t = 20 days
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3.2 Effect of the decay rate of Chromium

(s}

Fig. 3: the temporal evolution of the chromium

concentration for the values ofA = 0.0 and A = 0.1 att =10

min and x = 30 cm.

03

==fambda= (0
02- ==lambdz 01
—lambdee 2

0 5 1 i il 5 i
{em)

Fig. 4: the spatial evolution of the chromium concentration
for the values of 2. = 0.0 and . = 0.1 at t = 10 min and x =
30 cm.

Figure 3 represents the temporal evolution of the pollutant
concentration in the filter with different values of the decay
rate A= 0.0 and A = 0.1. We find that in the absence of this
degradation coefficient i.e. when A = 0, the concentration of
the pollutant evolves rapidly inside the filter, in the presence
of the latter, the concentration evolves slowly.
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Figure 4 represents the spatial evolution of the concentration
in the filter with different values ofthe decay rate A =0.0, 0.1
and A = 2. The analysis of this figure reveals an exponential
decay of the concentration inside the filter. The larger the
lambda, the higher the concentration of the pollutant
decreases rapidly inside the filter until reaching the
asymptote ¢ = 0. Therefore, the natural decay of pollutants
plays an important role in wastewater treatment since it
allows to avoid material waste. It is necessary for the design
of industrial sorption columns

3.3 Validation of Analytic and numerical approach
s

045
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0.35¢
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£ 055r
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] 5 10 15 0 25 0
¥iem)

Fig.6: spatial variation of Concentration

1 5 10 14 n % 0
Hirs}
Fig.7: temporal variation of concentration

Numerical solutions of dispersion equation are generated
using the RK4 algorithm. For the stability criterion, we took
space step and temporal step Ax = 1 and At = 1 respectively.
These results were obtained for different values of the filter
depthx =20 cm, x» =25 cmand xs = 30 cm and for several
times t1 =1 day, t =5 days and ts = 30 days. After analysis,
it appears on Figure 6 that the concentration of the pollutant
decreases exponentially with time inside the water filter.
Figure 7 shows that the concentration of the pollutant
increases at the exit of the filter. The variation of the
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concentration of pollutants into filter is due to the
concentration at the filter entrance and to the characteristics
of the material (iron oxide-coated sand) used. Finally, the

0 A 10
tljrs)

Fig.8: Spatio-temporal evolution of the pollutant concentration in the filter for x = 30 cmand t = 20 days

Figure 8 shows the spatio-temporal evolution of the
concentration of the pollutant in the filter. The x-axis is
associated to the time taken by the pollutant in the filter, and
the y-axis represents the depth of the column. This figure is
subdivided into three phases. The initial phase which starts
from 0 to 30% of the initial concentration characterized by
the blue color, the unsaturated phase from 30 to 70%, and the
saturated phase which start from 70 to 100% characterized
by the red color. Figure 8 shows the concentration of
pollutant increase with time and decrease with the column
depth. These results could be used to design equipment for
chromium removal in aqueous solution.

VA CONCLUSION
The degradation coefficient is an important factor which
control the design of membrane filter to remove chromium
VI in water. This coefficient must be known to optimize
chromium VI adsorption in an iron oxide-coated sand based
filter on a technical scale. For adsorption of chromium VI on
iron oxide-coated sand, analytical and numerical data
obtained from simulating a fixed bed adsorber showed that
iron oxide-coated sand was very effective in removing
chromium VI from an aqueous solution. It is shows that the
degradation coefficient of chromum A has a significant
effect on the spatio-temporal evolution of the concentration
of the pollutant. This coefficient should be taken into account
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results obtained shows that these two methods (analyticaland

numerical) are in good agreement.

3.4 Spatio-temporal ewlution of the concentration of
the pollutant

0.9

0.5

15 20

in models in order toavoid to overestimate the concentration
of the pollutant in reactive media. A clear improvement is
observed foramaterial having ahigh adsorption capacity and
a high first order degradation coefficient. Affordable water
treatment filters could be constructed using iron oxide-coated
sand which is an effective, inexpensive material for the
removal of water pollutants or for the treatment of effluents
from industries.
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Abstract—In an effort to develop livestock in a region in
a developing country, it is necessary to analyze the
potential of the area and density of livestock for the
development of livestock business in a development area.
This study aims to determine the potential of the region
regarding cattle livestock density consisting of: economic
density, farming density and regional density for the
development of beef cattle farming in coconut plantations
in South Minahasa Regency. The method used to carry
out the analysis used livestock density analysis and
analysis of regional potential using the primary and
secondary data needed. The results of the study can be
concluded based on the calculation of the combination of
economic, farming and region densities, it is known that
the sub-districts that receive the first priority in the
development of beef cattle are the Sinonsayang and
Amurang Barat sub-districts including the southern part
of South Minahasa Regency, because this region can
develop cattle farming and forage for both grasses and
legumes in coconutfields which are mostly located in this
region, which can be applied in an integrated manner
through the coconut and beef cattle (coco-beef)
integration system model. Whereas in Tatapaan
Subdistrict and other sub-districts in the North and East
regionsof South Minahasa Regency it is not a priority for
cattle development, because this region is more dominant
with clove plantations and food crops such as paddy
fields and other food crops.

Keywords—cattle density, coconut land, farming.

I.  INTRODUCTION
North Sulawesi Province, Indonesia sets coconuts as one
of the leading commodities. The area of coconut
plantation in North Sulawesi is around 270 thousand
hectares (Marbun, 2014). Most of the coconut area is only
cultivated in monoculture even though it has the potential
of integration with livestock (Polakitan, 2012 and
Salendua et al., 2018), even the land under coconut trees
is only overgrown with vegetation for wild pastures both
grass and local legume that grows wild, although the yield
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and quality of these types of forages are low and some of
them are low edible for cattle, but due to lack of forages
then the farmers are forced to feed or provide feed for
local species (Osak, et al. 2018).

The potential of livestock in South Minahasa Regency is
quite adequate, especially cattle, where according to BPS
data in 2016 there were 17,345 (BPS, 2017), as one of the
largest areas and has the potential for cattle development
because of the availability of land in the coconut area
which can be used as land for forages and feed crops.
Potential areas for developing cattle in South Minahasa
Regency are in the area of extensive coconut plantations,
which is the influence of the potential of the region on the
capacity and density of cattle in the South Minahasa
Regency.

Through this research, it is expected to obtain findings
and innovations, which consist of: (1) the density of cattle
that is divided into three types, namely economic density,
farming density and regional density; (2) the potential for
developing forage crops in coconut fields; and (3) the
potential of the region for the development of beef cattle
business in coconut land areas in South Minahasa
Regency. The research problems are as follows: (1) How
is the level of cattle density divided into three types,
namely economic density, farming density and regional
density in South Minahasa Regency; (2) How wide is the
potential of the development area of cattle in the coconut
plantation area in South Minahasa Regency.

The potential for developing livestock production,
including farming the cattle-plant integration system,
especially with plantation crops in Indonesia, is very
large, supported by the potential of land resources for
agricultural development, which is 100.7 million ha,
which can feed biomass for cattle about 1-3 head / ha
throughout the year. If not utilized, agricultural waste will
become a problem and obstacle in agribusiness, because
at the time of harvest it is wasted and becomes a polluter
(BBLSBP, 2009). In addition, cow manure can be
processed into bioslurry and biogas, according to Osak
and Hartono (2016) that contribute to environmental
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sustainability is reduction in greenhouse gas emissions
(GHG). Greenhouse gas emissions cause of global
warming lately. Global warming is warming of the earth's
atmosphere, due to accumulation principally of carbon
dioxide and methane. Meanwhile, diversified systems
according to FAO (2001) consist of components such as
crops and livestock that coexist independently from each
other.

1. MATERIALS AND METHODS

This research was carried out on cattle farms in South
Minahasa Regency, North Sulawesi Province, Indonesia,
where 3 (three) sample sub-districts were selected which
had the most cattle population in the East, Central and
West regions, namely Sub District of Tatapaan (North
region), Sub District of West Amurang (Central region)
and Sub District of Sinonsayang (Southern region). The
data used in this research includes primary data and
secondary data. Sources of data collected are primary data
from farmers and secondary data from relevant agencies
that are related to this research.
Economic valuation methods use primary data obtained
from direct observation in the field, with the method of
in-depth interviews with respondents based on the
questionnaire that has been prepared in accordance with
the objective of the study (Hidayatullah, et al., 2011).
Determination of sample villages and sample farmers was
carried out by purposive sampling. The sample villages
were selected by the criteria of the village which had a
large cattle population, while the sample farmers with the
criteria of having cattle and coconut plantations.
This study analyzed the potential for developing cattle
based on livestock density using the analytical method
used by Ashari et al., (1995), where livestock density is
divided into three types, namely (i) economic density; (ii)
farming density; and (iii) regional density, based on other
statistical and secondary data, the formula can be seen in
Table 1.

Table 1. Formulas and Criteria for Cattle Density

= Very density (>300)

L 5523?“1"2 = Normal Density (100-
Yy 2 cattle population (AU*) x 1000 300)
2people pupulation = Middle density (50-
100)
= Rarely density (<50)
- = Very density (>2)
2 gz:;:{;g 2 cattle population (AU) = Normal Density (1-2)
The area of arable land (ha) = Middle density (0,25-1
= Rarely density (< 0,25)
. = Very density (>50)
3 g:r?slﬁ;al X cattle population (AU) = Normal density (20-50°
Territory area (km®) = Middle density (10-20)
= Rarely density (<10)

*) AU= animal unit.
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. RESULTS
The environment and climate in South Minahasa supports
the development of tropical agriculture. In general,
commodity crops and plantations cultivated in this area
are food crops (rice, corn, potatoes, cassava, sweet
potatoes, peanuts and soybeans), horticultural plants
(carrots, beans, spices and onion stems), fruit plants
(banana, pineapple, orange, avocado, papaya, mango,
durian and rambutan), and plantation crops (coconut,
cloves, and vanilla).
South Minahasa Regency has the highest planting area of
coconut which reaches 45,041 ha, with total production
per hectare of 49,375 tons. Corn is a food crop that has
the largest harvest area among other types of food crops,
which is as much as 20,882 ha with a total production of
3.94 tons per hectare.
Coconut plants have the largest planting area in South
Minahasa Regency, because this regency is one of the
centers of coconut production in North Sulawesi
province. Coconut plant area has great potential for cattle
development, because the area can be planted with grass
and legumes for forage under coconut trees. Productivity
of Pennisetum purpureum cv. Mott in coconut field that
has been fertilized with cattle manure based compost,
produces the yield of fresh forage per year can reach
661,947.64 kg per hectare per year, then the stocking rate
per hectare of land under coconut trees can be given to
around 45.34 heads of cattle a year (Osak et al., 2018)
The development of cattle in the research area can be
done by taking into account the existing values and
density criteria of livestock. Determination of values and
criteria is based on potential economic density, farming
density, and regional density in a region. The results of
the study on the value and density criteria of cattle in
South Minahasa Kabupaen the results of the analysis can
be seen in Table 2.
Table 2. Values and Levels of Cattle Density in South
Minahasa Regency

Value Level Value Level Value Level
Tatapaan 92,75 Rarely 026 Rarely 11,10 Medium

Amurang Barat 236,24  Medium 021 Rarely 14,25 Medium
Medium 0,05  Rarely 591  Rarely

Sinonsayang 143,33

The economic density of the sample sub-districts in South
Minahasa Regency is in the rarely and medium level
categories, farming densities generally include level
rarely, and regional density including still rarely and
medium density. This shows that economic density for
cattle is still rarely and medium density compared to the
population. If seen from the density of farming, which is
generally still rarely density, so it still has a great
opportunity to continue to be developed, whereas it is
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seen from the available arable land area that is still
classified as rarely and medium density so it is still
possible to accommodate cattle to be developed.

South Minahasa Regency is still feasible to develop its
potential for cattle. But the data and assessment for each
sub-district will produce different information on each
density in the economy, farm and regional density.
Districts that are economically included are still rarely in
Tatapaan Subdistrict, while West Amurang and
Sinonsayang Sub Districts are of medium level density
for cattle. For farming densities, the three sample sub-
districts are included in the rarely density criteria, so that
cattle are still possible to be developed.

When viewed from the density of the region, there is no
densely populated sub-district, where the District of West
Amurang and Tatapaan are classified as medium density
density areas, while the Sinonsayang District is still rarely
density. This shows that the three sample sub-districts
still have potential in developing cattle. This information
can provide an alternative in the development of cattle
should be done more intensively, so that the potential of
the area is used more optimally and the use of coconut
plantation crops can be suggested by application to
farmers, done by groups of farmers and coconut
plantation companies especially Sinonsayang District
which has several companies coconut plantations both
state-owned companies (BUMN or Badan Usaha Milik
Negara in Indonesian) and private companies have
business land use rights (HGU or Hak Guna Usaha in
Indonesian).

The results of other studies reported that the development
of beef cattle can be done through increasing land
potential, human resources, and feed patterns. Mukson et
al. (2008), that the factors that influence the development
of beef cattle by 92.3% are influenced by land area,
availability of forage, labor, and capital. This shows that
the extent of land availability and the potential of
agricultural waste produced is an opportunity that can be
utilized for the development of beef cattle farming
including in South Minahasa Regency.

Based on the value of the key characterization criteria, the
assessment of the criteria for the density of cattle for all
sample sub-districts fulfills the requirements for the
development of beef cattle. This assessmentshows thatall
sample sub-districts in Tatapaan, West Amurang and
Sinonsayang meet the criteria for cattle development.
Based on all the factors analyzed, it is known that all sub-
districts in South Minahasa Regency have the potential to
develop beef cattle. The results of the calculation of a
combination of economic, farming and regional densities
are known that the sub-districts that receive the first
priority in the development of beef cattle are the
Sinonsayang and Amurang Barat sub-districts which
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belong to the southern part of South Minahasa Regency
because this area can develop cattle farming and fodder
both grasses and legumes in coconut fields are mostly
located in this region which can be applied in an
integrated manner through a model of the integration of
cattle and coconuts (coco-beef). Whereas in Tatapaan Sub
District and other sub-districts in the North and East
regions of South Minahasa Regency it are not a priority
for cattle development, because those regions are more
dominant with clove plantations and food crops such as
paddy fields and other food crops.

