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FOREWORD

I am pleased to put into the hands of readers Volume-3; Issue-1:Jan-Feb 2018 of “International Journal
of Environment, Agriculture and Biotechnology (IJEAB) (ISSN: 2456-1878)”,an international journal
which publishes peer reviewed quality research papers on a wide variety of topics related to Environment,
Agriculture and Biotechnology. Looking to the keen interest shown by the authors and readers, the
editorial board has decided to release issue with DOI (Digital Object Identifier) from CrossRef also, now
using DOI paper of the author is available to the many libraries. This will motivate authors for quick
publication of their research papers. Even with these changes our 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, I hope the readers will make good use of this valuable research material and continue to contribute
their research finding for publication in this journal. Constructive comments and suggestions from our

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

With warm regards.

Editor-in-Chief
Date: March, 2018
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Abstract— The human hair harbors several species of
fungi and also bacteria. The present study was
performed to determine the prevalence of keratinophilic
fungi and bacteria from hair samples of femalesfrom
November 2016 to April 2017. A total of 50 human hair
samples were examinedusing hair-baiting techniques for
isolation. After the incubation period, the number of
colony forming unit was counted. The microorganisms
were identified based on the colony morphology from
culture and microscopic features. After purification,
each representative colony was gram-stained and
examined for cell morphology and gram reaction under
a light microscope. Fungal isolates included were
Aspergillus niger, Aspergillus flavus, Penicilliumspp,
Alternaria alternata, Chrysosporium Kkeratinophilum.
Cladosporium  cladosporioides and  Trichosporon
mucoides. Isolated bacterial species included gram
positive bacteria such as Leuconostoc mesenteroidess
spcremoris, Kocuriarosea, Staphylococcus
haemolyticus, and the gram negative bacteria
Kocurikristinae, Stenotrophomonas maltophilia, and
Micrococcus luteu/ lylae. Human hair samples from
females studied were found have several fungal and
bacterial isolates, some of which can cause some
serious disease in humans. Health authorities need to
heighten up their health information campaigns that will
include not only prevention and treatment of serious
illnesses but also body hygiene.

Key words— keratinophilic fungi, microbial and
fungal flora,female hair.

l. INTRODUCTION
The human hair is one part of our body that is always
exposed to environmental pollutants, and also to fungal
and bacterial contamination. In Saudi Arabia, women
wear the “hijab” to cover their hair. Fungal disorders are
emerging significant infections in the world (WHO,
2005). In recent years, they have become an important
clinical condition that deserves public health attention
because of the fact that some of them are potentially
harmful to human health (Anbu, 2004; Ganaie 2010;
Deshmukh, 2010; Lee et al., 2011). Keratinophilic fungi
are usually isolated from the soil and from keratinous
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tissues such as the skin, hair and nails. This includes the
dermatophyteMicrosporumgypseum (Shukiaet al, 2003),
and some species of Aspergillus, Fusariumsolani, and
Bipolarisspicifera. (Shadzi, 2002; Gherbawy, 2006;
Anbu, 2004;Ganaie, 2010, Ali, 2008; Zarrin, 2011;
Chepchirchir, 2009; Kannan, 2006; Ali-Shtayeh, 2001)
Bacteria, on the other hand were known to reside in the
hair follicles, in which 85% of the bacterial population if
found in the superficial layers of the skin and hair
follicles (Lange-Asschenfeldt et al., 2011) Bacteria such
as Micrococcaceae represents the most common isolated
specie. (Lange-Asschenfeldt et al., 2011) The human
hair is also a reservoir of bacterial including
Staphycoccusintermedius  and  coagulase-negative
Staphylococci (Mase et al, 2000), and Staphylococcus
aureus (Jappe, 2003).

There were very limited reports on keratinophilic fungi
and bacterial colonization on the hair. This study aimed
to determine the prevalence of keratinophilic fungi and
bacteria in the hair of females in Riyadh, Saudi Arabia.

1. METHODS

Collection of human hair samples

Participants were recruited from various areas in
Riyadh, Saudi Arabia fromNovember 2016 until April
2017. Participants were informed about the aim and
objectives of the study and consent forms were obtained.
The study protocol was reviewed and approved by the
Princess NourahbintAbdulrahman University Research
Ethics Committee. Hair samples were collected from
consenting participants aged 14 to 50 years old.

Isolation of fungi from hair samples

Hair samples were placed separately in clean plastic
bags and then transferred directly to the laboratory, and
kept in a cool place (3-5°C) until fungal assay was
performed. Two different techniques were used: hair
baiting as recommended by Vanbreuseghem and
described by Sharma in 2003. (Sharma, 2003)
Fragments of hair samples (10 cm in length) were
sprinkled on the surface of double sterilized soil. The
soil was moistened with sterilized distilled water and
remoistened whenever necessary and incubated at 28 ° C
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for three months.The plates were examined every week.
The moulds that appeared on the hair were transferred
onto a Sabouraud’s Dextrose Agar which contained
(o/M): glucose, 20; peptone, 10; agar, 20 and
chloramphenicol 40. (Ellis et al.,, 2007)The other
technique used was the direct plating of the hair onto
Sabouraud’s  Dextrose  agar which  contained
chloramphenicol. (Gherbawy et al., 2006) Blood agar
plate for bacteria Plates were incubated at 28°C for 2-
10 days and the cultures were examined periodically
for fungal and bacteria growth.

Bacterial isolation and identification

After the incubation period, the number of colony
forming units was counted using the CFU/mL. The
microorganisms were identified based on the different
types of colonies.Colony morphologies were recorded
and purified to obtain pure colonies for the identification
purposes. Each representative colony was gram-stained
and examined for cell morphology and gram reaction
under a light microscope. Fungi samples were all
identified on the basis of their morphological
characteristics, whereas the bacterial isolates were
identified by the use of Vitekanalyzer (bioMerieux,
UK).

Preparation of plant extract

One gram of henna powder, Ziziphusspina-
christipowder, roselle powder (Hibiscus sabdariffa)
and Trigonellafoenum-graecum) were mixed in 10 ml.
of distilled water. The content of the flask was then
filtered through antibacterial filter to obtain clear
infusion of 1 ml. fresh Garlic, Daber oil were used
directly. The fungal inoculum was prepared by
incubating samples in old culture grown on Potato
dextrose agar medium for 5 to 10 days. The petri dishes
were flooded with 8 to 10 ml of distilled water and the
conidia were scraped using sterile spatula. A final
concentration of approximately 1 ml of each fungus was
then spread onto the surface of SDA plate.

Plant extracts which suppressed the fungal growth were
tested for their efficiency against the fungi isolated from
hair by tested the disc diffusion method. The potato
dextrose agar plates were inoculated with each fungal
culture. The activity was determined after 72 h of
incubation at 28°C. The diameters of the inhibition
zones were measured in millimeters.

. RESULTS
Fifty females participated in the study. The mean age
was 27.5 years old. A total of 27colonies of different
keratinophilic fungi were isolated from 50 hair samples.
The isolated keratinophilic fungi included Aspergillus
niger, Aspergillus flavus, Penicilliumspp, Alternaria
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alternate, Chrysosporiumkeratinophilum.
Cladosporiumcladosporioides, Trichosporon-
mucoides.(Tables 1 and 2)

The isolated bacterial species included gram positive
bacteria such as Leuconostocmesenteroidessspcremoris,
Kocuriarosea, Staphylococcus haemolyticus, and gram
negative  bacteria  including  Kocurikristinae
Micrococcus  luteu/ lylae,and  Stenotrophomonas
maltophilia. Dual infection with both gram positive and
gram-negative bacteria was also seen. (Table 3)

Table 4 shows the bacterial count in different clinical
subsets of females. It was observed that high bacterial
count, was found in females who were having dandruff,
who were (and were not) using antibiotics and those
who were using corticosteroids. Henna users and those
using antibiotics had lower bacterial counts. Table 5
represents the antifungal activity of plant extracts by
disc diffusion. Henna extract and Dabur oil gave most
promising results and were protective against fungal
infection.

v. DISCUSSION

The presence of keratinophilic fungi in different soil has
been reported from all over the world. (Anbu, 2004;
Ganaie, 2010; Deshmukh, 2010, Lee, 2011,
Mahmoudabadi, 2008) Keratinophilic fungi are small,
well defined and important group of fungi that colonize
various keratinous substrate and degrade them to
components of low molecular weight. These fungi are
present in the environment with variable distribution
patterns.Keratinolytic fungi are associated with human
and animal mycoses 26-30 (FilipelloMarchisio, 1996;
Shadzi, 2002; Zarrin, 2011; Chepchirchir, 2009;
Nakagawa, 1999) Very few studies are reported
regarding isolation of keratinophilic fungi from human
hair samples. (Kannan, 2006; Ali-Shtayeh, 2001)

This study shows the most prevalent isolate both in
terms of its percent occurrence and frequency of
occurrence Aspergillus niger, which some of the isolates
are found to be pathogenic to humans. It can cause fatal
invasive aspergillosis and pulmonary disease in
immunocompromised patients and they are associated
with the production of oxalate crystals in clinical
specimens. (Atchade et al., 2017; Oda et al., 2013)
Aspergillus flavus was also isolated in this study. A.
flavus was reported to have keratinase activity and a
strong producer of extracellular keratinase. (Kim, 2007)
On the other hand, bacterial isolates that included
Leuconostoc mesenteroides ssp cremoris, Kocuriarosea,
Staphylococcus haemolyticus, Kocurikristinae,
Micrococcus luteu/ lylae, and Stenotrophomonas
maltophilia. Leuconostoc mesenteroides were known to
cause nosocomial outbreaks and brain abscess. (De
Boniset.al.,2011 ,Albanese et al., 2006)
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Kocuriaroseahas been found to cause a significantly
wide spectrum of human infections including peritonitis.
(Purty et al., 2013) Staphylococcus haemolyticus is an
opportunistic bacteria that is highly resistant to
antibiotics and can cause meningitis, skin and soft tissue
infections, endocarditis and bacteremia. (Falcone et al.,
2007)Kocuriakristinae on the other hand are found to
cause urinary tract infection among catheterized children
(Chen et al., 2015) Stenotrophomonas maltophilia cause
respiratory infections (Dignani et al., 2003)

The present research gave us a recent insight about the
existence of keratinophilic fungi in the hairs. In many
clinical and epidemiological studies, fungal infections of
the skin and scalp represent a relatively common
problem especially in the tropical and subtropical
regions of the world where warm and humid climate
provides a favorable environment for fungi. They have
become a significant health problem affecting children,
adolescents and adults They (these diseases) are
transmitted from person to person directly infected
(infecting) skin scales or hairs( hair follicles). They can
also be acquired by humans from infected animals and
by direct exposure to infected soils.

The fungal and bacterial contaminations in the
surrounding atmosphere affects the health of human
beings and needs knowledge, awareness and
maintenance of hygiene to avoid the development of
disease. Keratinolytic activity of fungi is important
ecologically. The impact of keratinophilic fungi on
human health seems unexplored. Knowledge of the
frequency and extension of etiological agents of humans
and animal mycosis and other potentially pathogenic
fungi on the healthy hairs is of prime importance for
understanding of epidemiological cycle of these fungi,
apart from ecology point of view. Therefore hygiene
protocol should be taken to prevent the spread of
pathogenic fungi in these environments as there is a risk
of fungal infections of human.

V. CONCLUSION

A variety of keratinolytic fungi and pathogenic bacteria
exists in the hair. The hair could serve as a vector for
disease transmission of pathogenic microorganisms and
fungal elements.There is a need for a hygiene protocol
to prevent the spread of pathogenic fungi, and also
invasion of the deeper structures of the head including
the meninges and the brain parenchyma. These findings
should be taken into consideration and necessary
treatment methods should be taken up periodically.
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Table.1: Frequency of fungal isolates from 50 human hair samples on Sabouraud’s Dextrose Agar:

sample no. AGE (FSlJ[r;gAz;I species Number Percentage
9 20 Aspergillus niger 1 3.7
19, 28 29 Aspergillus niger 2 7.4
33 31 Aspergillus flavus 1 3.7
16 23 Penicillium spp. 1 3.7
20 30 Cladosporium cladosporioides 1 3.7
35 26 Trichosporon mucoides 1 3.7
39 19 Alternaria alternata 1 3.7

Table.2: Frequency of fungal isolates from human hair samples of 50 Females grown on sterile soil
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. incubation
0
Age Fungal species n period %
29 Penicilliumspp il 50 3.7
26 Chrysosporium keratinophilum il 60 3.7
31 Chrysosporium keratinophilum il 81 3.7
38 Chrysosporium keratinophilum il 50 3.7
Table.3: Bacterial isolates from hair samples
Age | Bacterial Type Gram stain

29 | Leuconostoc mesenteroides ssp cremoris (+ve)

28 | Kocuri kristinae (-ve)

16 | Stenotrophomonas maltophilia (+ve)

22 | Kocuriarosea (+ve)

38 | Micrococcus luteu/ lylae (-ve)

23 | Staphylococcus haemolyticus (+ve)

Table 4. Frequency of different baseline characteristics within the sample and corresponding mean microbial counts:

Variable with No . Not Using Not Sufferin No
receivi - . .
Non- dandru | dandru receivin | corticos using g from | asthm
Henna ng . .
henna ff ff . g teroids | cortico asthma a
Users antibiot . .
Users ic antibioti steroids
c
Number 26% 74% 42% 58% 24% 76% 6% 94% 6% 94%
subjects within
sample (%)
Mean of total 11.9 215 21.1 17.4 15 20.2 36 17.9 13.3 19.3
microbial
count (units)
Table.5: Antifungal activity of plant extracts (1/10 ml) , and plantpowder by disc diffusion
Zone of inhibition Henna water Cidir water Roselle water Garl | Fenugre | Daber
(mm) powder | extracts | Ziziphus extracts | (Hibiscus extracts ic | ek Seeds oil
of henna spina- of Cidir | sabdariff of fres | Powder
christi (Ziziphus a) Roselle h
powder spina- powder (Hibiscus
christi) sabdariffa
)
Aspergillus niger () () Q) () () ()
Aspergillus flavus 2.5mm ) O] ) O] O] )
Penicillium spp. 2mm ) ) ) O] O] 2.2mm
Alternaria alternata ) ) ) O] O] )
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Abstract—-Back extrusion technique was employed to
evaluated texture properties of partial substituted whey
protein concentrate (WPC) with milk solids not fat (1, 2, 3
and 4%) in ice cream formula.

There was no remarkable effect of adding WPC on total
solids or fat %. Total protein increased, while ash, and
lactose content were significantly decreased.
Back-extrusion results represented a decrease in hardness
values of resultant ice cream, while, during storage, there
was a slight increase. Energy input values decreased by
increasing substitution levels of WP. Although, energy
output inversely correlated with substitution levels of WP
it correlated with storage period indicating a strong
structure for stored ice cream. Load at target deformation
(50%) applied to the samples when fresh and after 14
days storage showing decreased values proportional to
increasing substitution levels of WP. The resilience
showed decreased ratio indicating more visco-elastic
properties in fresh ice cream. The recovered height and
deformation increased with increasing substitution levels
of WP and storage period. Therefore, more sticking
properties were obtained in resultant ice cream. Adhesive
force decreased significantly with increasing substitution
levels of WP and storage period. Adhesiveness values
were significantly higher in all treatments than control.
The texture of the ice cream became smoother by
replacing milk solid not fat with WPC up to 3%. From the
data obtained, it could be recommended that ice cream
can be produced with high quality by substituting milk
solid not fat with WPC up to 3%.

Keywords— Ice cream, Texture properties, Texture profile

analysis, Whey protein concentrate.

l. INTRODUCTION
Ice cream is one of the most consumed dairy products in
the world [1]. It is an example of complex materials
consisting of ice crystals, air bubbles and fat globules
contained within a viscous liquid matrix [2].
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Nowadays, separation technologies provide the basis for
adding value to milk to meet specific needs such as
improvement in texture [3]. The high nutritional value, the
excellent functional properties and the source of
biologically active peptides [4] that WPC contains have
increased its use in food industry [5,6,7].

It is challenging to perform rheological measurements due
to the complex structure of ice cream. The application of
rheology is important when characterizing the behaviour
of such complex soft solids [8].

Back extrusion test (sometimes called annular pumping)
[9], has great potential in food industry, because it is a
simple, rapid and low cost method. It's usually used for
soft foods such as pastes and liquids, which can be tested
in their own packaging to displace viscous liquids or
semi-sold products not suitable for traditional viscometers
in a controlled manner in order to assess characteristics
such as flow, thinning and thickening, consistency,
viscosity, adhesiveness and spreadability. Within dairy
products such as yogurt and cream, this test will identify
spoon-ability and flow properties of finished products.
Back extrusion techniques are most commonly applied as
they permit measurement of the sample in the container
into which it was deposited or formed in. This removes
any risk of disruption when decanting a sample and
allows a more objective measure of semi-solids
consistency.

However, several authors were used back extrusion test
to evaluate the mechanical characterization for many
products (i.e., Yoghurt, [10;11;12;13 and 14], Stirred
yoghurt; [15;16;17;18;19 and 20], Misti Dahi, [21],
Whipped creams; [22], Extruded whey protein
concentrate (WPC) and extruded whey protein isolate
(WPI); [23], Ricotta cheese; [24] Cottage Cheese; [25],
Cooked and canned legumes; [26], Sauces; [27], Custard;
[28], Mashed potatoes; [29], Molten chocolate; [30], Food
hydrocolloids; [31], Starches such as corn, wheat, and
cassava; [32].
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This study focuses on providing novel bioactive
ingredients as WPC, with the objective of replacing the
conventional ingredients, to ice cream. Moreover, setting
the best ratio of WPC incorporated in ice cream formulas
depending on chemical and textural properties measured
by back extrusion technique.

1. MATERIALS AND METHODS

2.1 Materials

Fresh buffalo's skim (90.9 % moisture, 0.1% fat, 3.4%
protein, 4.9% lactose and 0.7% ash) and fresh
concentrated cream (29.4% moisture, 67% fat, 1.3%
protein, 1.7% lactose and 0.6% ash) were obtained from
the herd of Faculty of Agriculture, Cairo University and
used for preparing the ice cream mixes. Low heat skim
milk powder (SMP) (3.8% moisture, 0.8% fat, 33.4%

protein, 54.1% lactose and 7.9% ash) was obtained from
Abou El-Hool-Import/Export Co., Cairo, Egypt. Whey
protein concentrate powder (4.7% moisture, 5.9% fat,
77.7% protein, 9.1% lactose and 2.6% ash) was supplied
by Davisco Foods International, Inc, USA. Commercial
grade sugar cane was obtained from the local market,
Sodium carboxymethyl cellulose (CMC) as a stabilizer
was obtained from Mifad Company, Giza, Egypt. Vanilla
was obtained from the local market and used to flavour
final ice cream.

2.1.1 Manufacture of Ice cream:

Ice cream mix contained 8% fat, 12% milk solid not fat,
15% sucrose, 0.25% stabilizer. Skimmed milk powder
was substituted with WPC at 1.0, 2.0, 3.0 and 4.0% of
dried milk solids not fat in the base mix (Table 1).

Table.1: Formulation of different ice cream mixes with WPC as a substitute of MSNF (g/ kg mix).

Level of substitution (g/kg mix)

Ingredients Control T T T3 T2
Sugar 150 150 150 150 150
Stabilizer 25 2.5 2.5 25 25
Fresh skim milk 670.38 670.38 670.38 670.38 670.38
Cream 117.69 117.69 117.69 117.69 117.69
Dried skim milk 59.43 48.94 38.16 27.08 17.10
WPC 80 0.00 11.18 22.17 33.05 43.04
Total 1000 1000.69 1000. 9 1000.7 1000.71

T1, T2, T3, T4: Corresponding to 1, 2, 3 and 4% WPC substitution of MSNF.

2.2 Methods

Total solids, total protein content and ash were
determined according to [33]. Lactose content was
determined according to [34]. Fat content was
determined according to [35].

2.2.1 Back Extrusion

The back-extrusion test was carried out using the (TMS-
Pro testing machine) equipped with (250 Ibf) load cell and
connected to a computer programmed with Pro™ texture
analysis software. Forty grams of ice cream sample were
scooped in a cylindrical glass cup (height 70.1 mm;
diameter 43.6 mm) and solidified for 24 hrs. at -18°C.
Sample surface was flattened to avoid early triggering of
the test. A flat probe rod (37.75 mm diameter) was
programmed to descend into the sample at a speed of 20
mm/sec to a depth of 50% of original sample high (40
mm) and then ascend back to its original position with a
back-off distance of 20 mm. Distance of extrusion was set
at 20 mm with a trigger force of 1N. The force
encountered by the probe to break contact with ice cream
at the start of the ascending (point of maximum force)
was measured.
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. STATISTICAL ANAKYSIS
Data were analysed statistically using the MSTAT-C (ver
2.10, MSU, USA.) package on a personal computer. All
experiments were carried out in triplicates. Differences
were considered significant at P< (0.05.

V. RESULTS AND DISCUSSION

4.1. Chemical properties of ice cream mixes:

Fat was adjusted in all mixes to almost 8% for recipe
formula during the procedures. A proportional
replacement of MSNF with WPC resulted in a significant
increase (P<0.001) in protein contents of ice cream mixes
(Table 2). The increase mainly due to the higher protein
content of WPC (77.7%) compared to SMP (33.4%). The
total protein content increased in an ascending order with
increasing the ratio of WPC substitution being the highest
at 4% WPC with a high correlation (0.999). These data
agreed with the findings of [36] and [37]. The usage of
WPC as a MSNF replacer leads to a significant reduction
(P<0.001) in ash content (Table 2). This decrease could
be due to the differences in ash contents of WPC (2.6%)
and SMP (7.9%). Coefficient correlation (-0.985) showed
a tight inverse relationship between WPC and ash%. The
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obtained results are in a harmony with the findings of [36]

and [6].

Table.2: Chemical composition (%) of ice cream mixes with different ratios of WPC.