The results of the analysis above are based on the
potential of effective coconut land. However, this
condition needs to be supported by forage technology.
The results showed that the land under the coconut trees
had not been utilized so that cattle only consumed
agricultural waste and grass that grew wild. This
phenomenon also occurs in other regions, that utilization
of vacant land for plantations has not been maximized.
Land undercoconuttrees in South Minahasa Regency can
be utilized for forage development. This approach shows
the development of cattle through the integration of
coconut-cattle in the research area. The integrated
farming system approach can increase productivity and
profitability compared to conventional agriculture. The
integrated farming systemapproach causes improvements
in household nutrition, income and job creation. The
importance of the role of integrated crop-livestock
systems for sustainable development, and that integrated
crop-livestock systems, implying a diverse range of
integrated ecological, biophysical, socio economic
conditions, have been a foundation of agriculture for
hundreds of years (FAO, 2010).

Livestock management integrated with livestock-crop
integration systems, both technically and economically
feasible to be developed. This system produces additional
work for family labor, and minimizes the risks associated
with  conventional agricultural systems. Integrated
management shows livestock development which leads to
the concept of sustainable livestock which includes
important  components  of  socio-economic  and
environmental aspects. Studies that have been carried out
on the assessment of sustainable integrated farming are in
accordance with quantitative environmental standards and
socio-economic benchmarks.

v. CONCLUSION
The combination of economic, farming and regional
densities is known that the sub-districts that receive the
first priority in the development of beef cattle are
Sinonsayang and Amurang Barat sub-districts including
the southern part of South Minahasa Regency, because
this region can develop good cattle farming and forage
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grass and legumes in coconut fields which are mostly
located in this region through a system of integration of
coconuts and beef cattle (coco-beef integration system).
Whereas in Tatapaan Subdistrict and other sub-districts in
the North and East regions of South Minahasa Regency it
is not a priority for cattle development, because this
region is more dominant with clove plantations and food
crops such as paddy fields and other food crops.
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Abstract— The study investigated the level of utilization of
traditional medicine for treatment of malaria among rural
households in Abia State, Nigeria. Specifically, the study
described socio -economic characteristics of the
respondents; ascertain the extent of utilization oftraditional
medicine among the respondents and determine the factors
influencing level of usage of traditional medicine in the
area. Data for the study were collected from (180)
respondents using structured questionnaire and analyzed
using both descriptive and inferential statistics. The result
showed that 55.0% of the respondents were males, average
age of 58.45 years, 81.2% were married and 45.0% had
secondary education. The study further revealed that
respondents had high access to medicinal plants from
market (mean = 2.35) and traditional medical practitioners
(mean = 2.36). Tobit regression result showed that
coefficient of age, years of education, income and farming
experience influenced access to traditional medicine at 1%
probability level. The study concluded that there was
moderate utilization oftraditional medicine for treatment of
malaria in the study area, and recommended ensuring
appropriate information on traditional medicine efficacy for
effective utilization by the farmers in the study area.
Keywords— Utilization , Traditional Medicine and
Rural Farmers.

l. INTRODUCTION
Agriculture is the mainstay of the Nigerian economy. It
employs abouttwo-thirds of the country’s total labour force,
contributing about 45 % of GDP and providing the means
of livelihood for over 70 % of the population (IFAD,
2009). Agriculture is also a major source of raw materials
for agro-allied industries (Oboh et al, 2009). It is carried out
mainly in the rural areas by rural farmers who play several
roles in an agrarian country like Nigeria, given their
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capacity for job creation and local food production (Asenso-
Okyere, 2011)

About 90 % of Nigearia’s food is produced by small-scale
farmers who cultivate small plots of land and depend mostly
on rainfed agriculture rather than on irrigation systems.
Agricultural development provides suitable conditions for
breeding of anopheles mosquitoes which is the vector of
plasmodium parasite  (Asenso-Okyereet al  2011).
Agriculture and health being bi-directionally linked,
perpetuate poverty in rural areas, where up to 80 % of the
population are farmers and live below the poverty line.
Food, social services and infrastructure are limited to the
population (IFAD, 2009), they tend to be vulnerable to
malnutrition, illiteracy and poor health condition especially
in the absence of modern, adequate and functional primary
health care facilities. In Nigeria, malaria is endemic and it
occurs throughout the year. Traditional medicine is the sum
of the total of the knowledge, skills and practices based on
the theories, beliefs and experiences indigenous to different
cultures, whether explicable or not, used in the maintenance
of the health, as well as to prevent diagnose, improve or
treat physical and mental illness (WHO, 2000). Traditional
knowledge plays a significant role in life style of the
members of the local communities and hence an essential
resource for any human development process. They form
the basis of decisions pertaining to food security, human
and animal health, education, natural resources management
and other vital activities

According to Federal Ministry of Health (2005), there are
over 100 people at risk of malaria. Nigeria has the third
highest rate of maternal mortality in the world (1100 per
100,000) after Sudan and Democratic Republic of Congo.
The major cause of this being ill-health of which malaria
scourge is distinguished (USAID, 2008) Attitude toward
malaria as a disease is important in understanding health-
seeking behaviour and utilization of preventive methods.
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Many rural people do not trust Western method medicine,
preferring instead to use traditional ways which is an
alternative or non-conventional mode of treatment
involving the use of herbs in a non-orthodox manner, as
well as the process of consulting herbalists, mediums,
priests, witchdoctors, medicine men and various local
deities (Mafimisebi and Oguntade, 2010). Good knowledge,
attitude and practices of any public health disease by
individuals and communities seems necessary if effective
treatment and preventive measures are to be realistic
(lwueze et. al, 2013). These treatments are usually
incorrect or sub-optimal since they are most times
administered without proper diagnosis (Okeoluwapo et. al.,
2008).

Malaria is usually first treated at home with herbal teas and
baths prepared with neem, pawpaw, guava, and eucalyptus
leaves. Analysis of “what respondents will do first” during
malaria attack showed that only 35.5 percent of respondents
will use synthetic antimalarial drugs, 13.4 percent will use
local herbs, while 27.3 percent will go to the hospital, and
18.2 percent will just pray (Asenso-Okyere et. al.,2009).
Utilization of traditional medicine is complex and varies
among member states. It is important to take into
consideration the utilization pattern of a location in other to
ensure that the information developed will be effective and
appropriate to the specific country location and their culture
. Reliance on herbs as the first treatment action for malaria
was also noted in South-east Nigeria upon which this paper
intends to ascertain the extent of utilization of Traditional
Medicine for the Treatment of Malaria among

Rural Farmers in Abia State through the following specific
objectives

1 ascertain the extent of utilization of traditional
medicine among the respondents,

2 identify the problems associated with traditional
medicine practice and utilization

HO1: There is a significant relationship between some
socio-economic characteristics of the respondents and
utilization of traditional medicine.

HO2: There is no significant difference between farmers’
level of access and utilization of traditional medicine

. METHODOLOGY
The study was conducted in Abia State, Nigeria. Abia State
is located within latitudes 400N — 470 N of equator and
longitude 70 — 80E of the Greenwich Meridian NRCRI,
2010). The state has a total land area of about 5,410sq
kilometers, with a human population of about 2,881,380
(NPC, 2017). Abia State shares a common boundaries with
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Rivers State in the South, Imo in the West, Ebonyi and
Enugu States in the North and Akwa lIbom and Cross River
States in the East. Abia State is made up of 17 Local
Government Areas (LGAs) and three agricultural zones
namely Aba, Ohafia and Umuahia. Most people especially
the rural dwellers are engaged in subsistence farming,
producing such arable crops as cassava, yam, cocoyam,
maize, vegetables, melon, banana/plantain sweet potatoes
and rice. The study was conducted in Bende and Ohafia
Local Government Area in Abia State. Both LGASs lies
within approximately latitudes 5°34” North of the equator
and longitudes 7°38” East of the Greenwich Meridian. It
covers an area of about 304.455qKm with 192,111 people
(FRN, 2007; NPC, 2006), among which 128,074 people are
females and 64,034 are males, according to the NPC state
and Local Government Census figure. The major
occupation of this people is farming, with other occupations
like civil services, and businesses. It is a low-land with a
heavy rainfall of about 2,400mm between May and
October, which favours agricultural activities. These Local
Government Area is blessed with several inland water
channels and seasonal run-offs. It has a tropical climate
with average temperature of 7.20c from January to April
and over 21.10c from September to December. The great
variety of plants in LGA reflects its rich soil and
topography. Major food and cash crops produced include
cassava, yam, plantain and oil palm. Other economic
activities engaged by the people include, handcrafts and
petty businesses. (Imo Bulletin, 2006).

Multi-stage random sampling technique was used in
selecting 180 (one hundred and eighty) respondents in the
study area. In the first stage, two local government areas
were purposively selected from Abia State, namely Bende,
and Ohafia. In the second stage, one autonomous
community was selected from each of the Local
Government Area. In the third stage, two (2) villages were
randomly selected from each of the selected autonomous
communities making a total of eight (6) villages. In the third
stage, 30 respondents were randomly selected from the
villages selected. This will give a sum total of eighty (180)
respondents which made up the sample size for the study,
Both descriptive and inferential statistics was used to
analyze the data collected for the study

MODEL SPECIFICATION

The model for the mean decision used in this work is
specified thus:

. Xfx
X=—
n

Where,

Page | 375


http://dx.doi.org/10.22161/ijeab/4.2.17
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/4.2.17

Vol-4, Issue-2, Mar-Apr- 2019
ISSN: 2456-1878

> = Summation ofthe frequencies

Xs = Assigned scores to different categories

n = number of sample

X = Arithmetic mean

Hypothesis 1 and 2 were analyzed using Tobit regression
estimates which is specified thus:

Y = (X1, X2, X3, X4, Xs5, Xs, X7... Xn, €)

Tobith model expressed thus;

Li=B™X +€eeeeeinnnnn. @)

Yi=if1=T

Where,

Yi = represent a limited dependent variables which

simultaneously measures the level of access and utilization
of traditional medicine.

T = observed threshold

1x = the underlying content variables indexing the levels of
access and utilization

Xi = the vectors of independent variables

X1 = Age of respondents (years)

X2 =marital status (married =1, single = 0)

X3 =level of education (number of years spent in school)
X4 = Gender (male =1, female = 0)

Xs = Occupation

Xs = Household size (number of persons)

X7 = Income (Naira)

11 LEVEL OF UTILIZATION OF TRADITIONAL
MEDICINE

Table.1. 1: Distribution of the respondents based on their level of utilization of medicinal medicine

Lewel of utilization Sum Std Dv Mean Rank
Drinking neem water squeezed out 157.0015" 0.77040 1.96 5th
From the leaves to cure malaria.

Steam bathing and inhalation of boiled leaves (roots) bark concoction 148 0.74799 1.85 gth
from roots and leaves to cure malaria.

Drinking of boiled concoction from roots and leaves to cure malaria. 197 0.54988 2.46 1t
Drinking of tree bark, roots and alcohol concoction to cure malaria. 164 0.78276 2.10 4th
Drinking of boiled concoction made from unripe fruits to cure malaria. 185 0.68610 231 2nd
Rubbing of traditional lotions and concoctions to cure malaria. 174 0.80779 2.18 3rd
Combining medical therapy with traditional medicine. 86 0.30914 1.08 7th
Total mean 13.94
Grand mean 2.00
Benchmark mean 2.00

Source: Field survey, 2018.

The result Table 1.1 showed distribution of the respondents
based on their level of utilization of medicinal medicine in
the study area. Generally, the respondents had high level of
utilization of medicinal plants in the study area. The
respondents highly utilized medicinal plant in the areas of
drinking of boiled concoction from roots and leaves to cure
malaria (mean = 2.46), drinking of boiled concoction made
from unripe fruits to cure malaria (mean = 2.31), rubbing of
traditional lotions and concoctions to cure malaria (mean =
2.18), drinking of tree bark, and roots and alcohol
concoction to cure malaria (mean = 2.10).

The result is plausible owing to the fact that traditional
medicine is accessible, affordable, culturally acceptable,
socially sanctioned and easy to prepare with little or no side
effects. Most rural households prefer traditional medicine to
the exorbitantly priced conventional health care services.
Adesina (2014) and Alarm (2011) were of the notion that
75-80% of the population in Africa uses traditional
medicine for their needs.

12 PROBLEMS
TRADITIONAL MEDICINE

ASSOCIATED WITH

Table.1.2: Distribution of the respondents based on the problems associated with traditional medicine

Problems Frequency Percentages
Poor and inadequate medical facilities. 53 66.2
Limited access and use of these medicines. 37 46.2
Poor quality assurance 25 31.2
There are very few practitioners in area. 55 68.8
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The practitioner is not easily accessible. 35 43.8
There are very few healers in attendance. 54 67.5
The drugs have no dosage 52 65.0
Drugs are not usually available. 28 35.0
There is no provision from practitioners to visit very sick patient at 41 51.2
home.

High transport cost to traditional healers. 51 63.8
Traditional healers are not well trained or skilled 42 525
Lack of knowledge and ignorance 43 538
Traditional healers are not well trained/ skilled. 38 475
Unhygienic nature of traditional medicine. 44 55.0
At times they are out of reach of patients. 37 46.2

Source: Field surwey, 2018
*Multiple responses recorded

Table 1.2 showed the distribution of the respondents based
on the problems associated with traditional medicine in the
study area. The result showed that the respondents
perceived some challenges associated with medicinal plants.
These challenges were that there are very few practitioners
in area (68.8%), very few healers in attendance (67.5%),
poor and inadequate medical facilities (66.2%), drugs have

no dosage (65.3%), high transport cost to traditional healers
(63.2%), unhygienic nature of traditional medicine (55.0%),
lack of knowledge and ignorance (53.8%), traditional
healers are not well trained or skilled (52.5%) among
others.