Treatments Total solids  Fat  Total protein Ash Lactose content
Control 36.96 8.23 4.37° 1.0732 7.98?
T: 36.37 8.23 4.94¢ 0.943° 7.24°
T2 36.24 8.20 5.65¢ 0.883¢ 6.51¢
Ts 36.16 8.23 6.29° 0.821¢ 5.81¢
Ta 36.29 8.20 6.922 0.750¢ 5.42¢

(a,b,...) means with unlike superscript letters were significantly different (0=0.05)

Lactose values decreased with increasing the substitution
level of WPC (P<0.001) in the mixes. The decrease is due
to a lower content of lactose in WPC (9.1%) than in SMP
(54%). However, WPC with low lactose content can be
safely used at higher levels without concerning of
sandiness development defect in ice cream [38].

4.2. Texture properties of ice cream mixes

4.2.1. Hardness

Hardness, defined as the peak force obtained during
penetration of the probe through samples during back
extrusion test. It gives an indication of the energy required
to masticate the ice cream to a state ready for swallowing.
However, replacing MSNF by WPC at different ratios
decreased (P<0.001) the hardness values of resultant ice
cream Table (3) as a negative correlation (-0.891) was
obtained. During storage at -18+1°C for 14 days, there

was a significant (P<0.001) increase of ice cream
hardness values for control and all treatments (Table 3).
4.2.2. Energy input and output

Energy input is defined as the total amount of energy
recorded during down cycle of texture analyzer as an area
(the area under the penetration cycle down stroke), or
energy input to deform sample during compression.
Energy input is an indicative of sample consistency and
for example how structure resists mechanical condition
imposed. Obtained results revealed that the energy input
values decreased (P<0.001) by increasing substitution
levels with WPC (-0.739). However data showed that the
energy input values were significantly (P<0.001) lower in
all treatments with WPC "Fig.1 A" than control
(LSD=300.2 at 0.05 a level).

Table 3. Back extrusion measured parameters for the resultant ice cream when fresh and after 14 days of storage at

-18+1°C.
Parameters Storage Control Tl T2 T3 T4
Hardness (N) Fresh 67.00° 64.5¢ 54.00¢ 38.10" 38.001
2 weeks  67.13? 67.1¢ 65.3¢ 51.3f 44.69
Position of hardness (mm) Fresh 16.47¢ 18.58° 19.792 19.86° 19.91°
2 weeks  16.64¢ 18.93¢ 19.80°¢ 19.912 20.15P
Recovered height (mm) Fresh 1.56¢9 1.707f 1.843 3.673¢ 5.793¢
2 weeks  2.20¢f 2.547¢ 4.173¢ 7.757° 8.5622
Modulus slop (N/mm) Fresh 4.262 3.79° 2.69¢ 1.93¢ 1.89¢
2 weeks  4.40? 4.38° 4.06% 2.64°¢ 2.32¢d
Adhesiveness force (N) Fresh -14.63* -14.23? -11.56° - 11.00% -10.16%
2weeks -13.90* -13.66° -11.13% -10.11°¢ - 9.53°
Adhesiveness Fresh 479.60f‘ 520.36¢ 737.22° 767.89° 856.332
2 weeks  445.27' 483.17" 565.13f 625.99¢ 668.9¢
Mm to break adhesiveness contact Fresh 13.78¢f 17.51° 18.34° 20.89? 21.222
2 weeks  11.569 13.26f 14.62% 15.05% 16.06°

During storage of ice cream samples, there was a
significant increase of energy input values over those of
fresh ice cream (P<0.001). Moreover, the interaction of
WPC% and storage period affected the input energy
(P<0.001) significantly.

Energy output is defined as the total amount of energy
recorded during up cycle of texture analyzer as an area,
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energy returned from sample during decompression.
It expresses the strength of the internal bonds of the
sample. The more the energy output, the stronger the
internal structure of the material. The energy output
negatively correlated with WPC% (-0.838) and positively
with storage period which indicated a stronger structure of
stored than fresh ice cream. While, WPC% significantly
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affected energy output (P<0.001), storage period or the
two factors interaction didn't affect energy output "Fig.1

B" .

4.2.3. The load at target

The load at target deformation (50%) applied to the
samples showed decreased values (P<0.001) proportional
to increasing WPC% in ice cream samples for fresh and
14 days storage "Fig. 1 C" that indicated a slight
harder ice cream texture. Neither WPC% nor storage
period affected time at target deformation (P>0.05).
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Fig.1: Back extrusion measured parameters; Energy input (A), Energy output (B), Load at target (C) and
stringiness (D) values of fresh and stored ice cream with different replacing ratio of WPC

4.2.4. Resilience

Resilience is a subjective measure of how the sample
recovers. Ratio of energy input to energy returned. It
provides an indication of unrecoverable work from the
total deformation. The resilience showed decreased ratio
(P<0.001) with a high R? (0.941) indicating more visco-
elastic properties in fresh ice cream. Stored ice cream
showed high data variations with T2 which was more

elastic than the rest of the treatments.
4.2.5. Recovered height (mm)

www.ijeab.com

Distance sample remained in contact with test probe
during upward cycle before recording negative values of
adhesion. Highly viscous sample exhibits no recovery and
adhesive properties. Highly elastic sample shows almost
instant recovery. Therefore, ice cream samples exhibited
visco-elastic property as a recovered height is obtained
plus an adhesiveness value. As shown in Table (3) the
elasticity of the samples decreased at the expense of
viscosity as the recovered height increased (P<0.001)
with increasing WPC% and storage period. The
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displacement of 4% WPC increased almost 3.7 times that
of the control for fresh and 3.8 times for 14 days stored
ice cream.

4.2.6. Stringiness

Stringiness length is defined as deformation at given
negative force. Stringiness is used to determine maximum
‘Stickiness’ of sample. The distance a sample is extended
during decompression before probe-sample interface is
broken. The deformation increased with increasing
WPC% and storage period as indicated in (Fig. 1 D).
Therefore, more sticking properties were obtained as a
result of incorporating WPC or extending the storage
period.

4.2.7. Best Fit (mm.N)

Rate at which distance increases per force during test e.g.
higher distance values indicating softer samples. The best
fitting line is drawn between loads at Mod-Point 1 and
Mod-Point 2. Mod Point 1 is 5% of target distance and
Mod Point 2 is 10% of Target distance. Increasing the
distance the plunger travels between Mod 1 and Mod 2
indicated weaker structures of the fresh ice cream treated
with  WPC or significant lower hardness (P<0.001).
Number of mm traveled by the plunger in the ice cream
fresh and stored samples per Newton increased which
indicated softer texture.

4.2.9. Modulus slop (N/mm)

It is the rate at which force increases with deformation or
sample resistance increases with increasing stress.
Sensorial: rigidity or stiffness of sample in relation to
imposed deformation or stress (M LT T?
Mass/Displacement x Time). The data indicated a
decrease in rigidity of ice cream samples as a result of
increasing WPC% when fresh (P<0.001) or after 14 days
of storage (Table 3). Additionally, the interaction of the

two factors affected the modulus
significantly.

4.2.8. Adhesive force

Force required for breaking the contact with test probe.
Sensorial, it is the stickiness of the sample when
compressed between teeth or held in hand. Adhesive force
decreased significantly (Tables 3) with increasing WPC%
and storage period (P<0.001). A decrease of the
adhesiveness force with the increase of the WPC% was
obtained (-0.875).

4.2.11. Adhesiveness

Adhesiveness is recognized as Work (J) required to break
contact between the sample and probe. Total amount of
energy input to break attractive forces between the sample
and surface onto which it makes contact e.g. tongue,
teeth, palette, fingers. Adhesiveness of resultant ice cream
as affected by replacing MSNF by WPC at different
ratios, fresh and after 14 days of storage at -18+1°C was
shown in Table (3). The adhesiveness values were
significantly (P<0.001) higher in all treatments with WPC
than control. During storage of ice cream, the
adhesiveness values increased (P<0.001) gradually which
indicated more stickiness of the ice cream with WPC and
that stored for 14 days (R>=0.951).

4.2.12. Start of adhesiveness (mm)

A shifting in the adhesiveness start position for T4 was
7.67 cm compared to the control for WPC fresh ice
cream. WPC% caused that shifting in the start of
adhesiveness position (P<0.001). Additionally, storage
period and the interaction between the two factors
increased the shifting (P<0.001) significantly. The shift
for the stored ice cream was 9.82cm. The start of the
adhesiveness (mm) increased with increasing WPC% as
confirmed with the positive correlation (0.971).

slop (P<0.05)

Table 3. Back extrusion measured parameters for the resultant ice cream when fresh and after 14 days of storage at -

18+1°C.
Parameters Storage Control T1 T2 T3 T4

Hardness (N) Fresh 67.00° 64.5¢ 54.008 38.10" 38.00

2 weeks 67.132 67.1° 65.3¢ 51.3f 44.69
Position of hardness | Fresh 16.47¢ 18.58° 19.792 19.862 19.912
(mm) 2 weeks 16.64° 18.93° 19.80¢ 19.91% 20.15°
Recovered height Fresh 1.569 1.707% 1.843 3.673¢ 5.793°¢
(mm) 2 weeks 2.20¢f 2.547¢ 41734 7.757° 8.522
Modulus slop Fresh 4.26° 3.79° 2.69° 1.93¢ 1.89¢
(N/mm) 2 weeks 4.40° 4,382 4.06% 2.64° 2.32¢
Adhesiveness force Fresh -14.63% | -14.232 -11.56° - 11.00%¢ - 10.16%
(N) 2 weeks -13.902 - 13.662 -11.13% -10.11b¢ - 9.53°
Adhesiveness Fresh 479.60_h 520.369 737.22° 767.89P 856.332

2 weeks 445.27 483.17" 565.13f 625.99¢ 668.9¢
Mm to break Fresh 13.78¢f 17.51b 18.34b 20.89¢2 21.222
adhesiveness contact | 5 yeeks | 11560 | 13.26" 14.62% | 15059 | 16.06°
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4.2.13. Displacement at adhesive force (mm)

Position of adhesiveness force is the biggest negative
value from start position of adhesiveness until end of the
test. Adhesive force is used to detect the end adhesive
contact point prevents confusion in detecting end contact.
If we do not set our reference points after the start
adhesiveness contact points we will run the risk of
detecting very early zero N points due to high data
collection rates and changes in sample as probe retracts.
In other words position of adhesiveness force is the
maximum resistance to break contact with the sample e.g.
stickiness to pull jaws apart or break contact with a
surface. More stickiness of the ice cream samples was
expressed by the displacement or the position of the
adhesiveness force significantly (P<0.001) brought about
by increasing proportionally the WPC%
(correlation=0.983), storage period and the interaction
between the two factors (Table 5).

4.2.14. Mm to break Adhesive Contact

It is the distance sample remained in adhesive (negative
value) contact with test probe during upward cycle before
total contact is broken. Also, the distance sample stretches
before breaking contact with test probe or test bed. The
stretching of the ice cream sample increased with
increasing WPC% (P<0.001) and decreased comparing to
fresh ice cream with increasing the storage period (Table
3), that might be caused by increasing the stickiness of the
ice cream brought about by WPC incorporation in the ice
cream mix.

4.2.15. End of adhesiveness (mm)

The end of adhesiveness displacement reaches when the
force is equal zero N. This may not be 0.00N if the
sample sticks to the probe. In this situation the negative
value should be increased to accommodate the weight of
sample on the probe. The displacement shifted to the right
on the back extrusion chart with increasing values
significantly with increasing WPC%, the storage period
(P<0.001) and insignificantly (P>0.05) with the
interaction of the two factors. WPC% highly correlated
with zero N (0.984).

Time at adhesive (sec.) helped in locating the end of
adhesive contact e.g. break point between probe and
sample. Time at adhesive decreased with increasing
WPC% and storage period. The stretching of the ice
cream sample increased with increasing WPC%
(P<0.001) and decreased, comparing to fresh ice cream,
with increasing the storage period, that might be caused
by increasing the stickiness of the ice cream brought
about by WPC incorporation in the ice cream mix.

4.3. Sensory evaluation

Panel evaluation is an important indicator of potential
consumer preferences. Panelists scored the T4, the least
flavor. T3 was the most acceptable flavor among the ice
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cream (LSD= 0.4859 at 0.05 o level). Totally adding
WPC enhanced the flavor significantly (p<0.001).

V. CONCLUSION

In this work an application of basic back extrusion
approaches to an instrumental texture data set was
described in the case of ice creams mixtures. As it can be
argued from the results, the whole mechanical profiles
proved to be able to describe the texture changes of the
product and appeared as a helpful screening method to
assess the texture of WPC ice creams. The result
interpretation and analysis appeared as an operative tool
for quantifying the textural attributes. The treatment of
the whole mechanical profiles by means of basic back
extrusion tools appeared as a promising approach.
Obviously, the relevance of fundamental rheological
approach could not be substituted: superior analytical
performance in routine instrumental texture evaluation is
possible through a combination of expertise in current
food mechanical properties evaluation and consolidated
data. The combination of rheological and sensory
techniques can assure the sake of rapidity and simplicity
required for the routine quality control operation in the
food industry. The present work depicts a study on ice
cream fortified with WPC and underlines a possible future
direction for the strengthening of routine food objective
texture analysis.
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Abstract— One of the production centers of cashew nut is
East Nusa Tenggara (NTT) province, during the period of
2011-2015 cashew nut production in this area continues to
increase every year. Alor District is one of the cashew-
producing regions in the province with total production
reaching 2,000 tons. However, the resulting quality of
production is considered poor. This research aims to
formulate strategies to improve the quality of cashew nuts
in alor district. This research was conducted in Pantar
Tengah subdistric and West Pantar Subdistrict which can
represent and describe the distribution of cashew nut
production in Alor District in May to March 2017. Data
analysis method used is SWOT to know the internal and
external conditions which will then be used as a basis for
designing work strategies and programs. The results
showed that the main priority strategy for the development
of cashew nut quality in Alor district is by forming a group
of joint enterprises in the form of cooperatives owned by
farmers.

Keywords— Strategy, Quality, Cashew.

. INTRODUCTION

Cashew Commodities is one of the important plantation
commodities to be developed because it is one of the
country's foreign exchange earners. The value of cashew
cashew nuts reached 78,825,562 $ US in 2011 and then
increased 17.34% in the following year to reach
95,362,347 $ US. The decline occurred 2 years in a row in
2013 and 2014 by 5.03% and 72.29% but again increased
71, 42% to 184,395,079 $ US. This increase will continue
to grow in line with the policy issued by the government
that encourages the export of processed products.
Industrial developments should be supported by an
increase in the amount of production from both
smallholders, state plantations and private plantations
(Plantation Statistics of Indonesia, 2016).

The area of cashew plantation in Indonesia continues to
show decline year by year. data on the total area in 2011
covering 575.841ha and in 2015 to 522,863 ha. this is due
to the number of people who convert the land to non-
agricultural land. While the production from year to year is
always increasing in 2011 as many as 114,789 tons
increased in 2015 as much as 137,580 tons. increased
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production is influenced by the way of cultivation,
maintenance and post-harvest cashew cashew in
Indonesia which is good enough.

One of the central areas of cashew producers in Indonesia
is the province of East Nusa Tenggara (NTT), during the
period of 2011-2015 cashew nut production in this area
continues to increase every year. The highest increase in
production occurred in 2014, which increased by 10.69%
from 39,360 to 44,072 Ton. Almost all districts and cities
in this province have cashew nut production. in 2015 the
highest production of cashew nut in East Flores district
with total production reached 10,737 Ton, in the next
sequence is Sikka district with total production 8,696
tons, next is Southwest Sumba District, east sumba and
ende with total production respectively 5,035, 3,397 and
3,245 tons. In the sixth place is Alor district with total
production reach 2000 tons (East Nusa Tenggara in
Numbers, 2016).

Cashew production in Alor district fluctuates, in 2011 the
total production reached 1,626 tons, then increased
20.37% in 2012 to 2,042 tons which was recorded as the
highest increase during the period 2011-2015. In 2013 it
decreased by 5.99% and then again increased in 2014 and
2015 by 0.51 and 2.98%. Pantar Tengah Districts is the
largest production area since 2011 until 2015 cashew nut
production in  this area has reached 400 tons
more, the highest production occurred in 2012 which is
486 tons. Almost all sub-districts in Alor district produce
cashew nuts, except Pura Island sub-district, this is due to
geographical conditions that are not suitable for cashew
cultivation. In cashew agribusiness, post-harvest stage
plays a very important role in producing quality products
(Alor in Numbers, 2016).

The development of cultivation and management of
agricultural products for the welfare of the community is
very necessary given that most of Alor's community
depends on agriculture. In terms of the welfare of farmers
need the intervention of local government in managing
agricultural products and good supervision for the welfare
of farmers can be felt. The sale of cashew plantation
commodities has not guaranteed the welfare of farmers
because the quality of cashew nuts produced is not so
good to be marketed and the price is very low at the level
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of farmers. therefore it is necessary attention of local
government and other related parties through the
implementation of development programs, especially in
the case of the development of cultivation and quality
improvement of cashew komuditi products so as to
improve the welfare of farmers and value-added cashew
nuts products (Juran, 1995).

. METHOD
1. Location and Research Design
This research was conducted in Pantar Tengah subdistric
and West Pantar Subdistrict which can represent and
describe the distribution of cashew nut production in Alor
District in May to March 2017. To know the quality of
cashew nuts in Alor District, the respondents consist of 10
respondents of collecting merchants, 5 respondents from
large traders/inter island traders. Selection of respondents
is done by considering that the respondent knows the
condition and development and sales of cashew nuts in
Alor District. Thus the total number of respondents is 105
respondents. This research aims to formulate strategies to
improve the quality of cashew nuts in alor district.
The research method used is quantitative qualitative. while
the type of data used is Primary data and secondary data.
primary data consists of data obtained directly from the
respondents ie farmers and traders who became the object
in this study. Secondary data is data obtained from
literature study and other data sources related to the
research material

. METHOD OF COLLECTING DATA
Data collection methods were conducted in this study
include (1) Interview, that is by asking directly to the
respondent. respondents in question are the farmers,
traders and other parties associated with the development
of cashew cashew in Alor District, (2) Recording, that is
study by recording the necessary data both from
respondents and related institutions that have supporting
data in this research, (3) Observation, that is by doing
direct observation to see the state of object in field and
factors influencing performance of development and trade
of cashew nuts in Alor District.

V. DATA ANALYSIS
Data analysis was done by using SWOT analysis and
Analytical Hierarki Process (AHP). This analysis used to
know is an internal and external conditions of an
organization which will then be used as a basis for
designing work strategies and programs. Internal analysis
includes assesment of strength and weakness. Meanwhile,
external analysis includes opportunity and challenge.
There are two approaches in SWOT analysis that is
qualitative and quantitative approach. Then the results of
strategy analysis by using SWOT analysis is continued by
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using AHP method to know the main priority of the
resulting strategy.

Data type in this research is primary and secondary data.
Primary data is data obtained directly from respondents ie
farmers and traders while secondary data is data obtained
from literature studies and other data sources related to
the research material.

V. RESULT

1. Characteristics of Farmers Respondents
Characteristics of respondents in this study include age,
number of labor, education level, land area, production
and income of cashew farmers. The average of
respondents is 40-50 years or 47.78% with variation
ranging of 20-60 years old. the average amount of labor
used by respondents is 1-3 people with 72.22%
presentation, with range between 1-5 people. The
education level of cashew farmers in Alor Regency is still
low. The result showed that the average level of education
of farmers is 54% of elementary school. this is due to lack
of education infrastructure in the area. The area of cashew
farmers in Alor District is 48.89% with an area of 1-2
Ha.Tthe average number of cashew nuts production of
respondents in alor district is 50% of them get the
production of 500 kg or 5 tons per responden. The selling
price of cashew nuts ranged from Rp 11.000 - Rp 15.000
per kilogram. 92.22% of respondents sell their production
at a price of 14.000-15.000 per kilogram. The result of
cashew nut sales per responden reach five to ten million
rupiah with percentage 47.78%.

2. Quality Standards of Cashew Commodities in Alor
District
In Indonesia, the quality standard of cashew nut is
arranged in SNI 01-4463-1998 which divides cashew nut
quality into 3 grade. whereas In Alor District cashew nut
quality is only divided into 2 grade that is good and less
good that can be interpreted by researcher into quality 2
and quality 3. Good cashew nut is not wrinkle, shiny skin
and feels heavy. While the characteristics of cashew
nutrient quality is less good is wrinkled skin, not shiny
and deflated when pressed and feels lightly held. Cashew
farmers in Alor District see cashew nut quality in a simple
way called "lelesan”. This method is considered as the
best method because it can provide the best quality seeds.

3. The Strategy to Improve The Quality Of Cashew
Commodities

a. Comparative Advantage Strategy

The strategy of comparative advantage is a meeting of

two positive elements of strength and opportunity, in this

condition the organization or company, or in this case the

Alor district cashew agro industry can use the power to

make the most of the opportunities available. One
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strategy that can be done is to form a group of joint
ventures. By establishing a joint venture group, the
strengths they have can be used to allow opportunities to
get help from various stakeholders such as government
support and technological developments can be better
absorbed.

b. Mobilization Strategy

The essence of this strategy is how to direct the strengths
(resources) that the organization has to mitigate the threats
that can cause losses. One strategy that can be done is to
carry out entrepreneurship training. The strategy is
allegedly able to optimize resources owned by the
organization to further improve efficiency, creativity and
innovation.

c. Strategy Divestment / Investment

This strategy is a meeting between the negative internal
elements of weakness with the external positive element of
opportunity. This strategy focuses on choosing between
releasing good opportunities because the organization can
not make good use (Divestment) or take advantage of the
opportunities available to fix the weaknesses owned
(Investment). One form of strategy is to form a Partnership
business.

d. Damage Control Strategy

Meetings between threat elements and elements The
weaknesses of an organization can be of great
disadvantage if not well controlled. Organizational
weaknesses such as the quality of unskilled human
resources should be improved immediately. The ability to
cultivate and post-harvest activities of good cashew nuts
can protect the organization from any threat.
Determination of strategy done qualitatively by the
researcher by carefully analyzing the results of interviews,
observations, references of previous research and direction
of supervisor. Each Strategy is considered to be so
important that it is necessary to determine which strategy
will be a priority (Saragih, 2003).

The priority strategy is the earliest strategy to be
implemented, the results showed that the strategy of ranks
first is to form a Joint Business Group (0,545), then
establish a partnership business (0.228), carry out
entrepreneurship training (0.12) and improve the Quality
of Resources Man (0.107). Experts consider that the most
appropriate strategy is the comparative advantage strategy
of forming a group of joint ventures.

VI. DISCUSSION
Most respondent farmers are of productive age where the
average age of respondents is the ideal age for work and
has the ability to increase work productivity, and has a
great ability to absorb information but not innovative
technology in agriculture. The level of education of
farmers is still low which is just completing their
education at the primary school. Education is one of the
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factors that determine the productivity of labor, in this
case farmers. Farmers who have higher levels of
education have a better ability to understand and apply
Integrated Crop Management Technology of Cashew
Commodities so that productivity becomes higher. (Luluk
et al., 2008).

The quality of cashew nuts based on the Indonesian
National Standard needs to be considered in trading the
results of plantation commodities, especially the farmers
of Alor District because it greatly affects the price of
cashew nuts. the number of farmers who do not know the
good quality at harvest make lower price on the farmer
(Assauri, 1999) level. Several factors affect the level of
knowledge are the level of education, the necessities of
life, and the difficulty of accessing information. To get a
high price at the farm level requires a new strategy to
improve the quality of cashew nuts because the quality of
cashew nuts can affect the price. by studying the National
Standards of cashew nuts and applying them, then the
resulting production will be of quality and the farmers
will get a high price (Susanto, 2014).value chain is
important to get more value than cashew seeds. the thing
to do is to conduct postharvest management training that
can produce processed products. the cashew nut business
opportunity is still wide open due to the abundance of raw
materials available in almost all parts of Indonesia
(Permadi, 2006).

One of the things that can encourage the development of
cashew business is to create a small cashew business
group as a group forum to share knowledge and others so
that problems encountered in the field can be completed
together. Some of the advantages gained in the group,
among them is the ease in finding capital and marketing,
get coaching and agricultural extension. Through the
group is expected to facilitate access to marketing and
obtain credit from banks. An enterprise will be more
optimal if run jointly, not only can minimize the capital
used, the results of joint ventures are usually more
profitable than the results of individual efforts. In
addition, the knowledge of the work done will be more
organized. Joint Business Group (KUB) is a container
that collects and manages business together. the business
groups get help from the government in the form of
capital with the aim to improve the welfare of farmers
(Haming, 2007).

VIL. CONCLUSION AND RECOMMENDATION
The target of cashew nut development in Alor District is
to produce a quality product. The main priority strategy
generated in this research is to form a joint business group
in the form of koorporasi. This strategy is the best way for
farmers to develop the quality of cashew nuts because it is
a place to share experiences and get direct counseling
training by the local government. There is a need for a
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feasibility study on the establishment of a Joint Business
Group and a study on the value chain of cashew nut
industry in Alor District to advance the cashew nut
industry in the area.
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Abstract— Molecular characterization of Moroccan local
fig (Ficus carica L.) germplasm was performed on the
cultivars present in a collection of the National School of
Agriculture of Meknes. A total of 22 fig samples were
analysed using 7 ISSR primers and 9 loci S.S.R. A total of
54 1.S.S.R. polymorphic bands with an average of 8 per
primers and 42 S.S.R. alleles with means 5 alleles per
locus were revealed by these analyses. The ISSR markers
allowed distinguishing 22 molecular profiles and S.S.R.
loci differentiated between 21 different profiles. Pairwise
Comparing, 87% of cultivars pairs were differentiated by
7 to 24 alleles and 89% by 9 to 29 ISSR bands. The
statistical analysis and genetic distances have shown a
wide molecular diversity in the collection, where the
average observed heterozygosity was 0.42. The average
similarity between cultivars is 70% using SSR markers
and 71.6 for ISSR markers.

The same SSR profile was obtained for Naboutl and
Nabout2 with 0 allele difference. Small differences of 1 to
6 alleles were obtained among cultivars which have the
same names, which presumably corresponds to
somaclonal  variations obtained through intense
vegetative propagation over long periods, while the
differences over 7 alleles suggests the problems of
homonyms.

Keywords— Ficus carica L., genetic diversity, ISSR
markers, molecular characterization, SSR markers,
varietal identification.

I. INTRODUCTION
The common fig (Ficus carica L. Moraceae) is one of the
oldest fruits grown in the Mediterranean [1]. In Morocco,
fig cultivars are very diverse and offer a wide range of
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cultivars particularly in the north [2]. However, because
of numerous cases of synonymy (several names for the
same cultivar) and homonymy (several cultivars under the
same name), pomological characterization of the fig is
insufficient to select authentic cultivars needed for genetic
improvement programs. To avoid confusion varietal
problems, the use of molecular markers is essential to
correctly identify the fig cultivars and establish genetic
identity for each cultivar.

Currently there are several molecular marker techniques,
isozymes were the first genetic markers used in genetic
characterizations and have been applied in several fruits
species including figs [3, 4, 5, 6]. However, their utility
was limited because small number of isozyme systems
available, the low polymorphism level obtained and the
influence of environmental factors.

The emergence of several techniques based on the
Polymerase Chain Reaction (PCR) has developed several
types of molecular markers. Random amplified
polymorphic DNA (RAPD), the amplified fragment-
length polymorphism (AFLP) and simple sequence repeat
(SSR), has given the opportunity for genetic resources
characterization. Their advantages are made they are
highly polymorphic and are not easily influenced by
environmental factors [7, 8, 9, 10]. RAPD. markers have
previously been used for the characterization of fig
cultivars [11, 4, 12], but because of the use of short
arbitrary sequences and hybridization relatively low
temperatures, these markers cannot be exchanged
between laboratories according to standard protocols [13].
To avoid this limitation, a comparison of previous data
obtained by RAPD, ISSR and SSR markers on the
analysis of 30 fig cultivars showed that SSR and ISSR
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markers are complementary tools for reliable
characterization of this species [14].

In this study, ISSR and SSR markers were used to
characterize the local fig accessions, preserved in the
collection of Meknes National School of Agriculture in
Morocco, and furnish a molecular database for the

breeding fig projects.

Il. MATERIALS AND METHODS

2.1. Plant Material

The fig collection located at the experimental station of
the National School of Agriculture (ENA, Meknes,
Morocco) was the subject of the study. The collection
encloses 22 local cultivars collected in northern and
central Morocco (Table 1). In some cases, several
cultivars were classified under the same name (see, for
example, "Ghoudane"™). Molecular characterization was
performed on a tree by cultivar.

Table.1: Name, code, use and origin of the studied accessions

Cultivars  Code use Origin Cultivars Code Use Origin
Oung Hmam OQH Fresh My Driss Zerhoun Ghoudane2 GHD2 Fresh Taounate
Hzzat HzZZ Fresh My Driss Zerhoun Hamriya HAM Fresh Taounate
Chaéri CHA Fresh My Driss Zerhoun Sebti SEB Fresh Taounate
Ournakssi OUR  Freshand Drying My Driss Zerhoun Nabout 2 NAB2 Drying Taounate
El Fassi FAS Fresh Taounate Nabout 1 NAB1 Drying Taounate
Lemtel2 LEM2 Fresh Taounate Ghoudane4 GHD4 Fresh Taounate
Lemtell LEM1 Fresh Taounate Ghoudanel GHD1 Fresh Taounate
Arguel ARG Drying Taounate Génotypel9 GEN19 Fresh Taounate
El Beida BEI Fresh and Drying Taounate Géenotype20 GEN20 Drying Taounate
El Khoubzi KHO  Fresh and Drying Taounate Oulmessia Hamra OLMH Fresh Oulmes
Ghoudane3  GHD3 Fresh Taounate Oulmessia Beida OLMB Fresh Oulmes

2.2. Molecular analysis

a. DNA extraction

The DNA was extracted from 30 mg of freeze-dried
leaves using the technique CTAB of Saghai Maroof et al.
[15] with modifications. Molecular characterization was
made in the laboratory of the Research Unit "Plant
Breeding and Phyto-Genetic Resources Conservation™ of
the Regional Centre for Agricultural Research in Meknes
based on recent studies of Achtak et al. [16].

b. Molecular analysis using ISSR markers

Analysis the ISSR markers was performed using primers
selected from seven thirty available at said laboratory: F1,
F8, F11, IMA834-Z, IMA 5-3 IMA5-Z, UBC-841 (Table
2). The choice was made, after testing polymorphism,
amplification of DNA and the reproducibility of the results
on five fig cultivars randomly chosen. PCR Amplification

was performed in a final volume of 25 ul containing: 2.5
mM MgCl,, 1X PCR buffer, 0.2 mM of each dNTP, 0.5
mM of each primer, 1 unit Tag DNA polymerase and 20 ng
of template DNA. Polymerase chain reaction (PCR) was
carried out using a Mastercycler Eppendorf using the
following conditions: an initial denaturation at 94 °C for 4
min, followed by 35 successive cycles. Each cycle
comprises a succession of three steps: denaturation at 94 °
C for 1 min, a hybridization phase at the optimum
temperature according to the primer for 1 min (Table 2) and
an elongation at 72 ° C for 1 min. After the end of the
cycles, the program is completed by a final elongation step
at 72 ° C for 10 min. Amplified products were
electrophoresed on 2% of agarose followed by staining with
ethidium bromide and visualized using an UV trans-
illuminator related to an imaging system.

Table 2 : Sequences and specific hybridization temperature of ISSR primers

Locus Primer sequences (5'---------- 39 Hybridization temperature
F1 AGAGAGAGAGAGAGAGTA 41 °C
F8 AGAGAGAGAGAGAGAGCC 46 °C
F11 CACACACACACACACAAC 41°C
IMA-5-3 CACACACACACACACATG 45°C
IMA-5-Z CACACACACACACACAGT 45°C
IMA 834-Z AGAGAGAGAGAGAGAGYT 50 °C
UBC-841 GAGAGAGAGAGAGAGYC R3 46 °C

www.ijeab.com

Page | 19


http://dx.doi.org/10.22161/ijeab/3.1.4
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB) Vol-3, Issue-1, Jan-Feb- 2018

http://dx.doi.orq/10.22161/ijeab/3.1.4

ISSN: 2456-1878

c. Molecular analysis using specific SSR loci

We selected 9 SSR locus of 17 primers which have been
used by Achtak et al. [16]. These loci belonging to the
three sets of primers: LMFC [17], MFC [18, 19] ; Ahmed
et al. 2007), FSYC [19]. Analyses were performed
according to the PCR conditions developed by Achtak et
al. [19]. Amplification reactions were performed in a final
volume of 25 pl in the presence of 20 ng template DNA, 4
pmol reverse primer and 0.5 mM of each primer, 0.2 mM
of each deoxynucleotide, 2.5 mM MgCI2, 1 U Taq

polymerase (Qiagene) and 1x of taq buffer. Polymerase
chain reaction (PCR) was carried out using a
Mastercycler Eppendorf. After 5 min at 94°, 35 cycles
were performed with 45s at 94°C, 45 s at either 55 or
60°C (Table 3) and 1 min at 72°C, followed by a final
extension step of 10 min at 72°C.

Electrophoresis was performed on 6% polyacrylamide gel
which was prepared from a 40% solution of acrylamide,
7.5 M urea and 1X TBE buffer. The revelation was made
according to the steps indicated by Benbouza et al. [19].

Table 3: Sequences and specific hybridization temperatures of SSR loci

Locus Primer Sequences (5'---------- 3"

Hybridization temperature

LMFC30 -F TCTTTTTAGGCAGATGTTAG

LMFC30 -R TTGTCCGTTTCTTATACAAT 55 °C
MFC2 —F GCTTCCGATGCTGCTCTTA 55 °C
MFC2 -R TCGGAGACTTTTGTTCAAT

MFC3 -F GATATTTTCATGTTTAGTTTG oC
MFC3 -R GAGGATAGACCAACAACAAC >
FSYCO01 -F CAAATGAAAAACACAAATTTGCCAAC R
FSYCO1 -R TGCAAGTACTAATTCCTCTGCCGTG >>°C
MFC9 -F GGAGGCAAAACGACAAACGACAT 60 °C
MFC9 -R CAAGGAACCAAGCGGGAGGG

MFC11 -F CAAAAGAGAAGACCAGCATC 60°C
MFC11 -R GACGAGGGAAGGAGAGACAC

LMFC19 -F AATGAATGGAAATGATCTTG 55°C
LMFC19 -R CTTATGAAAACTCGGTAGAAG

LMFC34 -F GTATTGGATCTTGATTATGTTT R
LMFC34 -R GTTACAAAGTACAGGTAAGCA 55 °C
MFC4 -F CCAAACTTTTAGACAACTT oC
MFC4 -R TTTCTCAACATATTAACAGG >

2.3. Data analysis

The sizes of the bands produced by ISSR were calculated
using the Mesurim pro software and that generated by the
SSR loci were manually measured with respect to the
marker’s size.

Genetic relationships among fig cultivars were studied
Genetic relationships between olive genotypes were studied
on the basis of a similarity matrix [21]. Genetic distances
were calculated using Clustering Calculator program
developed by Brzustowski [22] through Simple Matching
Coefficient. Thus, based on the comparison two by two of
genotypes, a histogram of according to the number of
alleles which distinguish them has been established.

Two phenograms were drawn based on the unweighted pair
group method with arithmetic mean algorithm using the
NTSYS-pc program ver. 2.11g [23].

The index PIC (Polymorphism information content) related
to the genetic diversity of each primer used was calculated
using the formula of Botsein et al. [23]
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PIC j = n (1- 3 PZj) / (n -1), with j: primer concerned, n:
The size of the i band and Pij: frequency of marker i
revealed by the primer j through the band sum.

For each SSR locus, observed heterozygosity's values were
calculated using the GENETIX 4.0 software [25]. The
importance of heterozygosity deficiency was assessed using
exact tests of Genepop3 software. Furthermore, a factorial
correspondence analysis was performed using the Genetics
software 4.0 [26] on the SSR markers matrix.

I11. RESULTS AND DISCUSSION
3.1. Molecular characterization of cultivars by ISSR
markers
Seven |1.S.S.R. primers selected, following their
polymorphism and the bands clarity, revealed a total of 54
markers varying between 4 to the primer IMA-834-Z and
11 for the primer IMA-5-Z, with an average value of 8
markers primer (Table 4). This number reflects the high
level of polymorphism among cultivars revealed by the
selected primers. The result obtained is equal to twice the
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mean of markers observed by [27], using four ISSR
markers in a comparison study of the efficiency of RAPD,
SSR and ISSR techniques on the Mediterranean fig
cultivars. This difference could be explained by the
number and type of ISSR primers used and the plant
material studied. In addition, a study conducted on Asian

and European cultivars by Ikegami et al. [28] showed that
the primer UBC-812, the most commonly used to
evaluate the genetic diversity was generated nine band.
The highest percentage of primers polymorphism the was
obtained for the primer IMA-5-Z (92%) and the lowest
percentage was observed for F1 primer (63%) (Table 4).

Tableau 4: List of seven I.S.S.R. primers used, their sequence, repeat type (R.T.), hybridization temperature (HT), bands
sizes, number of polymorphic markers (P), monomorphic markers (M) and index of polymorphism information content (PIC)

Name sequence (5'-3") (O'CT)' bands sizes (pb) Polym;)/zphlsm :Iumbe:\;f bandslsc
IMA-5-3 CACACACACACACACATG 45 233 - 1235 88 7 1 0,98
F1 AGAGAGAGAGAGAGAGTA 41 910 - 2566 63 5 3 0,96
F11 CACACACACACACACAAC 41 338 - 2561 90 9 1 0,99
IMA-834-Z AGAGAGAGAGAGAGAGYT 50 834 - 819 80 4 1 0,91
IMA-5-Z CACACACACACACACAGT 45 488 - 2824 92 11 1 0,99
UBC-841 GAGAGAGAGAGAGAGYCR3' 46 166 - 2692 82 9 2 0.98
F8 AGAGAGAGAGAGAGAGCC 46 288 - 3764 64 9 5 0,98

80 54 14 0,97

di : dinucleotide

Generally, the number of 1.S.S.R. markers generated is
correlated positively with the number of primers used.
However, this number can be greatly influenced by the
analysed plant species and the nature of the migration gel
used [29, 30].

Indeed, in comparison with other species, the percentage
of polymorphic bands revealed by ISSR primers was very
high in Asparagus acutifolius L. (100%) [31], Lupinus
spp. (99%) [32] and in Oryza sativa (80.9%) [29], but
lower in Bombyx mori (64%) [33].

All primers used generated polymorphic profiles with
varying and significant index of genetic diversity (Table
4). Indeed, the index analysed according to the procedure
of Botsein et al. [24] confirmed the genetic variability of
seven primers used. The diversity index, which tends
towards one, reveals a significant degree of
polymorphism. The more its value tends towards one, the
primer is polymorphic and vice versa. Thus, the diversity
index is 0.91 for the primer IMA-834-Z which has one
monomorphic marker on a total of 4 and maximum of
0.99 in the F11 and IMA-5-Z primers which have given
almost 100% of polymorphic bands. However, the
average value of the diversity index (0.97 + 0.205)
obtained for all the primers consolidates and justifies the
choice of seven ISSR primers to analyse our twenty-two
fig accessions. In order to confirm the genetic diversity of
the collection, pairwise comparison shows that 89% of
cultivars pairs are differentiated by 9 to 29 ISSR bands.
Thus, the average similarity obtained by the ISSR is
71.6%.
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Getting a high number of ISSR polymorphic primers is an
important utility. It increases the reliability of the
interpretations of the results; especially in our case where
profiles generated are reproducible. The number of the
polymorphic primers used to analyze various plant
species differs according to the authors. Pradeep et al.
[33] used seven primers, twelve by Wiesner et al. [30], 23
by Sica et al. [31], a number of 30 per Talhinhas et al.
[33] and 41 Young et al. [34].

Furthermore, the primers that we used in this study are
type di-nucleotide repeat. A similar study by Konate [35]
in carob showed that they are more efficient than the
primers tri-nucleotide repeat.

3.2. Molecular characterization of cultivars by SSR

markers

Forty-two alleles were obtained using nine microsatellite
loci. The number of alleles per locus varies from three
alleles (FSYCO01, LMFC19, LMFC34 and MFC4) to 12
alleles (MFC2) per locus with an average of five alleles.
Allele size ranges from 100 bps at the FSYCO1 loci to
305 bp in the LMFC19 locus (Table 5).

The observed heterozygosity ranged from 0.045 to 0.772
for FSYCO1 and MFC9 loci, and 0.42 as the average for
all loci. Compared to the value of expected
heterozygosity, a significant excess of heterozygosity was
observed for the locus MFC9, probably because a
selection effect that would take place within a limited
gene pool (Table 5). For the fixation index (Fis), it ranges
from 0.078(MFC11) to 0.906 (FSYCO01) locus, indicating
that the genotypes studied have a heterozygosity
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deficiency for the loci, except for MFC9 locus, the Fis is
negative (-0.406) with an excess significant heterozygote
probability. This situation may be explained by the fact
that this collection comes from a prospection directed to
cultivars with agronomic performance characters in a
limited gene pool [27] have discovered a heterozygosity
deficiency for four SSR loci (MFC1, MFC2, MFC3,
MFCT7) in the molecular characterization study (SSR and

ISSR) of Moroccan fig germplasm. However, for a larger
study of 277 cultivars prospected in Morocco, 15 of 17
loci showed excess heterozygosity [16]. Allelic
frequencies ranged from 0.019 for seven alleles belonging
to the locus MFC2, MFC9 and FSYCO1, to 0.87 for
LMFC19-302 allele, with an average of 0.18 and 0.22 as
estimated standard deviation.

Table 5: Number and size of alleles and diversity parameters for each of the nine SSR loci

Range of size

diversity parameters

Loous (pb) N Ho He P Fis Pl

LMFC30  250-261 4 02273 0,7035 0,000 0,689 0,143
MFC 2 158-190 12 05909 07955  0,0000 0,279 0,061
MFC 3 108-114 4 05455  0,6746  0,0000 0,214 0,163
MFC 9 190-220 3 07727  0,5425*  0,0000 -0,406 0,297
MFC 11 182-206 7 07273  0,7696  0,0002 0,078 0,077
FSYCO01 100-106 3 00455 04638  0,0000 0,906 0,376
LMFC19  300-305 3 0,818  0,2800  0,0000 0,371 0,537
LMFC34  214-219 3 03636 055010  0,0091 0,296 0,306
MFC 4 240-244 3 03636 04298  0,0035 0,176 0,369
9 locus 100-305 5 0,42 0,58 0,0000 0,29 0,26

N: number of alleles; Ho: observed heterozygosity; He: expected heterozygosity; P: Hardy-Weinberg Test
probability; Fis: Fixation Index; Pl: Probability of identity; * significant excess heterozygosity.

Compared with other collections, it appears that the
ENAM collection has diversity parameters such as 5
alleles per locus, and observed heterozygosity of 0.42 are
similar to European and Asian cultivars studied by SSR
markers where the number of alleles per locus was 5.2
and an observed heterozygosity 0.44 respectively [28].
Diversity levels close to our results have been seen in
other collections in Morocco and elsewhere but with
heterozygosity higher values. Indeed, the fig collections
No. 1 and No. 2 of the Ain Taoujdate Experimental Field
of CRRA-Meknes, have seven and six respectively as the
average number of alleles per locus and 0.79 and 0.63 as
the average observed heterozygosity. A similar level of
diversity was shown in the Porquerolles Mediterranean
collection (France), with an average of six alleles per
locus and 0.54 observed heterozygosity [16]. In contrast,
a low polymorphism (3.9 alleles per locus, and 0.38
observed heterozygosity) was detected in Extremadura
Spanish collections [17].

The total number of 42 alleles allowed to distinguish 21
SSR profiles whose two Nabout genotypes the same
profile. Among the two-hundred-thirty-two cultivars
pairwise comparison, only 19 SSR profile pairs were
differentiated by less than six alleles. Other pairs were
distinguished by 7 to 24 alleles (Fig. 1).
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Pairs of genatypes

Number of dissimilar alleles

Fig. 1. Frequency distribution of genetic dissimilarity for
all pairwise combinations among 22 fig genotypes of ENA
Meknes collection
Similar results were reported in a large study of the
Moroccan fig [16]. Relatives cultivars (low allelic
distinction) presumably correspond to soma-clonal
variations via intense vegetative propagation over long
periods, while distinct genotypes (over 6 alleles) are
issued from seed (sexual reproduction). Getting close
cultivars probability, which differ only by 1 to 3 SSR
alleles via sexual reproduction, is very low [36]. Thus,
descendants analysis of two olive crossbreeding,
"Picholine marocaine (Parent female)" x Picholine de
Languedoc (Male Parent) " [37; 38] and "Oliviére"
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(female parent) x "Arbequina” (Parent male) [39] using
36 and 47 SSR loci shows that the descendants are
different by at least 16 and 18 alleles respectively. These
results indicate that cultivars from the ENAM collection
really correspond to prospecting trees belonging diverse
populations.