Hypothesis

Table.1.3: Regression estimates of the relationship between socioeconomic characteristics of the respondents and level of
utilization of medicinal plants in the study area

Variables Parameters Estimate Std. Error T —value
ge X1 .026 .025 2.104**
Gender X2 1.553 499 9.701***
Marital X3 -331 .888 139
Years of education X4 170 133 1.634
Household size Xs 035 121 .085
Farm size Xe .070 .188 139
Occupation X7 1.659 811 4.187%**
Income Xs 3.022E-7 .000 6.014***
Farming experience Xo .030 .025 1.440
Pseudo R-Square 0.573

-2 Log Likelihood 264.103

Chi-Square 617.663***

Source: Field survey, 2018
Keys: *** indicates significance at 1%

Table 1.2 showed Tobit regression estimate of the
relationship between selected socioeconomic characteristics
and the utilization of medicinal plants in the study area. The
Pseudo R-Square of 0.573 indicated that 57.3% of the
variations in the dependent variable were accounted for
while others were due to error. The chi-square value was
statistically significant at 1% level of probability indicating
the Tobit regression line of best fit. The coefficients of age,
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gender, occupation and income positively influenced the
intensity of utilization of medicinal plants in the study area.
Furthermore, the coefficient of age was statistically
significant at 1% level of probability. This result implies the
older person will have high intensity and probability of
utilization of medicinal plants.The coefficient of gender was
statistically significant at 1% level of probability. The result
implies that male respondents had more intensity of
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utilization of medicinal plants than their female counterparts
in the study area.The coefficient of occupation was
statistically significant at 1% level of probability. The result
implies that farmers had more intensity of utilization of
medicinal plants than non farmers’ counterparts in the study
area. This may be attributed to the fact farmers are more
familiar with these medicinal plants than non farmers.

The study therefore rejected the null hypothesis which
stated that there is no significant relationship between some
socio-economic characteristics of the respondents and
utilization of traditional medicine and concluded otherwise.

Hypothesis 2

Table.1: 4 Z—test comparative analysis of the difference in the access and utilization of medicinal plants

Variables Mean Std. Deviation Std. Error Mean Df Z - Test
Access 1.9625 27759 .03104

Use 1.9911 .24517 02741

Access — Use -.02857 .28408 .03176 79 0.900

*No significant difference

The result in table 1.4. showed Z-test of the difference in
the levels of access and utilization of traditional medicine in
the study area. The result showed the mean value of access
1.9625 and mean utilization value of 1.9911 with mean
difference of 0.02857. The difference obtained implied that
there is no statistically significant difference in the levels of
access and utilization of medicinal plants in the study area.

i CONCLUSION AND RECOMMENDATIONS
The study concluded that there was moderate high
utilization of traditional medicine in the treatment of
malaria in the study area. It is therefore important to ensure
that the appropriate information is made available to the
consumers to enable effective utilization which entails
maximizing the benefit of traditional medicine while
minimizing the risks Production of traditional malaria drug
with labeled instruction, dosage and expiry date, so as to
ensure adequate utilization. Traditional doctors should
ensure that the drugs are produced in a hygienic
environment. Women and youths should be encouraged to
utilize traditional medicine in the treatment of malaria in the
study area.
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Abstract— The study investigated the level of access and
utilization of traditional medicine for treatment of malaria
among rural households in Abia State, Nigeria.
Specifically, the study described socioeconomic
characteristics of the respondents; ascertained the level of
access to traditional medicine; ascertained the extent of
utilization of traditional medicine and determined factors
influencing access and utilization oftraditional medicine in
the study area. Data for the study were collected from (80)
respondents using structured questionnaire and analyzed
using both descriptive and inferential statistics (Tobit
regression). The result showed that 55.0% of the
respondents were males, average age of 58.45 years, 81.2%
were married and 45.0% had secondary education. The
study further revealed that respondents had high access to
medicinal plantsfrom market (mean = 2.35) and traditional
medical practitioners (mean = 2.36). The respondents
highly utilized traditional medicine with grand mean of 2.0.
Tobit regression result showed that coefficient of age, years
of education, income and farming experience influenced
access to traditional medicine at 1% probability level.
Coefficients of gender, age, occupation and income at 1%,
5%, 1% and 1% probability level respectively influenced
utilization of traditional medicine in the study area. The
study concluded that there was moderate access and high
utilization of traditional medicine for treatment of malaria
in the study area, and recommended ensuring appropriate
information on traditional medicine for effective access and
utilization.

Keywords— Access, Traditional Medicine and Rural
Farmers.

l. BACKGROUND OF THE STUDY
Traditional medicine refers to health practices, approaches,
knowledge and beliefs incorporating plants, animals and
minerals based medicines, spiritual therapies, manual
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techniques and exercises, applied singularly or in
combination to treat, diagnose and prevent illness or
maintain well-being (WHO, 2002). Traditional medicine
variously known as ethno-medicine, folk medicine, native
healing or complementary and alternative medicine is the
oldest form of health care system that has stood the test of
time. It is an ancient culture-bound method of healing that
humans have used to cope and deal with various diseases
that have threatened their existence and survival (Abdullahi,
2011). Consequently, different societies have evolved
different forms of indigenous healing methods that are
captured under the broad concept of traditional medicine,
example, Chinese, India and African traditional medicines.
This explains the reason there is no universally accepted
definition of term (Cook, 2009).

The World Health Organization (WHO) defines traditional
medicine as the sum total of the knowledge, skills and
practices based on the theories, beliefs and experiences
indigenous to different cultures, whether explicable or not,
used in the maintenance of health, as well as in the
prevention, diagnosis, improvement or treatment of
physical and mental illnesses (WIPO Publication No. 993).
Traditional medicine, according to the World Health
Organization (2002) is the sum total of all knowledge and
practices, whether explicable or not, used in diagnosis,
prevention and elimination of physical, mental or social
imbalance, relying exclusively on practical experience and
observation handed down from generation to generation,
whether verbally or written. There are strong indications
that traditional healthcare systems are still in use by
majority of the people, not only in Africa, but across the
world (Cook, 2009). Examples of traditional healers are
herbalists, diviners, faith healers, traditional surgeons, etc.
All these traditional healers need information to support
their work. Traditional medical practice illustrates the
medical knowledge practices, which improved for several

Page | 379


http://dx.doi.org/10.22161/ijeab/4.2.18
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/4.2.18

Vol-4, Issue-2, Mar-Apr- 2019
ISSN: 2456-1878

centuries ago within a variety of societies before the era of
modern Allopathic or Homopathic Medicine began (Alam,
2011). He went further to say that among non-industrialized
societies, the use of herbal medicine to heal diseases is
almost universal. People from countries in Latin America,
Asia, Africa, even North America are still using herbal
products to fulfill their regular health-related necessitates.
Adesina (2014) supported Alam (2011) notion by showing
that nearly 75-80 percent of the population in Africa uses
traditional medicine for their needs. Owing to the fact that
traditional medicine is accessible, affordable, culturally
acceptable, socially sanctioned and easy to prepare with
little or no side effects, most people prefer it to the
exorbitantly priced health care services. There are some
hazardous side effects of this medication and their
limitations in the domain of holistic health, especially in
African society.

The effects of poor health go far beyond physical pain and
suffering. The combination of high level of poverty,
inadequate public health infrastructure and high cost of
private health care services have confirmed the larger
proportion of both urban and especially the rural populace
to patronize traditional medicine. It is estimated that over
70% of West Africans rely on traditional medicine or
health care services for treatment on both communicable
and non-communicable diseases (WHO, 2012). According
to the World Health Organization (WHO), traditional
medicine usage for example, up to 80% of people in Africa
and Asia use traditional health care services, in China, 50%
of total medical consumption and 90% of Germans, 70%
Canadians and 60% Swedes have used a natural remedy at
some time (WHO, 2008; Hanssen et al., 2005).

Traditional medicine is also an affordable source of health
in many countries. It is firmly embedded in the belief
systems and can be termed culturally compatible (WHO,
2002). In developed countries, higher income and higher
education are guiding factors of patient preference for
traditional medicine. Due to difficulties in assessing modern
health care services, ethnic minorities in developed
societies who are disadvantaged both economically and
socially, use traditional medicine as first health care choice,
making it non-complementary (Bodeker et al., 2007).
Increase in chronic diseases, awareness about limitations of
modern medicine, proven efficacy of traditional medicine
systems in selected conditions, emerging interest in holistic
preventive health-integrated approach to medical education
and increasing awareness among physicians are some of the
reasons for renewed interest in traditional medicine
(Bodeker et al., 2002). Higher quality of care by traditional
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medicine practitioners have also been reported as an
important reason for increasing health seeking and
consumer satisfaction of traditional medicine.

. PROBLEM STATEMENT
Traditional medicine is popular throughout the world. In
some Asian and African countries, 80% of the populations
depend on traditional medicine, including for primary
healthcare (WIPO publication No. 993). Many modern
drugs and vaccines are based on natural resources and
associated traditional knowledge. Growing commercial and
scientific interest in traditional medicine systems has led to
calls for traditional medical knowledge to be Dbetter
recognized, respected, preserved and protected. According
to Kleinman (2002), health-seeking arenas can be classified
into three: home level, informal and professional sector. Of
this home level covers 75% and in every 1000 illness
episodes, 750 never get outside of family sector and are
managed through household means. The remaining 25% is
divided among professional sector, such as hospitals, clinics
of biomedicine or western medicine, Chinese medicine, etc.
Many simple primary health care problems like fever, upper
respiratory tract infections, hepatitis, anaemia, arthritic
conditions and certain gynaecological conditions can be
managed at household level through simple herbal home
remedies (Hariramamurthi et al., 2007). The provision of
safe and effective traditional medicine therapies could
become a critical tool to increase access to healthcare. In
2004, the South African health minister, Manto Tshabalalu
Msimang, suggested that the use of African traditional
medicines may eventually replace antire trovirals in the
treatment of HIV and AIDS (WHO, 2003). There are both
benefits and risks associated with the use of traditional
medicine. Therefore, it is important to ensure that the
appropriate information is made available to the consumers
to enable effective utilization which entails maximizing the
benefits of traditional medicine while minimizing the risks.
This inspired this study which is on access and utilization of
traditional medicine among rural households in Abia State,
Nigeria.

OBJECTIVES OF THE STUDY

Specifically, the objectives were:

1. describe the socio-economic characteristics of the
respondents in the study area,

2. ascertain the extent of utilization of traditional
medicine among the respondents,

3. determine the factors influencing level of access
of traditional medicine,
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HO1: There is a significant relationship between some
socio-economic characteristics of the respondents and
utilization of traditional medicine.

1. METHODOLOGY

The study was conducted in Abia State, Nigeria. Abia State
is located within latitudes 400N — 470 N of equator and
longitude 70 — 80E of the Greenwich Meridian NRCRI,
2010). The state has a total land area of about 5,410sq
kilometers, with a human population of about 2,881,380
(NPC, 2017). Abia State shares a common boundaries with
Rivers State in the South, Imo in the West, Ebonyi and
Enugu States in the North and Akwa lbom and Cross River
States in the East. Abia State is made up of 17 Local
Government Areas (LGAs) and three agricultural zones
namely Aba, Ohafia and Umuahia. Most people especially
the rural dwellers are engaged in subsistence farming,
producing such arable crops as cassava, yam, cocoyam,
maize, vegetables, melon, banana/plantain sweet potatoes
and rice.

Methodol ogy

The study was conducted in Ohafia agricultural zone in
Abia state, Nigeria. Bende and Ohafia LGA lies between
co-ordinates latitude 5.617° North and longitude 7.833°
East. They has about 245,987 thousand people (population
census, 2006). Bende and Ohafia L.G.A are among the
Local Government Areas that make up the seventeen (17)
L.GA of the State (FRN, 2007; NPC, 2006), among which
128,074  people are females and 64,034 are males,
according to the NPC State and Local Government Census
figure. The major occupation of this people is farming, with
other occupations like civil services, and businesses. Itis a
low-land with a heavy rainfall of about 2,400mm between
May and October, which favors agricultural activities. The
average annual temperature is 26.1° and the average annual
rainfall is 2147mm. These Local Government Area are
blessed with several inland water channels and seasonal
run-offs. It has a tropical climate with average temperature
of 7.20c from January to April and over 21.10c from
September to December. The great variety of plants in these

L.GA reflects its rich soil and topography. Major food and
cash crops produced include cassava, yam, plantain and oil
palm. Other economic activities engaged by the people
include, handcrafts and petty businesses. (Abia Bulletin,
2006). Objectives and 1, 2 and 3 were analyzed with
descriptive statistics such as frequency, percentage. While
the Hypothesis was realized using Tobit regression
model,

MODEL SPECIFICATION

The model for the mean decision used in this work is
specified thus:

. Xfx
X=—
n

Where,

> = Summation ofthe frequencies

Xs = Assigned scores to different categories

n = number of sample

X = Arithmetic mean

Hypothesis 1  were analyzed using Tobit regression
estimates/model which is specified thus:

Y = (X1, X2, X3, X4, Xs, Xs, X7... Xn, €)

Tobit model expressed thus;

Li=B™X +€viiiininnnn. (1)

Yi=if1=T

Where,

Yi = represent a limited dependent variables which

simultaneously measures the level of access and utilization
of traditional medicine.

T = observed threshold

1* = the underlying content variables indexing the levels of
access and utilization

Xi = the vectors of independent variables

X1 = Age of respondents (years)

X2 =marital status (married =1, single = 0)

X3 =level of education (number of years spent in school)
X4 = Gender (male = 1, female = 0)

Xs = Occupation

Xs = Household size (number of persons)

X7 = Income (measured in naira from major occupation)

E = error term

Variable Frequency (n = 80) Percentages Mean
Gender Male 44 55.0

Female 36 45.0

Age

20-30 4 5.0

31-40 12 15.0

41-50 24 30.0

51-60 37 46.25
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61-70 3 3.75 58.45 years
Marital status

Single 15 18.8

Married 65 81.2

Educational attainment

No Formal Education 11 13.7

Primary Education 17 21.2

Secondary Education 36 45.0

Tertiary Education 16 20.0

Household size

1-3 7 8.75

4-6 40 50.0

7-9 26 325

10-12 7 8.75 6 person
Household farm size

05-1.0 19 23.8

11-15 40 50.0

16-2.0 12 15.0

2.1-25 9 11.25 2.1 hectares

The distribution of respondents according to gender was
presented in Table 1. The results showed that majority
(55.0%) of the respondents were male while 45.0% were
females.

1.2 Age

The distribution of respondents based on their age was
shown in Table 1. The result showed that about 46.25% of
the respondents were within the age ranges of 50 — 60
years, 30.0% were within the age ranges of 41 — 51 years,
15.0% were within 31 — 40 years, 5.0% were within 21 — 30
years while 3.75% were within age ranges of 61 — 70 years.
The result further showed a mean age of 58.45 years
indicating the respondents were relatively old but still
active..

1.3 Marital status

The marital status of the respondents in the study area was
presented on Table 1. The result showed that majority of the
respondents (81.2%) were married while 18.8% were still
single. This result implied that married people accessed and
utilized medicinal plants more than tv here single
counterparts.

1.4 Educational attainment

The result on the educational attainment of the respondents
showed that majority (45.0%) of the respondents had
secondary education. The result further revealed that 21.2%
had primary education, 20.0% had tertiary education while
13.7% had no formal education. The result implied that
most of the respondents were educated and have good
knowledge of medicinal plants.

1. 5 Household size
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Majority (50.0%) of the respondents had 4 — 6 persons in
their households. Furthermore, 32.5% had 7 — 9 persons in
their household while 8.75% of the respondents had 1 - 3
and 10 -12 persons in their household. The result also show
an average number of 6 persons in household size of the
respondents in the study area. The result implied that there
was relatively a large household size in the study area
which provides the needed labour to their households.

1.6 Farm size

The distribution of respondents in the study area based on
the farm size was shown in Table 1. The result showed that
majority (50.0%) of the respondents had farm size of 1.1 —
1.5 hectares. The result further showed that about 23.8%
had 0.5 — 1.0 hectares, 15.0% had 1.6 — 2.0 hectares while
11.25% had 2.1 — 2.5 hectares. With an average farm size
of 2.1. The result implied that respondents had small farm
sizes in the study area.

1.7. Income

The distribution of respondents based on their income was
shown in table 1. The table showed that the average income
of the respondents was N168,398.5 indicating that on the
average, the respondents earned small income annually
from their livelihood/farming activities hence most of the
respondents were farmers. Furthermore, the result revealed
that majority (43.7%) of the respondents earned N
201,000- N 300,000 annually, about 15.0% earned
N301,000- N400,000 annually, while 12.5% and 11.2%
earned N10,000 — 100,000 and MN401,000-500,000
annually respectively.

1.8 Farming experience
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The distribution of respondents based on their farming
experience was showed in table .1. The result revealed that
majority 83.8% of the respondents had farming experience
of 11 — 20 years. About 11.0% had farming experience of
21 — 30 years while 5.0% had 1 — 10 years of farming
experience. The average years of farming experience was
15.94 years. This result implied that the respondents were
well experience in farming activities and is therefore more
likely to be aware of a lot of medicinal plants.

1.9 Membership to agricultural organization

The result of membership to agricultural organizations
showed that the majority (52.5%) of the respondents were
members to agricultural organization in the study area while
47.5% were not. Membership to agricultural organization
will definitely influence the respondent’s awareness, access
and utilization of medicinal plants in their location.

1.2 LEVEL OF ACCESS TO TRADITIONAL
MEDICINE

Table.1.2: Distribution of the respondents based on their level of access to medicinal medicine

Lewel of access Sum Std Dv Mean Rank
Buying from the market 188 0.57589 2.35 2nd
From the bush 158 0.77908 2.00 3rd
From traditional medicine 189 0.71589 2.36 1st
From native doctor 95 0.50551 1.19 5th
Friends / Family 155 0.75211 1.94 4th
Total mean 9.81

Grand mean 1.96

Benchmark mean 2.00

Source: Field survey, 2016.

The result in Table 1.2 showed the distribution of the respondentedyzseidllynttiese living in rural areas continue to patronize tradition:
level of access to medicinal plants in the study area. The resuljrosvdmdeduskatraditional healers are considered successful in curing a

generally, respondents had moderate access to medicinal plants in dhdlis¢sdyMefamisebi and Oguntade, 2010).

Furthermore, the result showed that that the respondents had acces$ tDetedmiimalthe factors influencing lewvel of access of
plants from traditional medicine (mean = 2.36), buying from the tmadi¢iofmkamesdlicine

2.35), and from the bush (mean = 2.00). This result implied that the respondents

accessed medicinal plants from various sources. A large proportion of Nigerians,

Table.1.3: Distribution of the respondents based on the determination of the factors influencing level of access of traditional

medicine

Problems Frequency Percentages
Poor and inadequate medical facilities. 53 66.2
Limited access and use of these medicines. 37 46.2
Poor quality assurance 25 31.2
There are very few practitioners in area. 55 68.8
The practitioner is not easily accessible. 35 43.8
There are very few healers in attendance. 54 67.5
The drugs have no dosage 52 65.0
Drugs are not usually available. 28 35.0
There is no provision from practitioners to visit very sick patient at 41 51.2
home.

High transport cost to traditional healers. 51 63.8
Traditional healers are not well trained or skilled 42 525
Lack of knowledge and ignorance 43 53.8
Traditional healers are not well trained/ skilled. 38 475
Unhygienic nature of traditional medicine. 44 55.0
At times they are out of reach of patients. 37 46.2

Source: Field surwy, 2016
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*Multiple responses recorded

Table 1.3 showed the distribution of the respondents based
on the problems associated with traditional medicine in the
study area. The result showed that the respondents
perceived some challenges associated with medicinal
plants. These challenges were that there are very few
practitioners in area (68.8%), very few healers in attendance
(67.5%), poor and inadequate medical facilities (66.2%),

drugs have no dosage (65.3%), high transport cost to
traditional healers (63.2%), unhygienic nature of traditional
medicine (55.0%), lack of knowledge and ignorance
(53.8%), traditional healers are not well trained or skilled
(52.5%) among others.

1.4 HYPOTHESES TESTING

Table.1.4: Regression estimates of the relationship between socioeconomic characteristics of the respondents and level of access
to medicinal plants in the study area

Variables Parameters Estimate Std. Error t- values
Age X1 .043 .026 2.751***
Gender X2 129 488 .069
Marital X3 -915 918 .993
Years of education X4 .620 152 16.573***
Household size Xs .029 124 .054

Farm size Xe -.601 .200 0.038
Occupation X7 321 817 154
Income Xs -5.203E-6 .000 -3.844***
Farming experience Xo 0.750 .027 7.993***
Pseudo R-Square 0.652

-2 Log Likelihood 413.528

Chi-Square 221.951***

Keys: ***indicates significant at 1%

Table 1.4 showed Tobit regression estimate of the
relationship between selected socioeconomic characteristics
and level of access to medicinal plants in the study area.
The Pseudo R-Square of 0.750 indicated that 75.0% of the
variations in the dependent variable were accounted for
while others were due to error. The chi-square value was
statistically significant at 1% level of probability indicating
the Tobit regression line of best fit. The coefficients of age,
years of education, income and farming experience
influenced the intensity of access to medicinal plants in the
study area.

The coefficient of age was statistically significant at 1%
level of probability. This result implies the older person had
high intensity of access to medicinal plants as age increases
with level of access. The coefficient of education was
statistically significant at 1% level of probability. This
result implies that increase in level of education will lead to
a corresponding increase in the intensity and probability of
access to medicinal plants. The coefficient of income was
statistically significant at 1% level of probability and
negatively related. This inverse relationship implies that
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increase in level of education will lead to a corresponding
decrease in the intensity and probability of access to
medicinal plants. The coefficient of farming experience was
statistically significant at 1% level of probability and
positively related. This result implies that increase in
farming experience will lead to a corresponding increase in
the intensity and probability of access to medicinal plants.
The study therefore rejected the null hypothesis which
stated that there is no significant relationship between some
socio-economic characteristics of the respondents and
access to traditional medicine and concluded otherwise.

V. CONCLUSION AND RECOMMENDATIONS
The study concluded that there was moderate access to
traditional medicine in the treatment of malaria in the study
area. It is therefore important to ensure that the appropriate
information is made available to the consumers to enable
effective utilization which entails maximizing the benefit of
traditional medicine while minimizing the risks. From the
problems associated with traditional medicine is the
problem of very few practitioners in the area, poor and
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inadequate medical facilities, drugs have no dosage,
unhygienic nature of traditional medicine and lack of
knowledge and ignorance, Proper orientation should be
carried out such as workshop training, public enlightenment
and radio advert, for the safety of natural drug utilization to
that of chemical drugs utilization as well as encourage
access to traditional medicine. Women and youths should be
encouraged to access traditional medicine in the treatment
of malaria.
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Effects of Rainfall Seasonality on Scarabaeinae
dung Beetles in an Agriculture Habitat in South
Western Ghats
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Abstract—Scarabaeinae dung beetles are a ubiquitous
group of beetles that are detritivores and provides important
ecological services to the ecosystem. They are biological
indicators and their community structure is affected by
physical and biotic characteristics of the environment.
Rainfall is an important parameter that affects these beetles.
Rainfall seasonality ofdung beetlesin an agriculture habitat
in South Western Ghats wasstudied. Cow dung baited pitfall
traps were used to trap dung beetles in a banana plantation
during the northeast monsoon, summer and southwest
monsoon season. The study showed that agriculture activities
affected dung beetle community attributes in the three
seasons. Abundance, species richness and diversity was
lowest in the northeast monsoon season characterized by
moderate rainfall and ideal environmental conditions. This
was a result of agricultural practices in the region, where
banana cultivationactivities peaksin the northeast monsoon
season, which makes conditions unfavorablefor dung beetles
to colonize the agriculture habitat during this season.
Keywords— Scarabaeinae, agriculture habitat, rainfall
seasonality

I INTRODUCTION
Scarabaeinae dung beetles are a ubiquitous group of beetles
that are detritivores, feeding on mammalian dung, carrion
and vegetable matter (Hanski and Cambefort, 1991).
Through their feeding habits, they provide important
ecosystemservices such as nutrient recycling, soil aeration,
secondary seed dispersal, reduce population of disease
causing flies and helminth parasites (Nichols et al., 2008).
Scarabaeinae beetles are important indicator species as their
community structureis affected by changes in microclimate
factors of the environment, vegetation and mammal
abundance (Nichols et al., 2007).These beetles are also
affected by seasonal changes in rainfall (Hanski and
Cambefort, 1991), with differences in abundance and guild
structure between dry and wet seasons (Andresen, 2005).
Rainfall provides humidity to the soil and triggers the
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emergence and/or the onset of activity in the beetle species
(Doube, 1991; Halffter, 1991; Hanski and Cambefort, 1991).
Rainfall also affects the quantity and quality of dung
available to the beetles by affecting vegetation growth and
abundance of mammals (Cambefort and Walter, 1991;
Estrada et al., 1999).

Western Ghats in the Indian subcontinent is a
biodiversity hotspot facing many threats to its ecosystem
through deforestation, non-timber product harvest,
construction of dams and roads (Kumar, 1993; Jha et al.,
2000; Shahabuddinand Prasad, 2004). Large tracts of forest
in the South Western Ghats region has been converted into
plantations and agriculture habitats (Joy, 1991; Nair, 1991,
Latha and Unnikrishnan, 2007). The Western Ghats strongly
influences the rainfall pattern of Kerala state in the Indian
subcontinent. The Kerala state is a strip of land running
almost in North—South direction and is situated between the
Arabian Sea on the West and the ranges of Western Ghats
and Nilgiri Hills on the East, both running parallel to each
other. Theregion is characterised by three seasons, the heavy
rainy periods of southwest monsoon, moderate rainy periods
of northeast monsoon and the hot summer season with scanty
rains (Nathan, 2000).

There is limited information on the effects of habitat
conversion and rainfall seasonality on dung beetle
community attributes in South Western Ghats. In the present
study, species richness, abundance and diversity of dung
beetles in the southwest monsoon, northeast monsoon and
summer seasons in an agriculture habitat was studied.

1. MATERIALS AND METHODS

2.1 Study site

The study region, Nelliampathi is located at a height of 467
to 1572 m above sea level and is spread over a total area of
82 sqkm at a distance of about52 km from Palghat town in
Kerala state (Fig. 1). The study was carried out in Kaikatty
located at 10° 31°N and 76° 40’E, at an elevation of 960 msl.
The temperature of the region varied between 15°C-30°C and
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annual rainfall exceeds 3000 mm (Nair, 1991). The study
habitat consisted of 920 acres of government owned
agriculture land where orange, sapodilla, banana and other
fruit trees are grown. The traps were setin the part of the
agriculture habitat with banana plantation.

2.2 Sampling

Dung beetles were collected on a seasonal basis in May
(summer season), September (southwest monsoon season)
and December (northeast monsoon season)during the 2007 -
2008 study period. Each collection effort involved placing
ten baited pitfall traps containing 200g cow dung as bait,
placed 50 m apart in the study habitat. The trap contents were
collected at 12 h intervals (6:00-18:00h and 18:00-6:00h) for
each collection effort. Collected beetles were preserved in
70% alcohol overnight and later identified to species levels
using taxonomic keys and by verifying with type specimens
available in the Coleoptera collections of St. Joseph’s
College, Devagiri, Calicut.