3.3. Cultivars hierarchical classification and factorial

correspondence analysis
a. SSR Markers

The SSR data exploitation allowed the all cultivars
genetic  characterization. Indeed, the dendrogram
generated by statistical analysis based on the UPGMA
method and similarity distances calculation shows a wide
intra-collection molecular diversity (Fig. 2).

i

—D

ntzwe

Fig. 2. Genetic relationships among fig cultivars.
The dendrogram was based on a similarity matrix
UPGMA algorithm of SSR markers.

Approximately 56% of similarity, the resulting
dendrogram allowed distinguishing four clusters (A, B, C
and D) which each includes 4, 3, 7 and 8 cultivars
respectively. Cluster A contains Chaari, Ournaksi, Oung
Hammam and Hzzat cultivars, latter two cultivars belong
the same sub-cluster. Similarly, Lemtell and Lemtel2
constitute a sub-cluster and belong to the cluster B with
the Fassi cultivar. However, Beida and Oulmessia Hamra,
Khoubzi and Sebti, Ghoudane2 and Ghoudane3 constitute
three sub-clusters and create cluster C with Arial and
Hamriya cultivars. Finally, the cluster D contains the rest
of cultivars with Oulmessia Beida as single and three sub-
clusters constituted by Genotypesl9 and Gentypes20
cultivars, Ghoudanel and Ghoudane4, Naboutl and
Nabout2. The peculiarity of pairs cultivars Lemtell-
Lemtel2, Ghoudane2-Ghoudane3 and Ghoudanel-
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Ghoudane4 that they are very close and have the same
name (Pomological resemblance fruit), suggesting the
problems of homonyms and somaclonal variations. The
analysis also revealed four cases of homonymy among
cultivars  (Ghoudanl-Ghoudan, Ghoudanl-Ghoudan3,
Ghoudan2-Ghoudan4 and Ghoudan3-Ghoudan4) since
they are pairwise genetically and pomology different.
Low allelic variations and synonyms and homonyms
problems were reported in the fig by Achtak et al. [16]
and in several other fruit trees [40; 41; 27; 42].

The plot of factorial correspondence for the first,
second and third axes, which explained 23.6%, 12.29%
and 10.43% of the variance, respectively, giving a
cumulative variability of 46.32% (Fig. 3). This plot shows
the existence of four similar groups to the four groups
revealed by the dendrogram including the same
homogeneous cultivars. According to the figure, a clear
genetic structure of the studied population (Dendrogram
and FCA) is clearly reveals in the analysis. Thus, we find,
after this distinction into separate groups, they are from
different gene pools and are selected and planted based on
their agronomic performance.

Fig. 3. Factorial correspondence analysis of 22 genotypes
as defined in Table 1. the analysis allowed distinguishing
for four separate groups.

b. ISSR Markers

The different gels and 54 revealed bands have resulted in
the phenogram (Figure 4), which illustrates the genetic
relationships existing between 22 fig cultivars. At 77%
dissimilarity, the dendrogram below shows four different
groups: G1, G2, G3 and G4 respectively containing nine,
four, five, and four genotypes (cultivars) that are
homogeneous within each group.

Cultivars having the same names lamtall and lamtal2,
Ghodane2 and Ghoudane3 are very close in pairs,
confirming the results obtained using the SSR markers.
This confirmation of the molecular similarities shows that
the variations between these genotypes are due to the

Page | 23


http://dx.doi.org/10.22161/ijeab/3.1.4
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/3.1.4

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

soma-clonal variations between cultivars with genetic and
phenotypic profiles very close.

—G1

—G2

- —G3

G4

Cosisam

Fig.4. Dendrogram the fig cultivars generated by ISSR
based on the UPGMA algorithm and similarity matrix

The dendrogram confirms the high genetic diversity
between collection genotypes, however, does not reflect
the same homogeneous groups generated by the SSR

markers dendrogram (Fig. 4). Our results are in
agreement with Ikegami el al. [28] studies, on Asian and
European cultivars using RAPD, ISSR and SSR markers,
which found significant differences in the hierarchical
classification generated by the three methods. This can be
explained by a low correlation coefficient between the
three markers types and different adjustment degrees.
Moreover, according to several authors, ISSR give better
profiles emanating especially the length of primer
sequence, involving a high annealing temperature,
compared with the RAPD and RFLP methods, gives thick
and reproducible bands [43; 44; 45].

c. Detailed study of cultivars genetic profiles

Pomological characterization, based on 25 qualitative and
quantitative traits related to fruit, for the same cultivars
realized by Ait Haddou et al. [46] has revealed the
similarities and differences traits between cultivars having
the same denomination (Table 6).
Cultivars are similar for most morphological characters
except for Oulmessia Hamra and Oulmessia Beida (Table
6). The molecular marker numbers that does not exceed
six alleles per SSR locus for all cultivars except for
Oulmessia Hamra and Oulmessia Beida that differ by
eight alleles genetically confirms this similarity.

Table 6: Pomological characters most discriminating cultivars bearing the same names in Moroccan collection of ENA
Meknes [46].

Accessions FT MP FW Cal PL FD FS1 FS2 SAV BCE IPC PTX ICF Qs
(9) (mm) (mm)
Lemtel2 B Mldieaso 4237 24 3,97 44,03 Globular Ovoid Yes Light green Red Coarse Small Medium
Lemtell B Mldzeaso 4496 23 4,21 44,38 Globular Ovoid Yes Green Red Coarse  Without Medium
Ghoudanes3 B precgc'ou 5317 19 495 % Gilobular  Ovoid Yes  Purple Darkred Medium Without Medium
Ghouane2 B precgcmu 55,05 18 4,75 48,20 Globular Ovoid Yes Purple Darkred Medium Medium Medium
Nabout2 U Tardive 30,95 34 4,07 39,14 Globular Ovoid Yes Green Darkred Coarse Without Medium
Naboutl U Tardive 31,08 34 3,84 36,28 Globular Ovoid Yes Green Red Coarse  Without Medium
Ghoudane4 B M'df]easo 573 22 503 % Globular  Owoid  Yes  Black Darkred Small Without  Large
Ghoudanel B Mldzeaso 4456 23 4,92 4.3 Globular Ovoid Yes Black Darkred Medium Without Large
Genotypel9 B Mldf]easo 4249 24 539 44,30 Globular Ovoid Yes Black Red Coarse  Without Medium
Genotvpe20 precociou 44,64
Oulmgsr;ia B s 4239 24 553 4452 Globular  Ovoid  Yes  Black Red  Medium Without  Large
Hamra U Midseaso 4352 23 109 44,93 Globular piriformis No Violet Amber Coarse  Without Large
. . U n 4565 22 7,2 Globular Ovoid Yes  Yellowish Darkred Medium  Small Medium
Oulmessia Beida Tardive

FT: fruit type; PM: maturity period; FW: fruit weight; Cal: caliber; PL: peduncle length; FD: fruit diameter; FS1: fruit
shape as (width / length); FS2: fruit shape depending on where of the maximum width; SAV: symmetry along the vertical
axis; BCE: background color of epidermis; IPC: internal pulp color; PTX: pulp texture; ICF: internal cavity of the fruit; QS:

quantity of seeds.
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Pairwise molecular profiles comparison of the accessions,
having the same denominations, has also identified the
differences between cultivars and compared relative to
pomological results.

The Lemtel cultivar is represented by two different
denominations that have the same characteristics except
for pomological fruit weight, the epidermis background
color and the fruit internal cavity (Table 6). Indeed, this
similarity is confirmed by the molecular profiles that
differ only by five SSR markers. These accessions are
therefore considered genetically closer. The Nabout
cultivar is represented by two similar accessions at all
Pomological characters (Table 6). Both accessions are all
characterized by globular ovoid figs, a green epidermis
and as weight 31g. Furthermore, they have a difference in
fruit diameter. This Pomological similarity between the
two denominations is validated by the same SSR profile.
This result is different from the study of Charafi [47]
which shows allelic differences between cultivars of
Naboute of Ouazzane Regione cooperative (Janane Rif)
and those of the experimental field of Ain Taoujdate
(INRA-Meknes).

The cultivar Ghoudane includes four accessories which
Ghoudanel and Ghoudane4 have the same pomological
traits and therefore constitute same genotype. However,
Ghoudane2 and Ghoudane2 accessions are close together
and different than Ghoudanel and Ghoudane4 by the
period of maturity, size, epidermis background color and
the seed quantity (Table 6). Given the significant
differences between pomological Ghoudanel and
Ghoudane4, firstly, and secondly Ghoudane2 and
Ghoudane3, each pair would thus consist of a same
cultivar. This distinction is confirmed by molecular
results also revealed the similarity among Ghoudanel and
Ghoudane4 with only one SSR allele difference and 2
SSR alleles between Ghoudane2 and Ghoudane3.
Ghoudane Polytonality was already demonstrated by
Achtak et al. [16]. Varietal confusion, synonyms and
homonyms problems, low allelic variations related to
somaclonal variations, are all very common problems and
traits in the fig [16].

Genotypel9 and genotype20 are close genetically (5
different alleles), they are also similar for the majority of
pomological traits (Table 6), except for the maturity
period, texture and the quantity of seeds. Since these
characters are not very discriminating, we can consider
the genotypel9 and genotype20 are derived from the
same genetic origin.

Olmessia Hamra and Oulmessia Beida cultivars will
differ by the majority pomological characters (Table 6)
and 8 SSR markers. Therefore, they can be considered as
two separate cultivars and Oulmessia denomination
comes from their origin in addition to the genotype color.
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IV. CONCLUSION

Molecular characterization allowed characterizing the
genetic profiles of 22 fig cultivars from the ENA-Meknes
collection. The two cultivars Nabout 1 and 2 have the
same SSR profile and pair’s accessions Ghoudanl and
Ghoudan4, Ghoudan2 and Ghoudan3, Genotypel9 and
Genotype20, Lamtell and Lamtael2 are genetically very
close. This similarity was also confirmed by the
pomological characterisation. The remaining accessions
are different and therefore can be regarded as separate
cultivars. The complementarity of the two approaches is
therefore confirmed and the establishment of a genetic
identity for each cultivar should consider the
polyclonality of some varieties.

The selection of authentic reference cultivars within
polyclonal cultivar is not easy when we consider the
genetic diversity of plant material. In addition to the
homonymies and synonymies problems and soma-clonal
variations which are widespread in this species. For
agronomic considerations, we suggest to consider the
reference cultivar denomination having the better
pomological characteristics. Choosing the most important
cultivar is justified by the aboriginal always opted for the
best genotypes for this culture. In the same direction, it is
essential to make intra-varietal characterizations by
combining pomological and molecular characterization
using SSR markers to select the best clones of each
variety. The collections should contain the selected clones
that are references for any breeding program. Thus,
follow up these collections will quantify phenotypic
variation for this species particularly sensitive to climate
variations.

REFERENCES

[1] Zohary, D.; M. Hops., 2000. Domestication of plant
in the Old World. Third edition, Clarendon press,
Oxford.

[2] Oukabli A., A. Mamouni, M. Laghezali, M. Ater, B.
Khadari, J. P. Roger and F. Kjelbberg., 2003.
Genetical variability in Morrocan fig ( Ficus carica
L.) based on morphological and pomological data.
Acta Horticulturae.

[3] Chessa, I., G.Nieddu, and P. Serra., 1998. Fig
germplasm characterization using isozyme analysis
ActaHort. 480: 143-148.

[4] Elisiario, P.J., M.C. Neto, L.E Cabrita, and
J.M.Leitao., 1998. Isozyme and RAPDs
characterisation of a collection of fig (Ficus carical.)
traditional varieties. Acta Hort. 480: 149-154.

[5] Uzun, H.l, 1. Polat, and S. Gozlekci., 2003.
Molecular identification of Turkish fig cultivars by
fruit and leaf isozymes. Acta Hort. 605:45-50

Page | 25


http://dx.doi.org/10.22161/ijeab/3.1.4
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/3.1.4

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

[6] Valizadeh, M., P. Rivals and G. Valdeyron., 1977.
Utilisation du polymorphisme proteique pour I'
etude des varietes de figuier (Ficus carica L.). C.R
Acad. Agr. 63:647-655.

[7] Geuna, E, M. Toschi, and D. Bassi., 2003. The use
of AFLP markers for cultivar identification in
apricot. Plant Breeding 122:526-531.

[8] Hokanson, s.c, W.E Lamboy, AK. Szewc-McFad-
den, and J.RMcFerson., 2001. Microsatellite (SSR)
variation in a collection of Malus (apple) species and
hybrids. Euphytica 118:281-294.

[9] Oraguzie, N.C., S.E. Gardiner, H.C.M. Heather, M.
Stefanati, RD. Ball, V.G.M. Vincent, and AG.
White., 2001. Genetic diversity and relationships in
Malus sp. Germplasmcollections as determined by
randomly amplified polymorphic DNA J. Amer.
Soc. Hort. Sci. 126:318-328.

[10]Wunsch, A and J.I. Hormaza., 2002. Cultivar identi-
fication and genetic fingerprinting of temperate fruit
tree species using DNA markers. Euphytica 125:59-
67.

[11]De Masi,L.,M. Cipollaro, G. DiBernardo, U.
Galderesi, G. Galano, A Cascino, G. Grassi, E.
Pavone, and A Simeone., 2003. Clonal selection and
molecular characterization by RAPD analysis of the
fig (Ficus carica L.) 'Dottato’ and 'Bianco del
Cilento' cultivars in Italy. Acta Hort. 605 :65-68.

[12] Khadari, B.; P. Lashermes, ; F. Kjellberg., 1995.
RAPD finger-printing for identification and genetic
characterization of fig (Ficus carica L.) genotypes.
Journal of Genetic Breeding, 49 : 77-86.

[13]Jones, cr, K.J. Edwards, and S. Castaglione., 1997.
Reproductibility testing of RAPD, AFLP and SSR
markers in plants by a network of European
laboratories. Mol. Breeding 3:381-390.

[14] Khadari, B. ; I. Hochu ; S. Santoni, A. Oukabli, M.
Ater, J.P Roger and F. Kjellberg., 2003c. Which
molecular markers are best suited to identify fig
cultivars: a comparison of RAPD, ISSR and
microsatellite markers. Acta Horticulturea

[15] Saghai Maroof M. A., Soliman K. M., Jorgensen R.
A., and Allard R. W., 1984. Ribosomal DNA spacer
length  polymorphism in barley: Mendelian
inheritance, chromosomal location and population
dynamics. Proc. Natl. Acad. Sci., 81:8014-8018.

[16] Achtak H, Oukabli A, Ater M, Santoni S, Kjellberg
F, Khadari B., 2009. Microsatellite markers as
reliable tools for fig cultivar identification. Journal
of American Society of Horticultural Science 2009,
134:624-631.

[17] Giraldo E, Viruel MA, Lopez-Corrales M, Hormaza
JI.,  2005. Characterization and cross-species
transferability of microsatellites in the common fig

www.ijeab.com

(Ficus carica L.). Journal of Horticultural Science
and Biotechnology 2005, 80:217-224.

[18] Ahmed S., Dawson D.A., Compton S.G., Gilmartin
P.M. 2007. Characterization of microsatellite loci in
the african fig, Ficus sycomorus L. (Moraceae).
Molecular Ecology Notes 2007, 7:1175-1177.

[19] Khadari B, Hochu I, Santoni S, Kjellberg F., 2001
Identification and characterisation of microsatellite
loci in the common fig (Ficus carica L.) and
representative species of genus Ficus. Molecular
Ecology Notes 2001, 1:191-193.

[20] Benbouza H., Jacquemin J.-M., Baudoin J.-P.
&Mergeai G., 2006. Optimization of a reliable, fast,
cheap and sensitive silver staining method to detect
SSR markers in polyacrylamide gels. Biotechnol.
Agron. Soc. Environ., 10 (2) : 77 — 81.

[21]Nei M. Li W.H., 1979. Mathematical model for
studying  genetic  variation in terms  of
restriction endonucleases. Proc. Natl. Acad. Sci..,
74 :5267-5273.

[22] Brzustowski J. 2002. Clustering Calculator “fast
clustering algorithms, including UPGMA and
Saitou-Nei neighbour joining”
www.biology.ualberta.ca/jbrzusto/cluster.php
Department of Biological Sciences, University of
Alberta; Canada.

[23]RohIf F. J. 2000. NTSYS-pc. Numerical taxonomy
and multivariate analysis system. Exeter Software,
New York

[24] Botsein D., White R. L., Scolnick M. and Davis R.
W., 1980. Construction of a genetic linkage map in
man using restriction fragment length
polymorphism. Am. J. Hum. Genet. 32:314-331.

[25] Nei M., 1978. Estimation of average heterozygosity
and genetic distances from a small number of
individuals. Genetics 89:583-590.

[26] Belkhir, K., 1999. Genetix, version 4.0. A Windows
program for population genetics analysis. Labo-
ratoire Genome, Populations, Interactions. CNRS
UPR 9060, U niversite Montpellier Il, Montpcllier,
France.

[27]Khadari B., Oukabli A., Ater M., Mamouni A,
Roger J.P., Kjellberg F., 2004. Molecular
caracterization of Morrocan fig germoplasm using
Inter Simple Sequence Repeat and Simple Sequence
Repeat markers to establish a reference collection.
Hort Science, 40:29-32.

[28] Ikegami H., Nogata H., Hirashima K., Awamura
M., and Nakahara T., 2009. Analysis of genetic
diversity among European and Asian fig
varieties (Ficus carica L.) using ISSR, RAPD,
and SSR markers. Genet. Resources Crop Evol.,
56:201-209.

Page | 26


http://dx.doi.org/10.22161/ijeab/3.1.4
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/3.1.4

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

[29] Nagarju J., Kathirvel M., Kumar R. R., Siddig E. A.
and Hasnain S. E., 2002. Genetic analysis of
traditional and evolved Basmati and non-Basmati
rice varieties by using fluorescence-based ISSR-
PCR and SSR markers. PNAS. 99:5836-5841.

[30] Wiesner 1., and Wiesnerovd D., 2003. Effect of
resolving medium and staining procedure on inter-
simplesequence- repeat (ISSR) patterns in cultivated
flax germplasm. Genet. Res. Crop Evol. 50:849-853.

[31]Sica M., Graziella G., Montieri S., Gaudio L. and
Aceto S., 2005. ISSR markers show differentiation
among Italian populations of Asparagus acutifolius
L. Gentics, 6:1-7.

[32] Talhinhas P., Naves-Martins J. and Leitao J., 2003.
AFLP, ISSR and RAPD marker reveal high levels of
genetic diversity among Lupinus spp. Plant
Breeding. 122:507-510.

[33]Pradeep A. R., Chatterjee S. H. and Nair C. V.,
2005. Genetic differentiation induced by selection in
an inbred population of the silkworm Bombyx mori,
revealed by RAPD and ISSR markers systems. J.
Appl. Genet. 46:219-298.

[34] Young J. P. W. and Hauka K. E., 1996. Diversity
and phylogeny of rhizobia. New Phytol. 133: 87- 94.

[35] Konate 1., 2007. Diversité Phénotypique et
Moléculaire du Caroubier (Ceratonia siliqua L.) et
des Bactéries Endophytes qui lui sont Associées.
Thése De Doctorat, Universitt Mohammed V,
Faculté des Sciences de Rabat, 196 p.

[36] Charafi J., 2011.Caractérisation pomologique et
moléculaire pour 1’identification des génotypes en
collection n°3 du figuier au domaine Ain Taoujdate
(INRA-Meknes). Mémoire de titularisation. INRA.
Rabat 57p.

[37]Charafi J., 2007. Diversité génétique de 1’olivier au
Maroc et cartographie génétique de la population
hybride F Picholine marocaine x picholine de
Linguedoc : Base pour I’amélioration variétale.
Thése de doctorat. Université Cadi Ayyad.

[38] Zine El Aabidine A., Charafi J., Grout C., Doligez
A., Santoni S., Moukhli A., Jay-Allemand C., El
Modafar C. & Khadari B., 2010. Construction of a
genetic linkage map for the olive based on AFLP
and SSR markers. Crop Science, 50 : 2291-2302.

www.ijeab.com

[39] Khadari B, Charafi J, Moukhli A, Ater MA., 2007.
Significant genetic diversity in Moroccan olive
germplasm versus the occurrence of one prevalent
cultivar; a paradoxical situation evidenced by the use
of SSR loci. Tree Genet Genomes DOI
10.1007/s11295-007-0102-4

[40] Condit, I. J., 1955. Fig varieties : a monograph . Ed.
Hilgardia, a Journal of Agricultural Science, California
Agricultural Experimental Station, n° 11 : p 323- 538.

[41]Giraldo E, Lopez-Corrales M, and Hormaza JI.,
2008. Optimization of the management of an exsitu
germplasm bank in common fig (Ficus carica L.)
with SSRs. Journal of the American Society for
Horticultural Science 2008, 133:69-77.

[42] Saddoud O., Baraket G., Chatti K., 2008.
Morphological variability of fig (Ficus carica L.)
cultivars. International Journal of Fruit Science, vol.
8,no0.1-2,pp.35-51.

[43] Zietkiewicz E., Raflski A. and Labuda D., 1994.
Genome fingerprinting by simple sequence repeat
(SSR)- anchored Polymerase Chain Reaction
Amplification. Genomics. 20:176-183.

[44]Culley T. M. and Wolfe A. D., 2000. Population
genetic structure of the cleistogamous plant species
Viola pubescens Aiton (Violacae), as indicated by
allozyme and ISSR molecular markers. Heredity,
86:545-556.

[45]Oh T. J., Gorman M. and Cullis C. A., 2000. RFLP
and RAPD mapping in flax (Linum usitalissimum)
». Theor. Appl. Genet. 101:590-593.