2.3 Analysis

Since the data was not normally distributed, non-parametric
statistics Kruskal-Wallis H test was used to test the
significant levels of variation in overall abundance of beetles,
Shannon diversity (H”) and abundance of individual species
of dung beetles with seasons. Differences with a p-value
<0.05 was compared using Mann-Whitney Test. The beetles
were classified as seasonalbeetles if they showed significant
variation in abundance with seasons, and aseasonal if they
did notshowsignificant variation in abundance with seasons.
Singletons were considered as rare and excluded from
seasonality studies.

I11. RESULTS

A total of eight species and 44 beetles were collected during
northeast monsoon season, 17 species and 194 beetles in the
summer season and 17 species and 105 beetles in the
southwest monsoon season (Fig. 2, Table 1). Abundance of
dung beetles showed significant variation with seasons (H=
22.373, df=2, p=<0.001). Pairwise comparison of abundance
showed significant variation between northeast monsoon and
summer (p=<0.001), northeast monsoon and southwest
monsoon (p=<0.001), but there was no significant variation
in abundance between summer and southwest monsoon (p=
0.177). The Shannon diversity value (H’) for northeast
monsoon season was 1.49, summer was 2.12 and southwest
monsoonwas 2.28. Diversity did notvary significantly with
seasons (H=4.450, df=2, p=0.108).

Eight species, all tunnelers showed significant
seasonality, Caccobius meridionalis, Catharsius molossus,
Copris repertus, Onthophagus furcillifer, O. laevis, O.
manipurensis, O. pacificus and Paracopris davisoni (Table
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1). Caccobius meridionalis, Catharsius molossus and
Onthophagus furcillifer showed highest abundance in
summer; Coprisrepertusand Onthophagus pacificus showed
highest abundance in southwest monsoon. Onthophagus
laevis and Paracopris davisoni were present only in
southwest monsoon season; O. manipurensis was present
only in summer. Eleven species were aseasonal tunnelers.
Seasonality in six species could not be determined due to
rarity in collection (Fig. 3; Table 1).

V. DISCUSSION

Low abundance, species richness and diversity
recorded during the northeast monsoon season in the
agriculture habitat in Nelliampathi is in contrast to results
observed in the forest (Latha, 2019; Vinod, 2009) and
agriculture habitat (Venugopal et al., 2012; Vinod, 2009) of
the South Western Ghats region, where high abundance,
species richness and diversity was observed in the northeast
monsoon season. Dung beetle seasonality studies done in
other parts of the world also show that activity is greatest
during moist and minimal during dry periods and the
abundance of scarab beetles increases strongly after heavy
rainfall (Walter, 1985; Doube et al., 1991; Hanski and
Krikken, 1991; Andresen, 2005; Batista et al., 2016).

After the heavy rainy periods of the southwest
monsoon season, northeast monsoon season is characterized
by ideal climatic conditions and plantgrowth. This is the time
when agricultural activities reach a peak. Low abundance,
species richness and diversity observed in the northeast
monsoon season in the agriculture habitat of Nelliampathi
region is directly related to the agricultural practices. Banana
cultivation in the region is done annually and periods of
heavy monsoon and severe summer is avoided for planting.
This is to avoid the high temperatures of the summer season
and heavy rains of the monsoon season which are detrimental
to the crop. In the northeast monsoon period agricultural
activities such as ploughing, tilling, planting, fertilizing is at
its peak and these activities are unfavorable to the beetles and
hence low abundance, diversity and species richness was
recorded during this season. Cattle dung is the main source
of dung in the agriculture habitat of the region (Latha and
Sabu, 2018; 2019). During northeast monsoon season while
banana cultivation peaks, cattle is not allowed into the field
which in turn lowers the dung resource availability for dung
beetles, leading to low abundance, species richness and
diversity of beetles. While in summer after harvesting
banana, the vegetation is cut and domestic cattle is allowed
tograze in thefields, and there is greater availability of dung
resource for the dung beetles.
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Eight species all tunnelers showed significant
seasonality. Caccobius meridionalis, Catharsius molossus,
Copris repertus, Onthophagus furcillifer and O.
manipurensis which showed peak abundance in summer can
be considered as heliophiles, able to tolerate the high
temperature and sunlight exposure of the summer season in
the open agriculture habitat. Decades of anthropogenic
disturbance that has heavily degraded the forests in the region
has led to the establishment of heliophiles and synanthropic
dung beetle species in the region that are able to survive in
the summer season in the open agriculture habitat (Latha and
Sabu, 2018; 2019). Copris repertus, Onthophagus pacificus,
O. laevis, Paracopris cribratus, P. davisoni which showed
peak abundance in southwest monsoon season are able to
tolerate the heavy rains characteristic of that period.

V. CONCLUSION

Dung beetles in the agriculture habitat responded
differently to rainfall seasonality when compared to forest
beetles in the same region. Agricultural practices affected
dung beetle’s response to seasonality. Northeast monsoon
season with favourable climatic conditions showed low
abundance, diversity and species richness. Agriculture
activities did not provide favourable conditions for dung
beetles in the field during the northeast monsoon period and
also affected the availability of dung which led to the low
species richness, abundance and diversity during that season.
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Fig. 1 (A) Study site Nelliampathi in South Western Ghats in Kerala; (B) Agriculture habitat in Nelliampathi.
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Table 1: Seasonal abundance (NEM=Northeast monsoon, S=Summer, SWM=Southwest monsoon); and seasonality
(SE=Seasonal, AS=Aseasonal, *=Seasonality not determined) ofdung beetle species in an agriculture habitat in Nelliampathi in
South Western Ghats during the 2007-2008 study period.

Species NEM S SWM Seasonality

Caccobiusgallinus 0 5 0 SE
Caccobiusmeridionalis 19 63 6 | SE
Caccobiusultor 0 0 3| AS
Catharsius molossus 0 7 5| SE
Copris repertus 0 10 17 | SE
Liatongusindicus 1 0 0 *
Onitis subopacus 0 1 0 AS
Onthophagus amphicoma 1 2 0 AS
Onthophagus andrewesi 1 0 0 *
Onthophagus bronzeus 0 1 1| AS
Onthophagus ensifer 1 8 3 AS
Onthophagus fasciatus 13 38 23 | AS
Onthophagus favrei 0 2 3 AS
Onthophagus furcillifer 5 28 11 | SE
Onthophagus insignicollis 0 0 2 AS
Onthophagus laevis 0 0 4  SE
Onthophagus manipurensis 0 8 0 SE
Onthophagus pacificus 0 2 11 | SE
Onthophagus porcus 0 1 0o *
Onthophagus rectecornutus 0 0 1) *
Onthophagusturbatus 0 10 2 AS
Paracopriscribratus 0 1 6 SE
Paracoprisdavisoni 0 0 6 SE
Tibiodrepanus setosus 3 7 0 AS
Tibiodrepanussinicus 0 0 1 =
194
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120 05
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2?) -ﬁ
Species Richness Abundance

ENEM mS mSWM

Fig. 2: Dung beetle species richness and abundance in northeast monsoon (NEM), summer (S) and southwest monsoon (SWM)
seasons in an agriculture habitat in Nelliampathi in South Western Ghats during the 2007 -2008 study period.
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Fig. 3: Seasonal abundance of dung beetle species in an agriculture habitat in Nelliampathi in South Western Ghats during the
2007-2008 study period (NEM =northeast monsoon, S= summer, SWM=southwest monsoon).
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Abstract—Scarabaeinae dung beetles are a ubiquitous
group of beetles that are detritivores and provides important
ecological services to the ecosystem. They are biological
indicators and their community structure is affected by
physical and biotic characteristics of the environment.
Rainfall is an important parameter that affects these beetles.
Rainfall seasonality ofdung beetlesin an agriculture habitat
in South Western Ghats wasstudied. Cow dung baited pitfall
traps were used to trap dung beetles in a banana plantation
during the northeast monsoon, summer and southwest
monsoon season. The study showed that agriculture activities
affected dung beetle community attributes in the three
seasons. Abundance, species richness and diversity was
lowest in the northeast monsoon season characterized by
moderate rainfall and ideal environmental conditions. This
was a result of agricultural practices in the region, where
banana cultivationactivities peaksin the northeast monsoon
season, which makes conditions unfavorablefor dung beetles
to colonize the agriculture habitat during this season.
Keywords— Scarabaeinae, agriculture habitat, rainfall
seasonality

I INTRODUCTION
Scarabaeinae dung beetles are a ubiquitous group of beetles
that are detritivores, feeding on mammalian dung, carrion
and vegetable matter (Hanski and Cambefort, 1991).
Through their feeding habits, they provide important
ecosystemservices such as nutrient recycling, soil aeration,
secondary seed dispersal, reduce population of disease
causing flies and helminth parasites (Nichols et al., 2008).
Scarabaeinae beetles are important indicator species as their
community structureis affected by changes in microclimate
factors of the environment, vegetation and mammal
abundance (Nichols et al., 2007).These beetles are also
affected by seasonal changes in rainfall (Hanski and
Cambefort, 1991), with differences in abundance and guild
structure between dry and wet seasons (Andresen, 2005).
Rainfall provides humidity to the soil and triggers the
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emergence and/or the onset of activity in the beetle species
(Doube, 1991; Halffter, 1991; Hanski and Cambefort, 1991).
Rainfall also affects the quantity and quality of dung
available to the beetles by affecting vegetation growth and
abundance of mammals (Cambefort and Walter, 1991;
Estrada et al., 1999).

Western Ghats in the Indian subcontinent is a
biodiversity hotspot facing many threats to its ecosystem
through deforestation, non-timber product harvest,
construction of dams and roads (Kumar, 1993; Jha et al.,
2000; Shahabuddinand Prasad, 2004). Large tracts of forest
in the South Western Ghats region has been converted into
plantations and agriculture habitats (Joy, 1991; Nair, 1991,
Latha and Unnikrishnan, 2007). The Western Ghats strongly
influences the rainfall pattern of Kerala state in the Indian
subcontinent. The Kerala state is a strip of land running
almost in North—South direction and is situated between the
Arabian Sea on the West and the ranges of Western Ghats
and Nilgiri Hills on the East, both running parallel to each
other. Theregion is characterised by three seasons, the heavy
rainy periods of southwest monsoon, moderate rainy periods
of northeast monsoon and the hot summer season with scanty
rains (Nathan, 2000).

There is limited information on the effects of habitat
conversion and rainfall seasonality on dung beetle
community attributes in South Western Ghats. In the present
study, species richness, abundance and diversity of dung
beetles in the southwest monsoon, northeast monsoon and
summer seasons in an agriculture habitat was studied.

1. MATERIALS AND METHODS

2.1 Study site

The study region, Nelliampathi is located at a height of 467
to 1572 m above sea level and is spread over a total area of
82 sqkm at a distance of about52 km from Palghat town in
Kerala state (Fig. 1). The study was carried out in Kaikatty
located at 10° 31°N and 76° 40’E, at an elevation of 960 msl.
The temperature of the region varied between 15°C-30°C and
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annual rainfall exceeds 3000 mm (Nair, 1991). The study
habitat consisted of 920 acres of government owned
agriculture land where orange, sapodilla, banana and other
fruit trees are grown. The traps were setin the part of the
agriculture habitat with banana plantation.

2.2 Sampling

Dung beetles were collected on a seasonal basis in May
(summer season), September (southwest monsoon season)
and December (northeast monsoon season)during the 2007 -
2008 study period. Each collection effort involved placing
ten baited pitfall traps containing 200g cow dung as bait,
placed 50 m apart in the study habitat. The trap contents were
collected at 12 h intervals (6:00-18:00h and 18:00-6:00h) for
each collection effort. Collected beetles were preserved in
70% alcohol overnight and later identified to species levels
using taxonomic keys and by verifying with type specimens
available in the Coleoptera collections of St. Joseph’s
College, Devagiri, Calicut.

2.3 Analysis

Since the data was not normally distributed, non-parametric
statistics Kruskal-Wallis H test was used to test the
significant levels of variation in overall abundance of beetles,
Shannon diversity (H”) and abundance of individual species
of dung beetles with seasons. Differences with a p-value
<0.05 was compared using Mann-Whitney Test. The beetles
were classified as seasonalbeetles if they showed significant
variation in abundance with seasons, and aseasonal if they
did notshowsignificant variation in abundance with seasons.
Singletons were considered as rare and excluded from
seasonality studies.

I11. RESULTS

A total of eight species and 44 beetles were collected during
northeast monsoon season, 17 species and 194 beetles in the
summer season and 17 species and 105 beetles in the
southwest monsoon season (Fig. 2, Table 1). Abundance of
dung beetles showed significant variation with seasons (H=
22.373, df=2, p=<0.001). Pairwise comparison of abundance
showed significant variation between northeast monsoon and
summer (p=<0.001), northeast monsoon and southwest
monsoon (p=<0.001), but there was no significant variation
in abundance between summer and southwest monsoon (p=
0.177). The Shannon diversity value (H’) for northeast
monsoon season was 1.49, summer was 2.12 and southwest
monsoonwas 2.28. Diversity did notvary significantly with
seasons (H=4.450, df=2, p=0.108).

Eight species, all tunnelers showed significant
seasonality, Caccobius meridionalis, Catharsius molossus,
Copris repertus, Onthophagus furcillifer, O. laevis, O.
manipurensis, O. pacificus and Paracopris davisoni (Table
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1). Caccobius meridionalis, Catharsius molossus and
Onthophagus furcillifer showed highest abundance in
summer; Coprisrepertusand Onthophagus pacificus showed
highest abundance in southwest monsoon. Onthophagus
laevis and Paracopris davisoni were present only in
southwest monsoon season; O. manipurensis was present
only in summer. Eleven species were aseasonal tunnelers.
Seasonality in six species could not be determined due to
rarity in collection (Fig. 3; Table 1).