[46] Ait Haddou L., Blenzar A, Messaoudi Z., Van
damme P., Zindedine F. et Sakhaoui A., 2013.
Caractérisation pomologique de 22 cultivars locaux
du figuier (Ficus carica L.) au Maroc. Europeen
journal of scientific research, ISSN 1450-216 XI
1450-202 X, vol. No 3, October, 3013, Pp 416-428.

[47]Charafi J., 2012. Vérification de I’authenticité
variétale par des marqueurs microsatellites des
plants de figuier multipliés dans la région
d’Ouazzane. Revue annuelle des activités de
recherche. Projet Arboriculture Fruitiére. Axe Il :
Variétés et leurs conduites techniques. Millenium
Challenge Corporation (MCC) 257p.

Page | 27


http://dx.doi.org/10.22161/ijeab/3.1.4
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.org/10.22161/ijeab/3.1.5

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

Production of Ice Cream with Carob Bean

Pekmez (Molasses)
Dr. Abdullah Badem?, Dr. Zafer Alpkent?

1Selcuk University, Veterinary Faculty, Food Hygiene and Technology Department, Konya, Turkey
2Asst. Prof., Mediterranean University, Engineering Faculty, Food Engineering Department, Antalya, Turkey

Abstract— Day to day, it is known that people are giving
importance to nutrition their diets in terms of health.
Whether or not the materials used in the production of
food are natural, the amount used in production and
effect on human health have become more important. In
this study, low-fat ice cream was produced with rich
composition carob molasses (pekmez), which has a
positive contribution to nutrition, and the effect on ice
cream was investigated. Physical and chemical analysis
results of ice cream, pH 6,31, dry matter 27,23%, fat
3,50%, protein 3,86%, overrun 18,99% and viscosity (10
rpm-20 rpm-50 rpm) 11.840, 6.560, 3.344 cP, was found.
As a result, a new product has been made which can be
used in ice cream production of carob molasses.
Keywords— Carob, carob molasses, low-fat ice cream.

. INTRODUCTION

Ice cream, and all other frozen desserts, usually consist of
seven ingredients: Fat, nonfat dry milk, sweeteners,
stabilizers, emulsifiers, water and flavoring agents.
Although frozen desserts are a very large area, the
production of all of them is similar.

Ice cream is a milk product obtained by mixing,
pasteurizing, homogenizing, cooling and freezing of pasta
ingredients (Goff, 1997: 365, Arbuckle, 1986: 1, Goff ve
Hartel, 2013:1). Ice cream is defined as “ice cream, milk
and other dairy products, water, sugar and/or additives are
mixed at a certain ratio, when desired, by the addition of
salep, egg and/or flavoring and which is prepared and
packaged according to its technique after being
pasteurized and flavoring substances are added in various
forms when necessary” at Turkish standards 4265. (TSE,
1992). Marshall and Arbuckle (1996: 315) described the
composition of an economical ice cream as 35-37% total
dry matter, consisting of 10% milk fat, 10-11% nonfat dry
matter, 15% flavor, 0,3% stabilizer and emulsifier.

It is known that instead of synthetically produced
products in the world, tendency to natural products
increases. Along with consumption of high-energy food,
immobile life of mankind triggers obesity. The nutrition
diet consists of processed foods, low fiber and high fat
saturated fat and sugar content, with low physical activity,
poses a serious threat to health and causes important
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diseases such as obesity, coronary heart disease, diabetes
and cancer. (Koeferli vd., 1996:1, Popkin ve Larsen,
2004:2). For this reason, consumers tend to deviate from
the consumption of known fatty foods, which have a
significant impact on human health.

Carob (Ceratonia siliqua L.) is a plant belonging to the
Ceratonia genus of the Leguminosae family and is grown
in regions where the Mediterranean climate dominates
(Turhan vd., 2007: 417, Tetik vd., 2010: 1, El Batal vd.,
2016: 1). Carob has 91-92% dry matter and 62-67% total
soluble dry matter when it matures. A significant portion
of soluble dry matter forms saccharose (34-42%), fructose
(10-12%) and glucose (7-10%) (Karkacier ve Artik
1995:). Other studies have shown that carob molasses has
a total sugar content of 60-70% (Eksi ve Artik 1986:,
Simsek ve Artik 2002: 465, Turhan vd., 2007: 418, Tetik
vd., 2010: 41).

Carob is composed of two parts: fruit pulp (pod) (90%)
and seed (10%). From the pulp part of carob, grape
molasses, carob flour and animal food products are
produced and locust bean gum (LBG), which is used as a
stabilizer in food and other areas (which form a very
viscous solution even when used in low quantities), is
produced from the core part. LBG is synergistic with
carrageenan, agar and xanthan gum, creating a very
strong and elastic gel (Kumazawa vd., 2002: 373, El
Batal vd., 2016: 956). It is estimated that 200,000
hectares per year of the world produce over 300,000 tons
of carob fruit (El Batal vd., 2016: 955, Vekiari vd. 2011:
751). It is determined that there are 370.000 carob tree
trees in Turkey and that 13,985 thousand tons of carob
bean is produced in 2015 (TSI, 2016).

Pekmez (molasses) is produced as a traditional product in
Turkey for many years. Pekmez is produced from fruits
with high sugar content such as grape, apple, carob, plum,
watermelon, apricot, fig, sugar beet, hawthorn, mulberry,
raisins, corn, sugar cane (Ustiin ve Tosun, 1997:417,
Simsek ve Artik 2002: 460, Ozdemir vd., 2004: 33,
Karababa ve Isikli, 2005: 357, Sengul vd., 2007:39).
Grape molasses is defined as “grape pekmez is a thick
liquid food which is produced adding honey, cow milk,
milk powder, egg, by vacuuming or thickening in
accordance with the technique, without reducing the
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acidity of the fresh or raisin extract, or by reducing its
acidity with calcium carbonate or sodium carbonate,
followed by drying with tannin gelatin or suitable
enzymes” at TS 3792 (TSE, 1989). Molasses is added to
obtain the desired flavor and color in ice cream
production, as well as to control the freezing point of ice
cream (Temiz ve Yesilsu, 2010: 539). Although the
molasses compositions vary according to the fruit
obtained, the basic composition is carbohydrates (Simsek
ve Artik 2002: 460, Karababa ve Isikli, 2005: 357). The
first order of pekmez production in Turkey is grape
(Ustiin ve Tosun, 1997:417).

Carob molasses is a traditional product produced in
Turkey for many years from the fruits of Ceratonia siliqua
L. plant. As it is not possible to directly press the fruit
which reaches the consumption level, it is extracted with
water. For this, the carob is broken down in sizes of 5 and
7 mm, then moistened with water and extruded at 85 ° C
for 3 hours. After the extraction, perlite is filtered with
molasses soil containing bentonite (containing 50-90%
calcium carbonate) to neutralize acidity. After then, the
extract is concentrated by evaporation at 85°C to 65-70°
Briks and the extract is pasteurized against microbial
growth and deterioration. The final product is filled
hermetically in glass jars (Demir6zu vd., 2002:330,
Turhan vd., 2007: 39,40, Tetik vd., 2010: 418).

As with other molasses, carob pekmez is rich in
carbohydrates and mineral substances and is an important
food material especially for children in the age of growth,
pregnant women, suckling mothers, athletes and workers,
who need high energy. It is especially important in terms
of mineral substances such as potassium, calcium,
phosphorus, magnesium and iron. (Demirdzi vd., 2002:
330-333, Simsek ve Artik 2002:465, 467, Vekiari vd.
2011: 751).

Carob is widely used in the world for industry,
afforestation, prevention of erosion, ornamentation,
painting, food, animal feed and medical treatment. Carob
is widely used medicinally for the treatment of many
diseases such as flu, cough, asthma, bronchitis, wound
healing, diarrhea, intestinal draining, reflux, nail fractures,
anemia, blood disorders, prostate, fatigue, cholesterol,

diabetes, urinary infections, liver, kidney, stomach,
intestineand lung treatment (Bulut, 2006: 65, Giines,
2010: 87, Girdal, 2010: 121,122, Dakia, 2011: 293,
Akbulut ve Bayramoglu, 2013: 67, Yildinm ve
Kargioglu 2015: 104,106,107).

In this study, a low-fat ice cream was produced using
carob pekmez in ice cream production, giving people the
opportunity to choose a new variety of products with
different flavors and aromas. In the production of ice
cream, instead of synthetic materials, xanthan,
carrageenan and locust bean gums were used as natural
stabilizers and the effect on some properties of ice cream
is investigated.

. MATERIAL AND METHOD
2.1. Material
Used in the production of ice cream, UHT milk, skimmed
milk powder, butter, sucrose, locust bean pekmez and
LBG, carrageenan and xanthan gum, was given properties
Table 1 and Table 2, were supplied from Antalya. Ice
cream production was carried out at a milk processing
plant operating under the Food Engineering Department
of the Faculty of Agriculture, Akdeniz University.
2.2. Method
2.2.1. Production of Ice Cream
Before the production of carob ice cream was carried out
for the study, 5 different sugar-molasses mixtures were
used in preliminary experiments and molasses and sugar
amount to be used by sensory evaluation were
determined. Stabilizer usage ratios were determined based
on the data obtained from the literature and were
determined in the study of Badem (2006: 51). (Marshall
ve Arbuckle 1996: 29, 72-75, Vega vd., 2004:). At the
end of the study conducted by Badem (2006: 51), the best
ice cream from sensory evaluation was selected as
carrageenan gum at 0,1%, xanthan gum at 0,1% and
locust bean gum at 0,4%. Amounts of the substances
involved in ice cream production; For a 2600 gram mix; 2
liters of milk, 300 grams of molasses, 200 grams of
sucrose, 70 grams of milk powder, 30 grams of butter.
The fat content of the frozen is set at 3,5%.

Table.1: Some properties of ingredients used in ice cream production.

Analyses UHT Milk Butter Milk Sucrose Carragenan  Xsantha LBG
owder gum ngum

Dry matter (%) 11,13 - 92,50 98,88 82,00 91,50 90,00

Fat (%) 3,10 82,50 - - - - -

Protein (%0) 3,13 - - - - - -

pH 6,38 - - - - - -
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Ice cream production is started by mixing powdered
ingredients. Then, 2 liters of milk heated to 60°C was
added slowly, so that the mixture didn’t clump. This
mixture was pasteurized at 80°C for 10 minutes, then
rapidly cooled to 30°C. 300 grams of molasses was added
to each mix that was cooled. After matured at 4°C for 24
hours, produced ice cream mix were frozen at -5°C with
semi-continuous Ugur brand freezing machine. The ice
cream processing time was 15 minutes for each mix and
was packed. Then, hardening was carried out for 24
hours in the deep freeze at -11°C. The prepared ice cream
was kept at this temperature until analysis was made.

Table.2: Some qualities of molasses used in ice cream

production.

Parameters* (%)
Dry matter 66,91
Carbohydrate 62,50
Lipid 0,41
Protein 4,00
Ash 2,40
Total sugar 62,00
Invert sugar 17,25

Minerals (mg/kg)

Potassium 7040
Calsium 1234
Phosphorus 547
Magnezyum 500
Sodium 203
Zinc 10
Iron 7,6
Manganese 3,0
Copper 0,8

* The information on the table was taken from Kimtek
Co. (Antalya).

2.2.2. Analysis in ice cream

pH analysis: After ice cream samples were melted at 20 °
C, they were determined using a Hanna instruments 8519
brand pH meter.

Dry matter analysis: The dry matter content of ice cream
samples was determined according to TS 4265 Ice Cream
Standard (TSE, 1992).

Protein analysis: Amounts of protein in ice cream
samples were determined by the Kjeldahl Method
(AOAC, 1999: 13).

Overrun analysis: Overrun in ice cream was determined
as Arbuckle (1986: 187) method.
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Viscosity analysis: The method given by Chang and
Hartel (2002) was used for measuring.Viscosity of mix
added pekmez was determined by measuring the
Brookfield Viscosimeter (R.V.T.) at 10 rpm, 20 rpm and
50 rpm at 25°C and was measured 30 seconds after the
viscosimetric tip was immersed in.

. RESULT
Physical and chemical analysis results of ice cream
produced as described in Material and Method are given
in Table 3. The obtained data were given by averaging the
replicate analyzes.
Tablo.3: Analysis results of ice cream.

Parameters Value

pH 6,31
Dry matter (%) 27,23
Fat (%) 3,50
Protein (%) 3,86
Overrun (%) 18,99
Viscosity (10 rpm-cP) 11.840
Viscosity (20 rpm-cP) 6.560
Viscosity (50 rpm-cP) 3.344

V. CONCLUSION

The effect of pekmez used at 11% and stabilizers (0,1%
carrageenan gum, 0,1% xanthan gum and 0,4% LBG) in
ice cream production, the values of pH, dry matter,
protein and viscosity values obtained in the study, have
similarity in comparison with other studies (Kocan ve
Kogak, 2002:372, Keceli ve Konar (2003: 417, Given
vd., 2010: 100, Temiz ve Yesilsu (2010: 541, 542). Kegeli
et al. (1997: 180) investigated the effects of sahlep and
some alternative stabilizers on the quality of ice cream
produced with goat milk. Accordingly, depending on type
of stabilizer used, the properties of ice cream mix have
also changed. The highest overrun values were found in
ice cream adding LBG and sahlep 36,1% and 35,8%,
respectively.

This value was calculated as 27,3% for control ice cream
without any stabilizer. Again, Keceli and Konar (2003:
417) investigated the effect of using LBG, CMC and
gelatin in ice cream produced with cow milk. Overrun
values were found between 30,65% - 38,17%. The
overrun, used LBG 0,5%, ice cream was calculated as
36,93%. Overrun of control ice cream produced (0,25%
LBG, 0,02% carrageenan and 0,75% guar gum, 5% fat)
by Atsan and Caglar (2008) was determined as 25,26%.
Temiz and Yesilsu (2010: 542) found that overrun rate
decreased as the amount of molasses added to
composition increased in ice cream produced using grape
and mulberry molasses. In the production of 10% grape
molasses and 10% mulberyy molasses were used in ice
cream, overrun increase 19%, 21%, respectively. Over-
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use of the stabilizers results in harder structured ice
cream, so overrun is more limited. Also, LBG, carregen
and xanthan gum interaction used limits overrun value
(Marshall ve Arbuckle 1996: 34, 73). Overrun in this
study, is 18,99%, which is lower than other studies. As a
result, it is determined that proportion of molasses used in
ice cream production (11%) and amount of stabilizer has
effect on ice cream values.

In order to produce a new type of ice cream and to
determine physical and chemical properties of ice cream,
carob pekmez (molasses) was used as a natural sweetener
besides sucrose. It has been determined that carob pekmez
can be used for production of a new ice cream because of
its high natural, ecological and nutritive value. It is also
apparent that the low fat ice cream formulation can be
achieved by use of suitable stabilizers.
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Abstract— The plant rhizosphere is a major soil
ecological environment for plant- microbe interactions
involving colonization of different microorganisms in and
around the roots of the growing plant. Plants can be used
in the remediation of soils contaminated with heavy
metals. The objective of this study was determine the
relationship between the effect of Cd on the symbiotic
model of Sinorhizobium meliloti — Medicago sativa and
the application of Trichoderma sp. on the nutritional
status as well as biochemical characterization of the
sandy brown forest soil. The effects of biofertilizer
Sinorhizobium and coinoculants Trichoderma strains on
growth, chlorophyll and N, P and K content of alfalfa
growing in soil polluted by cadmium were investigated.
The results indicate that the presence of the saprobe fungi
Trichoderma harzianum further enhanced shoot dry
weight, N, P and K content of Sinorhizobium meliloti-
alfalfa symbiotic model. The co-inoculation of alfalfa
with T. harzianum was more effective for Cd uptake. The
effects of the bio-multiple inoculants on the growth of
alfalfa were stimulated the colonization of Sinorhizobium
strains in the rhizosphere, promoted the nodulation
potential and increased the dry organic matter.
Sinorhizobium meliloti interacts with alfalfa as a model
for rhizobioremediation and Trichoderma strains interact
with this model as nodule promotors as well as a partner
in the process of cleaning the plant rhizosphere from
cadmium metal.

Keywords— Alfalfa (Medicago sativa), heavy metals,
Sinorhizobium, Trichoderma fungi.

I. INTRODUCTION
Soil are reservoirs for heavy metals generated by
industrial activities e.g. metal finishing, paint pigment
and battery manufacturing, leather tanning, mining
activities, municipal waste water sludge, urban
composts, pesticides, phosphate fertilizer, or from
atmospheric depositions (Ariano, 1986, Kabata-Pendias,
1992). Metalliferous or industrial soil, which is heavily
enriched with toxic metals, can support the growth of
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specific plant species called metallophytes, which have
long attracted the interest of botanist and are now
considered as potential tools for phytoremediation
(phytostabilization or phytoextraction). Some of these
hypertolerant plants also have the ability to accumulate
high concentration of metals in their tissues,(Boularbah
et al., 2006). Approximately 450 plant species have been
classified as hyperaccumulators of heavy metals, (Baker
et al., 1994; Morel et al., 1997).

The health hazards associated with soil contamination
with trace elements having toxic effects together with
high cost of removal and replacement of polluted soil
have prompted to develop alternative and cheaper
technologies to recover the degraded land. Current
research in this area now includes plants to remediate
polluted soils and to facilitate improvement of soil
structure, the innovative technique being known as
phytoremediation (Brooks, 1998). The possibilities of
using such plant species which are easily growing in
different climates, and using their biomass in non-food
industries, can make them ideal plants for
phytoremediation purposes (Linger et al., 2002; Khan,
2003). Phytoremediation must be considered as a long-
term strategy (Cunningham et al., 1995).

Since 1904, when the term rhizosphere was first coined
by Hiltner (1904), rhizosphere processes of plants have
been widely investigated, however, little attention has
been paid to the microbial community of rhizospheres of
plants growing on metal contaminated sites. Soil
microorganisms, including plant root associated free-
living as well as symbiotic rhizobacteria and mycorrhizal
fungi in particular, are integral part of the rhizosphere
biota. The overall result of plant-rhizosphere microbe
interactions is a higher microbial density and their
metabolic activity in the rhizosphere, even in metal
contaminated soils (Vander, 1998). Plants also influence
the structure of microbial communities through the
release of root exudates (Grayston and Campbell, 1996,
Grayston et al., 1996; Grayston et al., 1998; Kozdroj
and Van Elsas., 2000) and by providing surfaces for
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colonization. However, it is not understood how specific
plants increase the remediation of contaminated soil (Kirk
etal., 2005).

Alfalfa is the most important forage crop in the world.
The seed germination and vigor condition of alfalfa
seedling are characteristics that determine plant
establishment and initial crop development. Many
leguminous plants and particularly alfalfa have extensive
soil-root system extending as deep as 2m. Rhizosphere or
soil-root systems limit the diffusion of solutes in the soil.
Hence the plant can serve both as a vehicle for limiting
the spread of solutes and by promoting the mineralization
of the toxic compound. The general feasibility of
rhizosphere approaches to remediation has been
previously demonstrated (Anderson and Coat 1994).
Frequently, alfalfa development is hampered by
environmental conditions, such as metal deficiencies and
metal toxicity, as well as by diseases. Previous
investigations have shown that common root-colonizing
bacteria are plant growth-promoting microorganisms that
can improve plant development under a variety of
environmental conditions (Reynders and Vlassik 1982,
Kapulnik et al. 1985, Sarig et al. 1988), however, the
known mechanisms by which they promote plant growth
are quite variable. Some of them promote plant growth
mediated by their production of plant regulators
(Mordukhava et al. 1991). Previous studies demonstrated
that alfalfa plants have the ability to geminate and grow in
montmorillonite clay individually contaminated with 80
mg/kg of Cd, Cu and Ni and 160 mg/kg of Zn (Peralta-
Videa et al. 2002). Based on that information, the
following research was designed to determine if a
correlation exists between the heavy metal tolerance and
the growth stage of alfalfa plants. The rhizosphere also
affects the availability of heavy metals. Early studies have
indicated that there is higher concentration of
exchangeable and carbonate bound Cr, Ni, Zn, Cu, Pb and
Cd in the rhizosphere than in bulk soil (Wang et al.,
2002). Root —induced changes in the rhizosphere are
important factors controlling nutrient dynamics in this
zone and thus the mineral nutrition of plants. On the other
hand, nutrient dynamics also influence the rhizosphere
environment (Stratton et al.,, 2001). Rhizobia (e.g.
Azorhizobium, Rhizobium and Sinorhizobium species) are
soil bacteria able to develop N2-fixing symbiosis with
legume plants. S. meliloti is a Gram-negative bacterium
that can live as a saprophyte in soil or as N-fixing
symbiont inside root nodule cells of alfalfa. Fewer studies
are the activities of nodulating bacteria in the rhizosphere
of the host plants that are important for host infection.
These processes include communication between bacteria
(Gray et al., 1996), competition for access to infection
sites on root (Tripplett and Sadowsky, 1992), gene
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transfer (Sullivan and Ronson, 1998) and the growth in
the rhizosphere (Raobleto et al., 1998).

1. MATERIALS AND METHODS
2.1 Microorganisms: in addition to the new isolates of
Sinorhizobium meliloti strains (isolated from different
root-nodules on root of alfalfa, which grown in 50%
sewage sludge amended brown forest soil), two standard
strains of S. meliloti ( heavy metal- tolerant strain GHR94
and salt-tolerant strain GH130) and Trichoderma strains
(T. harzianum (111-2b), T. viride (131-2) and T. koningii
(Cu-3)) isolated from heavy metal contaminated soil
Nagyhdrcsok, Gyongyds and Eger, Hungary respectively
were obtained from the Gene bank of Culture Collection
of the former Research Group of Environmental
Microbiology of Hungarian Academy of Sciences.
2.2 Cultural media and test plant: all medial
constituents were purchased from Difco Laboratories,
Sigma, or Merck Co. Experiments employed the
following sterilized media were used for maintained the
tested microbial strains as slant cultures as well as
carrying out the investigations: Medium  for
Sinorhizobium :(1) Yeast extract mannitol agar:
Sinorhizobium meliloti isolates were isolated and
maintained on yeast extract mannitol agar (YMA)
described by Kleczkowska et al., (1968). (2) Yeast
extracts mannitol broth: YMA medium without agar
(YMB).
Medium for Trichoderma: (1) Trichoderma- selective
medium: Trichoderma strains were maintained on
Trichoderma- selective medium described by Askew and
Laing ., 1993). (2) Sucrose-yeast extract broth (SYB): for
preparation of bioinoculant and to study the sensitivity of
the Trichoderma strains to Cd salts. Different
concentrations of Cd salts were added to SYB medium
described by Altomare et al., (1999). Alfalfa (Medicago
sativa L.) seeds of Hungarian origin.
2.3 Soil sample collection and preparation: the
experiments were carried out in pots with soil
contaminated by cadmium salts (Cd 11.02 mg kg ). The
soil sample used for the present study was collected from
a non-cultivated field of the experimental station at Szent
Istvan University, Hungary. The soil of sampling area
was sandy brown forest of general properties. The soil
sample were collected in plastic bags and transferred to
the laboratory. The sample was sieved through a 2 mm
mesh to remove plant debris and soil fauna and was
stored at cool room for plant-microbe interaction.
2.4 Cadmium salt: cadmium chloride (CdCl, 6H,0) and
cadmium sulphate (3CdSO, .8H,O) obtained from
(Reanal Chemical Company Ltd), with following
concentrations used: In vitro: 0, 10, 20, 40, 80 and
160uM. Invivo: 0, 10, 20, 40, 80 and 160 mg kg™ soil.
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2.5 Isolation, maintenance and growth of
Sinorhizobium meliloti:

Routine techniques for further studies of Rhizobium are
described by Vincent, (1970) were used. Comparatively,
the isolates were selected according to the intense pink
coloration of the colonies. Sub-culturing occurred only
once during the experiment and single colonies were
selected and each isolate was restreaked to purify
(Somesegaran and Hoben., 1994). The bacterial isolates
were stored on YMA slant tubes for further investigation.
In screw-capped tubes containing YMA with CaCOs3 (3g |
-1), the strains were streaked and maintained at 4°C.

2.6 Screening isolates for nodulation:

A test of ability of the 55 isolates to form nodules on
alfalfa root is the ultimate criterion of authenticity as
Sinorhizobium. According to Jansen and Strijdom.,
(1982) that competitive ability as determined in
autoclaved soils correlated with the ability to infect plants
rapidly. The selection of the strains were depended on the
intensity of nodule formation on the root (occupation rate
in comparison with control strains), and the presence of
leghemoglobin formation inside the root- nodule (the pink
color) in which the concentration of leghemoglobin
within the nodule bears a direct relationship to the amount
of molecular N2-fixed (Jordan and Garrard., 1951).

2.7 Preparation of inoculate: under complete aseptically
conditions, the inoculate of tested Sinorhizobium meliloti
strains were prepared by growing each microorganism of
tested bacterial cultures in 250ml Erlenmeyer flask
containing 50 ml of YMB medium. The flasks were
incubated at 28°C for 2days on a rotary shaker operating
at 150 rpm. The bacterial cells from 10 ml cultures were
centrifuged (12000 x for 4 min) and washed twice in
phosphate buffered saline and re-suspended in 10ml of
phosphate buffered. This is the final bacterial suspension
which was used as inoculum throughout the following
investigations.

Preparation of sinorhizobial inocula for in vitro: All
Sinorhizobium inocula used in in vitro experiments had a
cell capacity of 1x10® cell mI* of saline solution (0.85g
NaCl salt dissolved in sterile distilled water and
completed to 100ml), this was calibrated by
haemocytometer. It was prepared by washing three slant
cultures of a 24h old culture, each with 5 ml of sterile
0.85% NaCl solution. The uniform distribution of the
cells in the solution was obtained by shaking machine
(Bayoumi, 1987). For in vitro experiments, Trichoderma
strains a colony disc of active mycelium of fresh growth
colony with 5 mm in diameter was placed carefully in the
250ml Erlenmeyer flask containing 50ml of SYB
medium. The flasks were incubated at 28°C for 5 days on
a rotary shaker operating at 50 rpm. But, in vivo for soil-
plant inoculation, conidial suspension was prepared by
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washing the growth colony grown on agar surface with
saline solution and the conidial number per ml (1x10%)
was calibrated by haemocytometer.

2.8 Ecophysiological selection of S. meliloti strains:
originally, the total number of isolates was 55, and by the
help of nodulation test, the number of root nodule
forming strains was reduced to 18 during one month.

2.9 Determination the growth rate of microbial strain
under Cd stress

For Sinorhizobium strains: two cadmium salts were
subjected to establish their effects on the growth rate of 8
S. meliloti strains in YMB medium using microfermentor
technique (Bayoumi et al., 1995a and 1995b) at six
concentration (0, 10, 20, 40, 80 and 160mgl™) of each
salt. Using spectrophotometer (DR-2000 model) under
different conditions at wavelength 550nm and compared
with the rate of growth in control culture.

For Trichoderma strains, a colony disc of active
mycelium of fresh growth colony with 5mm in diameter
was placed carefully in the center of in 250 ml
Erlenmeyer flask containing 50 ml of SYB medium
contaminated with two cadmium salts at different
concentrations (0, 10, 20, 40, 80 and 160mgl?). The
flasks were incubated at 28°C for 5 days on a rotary
shaker operating at 50 rpm.

2.10 Phytoremediation of Cd polluted soil:

The soil remediation ability of the plant-bacteria
symbiosis was tested using a sterilized soil with or
without Cd contamination, which was supplied as CdCl,
or CdSO; solution to obtain a Cd concentration of 0, 60,
and 120mgkg™? dry weight soil. The pots contained a
mixture of each 4 kg of soil and approximately 1x10° cells
of sinorhizobial strain per seedling. Six seedlings of
alfalfa, which were three days old after germination
(M.sativa seeds were surface-sterilized, sown 0.7% agar
plate and incubated for three days in the dark at 25°C),
were transferred to one pot containing one of Cd
concentration mentioned above in addition to one of
Trichoderma strains and grown under light (16h
photoperiod per a day) at 25-28°C for 8 weeks. Shoots,
roots and nodules were harvested from 8 weeks-old
plants. Cd concentration was measured directly from the
soluble fraction using AAS.

2.11 Monitoring the biological Na-fixation under Cd
stress:

The experiment was designed to detect the interactions
between the two cadmium salts amendment and the
biological N _fixation in brown forest soil. The study
was conducted in pot experiment predicated to different
concentrations of cadmium doses. The cadmium salts
were applied to the soil before the plantation and plant
inoculation. Generally, the following experiments of
predicating the impacts of cadmium on the plant-microbe
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interactions in addition to coinoculate the system with
Trichoderma strains (H1-2b T. harzianum, 131-2
T.viride) were carried out using one Hungarian cultivar of
alfalfa, three new isolated strains of S. meliloti (GHF-162,
GHF-281 and GHF-3153), one standard strain (GHR-94)
and two cadmium salts at three concentrations (0, 60 and
120 mg kg soil) and performed in the greenhouse.

Seeds were selected for healthy and uniformity without
any injury, and surface sterilized with 70 % ethanol
followed by acidified 0.2 % HgCl, for 5 minutes, and
thoroughly washed in several changes of sterile distilled
water. Seeds were then soaked for 8h at room temperature
in sterile distilled water (soaking water was changed
every 2 h) and then seeds were germinated on sterile
moisted filter paper in large petri dish for 72h in the dark
at 28°C according to Franco and Vincent, (1976). Sterile
water was added to the germinated seeds when required.
Under a sceptic conditions, eight seedlings were
transplanted into each pot and covered with a layer of
approximately 2cm of sterile soil. Pots were cellophane
covered. Seven days after transplanting, pots were thinned
to four seedlings pot?. Seedling rhizosphere was
inoculated with 10 ml of a suspension of biofertilizer
Sinorhizobium inoculum (GHR-94, GHF-162, GHF-281,
or GHF- 3153) prepared as follows: each one of the five
biofertilizer S. meliloti strains was grown in YMB for 48h
at 28°C, to give a final cell concentration 1x10% cell
capacity ml?, using hemocytometer for calibration.
Seedlings were watered with sterile tap water when
required, and the plants grown under natural illumination
14h photoperiod at around 28+2°C according to Ta and
Faris, (1988). Consequently, the inoculated plant
seedlings were coinoculated with one of the following
Trichoderma harzianum (H1-2b) or Trichoderma viride
(131-2).

The experiment was conducted in three replicate for each
of treatment. Seedlings were watered with sterile distilled
water when required. The plants were grown under
natural illumination (16h photoperiod) at around 26-
18+2°C. The experiment was conducted for 8 weeks, and
then plants were carefully uprooted, and washed several
times in tap water for farther investigations.

2.12 Plant growth parameters:

Data recorded/ plant as follows: Height of plant shoot in
cm, number of root nodules. Dry weight of plants
biomass and nodules were determined after oven dried at
75°C to a constant weight and the values were expressed
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as g plant* and mg root nodules plant -*. Total N-content
(mg plant®) was measured using micro-Kjeldahl method
as a criterion of Nyfixation (Burris, 1974). Cd
concentrations were measured after digestion of the air-
dried plant samples with HNOs; + H,O,, followed by
inductively coupled plasma atomic emission spectrometry
(ICP- AES), as described by Mikanova et al., (2001).

2.13 Measurement of chlorophyll and total N, P and K
contents:

The chlorophyll a and b of alfalfa leaves was extracted
with 80% (v:v) acetone at 8 weeks after transplanting and
estimated by a procedure as described by Lichtenthaler,
(1987). The sample size for this measurement was a 5 mm
diameter leaf. The total N, P and K contents in shoots of
alfalfa plants were analyzed as described by Mingorance,
(2002) using a microwave system after digestion of
samples with H;SOs+ H,0,.Total N and P were
determined by colorimetry using automatic air-segment
continuous flow analysis and K was analyzed by flame
photometry.

2.14 Statistical analyses

Values are mean of three to eight replicates. All data were
subjected to one-way analysis of variance. Data were
processed by analysis of variance (ANOVA) and Fisher's
protected least significant differences (LSD) when
appropriate (Sokal and Rohlf 1981).

1. RESULT
3.1 SELECTION OF S. MELILOTI STRAINS
Using different microbiological assays and the growth on
various growth media and pure cultures, the number of
the isolates was reduced. Therefore, a final 18 out of 55
bacterial isolates were collected from different root-
nodules of various plant samples and then this number of
isolates was reduced by the help of plant inoculation to
become 8 according to the faster and early development
of root nodules on the roots of alfalfa plants.
3.1.1 Performance of nodulation formation and plant
dry weight
Table 1 shows the differences between the strains on the
competitive ability in the nodule formation (nodule
number per plant). When the strains have the ability to
form nodule, it means that they are able to survive and
multiply in the environment under normal conditions
(without stressed factors). These results gave an account
on the mode of the strains to colonize the rhizosphere and
the roots of the host plant.
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Table 1. Plant dry weight and number of nodules per plant as criteria for the ability to form effective N2-fixing nodules with
the host plant (authentication).

Inoculation with isolates | Plant dry matter (mg) Number of nodules per plant
Uninoculated plant 153 0
Standard: GHR-94 231 10
Standard: GH-130 254 10
GHF-131 241 10
GHF-162 412 14
GHF-1120 225 9
GHF-1141 228 9
GHF-214 244 10
GHF-230 312 13
GHF-243 267 10
GHF-270 281 11
GHF-281 457 14
GHF-290 288 11
GHF-2100 315 13
GHF-2130 309 12
GHF-321 297 11
GHF-353 326 13
GHF-372 317 13
GHF-3111 303 12
GHF-3150 331 13
GHF-3153 461 14

3.2 In vitro tolerance of inoculant strains to Cd salts

3.2.1 For sinorhizobial biofertizer inoculants:

The effect of cadmium in chloride and sulfate forms on
the relative growth rates of the selected Sinorhizobium
strains are presented in Fig 1 & 2. The percentage relative
growth of sinorhizobial strains was obtained in comparing
with the control. Results clearly demonstrate that the
addition of cadmium affected growth conditions
differentially with the concentrations of the salt. It was
found that by increasing the Cd concentration in the
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growth medium the growth rate of the strains decreased.
But, GHR-94, GHF-162, GHF-281 and GHF-3153 strains
of Sinorhizobium were the most tolerant against the
concentrations of CdCl, (Fig 1). Similar results were
obtained in case of treated the growth medium with
CdSOq (Fig 2). This figure shows that the relative growth
rates of the strains were more inhibited by concentrations
of the salt investigated. Comparatively, it was found that
the effect of sulfate form of the cadmium salt was more
toxic to the Sinorhizobium strains.
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Fig. 2: Effect of cadmium sulfate concentrations on the relative growth rate Sinorhizobium meliloti strains

3.2.2 For Trichodermal coinoculants:

In SY broth medium, effect of different concentrations (0,
10, 20, 40, 80 and 160 mgl?) of Cd salts were tested and
the results showed that the Trichoderma strains were
tolerated the low concentrations in term of dry weight of
fungal colony. But by increasing the concentrations the
dry weight of fungal colony was decreased. Fig 3 shows
that no significant differences among the strains toward
CdCl, concentrations, and the T. harizanum (H1-2b) was
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more tolerant strain andCu-3 of T. koningii was more
sensitive to the CdCl,. Fig 4 demonstrates that T.
harizanum was the most tolerant strain to CdSO4 than T.
viride and T. koningii. Comparatively, the results of this
investigation showed that CdSO4 had more toxic effects
on the colony dry weight of the three Trichoderma strains
than CdCl..
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3.3 In vivo experiments

3.3.1 Effect of Cd on plant biomass

Generally, the addition of Trichoderma strains to the Cd-
treated soil as co-inoculating agent improved the plant
biomass (shoot and root) of the plant inoculated by four S.
meliloti strains. The results for the effect of cadmium on
the biomass of the alfalfa plants with the inoculants and
coinoculants are present in Table 2. All plants were
grown even in the presence of the highest concentration
(120mg Cd/kg soil). In all cases of the Cd, the biomass
per plant varied directly with the metal concentrations
applied to the soil and depended on the biofertilizer and
coinoculants strain. There were significant differences
between the biomass throughout the all plants and the
highest concentration of Cd applied to the soil. Moreover,

www.ijeab.com

that biomass which was measured at 60mg/kg was
significantly increased compared with those at 120mg/kg.
The results of this study showed that the coinoculation
with T.harzianum gave more nodule numbers compared
with those coinoculated with T. viride strains especially
when the plant inoculated by GHF-3153 followed by
GHF-281, GHF-162 and GHR-94. It was noted that the
R/S ratios were high in all cases which were coinoculated
with Trichoderma strains and this gave evidence that the
Trichoderma strains are proved to be plant growth
promoting agents. Previously, in the present work, it was
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found that the two strains of Trichoderma are proved also
to be nodule promoting agents due to the increasing the
nodule numbers compared with those grown on the roots
of plants only inoculated with the biofertilizers. The

results indicated that the soil amended with CdSO4 had
more toxic effect on the investigated parameters of shoot
and root dry weight and R/S ratio than CdCl..

Table.2: Shoot and root dry weight of Medicago sativa grown in Cd-contaminated soil at concentrations 60 and 120 mg/kg
soil and inoculated with Sinorhizobium meliloti in presence or in absence of Trichoderma harzianum and Trichoderma

viride strains

Treatments Shoot dry weight (g) Root dry weight (g) R/S ratio
T.harzianum | T. viride T.harzianum T. viride T.harzianum | T. viride
Control 1.76 1.72 0.42 0.41 0.21 0.21
Control+60mg CdCl, 2.02 1.95 0.55a 0.54a 0.3a 0.28
Control+120mg CdCl; 1.96 1.94 0.59 0.57a 0.32a 03a
GHR-94+60mg CdCl; 2.24a 2.16a 0.67a 0.61a 0.4a 0.38a
GHR-94+120mg CdCl, 2.11a 2.03a 0.61a 0.62a 0.35a 0.29a
GHF-162+60mg CdCl, 2.25a 2.34a 0.66a 0.64a 0.41a 0.33a
GHF-162+120mg CdCl, 2.08a 2.02 0.69a 0.63aa 0.4a 0.38a
GHF-281+60mg CdCl, 2.68a 2.61a 0.76a 0.72a 0.45a 0.41a
GHF-281+120mg CdCl, 2.58a 2.49 0.74a 0.64a 0.48a 0.45a
GHF-3153+60mg CdCl, 2.77a 2.68a 0.81a 0.70a 0.49a 0.48a
GHF-3153+120mg CdCl; 2.72a 2.64a 0.77a 0.69a 0.49a 0.48a
Control+60mg CdSO4 1.85 1.81 0.52 0.5 0.26 0.26
Control+120mg CdSO4 1.76 1.74 0.49 0.47 0.27 0.26
GHR-94+60mg CdSO4 1.95 1.86 0.57a 0.51a 0.3a 0.28
GHR-94+120mg CdSO4 191 1.83 0.53a 0.52a 0.27 0.26
GHF-162+60mg CdSO4 1.95 1.94 0.56a 0.54a 0.31a 0.30a
GHF-162+120mg CdSO4 1.98 1.92 0.59a 0.53a 0.34a 0.32a
GHF-281+60mg CdSO4 2.08a 2.01 0.66a 0.65a 0.35a 0.33a
GHF-281+120mg CdSO4 2.25a 2.22a 0.71a 0.65a 0.38a 0.35a
GHF-3153+60mg CdSO4 2.47a 2.38a 0.82a 0.77a 0.39% 0.38a
GHF-3153+120mg CdSO, 2.62a 2.54a 0.67a 0.61a 0.42a 0.42a
LSD (P=0.05) 0.32 0.31 0.11 0.09 0.08 0.08

Column values followed by the (a) are significantly different with control according to Fisher's LSD test (P=0.05).

3.3.2 Effect of Cd on nodulation

Generally, the addition of Trichoderma strains to the Cd-
treated soil as co-inoculating agent improved the
nodulation potent of the four S. meliloti strains. The data
for the effect of cadmium on the nodulation potential of
alfalfa plants with the inoculants are present in Table 3.
All plants were nodulated even in the presence of the
highest concentration (120mg Cd/kg soil), but with a few
number of nodules. In all cases of the Cd, the number of
nodules per plant varied directly with the metal
concentrations applied to the soil. There were significant
differences between the number of nodules throughout the
all plants and the highest concentration of Cd applied to
the soil. Moreover, that number of root nodules which
was counted at 60 mg/kg was significantly increased
compared with those at 120 mg/kg.
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The results of this study showed that the coinoculation
with T.harzianum gave more nodule numbers compared
with those coinoculated with T. viride strain especially
when the plant inoculated by GHF-3153 followed by
GHF-281, GHF-162 and GHR-94. Similarly, it was found
that the nodule dry weight was decreased in plants
inoculated with the biofertilizers compared with those of
inoculated with biofertilizers and coinoculated with
Trichoderma strains. The root nodule biomass on the
roots of plants coinoculated with T.harzianum was higher
than those coinoculated with T. viride strain in presence
of any of biofertilizers.

The data in Table 3 demonstrates that the best nodule
number and nodule dry weight was found at the
combination of plant grown in soil amended with 60 mg
Cd (CdCly)/kg inoculated with Sinorhizobium meliloti
strain GHF-3135 and coinoculated with T.harzianum
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strain. While the lowest nodule number and nodule dry
weight was found at the combination of plant grown in
soil amended with 120 mg Cd (CdSOa.)/kg inoculated

with  Sinorhizobium meliloti strain GHR-94 and
coinoculated with Trichoderma viride strains.

Table. 3: Number of nodules and nodules dry weight of Medicago sativa grown in Cd-contaminated soil inoculated with
Sinorhizobium meliloti in presence or in absence of Trichoderma strains.

Treatments Number of nodules/plant Nodules dry weight (mg)
T.harzianum T. viride T.harzianum T. viride

Control 0 0 0 0
Control+60mg CdCl, 0 0 0 0
Control+120mg CdCl; 0 0 0 0
GHR-94+60mg CdCl; 32 29 121 118
GHR-94+120mg CdCl, 26 21 99 78
GHF-162+60mg CdCl, 41a 34 143 174a
GHF-162+120mg CdCl; 34 29 175a 122
GHF-281+60mg CdCl; 54a 42a 211a 171a
GHF-281+120mg CdCl; 43a 33 176a 134
GHF-3153+60mg CdCl; 65a 5la 224a 199a
GHF-3153+120mg CdCl; 5la 39%a 196a 162a
GHR-94+60mg CdSO4 28 25 116 98
GHR-94+120mg CdSO4 23 19 92 81
GHF-162+60mg CdSO4 37a 31 129 122
GHF-162+120mg CdSO4 31 26 123 102
GHF-281+60mg CdSO4 49a 38a 196a 155a
GHF-281+120mg CdSO4 39 30 156 121
GHF-3153+60mg CdSO4 58a 46a 248a 201a
GHF-3153+120mg CdSO4 5la 39%a 202a 162a

LSD (P=0.05) 155 14.8 74.8 62.5

Column values followed by the (a) are significantly different with control according to Fisher's LSD test (P=0.05).

Comparatively, the results showed high significant
differences (at P=0.05) in the plant inoculated by either
GHF-3153 or GHF-281 in the presence of Trichoderma
harzianum strains and grew in soil polluted with 60 mg
Cd/kg.

3.3.3 Effect of Cd on total chlorophylls content

The results of the present study showed that the addition
of Trichoderma strains to the Cd amended soil as co-
inoculating agent improved the chlorophyll content in the
plant leaves especially those incoculated with the four S.
meliloti strains compared with the control plants. The data
for the effect of cadmium on the chlorophyll content of
the alfalfa plants with the inoculants are present in Fig 5.
All plants were grown even in the presence of the highest
concentration (120 mg Cd/kg soil), and the leaves were
more healthy than those of control pots or even better
than those of only inoculated by biofertilizers or
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coinoculated with Trichoderma strains only. In all cases
of the Cd, the chlorophyll content per plant varied directly
with the metal concentrations applied to the soil as well as
with the microbial inoculation. There were significant
differences between the chlorophyll content throughout
the all plants and the highest concentration of Cd applied
to the soil. Moreover, that chlorophyll content at 60
mg/kg was significantly increased compared with those at
120mg/kg.