V. DISCUSSION

Low abundance, species richness and diversity
recorded during the northeast monsoon season in the
agriculture habitat in Nelliampathi is in contrast to results
observed in the forest (Latha, 2019; Vinod, 2009) and
agriculture habitat (Venugopal et al., 2012; Vinod, 2009) of
the South Western Ghats region, where high abundance,
species richness and diversity was observed in the northeast
monsoon season. Dung beetle seasonality studies done in
other parts of the world also show that activity is greatest
during moist and minimal during dry periods and the
abundance of scarab beetles increases strongly after heavy
rainfall (Walter, 1985; Doube et al., 1991; Hanski and
Krikken, 1991; Andresen, 2005; Batista et al., 2016).

After the heavy rainy periods of the southwest
monsoon season, northeast monsoon season is characterized
by ideal climatic conditions and plantgrowth. This is the time
when agricultural activities reach a peak. Low abundance,
species richness and diversity observed in the northeast
monsoon season in the agriculture habitat of Nelliampathi
region is directly related to the agricultural practices. Banana
cultivation in the region is done annually and periods of
heavy monsoon and severe summer is avoided for planting.
This is to avoid the high temperatures of the summer season
and heavy rains of the monsoon season which are detrimental
to the crop. In the northeast monsoon period agricultural
activities such as ploughing, tilling, planting, fertilizing is at
its peak and these activities are unfavorable to the beetles and
hence low abundance, diversity and species richness was
recorded during this season. Cattle dung is the main source
of dung in the agriculture habitat of the region (Latha and
Sabu, 2018; 2019). During northeast monsoon season while
banana cultivation peaks, cattle is not allowed into the field
which in turn lowers the dung resource availability for dung
beetles, leading to low abundance, species richness and
diversity of beetles. While in summer after harvesting
banana, the vegetation is cut and domestic cattle is allowed
tograze in thefields, and there is greater availability of dung
resource for the dung beetles.
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Eight species all tunnelers showed significant
seasonality. Caccobius meridionalis, Catharsius molossus,
Copris repertus, Onthophagus furcillifer and O.
manipurensis which showed peak abundance in summer can
be considered as heliophiles, able to tolerate the high
temperature and sunlight exposure of the summer season in
the open agriculture habitat. Decades of anthropogenic
disturbance that has heavily degraded the forests in the region
has led to the establishment of heliophiles and synanthropic
dung beetle species in the region that are able to survive in
the summer season in the open agriculture habitat (Latha and
Sabu, 2018; 2019). Copris repertus, Onthophagus pacificus,
O. laevis, Paracopris cribratus, P. davisoni which showed
peak abundance in southwest monsoon season are able to
tolerate the heavy rains characteristic of that period.

V. CONCLUSION

Dung beetles in the agriculture habitat responded
differently to rainfall seasonality when compared to forest
beetles in the same region. Agricultural practices affected
dung beetle’s response to seasonality. Northeast monsoon
season with favourable climatic conditions showed low
abundance, diversity and species richness. Agriculture
activities did not provide favourable conditions for dung
beetles in the field during the northeast monsoon period and
also affected the availability of dung which led to the low
species richness, abundance and diversity during that season.
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Fig. 1 (A) Study site Nelliampathi in South Western Ghats in Kerala; (B) Agriculture habitat in Nelliampathi.
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Table 1: Seasonal abundance (NEM=Northeast monsoon, S=Summer, SWM=Southwest monsoon); and seasonality
(SE=Seasonal, AS=Aseasonal, *=Seasonality not determined) ofdung beetle species in an agriculture habitat in Nelliampathi in
South Western Ghats during the 2007-2008 study period.

Species NEM S SWM Seasonality

Caccobiusgallinus 0 5 0 SE
Caccobiusmeridionalis 19 63 6 | SE
Caccobiusultor 0 0 3| AS
Catharsius molossus 0 7 5| SE
Copris repertus 0 10 17 | SE
Liatongusindicus 1 0 0 *
Onitis subopacus 0 1 0 AS
Onthophagus amphicoma 1 2 0 AS
Onthophagus andrewesi 1 0 0 *
Onthophagus bronzeus 0 1 1| AS
Onthophagus ensifer 1 8 3 AS
Onthophagus fasciatus 13 38 23 | AS
Onthophagus favrei 0 2 3 AS
Onthophagus furcillifer 5 28 11 | SE
Onthophagus insignicollis 0 0 2 AS
Onthophagus laevis 0 0 4  SE
Onthophagus manipurensis 0 8 0 SE
Onthophagus pacificus 0 2 11 | SE
Onthophagus porcus 0 1 0o *
Onthophagus rectecornutus 0 0 1) *
Onthophagusturbatus 0 10 2 AS
Paracopriscribratus 0 1 6 SE
Paracoprisdavisoni 0 0 6 SE
Tibiodrepanus setosus 3 7 0 AS
Tibiodrepanussinicus 0 0 1 =
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Fig. 2: Dung beetle species richness and abundance in northeast monsoon (NEM), summer (S) and southwest monsoon (SWM)
seasons in an agriculture habitat in Nelliampathi in South Western Ghats during the 2007 -2008 study period.

www.ijeab.com Page | 390


http://dx.doi.org/10.22161/ijeab/4.2.19
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB) Vol-4, Issue-2, Mar-Apr- 2019
http://dx.doi.org/10.22161/ijeab/4.2.19 ISSN: 2456-1878

[C - |
(=]

153
(== I o= B = I == B = |

Abundance
w

N

Species

== NEM === wgeeSWM

Fig. 3: Seasonal abundance of dung beetle species in an agriculture habitat in Nelliampathi in South Western Ghats during the
2007-2008 study period (NEM =northeast monsoon, S= summer, SWM=southwest monsoon).
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The Impacts of Striped Snakehead (Channa
striata Bloch) Fish Farming in Net Cages on
Social, Economic and Environmental aspects in
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Abstract—The purpose of this study was to analysis and
identify the impacts of striped snakehead (Channa striata
Bloch) fish farming in net cages on socio economic and
environmental aspects. This study was a survey research.
Location determination in Bangkau Village, Hulu Sungai
Selatan Regency, South Kalimantan Province, Indonesia
was done purposively because this area was a center for
cultivating striped snakeheads in Hulu Sungai Selatan
Regency. The collection of respondent data in this village
was carried out in a census of 20 people from the whole
population of cultivated striped snakeheads in net cages.
The effect on social was done by identifying the effect of
social aspect, the economic aspect determined by analysis
used was the calculation ofprofit (r) and payback period
(PP), while the environmental aspects, it was done by
identifying the measurement of water quality. The results
showed that from the social aspect, this business
influenced the use of labor in its business, benefits
obtained from the business of cultivating this striped
snakeheads varied between 627,433.33 IDR to
9,789,533.33 IDR per year, while the payback period was
2.23 years. This cultivation effort from the environmental
aspects of water quality is still within the class 3 water
quality classification tolerance limit.

Keywords—Striped Snakehead, Net Cages, Social
Economic and Environmental Effect.

I.  INTRODUCTION
Marine and fisheries development in Indonesia is an
inseparable part of overall economic development and
must support the realization of an advanced, resilient and
efficient economy characterized by the ability to prosper
the lives of fish farmers and fishermen while at the same
time enhancing their ability and independence in
promoting the development of the fisheries sector and
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marine. Bangkau Village is one of the villages in
Kandangan Subdistrict, Hulu Sungai Selatan Regency,
South Kalimantan Province Indonesia. Livelihoods in
general are as fishermen and farmers and a small part as
fish farmers in net cages, Bangkau village is
geographically classified as swamp area.

One effort to realize an increase in the welfare of fish
farmers and fishermen is to increase the production and
productivity of fisheries businesses to achieve self-
sufficiency in protein-sourced food so as to increase
income while improving nutrition for all family members.
In this case, Striped snakehead (Channa striata Bloch)
fish farming can be an option in increasing family
income.

Channastiratain local fish known as “haruan and gabus”.
English is known as the common snakehead, snakehead
murrel, chevron snakehead and striped snakehead. The
snakehead name refers to the shape of the head that
resembles a snake's head. While the scientific name is
Channa striata Bloch (Weber, M & Beaufort, 1912).

The potential of aquaculture resources is quite large with
various types of fish and economically valuable biota that
allow it to be cultivated, but its utilization has not been
fully maximized so that the contribution to development
and the economy in general and the improvement of
living standards of fish farmers in particular is not
optimal. The potential that is so broad should be used
effectively and efficiently in fish farming.

Utilization of swamp land for fisheries is still dominated
by capture fisheries activities whose productivity tends to
decrease, along with the increasing population growth, the
need for protein sourced from fish also increases while
the production of fragrant fish tends to continue to even
decline in production. Capture fisheries production,
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especially the production of fragrant cork fish in Hulu

Sungai Selatan Regency can be seen in table 1 as follows:

Table 1. Data on Haruan Fish Production in Hulu Sungai
Selatan Regency in 2011-2017

Production year

Detsi;’:]' 201 201 201 201 201 201
P 1 2 3 4 5 6 7
Total

Produc 1.12 110 109 121 110 109 1.08
tion 6,7 55 48 12 73 9,3 9,4
(Tons)

Source: Processed Capture Fisheries Statistics Report
(2018)

Destructive fishing is one of the causes of reduced
stock of cork fish in public waters. Fresh fish in this area
is a type of fish that has a high economic value so that the
demand for fish availability will be directly proportional
to the selling price in the market, the higher the demand
with the decreasing stock will increase the selling price,
but when the stock is high, the price also down, this
results in haruan fish being one of the fish that causes
inflation in the South Kalimantan area (BPS, 2018).

To find out the social, economy and environmental
impacts from the cultivation activity of striped
snakeheads fish farming in net cages, it is necessary to
carry out this research.

Il. METHODOLOGY

2.1 Place and Time of research

The location of this research was conducted in Bangkau
Village, Kandangan Subdistrict, Hulu Sungai Selatan
Regency, South Kalimantan Province, Indonesia, selected
purposively or deliberately by considering the villages
that had the most cultivators of striped snakehead in
stepped net cages. This research was conducted starting
from November 2018 to February 2019.

2.2 Population and Sample

The population of this research was fish farmers who
carried out of striped snakeheads fish farming in net cages
who also worked as fishermen in Bangkau village,
Kandangan Subdistrict, Hulu Sungai Selatan Regency,
South Kalimantan Province, Indonesia.

2.3 Data Collection Technique

Data collection methods used in this study was survey
and interview methods using questionnaires (Sugiyono,
2008). Primary and secondary data were recorded both in
the form of the results of interview questionnaires with
respondents as well as existing data on government
agencies or institutions associated with this research.

2.4 Data Analysis Method
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Primary and secondary data that had been collected were
made in the form of tabulation, then the data were
processed using several quantitative descriptive analysis
tools to explain the social, economic and environmental
effects wich include financial anaysis and payback period
analysis, and qualitative descriptive analysis tools to
explain the general description social, economic and
environmental influences.
2.4.1. The Influence of Striped Snakehead Fish
Farming on Social Effects.
The social effect of striped snakehead fish farming in net
cages is identifying how much labor is used and its to
have were recorded in the form of the results of interview
questionnaires.
2.4.2. The Influence of Striped Snakehead Fish
Farming on Economic Effects.
The economic effects of striped snakeheads fish farming
in netcages is said to have a profit if the total value of
revenue is greater than the total expenditure. This profit
analysis (Izmaniar, H,.et. al, 2018) can be formulated by:

I=TR-TC

where: 7 = Profit (IDR)

TR = Total Revenue (IDR)
TC = Total Cost (IDR)

Whereas to calculate the Payback Periodthe formula is:
Investment

Profit
2.4.3.The Influence of Striped Snakehead Fish
Farming on Environmental Aspects.
The environmental effects caused by striped snakehead
fish farming activities in net cages were in the form of
impacts environmental aspects and for the striped
snakehead populations were carried out by measuring in
situ  water quality wich includes pH, temperature and
dissolved oksygen (DO), fiber water quality measurement
compared to water Quality Classification Class 3 based
on PP No. 82 Year 2001.

IIl.  RESULTS AND DISSCUSION
3.1 Characeristics of Respondents
The characteristics of respondents were showed in table 1
as follow :

Table.1: The Characteristics of Respondents
Fish

Ages Farming

(Years) Experiences

No Respondent

(Years)
1 Ambri 53 10
2 Pidi 45 8
3 Ahmad Kusasi 53 10
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4 Abdu Samad 43 8
5 Kaspul Anwar 55 20
6 M. Arifin 25 3
7 Lasa 55 10
8 Sarman 45 13
9 Ipin 34 4
10  Abd. Rahman 45 10
11 Samsuri 50 10
12 Raslan 60 15
13 Jadri 50 10
14 Rusdi 50 15
15  Abdul Azis 45 10
16  Jakfar 56 15
17 Nayan 55 20
18 Ruslan A 60 20
19 Ruslan 53 18
20 Darkani 40 5

BExperience of Fish Cultivation. Cultivated striped
snakehead farmers who had longer experience tended to
be more successful than those who were not experienced.
The relationship of experience with the amount of profit
can be seen in the following graph:

12000000

10000000

8000000
-~ Fish Farming Experience
6000000 (Years)
= Profit (IDR)
4000000
2000000

0

£ 3 5, 9948 A1 AU

Fig.1: Graph of Comparison of Experience Relationships

with the Number of Profit ~ (Processed Primary Data,
2019)

Figure 1 above shows that there is a tendency for the
longer the experience of the fish farmers in carrying out
the business, the greater the profit generated, therefore the
experience of the striped snakehead cultivation business i
one of the supporting factors in the business, the longer a
person conducts fish farming business, the better to
overcome and anticipate problems that arise in fish
farming.