The results of this study showed that the coinoculation
with T. harzianum increased the chlorophyll content
compared with those coinoculated with T. viride strain
especially when the plant inoculated by GHR-94 followed
by GHF-3153, GHF-281 and GHF-162. The lowest
chlorophyll content was at control plant grown in
untreated soil and control plant grown in soil amended
with 120mg Cd/kg.
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3.3.4 Effect of Cd on shoot N, P and K content

Generally, it was found that CdCl, more stimulated the
bioaccumulation of N, P and K in plant shoot more than
those plants grew in soil polluted with CdSO.. Table 4
shows that the all parameters of the investigations
recorded in CdCl; soil pollution were higher in N, P and
K content in plant shoot than those measured in soil
polluted with CdSO.. Also, the higher investigated

Trichoderma horziarmen
0 Trichoderma viride

Treatments
Fig. 5: Total chlorophyll of Medicago sativa grown in Cd-contaminated soil inoculated with Sinorhizobium meliloti in
presence or in absence of Trichoderma strains.

parameters were registered in plants inoculated with
GHF-3153 or GHF-281 and coinoculated with
T.harzianum strain and grew in 60mg Cd/ kg polluted
soil. The results of the present study showed that even in
CdSOq4 or in CdCI2 polluted soils, plant nutritional status
give significant differences under most of the treatments
at P=0.05 compared with the control.

Table. 4: Shoot N, P and K content of Medicago sativa grown in Cd contaminated soil and inoculated with sinorhizobium

meliloti in presence or in absence of Trichoderma strains.

Treatments N content (mg/plant) P (mg) K (mg)
T.harzianum T. viride T.harzianum T. viride T.harzianum T. viride

Control 114 97 31 29 42 38
Control+60mg CdCl, 125 121 37 33 46 43
Control+120mg CdCl; 146 137 45a 43a 55a 52a
GHR-94+60mg CdCl; 187a 174a 52a 46a 6la 58a
GHR-94+120mg CdCl, 177a 165a 45a 44a 56a 54a
GHF-162+60mg CdCl; 201a 189a 66a 6la 67a 62a
GHF-162+120mg CdCl; 187a 179a 52a 49a 62a 59a
GHF-281+60mg CdCl; 235a 224a T4a 69a 76a 7la
GHF-281+120mg CdCl; 211a 208a 54a 5la 59 55a
GHF-3153+60mg CdCl; 254a 247a 82a 76a 82a T4a
GHF-3153+120mg CdCIl, | 239a 232a 56a 52a 66a 63a
Control+60mg CdSO4 115a 111 32 30 41 39
Control+120mg CdSO, 137 131 41 39 35 31
GHR-94+60mg CdSO4 167a 154a 52a 42 5la 48a
GHR-94+120mg CdSO4 155 147a 44 41 50 47a
GHF-162+60mg CdSO4 181a 179a 56a 5la 57a 52a
GHF-162+120mg CdSO. 176a 165a 53a 45a 52a 49a
www.ijeab.com Page | 42
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Treatments N content (mg/plant) P (mg) K (mg)
T.harzianum T. viride T.harzianum T. viride T.harzianum T. viride

GHF-281+60mg CdSO4 224a 218a 6la 56a 72a 70a

GHF-281+120mg CdSO4 219a 206a 56a 53a 69a 65a

GHF-3153+60mg CdSO4 244a 232a T2a 66a T2a 64a

GHF-3153+120mg CdSO, | 229a 221 65a 64a 68a 6la

LSD (P=0.05) 43.5 43.6 134 12.6 12.3 115

Column values followed by the (a) are significantly different with control according to Fisher‘s LSD test (P = 0.05).

3.3.5 Rhizobioremediation and Cd accumulation in
shoot:

Fig 6 demonstrates the Cd uptake by plant shoot
throughout the interactions between the
rhizomicroorganisms and the absorption surfaces of the
plant root. The present study showed that the Cd uptake
by plant roots with the association with the biofertilizer
Sinorhizobium and Trichoderma as coinoculating agents
was higher in soil polluted with CdSO4 than in soil
polluted with CdCl,. The more Cd accumulation in the
shoot of the alfalfa plant was more in plant roots
coinoculate with Trichoderma harzianum than those
coinoculated with Trichoderma viride. Also, the amount
of Cd detected in the shoot of the plant was more in those
plants grown in the soil polluted with 120 mg Cd/kg than
in soil polluted with 60 mg Cd/kg. The roots inoculated
with GHF-3153 and GHF-281 has the ability to absorb
Cd in high polluted soil better than the soil polluted with

Cd contentin shoot (mg/kg)

low dose of Cd. From the Fig 6 below, the results can
summarized as following: Highest Cd accumulation in
alfalfa shoot is found the case of: (a) Inoculationg the
plant roots with GHF-3153 or by GHF-281 and
coinoculating with Trichoderma harzianum and grow in
soil polluted with 120 mg Cd (CdSO4)/kg. (b)
Inoculationg the plant roots with GHF-3153 or by GHF-
281 and coinoculating with Trichoderma harzianum and
grows in soil polluted with 120 mg Cd (CdCl.)/kg.
Lowest Cd accumulation in alfalfa shoot is found the case
of: (a) Control and (b) Plant grown in soil of low Cd
concentration. The use of term rhizobiremediation her
can be replace the term phytoremediation because that the
complete system of cooperation is interacted together to
tolerate the system against the free Cd ions and allow
some of them to be bioabsorbed and bioaccumulated in
the plant parts as well as accumulated in the cells of
Sinorhizobium or Trichoderma.

ZTrichoderma harzianum

OTrichoderma viride

Treatments

Fig. 6: Shoot Cd content of Medicago sativa grown in Cd amended soil and inoculated with Sinorhizobium meliloti in
presence or in absence of Trichoderma strains. Bar values indicate by (a) are significantly different with control according
to Fisher's LSD test (P= 0.05).
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IV. DISCUSSION

Morrissey et al., (2004) reported that one major challenge
for the twenty-first century will be the production of
sufficient food-the United Nations Population Fund
estimates that the global human population may well
reach 10 billion by 2050. This means increasing
agricultural productivity of food crops, as plants form the
basis of every food chain.  The introduction of metal
pollutants in various forms in the environment can pose a
severe threat to the ecological system due to their
negative impact on most life forms (Jaiswal and Malik
2000, Gavrilesea 2004). Although, some amounts of
heavy metals are required by all life forms, however,
there is a threshold limit to this requirement (Cervantes
and Corona 1994). At high concentrations, heavy metal
ions react to form toxic compounds in cells (Nies 1999,
Choudhury and Spain 2003). Another major problem with
metals is their persistence as they tend to persist
indefinitely in the food chain (Gupta et al. 2000, Aleem et
al., 2003). The conventional treatment procedures used
for removal of metals are uneconomical (Say et al.,
2001). Therefore, there is a need to develop rapid,
economical and environmentally benign technology for
the removal of metals from industrial effluents. There are
certain microorganisms, which can survive in high
concentrations of metals and have the potential to
accumulate different metals. This is achieved by the
virtue of covalent interaction of metal at cell surface or
within the cell by different processes (Gadd and White
1993, Bhanoori and Venkateswerlu, 2000). These
microbes can be of immense significance in the clean-up
of heavy metals from the environment.

Naar and Biré (2006) established that the rate of Cd
pollution significantly correlated with the frequency of
four of six Trichoderma spp. presumably, the Cd
tolerance of the isolates from differently contaminated
plots is similar. This fact was supported by an earlier
study, in which Cd tolerance of T. harzianum, T. virens,
T. viride isolates, originating from soils with different Cd
pollution levels were studied. The authors said that no
considerable difference was found in the minimum
inhibitory concentration for in vitro growth rate on Cd
containing medium. Our in vitro results showed that the
Trichoderma  strains can tolerate the different
concentration of Cd in broth medium. Harman et al.
(2004) stated that Trichoderma spp. Are free —living
fungi that are common in soil and root ecosystems. Root
colonization by Trichoderma spp. also frequently
enhances root growth and development, crop
productivity, resistance to abiotic stresses and the uptake
and use of nutrients. Kleifeld and Chet (1992) mentioned
that the fungus T. harzianum which was applied to
pathogen-free soil induced an increase in emergence of
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seedlings, plant height, leaf area and dry weight. The
results of the present study confirm the remarks and we
are in agreement with the authors regarding to the
increase of the plant dry weight. Bayoumi et al., (1995b)
studied the effects of different abiotic factors (acidity,
salinity, nitrate and temperature) on growth rate of root-
nodule bacteria (Rhizobium and Bradyrhizobium) strains
were investigated in vitro. Strains isolated from Vicia
faba L., Coronilla varia L. and Lupinus albus L.
exhibited a large variation in tolerance of the above
mentioned factors. These bacteria should be screened
under stimulated conditions for enhanced survival before
selection to be used for commercial inoculant production.
Linear correlation matrix data were useful to find the
appropriate concentrations for the selection of the tolerant
strains. This conclusion can be applied to the data
obtained during the experimental records. The statistical
examinations carried out on the collected results confirm
also that conclusion of Bayoumi et al., (1995b). Alfredo
et al., (2006) hypothesized that the remediation measures
would reduce heavy metal solubility, increase soil fertility
and enhance soil microbial functionality. Also they
hypothesized that the addition of different amendments
and the development of a root system might induce shifts
in the microbial community structure among the different
treatments. We are in agreement with these concepts with
the regard to the increases of nutritional status in the
alfalfa biofertilized and coinoculated by functional
microbial groups. Naar et al., (2002) mentioned that the
rate and direction of correlations, however, varied with
the type of heavy metals when pot experiment was carried
out to test the relation between two beneficial
microorganisms in Cd, Zn and Ni polluted soil. The
recorded results are in agreement with these conclusions
respecting the mode of action of the microbial functions
on the plant production and the nutrient content in the
plants. The most remarkable result of this study is the
survival of Sinorhizobium strains in the heavy metal
contaminated soil which appear to be sensitive to high
concentrations of applied cadmium salts.

These results were in agreement with the conclusion of
Palagyi et al., (2004) mentioned that the success of a
sinorhizobial inoculant in the soil depends to a large
extent on its capacity to compete against indigenous
strains. GSMO03, a S. meliloti strain with enhanced
competitiveness for nodule occupancy, was recently
established in soil amended with heavy metals containing
high doses of Cd, Cu and Pb ion concentrations. The
results allowed us to differentiate between alterations in
the microbial community apparently caused by
inoculation and by the rhizosphere effect induced by the
alfalfa plants and by the environment. Only moderate
inoculation-dependent effects could be detected, while the
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alfalfa plants appeared to have a much stronger influence
on the microbial community. There are increasing
evidence of adverse effects on microbial processes related
to nutrient cycling in these types of soils. Applications of
organic fertilizers with low concentrations of heavy
metals with improve soil fertility in reclaimed soils.
Furthermore, the legume-root nodule symbiosis can be
used as an effective parameter for ecotoxicological
evaluation of contaminated soils, Smith, (1997).
However, in our experiment these factors were similar for
all treatments.

Our results clearly demonstrate that small concentrations
of Cd in soil cannot cause reductions in the number of
rhizobia and indirectly in the nodule number too. These
results are in agreement with Giller et al., (1993). Al-
Kahal et al., (2001) mentioned that metal uptake by grains
seemed to be directly related to the concentration of
heavy metals and was greater in the case of an individual
metal added separately than in combination. The results
of the present study support this conclusion, but our
results showed that the accumulation of Cd in the plant
shoot was depended on the microbial inoculation and the
amount of Cd present in the contaminated soil.

V. CONCLUSION

The results indicate that Medicago sativa is suitable to
grow and rehabilitate Cd-polluted soils when inoculated
specifically with Sinorhizobium meliloti tolerant to
cadmium salts at various concentrations. Some other soil
microorganisms like and Trichoderma fungi can further
improve the chances to recover these contaminated sites
and bring them back into cultivation. The association of
Medicago sativa with Cd-resistant sinorhizobial strains
can further help to improve the resistance of alfalfa to Cd.
It can be assumed that such legumes will also support the
N nutrition of the Medicago sativa provided that an
effective Sinorhizobim-Medicago association can be
established under Cd-polluted conditions.
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Abstract— This experiment was conducted to investigate
the immuno-modulatory activity of aqueous leaf extract of
Moringa oleifera on immune response of broiler chickens
to Newcastle disease (ND) vaccinations. The
performance, blood parameters and serum biochemistry
of the birds were also determined. A total of one hundred
and twenty (120) day-old commercial broiler chicks were
randomly allotted to 3 dietary treatments of 4 replicates
each. Each replicate had 10 birds. The treatments: T1 —
Control group in which the birds were not given any
extract; T2 and T3 — birds in these groups were given the
prepared stock solution of Moringa oleifera leaf extract
at dose rate of 2500mg/kg and 5000mg/kg of body weight
in drinking water. The experimental birds were
vaccinated with ND vaccines using a stipulated
vaccination regime. The Moringa oleifera leaf extract
exhibited significant (p<0.05) influence on final body
weight of the experimental broiler chickens with birds in
T3 having an average weight of 1947.43g and birds in
Tlhad 1733.33g. The immune modulating effect of the
leaf extract was insignificant (p=>0.05) though it elicited
higher antibody titre of Log.7 and Log,9 in birds in T3
compared to Log.6 and Log.8 of birds in control group
after the first and second ND vaccinations respectively.
The leaf extract caused significant (p<0.05) increase in
white blood cells and leucocytes count. The study
concluded that the plant extract had slight immune
stimulatory effects on response to ND vaccinations and
improved the growth performance of broiler chickens.
Keywords— Antibody, aqueous, growth, immune
response, Moringa oleifera.

l. INTRODUCTION

Poultry production provides base for the socioeconomic
advancement in the majority of developing countries and
this has led to increased demand for poultry products
especially broiler meat. This is because consumers
perceive that it is a healthy product that contains less fat,
predominantly unsaturated fatty acids, and particularly
polyunsaturated fatty acids, compared to beef or pork
products.

The continuing survival and growth of the broiler chicken
industry in developing countries of the world depends on
its ability to compete globally, which is largely dependent
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on the efficiency of its production system. It is a common
practice in the management of poultry to administer
antibiotics in drinking water as growth promoters and to
prevent or control infectious bacterial diseases. The
benefit of such practice is to maintain good health,
suppress mortality of birds, and to support maximal
growth via improved utilization of nutrients and
ultimately improve profit (Zeweil et al., 2006). However,
the use of synthetically-produced substances especially
antibiotic growth promoters was soon found to have
objectionable side-effects (Makanjuola et al., 2014). This
has led to antibiotics growth promoter being banned
mainly due not only to cross-resistance but also to
multiple resistances.

Therefore due to the desire for improved economic status
in poultry production, researchers revolutionized the
application of feed and water additives by focusing on
organic or natural supplements instead of using synthetic
medicament (Zeweil et al., 2006). The use of medicinal
plant either alone or in group (combination) as possible
therapeutic measures has become a subject of active
scientific investigation (Oyewole, 2012). Some medicinal
plant products are known to enhance natural resistance of
host to infection due to the presence of bioactive
phytochemicals or phyto-nutrients (Soetan and Oyewole,
2009).

Moringa (Moringa oleifera Lam.) is a multipurpose
tropical tree and it has been dubbed the "miracle tree" or
"tree of life" in popular media (Bosch, 2004; Orwa et al.,
2009; Radovich, 2013; FAO, 2014) mainly because it is
used for food and has numerous industrial, medicinal and
agricultural uses, including animal feeding. Moringa
leaves have been reported to be a rich source of B-
carotene, protein, vitamin C, calcium and potassium and
act as a good source of natural antioxidant compounds
such as flavonoids, phenolics and carotenoids (Anwar and
Bhanger, 2003). It is one of the herbs containing
bioceutical agents that could substitute synthetic growth
enhancers and supplements in broiler and other livestock
production since it possesses important medicinal
properties which include antibacterial and antifungal
activities (Nickon et al., 2008). ). In Nigeria, leaf
preparations of Moringa oleifera is widely used in
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folklore for the treatment of immune system related
disorders (Oyewo et al., 2013).

This study was done to investigate the effect of aqueous
leaf extraction of Moringa oleifera in drinking water of
broiler chickens on their growth performance and immune
response to Newcastle disease vaccinations.

1. MATERIALS AND METHODS
2.1 Study site
This study was approved by the Research Committee of
the Department of Animal Production and Health, The
Federal University of Technology, Akure (FUTA)
Nigeria. The field trial was conducted at the Poultry unit
of the Teaching and Research Farm of FUTA, Nigeria.
The laboratory analyses were done at the Microbiology
Laboratory of the Department of Animal Production and
Health and Central Research Laboratory, FUTA.
2.2 Aqueous Leaf Extraction of Moringa oleifera
Fresh leaves of the plant were harvested and air-dryed
under normal environmental conditions. The air-dried
leaves were ground before extraction and soaked in
distilled water for 24 hours wusing ratio 1:2
(weight/volume). The preparation was then filtered to
separate the debris and filtrate using Whatman’s filter
paper. The filtrate was collected, the solvent was removed
using rotary evaporator and the residue obtained after
evaporation was weighed. The concentrated stock
solution of Moringa leaf extract was prepared by
dissolving 5009 of the residue in 1 litre of sterile distilled
water and stored at 4°C. The concentrated extract at
calculated doses was administered in fresh drinking water
which was served to the birds on a daily basis during the
period of study.
2.3 Experimental design and Animal Management
A total of one hundred and twenty (120) day-old broiler
chicks of the Abor acre breed purchased from a reputable
hatchery in Akure, Ondo State, Nigeria were used for the
study which lasted for a period of 6 weeks. The birds
were reared on deep litter using routine management
procedures as outlined by the Teaching and Research
Farm of FUTA and feed and water provided ad libitum.
The chicks were divided into three treatment groups (T1,
T2 and T3) with four replicates of 10 birds each using a
completely randomized design. Birds in control group
(T1) were not given any extract while birds in T2 and T3
received the prepared stock solution of Moringa oleifera
leaf extract at dose rate of 2500mg/kg and 5000mg/kg of
body weight respectively in their drinking water. The
experimental chickens were vaccinated with Newcastle
disease vaccines (NDV) - NDV intra-ocular (Hithner B1
strain) at 3 days old and NDV LaSota via the oral route at
28 days old. The study was conducted for a period of 6
weeks.
2.4 Performance criteria measurement:
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Initial weight of birds was measured at day old, then on a
weekly basis for the final weight. Thereafter weight gain
for each week over the trial period was measured as the
difference between the initial weight and the final weight.
The feed consumption was recorded per replicate and the
feed conversion ratio calculated as a ratio of feed
consumed to weight gain of birds per replicate.

2.5 Blood and Sera collection:

Samples of blood for the purpose of serum analysis were
collected from 3 bhirds per replicate in each treatment
group before the trial commenced via the heart to
determine baseline maternal antibody titre levels against
Newcastle disease. The birds were sedated using
chloroform before the bleeding exercise. Thereafter, in
each treatment 12 birds (3 per replicate) were randomly
selected and blood was collected 14 days after
administering each of the ND vaccines through the
jugular vein for serological analysis to determine the
antibody titre values. At the end of the 6 weeks
experimental period blood was also collected for
haematological and serum protein biochemistry analysis
from 12 birds in each treatment.

2.6 Laboratory Analysis

2.6.1 Haematological Analysis

Erythrocyte sedimentation rate (ESR), packed cell
volume (PCV), red blood cell count (RBC), haemoglobin
concentration (HB) and white blood cell differentials
were analysed as described by (Lamb, 1981). The Mean
Corpuscular Haemoglobin Concentration (MCHC), Mean
Corpuscular Haemoglobin (MCH) and the Mean
Corpuscular Volume (MCV) were also -calculated
accordingly.

2.6.2 Haemagglutination and Haemagglutination
Inhibition Test (HA/HI Test)

Serum samples taken from the experimental broiler
chickens were analysed wusing beta () micro
haemagglutination inhibition technique as described by
Thayer and Beard, (1998) to determine the antibody titre
levels. The antibody titre is a measure of the humoral
immune response elicited in the experimental birds to
Newcastle disease vaccinations.

2.6.3 Serum Biochemical Analysis

Diagnostic kits (Randox Laboratories, UK Test Kits) was
used to analyse serum biochemical parameters (Total
protein, Globulin, Albumin, Alanine transferase, Alaninie
phosphatise, Aspartate transaminase ) of the experimental
broiler chickens.

2.7 Statistical Analysis

Data obtained were subjected to one-way analysis of
variance (ANOVA). Where significant differences were
observed, the mean were separated using the SAS
statistical package (2012).
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1. RESULTS

3.1 Performance Characteristics

Table 1 presents the performance characteristics of the
experimental broiler chickens. The administration of the
Moringa oleifera leaf extract resulted in significant
(p<0.05) increase in the FBW and WG of experimental
birds. The FBW for birds in treatment 3 (1947.43g) was
the highest and significantly (p<0.05) different from that
of birds in treatment 1 (1733.33g). The WG result
followed a similar trend with birds in T3 gaining an
average weight of 1911.43g and birds in T1 having
1733.33g. The table also shows that the FBW and WG of
birds given the leaf extract (birds in T1 and T2) were not
significantly (p>0.05) different regardless of the dose.
The FI and FCR though not significantly (p>0.05)
influenced by administration of leaf extract were seen to
be highest as the dose increased.

3.2 Immunological Responses

In Table 2 the antibody titre values of the experimental
birds in response to ND vaccinations are shown. The table
revealed that the birds had a uniform maternal antibody
titre value of Log»4 across the treatments. However after
the ND vaccinations, administration of the leaf extracts
elicited higher titre values with no significant (p>0.05)
effect with increasing dose. The birds in T2 and T3 had
similar antibody titre values of Log,7 and Log29 while
those in T1 had Log.6 and Log.8 after the first and
second ND vaccinations respectively.

3.3 Haematological Parameters

The blood parameters of the experimental broiler
chickens are shown in Table 3. In all the indices measured
only the WBC and lymphocyte counts were significantly
(p<0.05) influenced by administration of the leaf extracts.
The WBC values of birds in T2 (2.61x10% mm?®) and T3
(2.66x10% mm?®) were similar but significantly (p<0.05)
different from that of birds in T1 (2.51x10® mm?). The
lymphocyte counts also followed similar trend. The PCV
and MCV values though not significantly (p>0.05)
different amongst treatments decreased with higher doses
of the leaf extracts. It was observed that the ESR, RBC,
Hb, MCH, MCHC values increased in experimental birds
with no significant (p>0.05) differences among the doses.