3.2 The Influence of Striped Snakehead Fish Farming
on Social Effects

The social effects were taken from data interviews with
the use of labor as following table :
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Table.2: The use of labors in striped snakehead
fishfarming

No. | Respondent Use of Labor
Ambri

Pidi

Ahmad Kusasi
Abdu Samad
Kaspul Anwar
M. Arifin

Lasa

Sarman

Ipin

Abd. Rahman
Samsuri

Ol | N B W|IDN|F-

[E
o

[
[N

[E
N

Raslan
Jadri

Rusdi
Abdul Azis
Jakfar
Nayan
Ruslan A
Ruslan

20 | Darkani 1
Source: Results of Primary Data Processing (2019)
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Table.3: The use of labors in striped snakehead

fishfarming
TotalUse of Total Wages
N T
© ype Labors (persons) (IDR)
1. The Use 24 2.400.000,00
of Labors

From the social aspect, this business influenced the use of
labor in its business, both in the form of its own labors
and family member labors. The use of labors started from
the preparation, maintenance and harvest stages.

3.3 The Influence of Striped Snakehead Fish Farming
on Economic Effects

The economic effects were taken form data as following
tables. The analysis of the profitability of the business of
enlarging embedded net cage can be calculated by several
components as follows:

Table.4: Components and Average Total Cost of striped
snakehead Fish Farming In Net Cages
Average Cost
(IDR/ person /
year)

852,066.67 65.60

Percentage

N T f Cost
0 ype of Cos (100%)

1 Fixed Cost
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2. Variable Cost 389,300.00 34.40

Total 1,298,841.67 100.00

Table.6: Measurement Results of In Situ Water Quality in
Maintenance Media

: i i T t
Source: Results of Primary Data Processing (2019) oH empoera ure DO (mg/l)
No  locat (°C)
The Average farmers profits can be seen in the table as ion Outsi . Outsi  Insi  Out .
Inside . Inside
follow : de de de side
Table.5: Profit and Payback Period OfFIS_h Farmers 1 RT.0 67 6.68 284 276 406 410
No. Components Value (IDR/Fish Farmer 1
RT.
L Income 4.162.500,00 2 O 67 671 289 285 3% 397
2. Costs 1.608.265,48 2
3. Profit perYe_ar 2.554.234,52 3 RT.0 68 675 280 283 451 450
4. Payback Period 2,23 3
: i i 28,1
Source: Result_s (?f Prlmar.y Data Processing (2019) Average 6.75 671 2843 8, 417 419
In Table 4 , it is explained that the average total cost 3
incurred for the cultivation business of striped snakehead Standard - .
. . . . 6-9 Deviation 3 Min 3
in the cage is 1,298,841.67 IDR per year, which consists Class 3*) viat !

of the average fixed costs of 852,066.67 IDR / farmer /
year and the average amount of the variable cost of
389,300.00 IDR / farmer / year. In Table 5, it is explained
the average profit and payback period from the bussines
of this fish farming. This business produced profits that
varied between 627,433.33 IDR (lowest) up to
9,789,533.33 IDR (highest), and the return period of
capital for both investment and fixed costs was 2.23
years. According to the Decree of the Governor of South
Kalimantan Number 188.44 / 0570 / KUM/2018
concerning the Determination of the Minimum Wage of
the Province of South Kalimantan in 2019, the Minimum
Wage of the Province of South Kalimantan is
2,651,781.95 IDR if it is compared to the Provincial
Minimum Wage there are still 13 people below the
standard, while those above the Minimum Wage are as
many as 7 respondents (Table 6), this is related to the
level of experience of farmers who have been explained
in the previous sub-chapter (Figure 1), that the higher the
experience in cultivating striped snakehead then the
higher the tendency to increase profits / income is. The
average payback period of investment in striped
snakehead cultivation in this embeded net cage is 2.23
indicating that this business can return capital with a
minimum business average of 2.23 years. In the third year
there will be real returns from the return on investment
costs incurred during maintenance, there are even 6
farmers who have a payback period of under 1 year,
meaning that there is a possibility that this business can
be returned in just one production period and the farmers
have even obtained the real benefit of this business if they
are able to manage the business of cultivating the striped
snakehead diligently and seriously.

3.4 The Influence of Striped Snakehead Fish Farming
on Environment Effects

The environment effects (Muslim, et. al., 2018) were
showed in Table 6 as follow :
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*) Water Quality Classification Based on PP No. 82 of
2001

Whereas from the aspect of the business environment this
did not have a harmful and polluting effect on the
environment, because all inputs did not use hazardous
materials and the products are fish that are safe for public
consumption. This business utilized fish stomach waste
which was used as alternative feed so that it was no
longer wasteful but could also reduce production costs.
Measurement of in situ water quality both from the
parameters of temperature, pH and DO did not show a
significant difference between the quality of water that
was in maintenance media and outside the maintenance
media, and still within the tolerance limit of Class 3Water
Quality required according to its designation, namely for
fishery, agriculture and livestock activities

IV.  CONCLUSION

Based on the results of the research, conclusions can be
taken as follows:

1. Based on the results of the profit analysis, the
stiped snakehead fish farming proved to be profitable.
The benefits obtained by farmers varied between
627,433.33 IDR to 9,789,533.33 IDR per cultivating
season, compared to the South Kalimantan Regional
Minimu Wage 7 people were above the South
Kalimantan Minimum Wage of 2,651,781.95 IDR,
while 13 people were still below the Provincial
Minimum Wage. While the results of the calculation
of Payback Period (PP) of 2.23 indicated that to be
able to return the cost of investment mode this
business must run at least 2.23 years.

2. The striped snakehead fish farming in stepped net
cages influenced the socially, economically, and from
environmental aspects in the form of water quality of
save the striped snakehead the maintenance media is
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still within the tolerance limit of Class 3 Water
Quality Classification for fishery, agriculture and
livestock activities..
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Yield analysis and adaptation for Bacillus
thuringiensis (Bt) and non-Bacillus thuringiensis
(Bt) Cotton varieties in the kingdom of Eswatini

Daniel Khumalo

Abstract— Cotton in Eswatini contributes 2.1 % of the
country’s Gross Domestic Product owing to low cotton
yield due to high pest pressure. Eswatini farmers grow
Alba QM 301 a conventional non Bt variety which is
affected by bollworm. Cotton is no longer profitable and
farmers are quitting the industry, yet it is the only source
of livelihood in drought prone areas of Eswatini.
Countries like India and South Africa have replaced
conventional cotton with high yielding Bt or genetically
modified cotton.The study analyses yield and adaptation
of Bt cotton under rain fed condition.Bt cotton hybrid was
evaluated under field condition for adaptation and yield
performance in 2016 and 2017 season. Two Bt cotton
varieties JKCH 1947 Bt and JKCH 1050 Bt were tested
against the local variety Alba Plus QM 301 and JKC 724
both Non Bt (NBt).JKCH 1947 recorded significantly
higher seed cotton yield per ha of 3070 kg/ha on the first
year. It was closely followed by JKCH 1050 with a yields
of 2955 kg/ha.The number of boll per plant was also
significant higher compared the control. Alba Plus QM
301 and JKC 724 both Non Bt (NBt) recorded the lower
yieldsof 2066 and 821 kg/ha respectively, under the same
condition with less number of bolls per plant. Similar
observations were recorded on the second vyear,
JKCH1947 and JKCH 1050 recording 1765kg/ha and
1865kg/ha respectively. A similar trend was observed
onthe number of bolls per plant,higher number of bolls
were recorded in JKCH 1050 Bt followed by JKCH 1947
Bt. Alba Plus QM 301 NBt and JKC 724 NBt recorded
fewer boll in both years. All varieties showed good
adaptability to local environment with good plant stand.
Keywords— Bt cotton, rain fed conditions, seed cotton.

. INTRODUCTION
This paper is about introducing genetically modified
cotton in the Kingdom of Eswatini. Discussions in the
paper are guided by management processes of introducing
a new product or new technology in a market. In the
Kingdom of Eswatini, agriculture plays a major role in the
economy; it’s a major source of food, and also employs
more than 60% of the country’s population (ISAAA,
2014; Thomson, 2012). Eswatini's agriculture is mainly
dependent on sugar cane, cotton and forestry.Cotton is the
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second biggest cash crop after sugarcane in Eswatini. It is
an important cash crop for most Swazis who live on
drought prone areas and smallholder farmers who are
reliant on the crop for their livelihood (Central Bank of
Swaziland, 2013). Eswatini farmers are still entirely
reliant on conventionalhybrid cotton seeds. Hybrid cotton
seeds have long been used in the industry as the sole
means for cotton production.

Genetically modified cotton is a variety of cotton that has
been modified through a biotechnological process in order
to achieve a higher yield. Bollworm resistant, Bacillus
Thuringiensis (BT) cotton is the most popular genetically
modified cotton seed wused throughout the world.
Genetically modified cotton was first introduced in the
early 1990s and has since been adopted by major cotton
producing countries such as the USA, India, China and
South Africa (James, 2011). The genetically modified
cotton seeds are engineered via a biotechnological process
to reproduce the soil bacterium Bacillus Thuringiensis in
a crystal form in order to exterminate certain types of
insects and pests which damage the cotton crop and
reduce farmer’s yields (Craig et al., 2008). The new
genetically modified seed has outstripped its traditional
hybrid counterparts in terms of yield (Brookes & Barfoot,
2013).

In Eswatini, the cotton industry is currently facing a
decline in production and this has affected the textile
industries which relied on Eswatini cotton as their main
source of inputs. Most textile industries have closed due
to the shortage of cotton. The few textile factories that are
operational survive through importing cotton supplement
locally depressed supplies for the daily operations. The
government of Eswatini has to revive the cotton industry
by introducing a new product in the market. The purpose
of this paper is to analyse yield and adaptability of
genetically modified cotton in Eswatini. The paper will
compare two Bt cotton varieties against the locally grown
conventional cotton variety by evaluating the agronomic
characteristics of the varieties under condition of the in
the Kingdom of Eswatini.

The cotton industry in Eswatini is currently facing many
challenges. The country’s largest cotton ginnery which is
under the stewardship of the Swaziland Cotton Board
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(SCB) and located at Big Bend, has a capacity to handle
25 000metric tons of cotton. Currently, a mere 10% of the
ginnery’s capacity is being utilised owing to
unavailability of inputs and decreased cotton production,
among other reasons (Mavuso, 2014). The cotton
industry is solely dependent on conventional hybrid
cotton seeds. This product has been used by all cotton
farmers for the past two decades (Cotton Board, 2014).
However, the hybrid cotton seed has reached their decline
phase and this is characterised by a rapid decrease in the
yield of this product. The decrease in cotton production
threatens the 90 ginnery employees’ jobs at the Big Bend
ginnery (Cotton Board, 2014).

Hybrid cotton that is currently grown by Eswatini farmers
is no longer producing high yield as it used to do in the
pastyears. The product has reached a decline phase which
is characterized by high production cost, low yields, and
heavy pesticides application requirements. From a
management point of view a product in decline phase
needs to be phased out and replaced because it will be
fool hardy to rejuvenate the product (Kotler, 2012).
Cotton acreage has drastically been reduced from 20,000
hectares to merely 3000 hectares (Cotton Board, 2013).
Correspondingly, the number of cotton farmers in
Eswatini has also decreased from 9000 to 3000 in the past
6 years (Cotton Board, 2013). The sector has a potential
capacity to create employment directly and indirectly
through the textile industry, ginning, spinning, and
weaving of fabric respectively, has gone down. This has
been aggravated by labour migration from rural areas to
the cities (Thomson, 2012). The country has to find
strategies of filling the demand gaps created by dwindling
cotton production over the years and cheaper technology
to continue producing enough cotton to meet increasing
demand. Opportunities that are not utilised when they
arise will always be taken up by one’s competitors
(Bryman.et. al. 2014). It is the researchers’ conviction that
the introduction of genetically modified cotton seed is one
of the viable options to tackle the cotton industry’s
prevailing challenges. There is an urgent need to test the
Genetically modified (Bt) technology under local
condition and adopt genetically modified ( Bt) cotton
technology to replace hybrid cotton seed.

In an effort to address the problem in the cotton industry
of Eswatini it was essential to conduct agronomic trials of
genetically modified (Bt) cotton and test its adaptability
under Eswatini soil and weather conditions. This study
aimed analyzing yields and the agronomic traits of two Bt
cotton hybrids, JKCH 1947 Bt and JKCH 1050 Bt against
a popular control variety Alba Plus QM 301(non Bt) NBt
and an inbred JKC 724 NBt for yield potential and
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adaptability. The field experiment was conducted over 2
year, 2016 and 2017 season.

. MATERIALS AND METHODS

Field experiment was conducted at two years on the same
site in Eswatini during 2016and 2017 planting season.
The trials focused on agronomic and yield performance of
two Bt cotton hybrids (JKCH 1947 Bt and JKCH 1050
Bt), inbred (JKC 724 Non Bt) developed and owned by
JK Agri Genetics Limited and the control was a locally
grow conventional variety (Alba Plus QM 301 Non Bt).
The Lowveld Experimental Station (LES) is located in the
Lowveld region (26° 57.95S, 31° 31.52E; 89m asl), with
mean temperatures ranging between 26.4 to 30.5°C and
annual rainfall of 450 mm. The soils are M-series, which
are sandy loam, well drained and fertile (Murdoch, 1968).
The experiment used a randomized complete block design
(RCBD) with six replications. Gross plot size of
experiment was 4 rows of 6 metres length planted at an
inter-row spacing of 90 cm and 25 cm between plants.
Whereas, the net plot constituted of 2 middle rows with
each row having 20 plants thus a total of 40 plants for the
net plot.

Observations were recorded on six randomly selected
plants from each variety per replication for the characters
viz.,, plant height (cm), no. of lateral branches, no. of
lateral branhes (> 4 bolls), days to 50% flowering, no. of
damaged bolls, no. of bolls/plant, damaged bolls (%),50
bolls dry weight (g), ginning out turn (%) and cotton
yield (Kg/Ha). Out of all the bolls per plant, fifty bolls
were randomly selected and weighed using a digital
balance. Thereafter, the seed cotton yield per plot was
estimated after picking the cotton fromthe whole plot and
adding the weight of the collected bolls. The values were
up scale from kg/plot to kg/ha for each cotton strain and
replication. Field management was done general
agriculture practice in the cotton industry of Eswatini.
Multiple foliar sprays were applied on control variety
Alba Plus QM 301 NBt and inbred JKC 724 NBt to
manage cotton bollworm infestation. No foliar sprays
were applied on Bt cotton hybrids.

Statistical Analysis

All data were expressed as mean with standard deviation.
Agronomic and yield traits data from the cotton varieties
were pooled and analysed using one way ANOVA.
Analysis of variance was performed by using the
ANOVA procedure of the SAS software (version 9.3 for
windows). Significant differences between varieties
agronomic and yield traits means were determined by
Fischer’s Least Significant Difference Test at the level of
p=0.05.
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. RESULTS AND DISCUSSION
Table.1: Year 1 agronomic traits of Bt and Non-Bt cotton results

Cotton Plant No. of No. of Days to 50% No. of No. of Damaged
Variety/Hybrid Height Lateral lateral Flowering Damaged bolls/plant Bolls (%)
(cm) Branches Branhes Bolls
(>4 bolls)

Alba Plus QM 301 83.4al 9.5a 2.5b 106.5a 20.5a 58.8b 35.6
NBt

JKC 724 NBt 48.1b 7.7b 3.0ab 110.5a 16.2a 56.2b 29.0
JKCH 1947 Bt 87.7a 9.4a 3.8ab 84.8b 6.7b 92.0a 7.6
JKCH 1050 Bt 78.0a 9.8a 4.2a 86.3b 6.1b 90.2a 6.6

1 Means with the same letters within the same columns are non-significant with Fischer’s Least Significant Differences
(LSD) test

Table.2: Year 1 yield components of Bt and Non-Bt cotton results

Cotton Variety/Hybrid 50 Bolls Dry Weight (g) Ginning Out Turn (%) Cotton Yield (Kg/Ha)
Alba Plus QM 301 NBt 283.3at 44.7a 2066b
JKC 724 NBt 207.2b 40.8c 1173b
JKCH 1947 Bt 311.5a 43.1b 3070a
JKCH 1050 Bt 294.7a 43.3b 2955a

1 Means with the same letters within the same columns are non-significant with Fischer’s Least Significant Differences
(LSD) test

Table.3: year 2 Agronomic traits of Bt and Non-Bt cotton results

Cotton Plant No. of Lateral No. of lateral Days to 50% No. of No. of Dam

Variety/Hybri Height Branches Branhes (> 4 bolls) Flowering Damaged Bolls/Plant | aged

d (cm) Bolls Bolls

(%)

Alba Plus QM 131.0al 12.52a 2.56¢c 158.6b 1.0a 41.2b 24

301 NBt

JKC 724 NBt 89.0b 11.03a 2.36¢ 165.a 12a 37.3b 2.7

JKCH 1947 148.0a 12.58a 3.67b 101.5c 0.3a 65.5a 05
Bt

JKCH 1050 131.0a 12.92a 5.3% 106.1c 0.5a 67.2a 0.7
Bt

1 Means with the same letters within the same columns are non-significant with Fischer’s Least Significant Differences
(LSD) test

Table.4: Year 2 yield components of Bt and Non-Bt cotton results

Cotton Variety/Hybrid 50 Bolls Dry Weight (9)) Ginning Out Turn % Cotton Yield (Kg/Ha)
Alba Plus QM 301 NBt 220.3at 45.7ab 1337b
JKC 724 NBt 172.2b 44.0b 821c
JKCH 1947 Bt 226.8a 46.3a 1765a
JKCH 1050 Bt 218.8a 47.3a 1817a

1 Means with the same letters within the same columns are non-significant with Fischer’s Least Significant Differences
(LSD) test

Early flowering was observed in hybrids JKCH 1947 BT Damaged cotton bolls were prominent in Alba Plus QM
(85 days) and JKCH 1050 Bt (86 days) compared to the 301 NBt (35.6%) compared to minimum damaged bolls in
control variety Alba Plus QM 301 NBt (106 days. JKCH 1947 Bt and JKCH 1050 Bt almost (7.0%) each
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(Table 1). Industrially acceptable ginning out turn
percentage (GOT%) ranged between 43.1 to 44.7% in
cotton varieties except JKC 724 NBt with 41.0%. Yield
indicated that out of the four varieties tested, JKCH 1947
Bt (3070 Kg/ha) and JKCH 1050 Bt (2955 Kg/ha)
produced significantly superior seed cotton yield
compared to control variety Alba Plus QM 301 NBt (2066
Kg/ha) on the first year. The same trend was observed on
the second year. The lowest yielding variety was inbred
JKC 724 NBt (1173 Kg/ha). Bigger boll size was
observed in JKCH 1947 Bt (312 g/50 bolls) followed by
JKCH 1050 Bt (295g/50bolls) and Alba Plus QM 301
NBt (283g/50 bolls) (Table 2). Agronomic performance
of Bt cultivars may vary substantially from their non-Bt
counterparts (Jenkins et al., 1997)Significantly higher
number of bolls were recorded in JKCH 1050 Bt (67.0)
followed by JKCH 1947 Bt (66.0) compared to Alba Plus
QM 301 NBt (41.0). The hybrids Bt varieties JKCH 1947
Bt and JKCH 1050 Bt (106 days) were significantly faster
in boll formation taking (102 days and 106 respectively.
Alba Plus QM 301 NBt took the longest time of 159 days.
Control entry Alba Plus QM 301 NBt (% boll damage
2.4%) had more boll damage compared to minimum boll
damage in JKCH 1947 Bt (0.5%) and JKCH 1050 Bt
(0.7%) (Table 3). Industrially acceptable ginning out turn
(%) was observed in JKCH 1050 Bt (47.3%), JKCH 1947
Bt (46.3%) and control variety Alba Plus QM 301 NBt
(45.7%). JKC 724 NBt exhibited a low GOT% (44.0 %).
Based on the weight of 50 balls per variety, Hybrid JKCH
1947 Bt (227 g/50 bolls) had bigger boll size followed by
Alba Plus QM 301 NBt (220g/50 bolls) and JKCH 1050
Bt (218 ¢/50 bolls). Significant differences were again
observed on yield of the four cotton varieties trials on the
second with JKCH 1050 Bt (1817 Kg/ha) and JKCH 1947
Bt (1765 Kg/ha) compared to control variety Alba Plus
QM 301 NBt (1337 Kg/ha).The lowest yield was
observed in inbred JKC 724 NBt (821 Kg/ha) (Table 4).

V. DISCUSSION

Yield is dependent on many component characters, such
as boll weight, number of bolls per plant and harvest
index Bt cotton hybrids produce increased seed cotton
yield over their non-Bt counter parts and check hybrids,
Bt cotton hybrids recorded more than 100% increased
seed cotton yield over non-Bt and control hybrids (Anon,
2002).

The Increased yield is attributed to the Bt-genotypes in
JKCH 1947 Bt and JKCH 1050. Bolls in the Bt hybrid
varieties were protected, while only those that survived
the pest pressure were harvested under the local Alba Plus
QM 301NBt and the inbred JKC 724 NBt. The two Bt-
genotypes eliminate shedding of bolls due to bollworm
infestation. Alba Plus QM 301NBt and the inbred JKC
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724 NBt suffered from significant boll worm damage.
This culminated to the higher seed cotton yield on Bt-
genotypes over the local checks.

Since cotton is grown under rain fed condition, the
number of days to flowering became is important to
cotton producers. The earlier the cotton flowers it the
earlier is the maturity time and exposure to heat unit
required for crop maturity compared to late flowering
varieties. This contributed to high-yielding ability, JKCH
1947Bt and JKCH 1050Bt in both years of experiment.
Bt hybrids recorded significantly higher yield than the
corresponding non-Bt hybrids. Early-maturity and high-
yielding ability is double benefit to the rain fed farmers.
The early maturity provide farmers with drought escape
toward climate change. Quick trait will help the hybrids to
escape from terminal moisture stress in the season. This
makes the cultivar to be preferred under rain fed areas
(Hofs et al., 2006).

Numbers of bolls per plant play a vital role in determining
final yield of a cotton variety. This is influenced directly
or indirectly by the growing conditions and its genetic
ability to perform in the given environmental condition
(Lugman et al., 2015. The statement by Lugman et al.
2015 clearly correspond to the observation of this study
where in both years, the Bt cotton cultivars expressed a
higher mean number of bolls per plant compared to the
local variety and the Non Bt hybrid in both locations. The
results obtained from the field trials corroborated those of
a trial by Sudha et al. 2011 in Govankoppa village in
India.

V. CONCLUSION

This study analyzed the yield performance of two Bt
cotton varieties in Eswatini over a period of 2 years based
on rain fed conditions. Cultivation of hybrid Bt cotton did
not only give a significantly higher yields but also
realized significantly reduced insecticidal usage, hence
giving security to farmers about the cotton yield. The
study conducted over two year’s clearly depicted good
adaptability of both Bt (JKCH1050 and 1947) cotton
hybrids to Eswatini environment. The varieties were early
maturing and high-yielding. Adoption of these Bt
varieties can help empower Swazi cotton farmers to
embrace and benefit from product of modern
biotechnology. It is therefore concluded that the two Bt
varieties(JKCH1050 and 1947) be released to farmers for
commercial growing.

RECOMMENDATION
It is recommended that the kingdom of Eswatini
commercialize the growing of Bacillus thuringiensis
cotton to cotton growers.
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It further recommended that further studies be conducted
on the four region of Eswatini on the performance and
adaptation of this technology.
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Abstract— In Sumatra, cocoa has been cultivated by
small holders in diverse agroforestry systems. But
recently, companion shade trees are being removed in
hopes of reaching higher cocoa yield. This study tests a
hypothesis, that high cocoa productivity is compatible
with shade and diversity if farmers apply good cocoa
management. The study was conducted throughout 2018
in Sontang village, Pasaman district, West Sumatra. We
aimed to compare cocoa yield, tree diversity, and
ethnobotanical value in 3 shade management systems
(low/medium/high). Twelve 20 x 20 m plots were sampled
random lyunder each shade, resulting in 36 plots
covering 1.44 ha. Plant diversity was measured by
species inventories and usefulness was determined based
on ethnobotanical interviews. The medium shade also
showed the highest crop diversity and highest usefulness.
The study concludes that the medium shade harbors
suitable level of tree diversity with a positive impact on
cocoa yield. We recommend training farmers in cocoa
management while sustaining medium shade as a

productive, useful and bio diverse system.
Keywords— Cocoa, Agroforestry System.

. INTRODUCTION

Cacao (Theobroma cacao L.) is an estate crop
commodity that has been growing rapidly and has an
important role in the national economy, especially as a
employment provider, the main source of income for the
majority of the population in some provinces, as well as
the third largest foreign exchange supply after rubber and
palm oil. According to Dampa (2003), cocoa is the prior
commodity of the estate agency based on the following
considerations: a) biologically, cocoa require a shade
trees that make themsuitable to be developed under other
plants, and also make this commodity as a new alternative
income for farmers b) economically, cocoa including the
commoditythat could produces yield in medium term
period than others annual crops; c¢) in terms of price,
cocoa bean is one of the most profitable product, d) in the
way of cultivation, cocoa doesn’t require an appropriate
technology on farming practise, so that it would be
suitable to be cultivated by smallholder farmers.
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Cocoa plantations developed through agroforestry
systems and then managed properly will ensure the
continuity of the structure and ecological processes in it.
Interactions between ecosystem structure allows for a
variety of ecological processes, including biomass
production and nutrient cycling (nutrient cycle). Cocoa-
based agroforestry systems can provide a range of
ecosystem services (ecosystem services), among others,
contribute to maintaining the organic matter content of
the soil, thereby improving soil fertility (Mendez., 2006),
minimize erosion, preventing the development of pests
and diseases, and reduce the weed population. Mixing
plants in a cropping system greatly affect nutrient cycles
that occur in an ecosystem.

Based on the above it is necessary to investigate
the level of plant diversity contained in the model farm
management cocoa agroforestry good (simple shade) and
complex (multi-level) that have an impact on the
productivity of cocoa compared to systems plantation
management in non agroforestry (monoculture)

. MATERIAL AND METHOD

This study was performed using comparative
survey. Implementation of the survey begins from field
observations (cacao agroforestry with various systems),
making the coordinates of the garden, the determination
of sample plots and observations as well as the selection
of the cocoa farmers to be used as subjects in this study.
Determination and election observation plots cocoa
farmers carried out by random sampling. Observation of
the diversity of plants is done by counting all the species
of plants and the number of individuals of each species in
research plots. To determine the species diversity
calculated using diversity indexof Shannon-Wiener (Kent
and Paddy, 1992; Smith and Wilson, 1996; Spellerberg
and Fedor, 2003).

H'=-Y" (i (npi)

H '= Shannon Wiener Index
N = the total number of species to-i
Pi = The proportion of species to-i
Kriteria lewels of biodiversity are:
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relatively high when H> 3.5, while if H '= 1.5 to 3.5 and
lower when H' <1.5

1. DISCUSSION

Plant diversity in cacao agroforestry system

Agroforestry is important for the habitat of various
species of plants, animals and a variety of beneficial
microorganisms, so as to conserve biodiversity in an
ecosystem. Agroforestry can increase the biodiversity, in
the absence of agroforestry may have a lot of species that
are extinct. A landscape dominated by intensive farming
still requires the presence of many natural