3.4 Serum Biochemistry

The trend of the serum biochemical parameters of the
broiler chickens measured following administration of the
leaf extract are presented in Table 4. The leaf extracts did
not have any significant (p=>0.05) influence on serum
indices of the experimental birds. An increase was
observed in protein indices (Total protein, albumin and
globulin) of the birds administered the leaf extract which
was not dose dependent.
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V. DISCUSSION

The immuno-modulatory effects of aqueous leaf extracts
of Moringa oleifera in broiler chickens in response to
Newcastle disease vaccinations as investigated in this
present study is negligible. However, the birds given the
Moringa oleifera leaf extract reportedly had the highest
immune response when compared with the birds in the
control group ascribing from the antibody titre values.
This result is in line with the work of Olugbemi et al
(2010) who reported that giving Moringa oleifera
aqueous extract had been shown to have beneficial effect
on immune response, thus improving the health status of
broiler chickens. It is also in line with the work of
Madubuike et al (2006) that reported that
supplementation of Moringa oleifera resulted in marked
improvement of humoral immunity of broiler chickens.
This study is in accordance with the work of Oyewo et al.
(2013) which suggested that the aqueous leaf extract of
Moringa oleifera has immune modulation activities. This
immune enhancing attribute of Moringa oleifera may be
due to the phytochemical constituents such as alkaloids
and saponins present in aqueous extracts of the plant as
reported by Oyewo et al. (2013). Also the mineral content
of the aqueous leaf extracts like selenium, zinc, iron,
manganese and magnesium have been known to
contribute to its immuno-modulatory effect (Prasad, 2000;
Ravalglia et al. 2000; Oyewo et al. 2013).

In this study, inclusion of Moringa oleifera leaf extract in
water of broiler chickens influenced the performance
characteristics. The leaf extracts caused improved
productive performance of the experimental broiler
chickens judging from the trend of the growth
performance traits. This was made obvious, in that birds
given the highest dose of Moringa oleifera extract
exhibited the best performance characteristics which
reflected in their body weights. This could be attributed
to complete amino acids, considerable amount of
vitamins, and mineral content; antioxidant, immuno-
stimulant and antibacterial properties of Moringa oleifera
leaf (Makkar and Becker, 1997; Fahey, 2005; Anwar et
al., 2007). It could also be related to the effect of the
available nutritional components and some growth
stimulating constituents of Moringa oleifera which
probably resulted in the improvement of live body weight
of the chickens (Kakengi et al., 2007). In addition, the
minute quantity of anti-nutritional factors that affect
palatability of feeds were not implicated to compromise
the bioavailability of nutrients and growth stimulating
compounds present in Moringa oleifera leaves (Foidl et
al., 2001). It has also being reported that the crude extract
of Moringa oleifera like other herbal drug may contain
digestion enhancing properties which stimulates favorable
growth of good bacteria while decreasing harmful
microorganisms (Hernandez et al., 2004). However, the
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mechanism by which this herbal product influences the
growth performance and gut micro flora of poultry are
poorly understood (Hernandez et al., 2004).

The aqueous leaf extract of Moringa oleifera led to a
boost in the total white blood cell and lymphocytes counts
in experimental broiler chickens. This further reiterates
it’s immunomodulation capability, since white blood cells
are involved in fighting infection and clearing off injured
or dead cells and tissues in body (Jeremy et al., 2001;
Oyewo et al., 2013). The trend in antibodies produced in
response to ND vaccinations in experimental birds also
supports the result of the total white blood cell and
lymphocyte counts. The other haematological parameters
were not influenced by the leaf extract and values
obtained fell within the normal range for healthy chickens
as described by Animashahun et al (2006). This indicates
that aqueous extract of Moringa oleifera leaves did not
have any detrimental effect on physiological indices
measured. This is however different from the study of
Oyewo et al.,, (2013) where it was reported that the
administration of aqueous leaf extract of Moringa oleifera
induced anaemia in wistar rats which might have been
caused by haemolysis of erythrocytes, due to the levels of
saponins and heavy metals (lead) in the aqueous leaf
extract. A note of caution was therefore suggested in the
use of the crude extract of Moringa oleifera in high doses
because of the levels of heavy metals in the aqueous leaf
extract.

Evaluation of serum biochemical parameters may provide
useful information in the assessment of health status of
birds and serves to reflect many metabolic alterations of
organs and tissues when feeding unconventional feed
sources (Kudair and Al-Hussary 2010). In this study, the
serum biochemical parameters of the experimental
chickens was not influenced by leaf extracts of Moringa
oliefera. This result of the serum biochemical profile is
not in line with the previous work of Adedapo et al
(2009) who reported significant effect of Moringa
oleifera extracts on serum ALT, AST and ALP which led
him to conclude that high doses of the aqueous extract
could lead to liver damage. It is however supported by the
work of (Kudair and Al-Hussary 2010) that reported that
Moringa oleifera leaf has no significant effect on the
serum biochemical indices of broiler chickens.

V. CONCLUSION
It can be concluded in this study that Moringa oleifera
leaf extracts served to moderately boost immunological
responses to ND vaccinations, though increasing the dose
did not enhance the suggested immunomodulatory
activity. It also achieved improved productive
performance in the broiler chickens. However, there is
need for further investigation to reiterate the capability of
Moringa oleifera aqueous leaf extract as a substitute to
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synthetic supplements such as antibiotics in improving
broiler production.
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Table.1: Growth Performance of Broiler Chickens birds given varying doses of Moringa
oleifera leaf aqueous extract

Parameters Treatment 1 Treatment 2 Treatment 3 +SEM
Initial weight(g) 35 35 36 0.17
FBW(qg) 1768.33° 1863.572 1947.432 0.05
WG(g) 1733.33° 1828.57¢2 1911.43¢2 0.04
FI(g) 2140.48 2192.86 2259.52 27.15
FCR 1.23 1.20 1.18 0.12

FBW- Final Body Weight; WG- Weight Gain; FI- Feed Intake; FCR- Feed Conversion Ratio
Treatment 1- Birds not given leaf extract of Moringa oleifera

Treatment 2- Birds given 2500mg/kg dose of Moringa oleifera leaf extract

Treatment 3- Birds given 5000mg/kg dose of Moringa oleifera leaf extract
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Table.2: Antibody titre values of the broiler chickens given varying doses of Moringa oleifera aqueous extract

following Newcastle disease vaccinations

Treatments Baseline  antibody  Antibody titre Antibody titre values after
titre values Values after 1t NDV 2" NDV

Treatment 1 Log.4 Log.6 Log-8

Treatment 2 Log.4 Log.7 Log-9

Treatment 3 Log.4 Log.7 Log29

NDV- Newcastle disease vaccinations

Treatment 1- Treatment 1- Birds not given leaf extract of Moringa oleifera
Treatment 2- Birds given 2500mg/kg dose of Moringa oleifera leaf extract
Treatment 3- Birds given 5000mg/kg dose of Moringa oleifera leaf extract

Table.3: Haematological variables of broiler chickens given Moringa oleifera leaf extracts

PARAMETERS Treatment 1 Treatment 2 Treatment 3 +SEM
ESR(mm/hr) 3.66 3.80 4.16 0.65
PCV (%) 26.83 26.66 26.16 1.04
RBC(x10°mm?®)  256.33 258.13 259.41 10.53
HB(g/100 ml) 8.71 8.89 8.95 0.34
WBC(x10mm?3) 2.51° 2.618 2.662 0.05
MCV/(®) 104.66 103.28 100.84 0.33
MCHC (%) 32.46 33.34 34.21 0.40
MCH (Pg) 33.97 34.44 34.50 0.13
LYM (%) 62.26° 64.002 64.262 0.04
HETE (%) 19.30 19.33 19.83 1.19
MONO (%) 12.43 12.66 12.50 1.05
BASO (%) 3.33 3.33 3.50 0.22
EOS (%) 1.50 1.66 1.66 0.02

ESR —Erythrocyte Sedimentation rate, PCV — Packed Cell Volume, RBC — Red Blood Cell, HB -
Haemoglobin, MCV - Mean Cell Volume, MCHC - Mean Cell Haemoglobin concentration, MCH - Mean
Cell Haemoglobin, LYM — lymphochytes, HETE — MONO - Monocyte, BASO — Basopils, EOS -

Eosinophil

Treatment 1- Treatment 1- Birds not given leaf extract of Moringa oleifera
Treatment 2- Birds given 2500mg/kg dose of Moringa oleifera leaf extract
Treatment 3- Birds given 5000mg/kg dose of Moringa oleifera leaf extract

Table.4: Serum metabolites of broiler chickens administered varying doses of Moringa oleifera leaf aqueous

extract
TREATMENT  TP(g/dl) ALB(g/dl)  GLO(g/dl)  ALT (IULL) AST (IU/L)  ALP (IU/L)
T1 30.79 14.50 16.29 79.31 129.50 109.37
T2 36.76 14.12 22.64 78.03 123.00 114.75
T3 31.27 14.61 16.66 71.67 112.83 118.24
+SEM 454 0.83 14.59 0.98 21.75 14.59

TP-Total protein; ALB- Albumin; GLO- Globulin; ALT- Alanine transferase;
AST- Aspartate Transaminase; ALP: Alanine Phosphatase
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pongo and okokong islands of the douala-edea
wildlife reserve, Littoral Region Cameroon

Tsi Evaristus Angwafo!, Atanga Roland?, Valentine Buh Ebua?

!Department of Fundamental Sciences, Higher Technical Teacher Traning College (HTTTC) Bambili, P O Box 39 Bambili, The
University of Bamenda — Cameroon
2Department of Forestry, Faculty of Agronomy and Agricultural Sciences (FASA), University of Dschang - Cameroon

Abstract— This study had as main objective to document
on the reintroduction of chimpanzees in the Douala-Edea
Wildlife Reserve which appears to be the first case of
chimpanzee reintroduction in Cameroon. The study was
carried out in the South East zone of the Douala-Edea
Wildlife Reserve which holds a small chimpanzee sanctuary
under the auspices of “Papaye France” association. Data
was collected on the field using semi structured
questionnaires, interviews and direct observations
alongside a participatory action approach at the sanctuary.
Data from discussion guide and questionnaires were
descriptively analysed and discussed with respect to our
objectives. There were 24 orphan chimpanzees all together
present in the zone and being cared for by the association
PAPAYE France. This association has released 16
chimpanzees on two Islands of the reserve, the first group
made of 9 chimpanzees (6 males and 3 females) were
released in 2008 on the Pongo Island and a second group
made of 6 chimpanzees (4 males and 2 females) were
released on the Okokong Island in 2010; one female was
later introduced to this group early 2015. These
chimpanzees were released after a rehabilitation process
not in line with IUCN guidelines for reintroduction of great
apes and not following any developed scientific approach
or methodology. Despite this, the released chimps are
faring well as new births have been recorded on either
Islands, chimps feed, nest, movement and vocalize
indicating there have gotten adapted to live on the Islands.
It was also noted that the sizes of these islands may not
maintain a viable, nutritionally self-sustaining population
in the long run hence could better serve as a semi
naturalistic sanctuary. It is necessary that the carrying
capacities of the islands be determined while larger
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potential release sites be assessed and prepared for an
eventual transfer/reintroduction of these apes in the future.
Keywords— Rehabilitation, reintroduction, orphan
chimpanzee, Pongo and Okokong Islands, Douala-Edea
Wildlife Reserve.

I INTRODUCTION

The common chimpanzee (Pan troglodytes), listed as
Endangered on the IUCN Red List since 1996 andin CITES
Appendix | prohibiting any form of international trade
(UNEP-WCMC 2011), is threatened in Cameroon by
habitat loss as a result of resource extraction and land
conversion, as well as illegal hunting, pet trade, and disease
(Oates et al. 2008). The cumulative world population of
chimpanzees has declined by more than 66 % over the past
40 years passing from 600,000 to less than 200,000
individuals (Butynski, 2001; Kormos et al., 2003) and on
the other hand, some researchers have estimated that an
80% reduction is likely to occur over the next thirty-three
years and this will leave the chimpanzee as “critically
endangered” (Walsh et al. 2003). To protect chimpanzees
from extinction we must address the root causes of
numerous threats, including habitat loss, the illegal
bushmeat exploitation and the exotic pet trade, armed
conflict, and infectious disease; and also provide long
lasting solutions of surveillance protection by Park Rangers
or Ecological guards in our protected areas.

There is a continual growth in the number of “chimpanzee
orphans” especially from the bushmeat trade as commercial
bushmeat hunters (poachers) kill many chimpanzees every
year. Infants, too small to be killed for meat, are often put
on the “black market” for sale as pets or entertainers. The
illegal trade of baby chimpanzees has become a source of
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significant mortality in wild population not only for the
collection of babies but also because the capture of a baby is
usually done after the mother and other group members
have been killed. For each sale of a young chimpanzee, it is
estimated that between 10 and 29 others have perished
during the process of capture or transportation (Carter
2003). It can therefore be estimated that the pet trade has
potentially affected as much as 7-20% of the wild
population in recent years, assuming a total wild population
size of 150,000, which is the lower limit reported by
Butynski(2001).

Currently, chimpanzees face local extinctions in areas
previously considered to be their last strongholds (Walsh et
al., 2003; Campbell et al., 2008; Greengrass, 2009). Given
the severity of threats to wild populations, a diverse range
of conservation approaches should be considered.
Chimpanzee sanctuaries and Reintroduction of chimpanzees
from captivity is one strategy to help restore dwindling wild
populations (Goossens et al., 2005; Beck et al., 2007).

The IUCN African Primate Action Plan does not currently
recommend reintroduction as a conservation action plan for
any primate species (Oates, 1996). But in recognition of the
potentially important role of release efforts from captivity
for the conservation of chimpanzees and other great apes,
the International Union for the Conservation of Nature
(IUCN) reintroduction specialist group of the species
survival commission (IUCN-SSC/RSG) has elaborated and
published specific guidelines for reintroductions of great
apes (Soorae and Baker, 2002; Beck et al., 2007).
Reintroductions typically refer to attempts to re-establish a
species within its historic range, in an area where it is
locally extinct (Soorae and Baker, 2002; Beck et al.,
2007).Reintroduction addresses conservation on two
different levels. First, animals that are kept illegally as pets
are rescued, rehabilitated, and then returned to the wild; and
secondly, by reintroducing animals into areas where they
are locally extinct, the wild populations are supplemented
and potentially more forest can be protected (Cheyne,
2006).

The government of Cameroon seems to opt for these two
levels of conservation as in the Douala-Edea wildlife
reserve, is an association named Papaye France that runs a
small sanctuary caring for orphan chimpanzees. The main
goal of this association is to contribute to the conservation
of chimpanzees by collecting, rehabilitating young chimps
and releasing them into natural habitats where they strive to
survive with greater independence though still under strict
control and care. This association has attempted to
rehabilitate and release some chimpanzees on two Islands in
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the reserve. This study therefore aims at characterizing the
population of released chimpanzees; describing their
rehabilitation and reintroduction process; and other
management activities of the chimps while pointing out the
major problems and opportunities presented in the
management of these chimps.

. METHODOLOGY
Study area
This study was carried out in the Douala-Edea wildlife
reserve which is located in the Coastal area of the Littoral
Region; in the Sanaga Maritime Division where it covers
part of the Edea 1 subdivision, Mouanko subdivision and
the Wouri Division where it covers part of Manoka
subdivision. Its geographic coordinates lie between latitude
3° 14" and 3°53"' N and longitude 9°34' and 10°03' E of the
Greenwich meridian. It has an area of about 1,600 km?
(160,000 ha). Its limits extend from the Atlantic coast for a
distance of 35 km inland, with its Eastern boundary along
river Dipombé, bounded in the West by the Atlantic Ocean,
in the North by river Wouri and in the South by the Nyong
River (Nzooh et al., 2005).
The reserve is characterized by a typical equatorial climate
with average annual rainfall ranging from 3,000 to 4,000
mm.The months of December and January are relatively dry
(50mm of rain). Starting in February, rains become more
abundant with a peak in June followed by a slight decline
variable; a new peak in rainfall occurs from August to
October. The monthly average temperature varies
throughout the year from 24° C to 29 ° C.
The reserve is located entirely within a sedimentary low
plain, from 0 to 60 m (rarely up to 80 m). This plain is
crossed by rivers and swamps that provide the only relief to
this very flat topography with major rivers being: River
Sanaga, Kwakwa, Wouri, Lofe, Mvia and the largest
surface water is Lake Tissongo. Also present are other
smaller rivers, streams and creeks as well as part of the
downward basin of River Dibamba falling into the Wouri
estuary (ELF Serepca, 1987).
Like many sites in Cameroon, no systematic inventory of
vertebrates has been done (WTG, 2008). However, the
presence of a great variety of vegetation among which also
extends marine waters provokes a great diversity of land
and aquatic fauna. Primates/monkeys typical of the African
forest are present in the area. These include: Putty-nosed
Mangabey (Cercopitecus nictitans), Colobus monkey
(Colobus satanas), Cercopitecus pogoniasgrayi.
Chimpanzees (Pan troglodytes) and Forest Elephants
(Loxodonta Africana cyclatis)are also present. Other species
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include Bush pig (Potamochoeruslarvatus), Forest antelope
(Tragelaphus  euryceros),  Sitatunga  (Tragelaphus
spekii)and the highly threatened West African Manatee
(Trichechus senegalensis)(Ajonina et al., 2005).

The vast extended waters of the estuaries, Sanaga River and
Lake Tissongo provide habitats favorable to many bird
species. This ecosystem has diversified population of birds
estimated at more than 35 species divided into 22 families
with protected species such as the winged duck (Pteronetta
hartlaubii) and the African Gray Parrot (Psittacus
erithacus) (Van der Waarde et al., 2007).

Over 135 fish species in 21 families with 21 endemics have
been known from river Sanaga (Ticheler, 2000). Some of
the fish species found in the Douala-Edea marine habitats
include the Machoirons (Arius spp), Carp (Lutjanus
endecanthus), Tilapia (Tilapia zilli) and Mackerel
(Scomberromorus spp). Some of the reptile species found
locally include: Crocodiles (Tylosurus crocodiles), Serpents

(Alligator spp), and the fresh water turtles and land tortoises
(Testudinidae family) (CWCS, 1998; WTG, 2008).

Choice of site

The study was carried out in the South East zone of the
Douala-Edea Wildlife Reserve (DEWR) which holds a
small chimpanzee sanctuary under the auspices of “Papaye
France” association (Figure 1). The association occupies
two islands in which chimpanzees have been released and is
based in a camp holding younger chimpanzees being
prepared for release. The association uses Islands for this
process because the chimpanzee movements are limited and
access can easily be controlled for security purposes. This
area was chosen so as to document on this chimpanzee
release carried out by Papaye France which might be the
first reintroduction to be realized in Cameroon. Therefore
documenting this release process and evaluating its success
may contribute to scientific knowledge on chimpanzee
rehabilitation and reintroductions.
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Fig.1: Map of Cameroon showing the location of Littoral Region and that of DEWR showing the two release sites (Pongo and
Okokong islands)
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Data collection

Primary and secondary data were collected. Secondary data
was gotten from past reports, scientific journals and other
documents related to the study. Primary data were collected
in the field using three main research instruments
(interviews, direct observations and participatory action).

Interviews

Interviews were conducted with thepersonnel (manager and
caregivers) of Papaye France working at the sanctuary and
Forestry agents (Ministry of Forestry and Wildlife) at the
conservation service of the reserve. Seven persons all
together were interviewed; 4 personnel of Papaye France
(manager and caregivers) and 3 forestry agents at the
conservation service. These interviews were done with the
help of a discussion guide drafted following the guidelines
for chimpanzee and sanctuary management (Cox et al.
2000). These were conducted in order to get information on
the management of the chimps and the sanctuary and also to
characterize the population of orphan chimps being cared
for.

Direct observations and participatory action

At the level of the rescue center of the association,
information was obtained using a participatory approach
(that is actively taking part in the daily activities which had
to do with the care and follow up of the chimpanzees). This
approach gave a better understanding of the management of
the orphan chimpanzees, and the functioning of the
association. Observations were done at the camp and on the
islands. Following the recommendations of Cox et al 2000,
observations were focused particularly on the important
considerations for chimpanzee welfare (feeding regime of
the chimps, the rehabilitation process undergone by the
young chimps, the health and veterinary protocols and
general management of the sanctuary). Also attention was
drawn to the relationship between the sanctuary and the

surrounding populations as well as human-chimpanzee
interaction in the zone. A period of 3-4 days a week for a
month was spent at the sanctuary observing and recording
their daily activity budgets.

During these field observations, a GPS of mark GARMINE
S60 was used to take geographic coordinates in the zone
which permitted the mapping of the study area; and also the
surface area of the Islands estimated. In order to estimate
the area of the islands, a start point was chosen on one of
the sides of the island and the coordinate noted. The
tracklog option of the GPS was activated while going round
the Island on an engine boat (staying as close as possible to
the island) and coming back to the starting point. This
exercise permitted a closed track whose area was
automatically generated by the GPS.

Data analysis

Data from discussion guide were descriptively analysed
using the statistical package for social science (SPSS) and
discussed with respect to our objectives. Discussions were
mainly comparisons and critics based on consulted
literature.

Data gotten from the GPS was extracted using
MAPSOURCE and transferred into ArcGIS10.0 software
which was used to produce the map of the study area
showing the Islands and also estimating their surface area.

I11.  RESULTS

Characterizing the orphan chimpanzee populations
There are presently twenty four orphan chimpanzees being
cared for and followed up by the association PAPAYE
France. These chimpanzees are divided into three groups
(Adult group on the Pongo Island, the adolescent group on
the Okokong Island, and the babies or young chimps in the
camp). The characteristics of these chimpanzees can be seen
on table 1, 2 and 3 below.

Table.1: Characteristics of chimpanzees on the Pongo Island

Identification of  Sex Age/ Date of Date of Origin of chimpanzee Observation
chimpanzee Years arrival in release on
camp Island
Citron M 23 2003 2008 South Dominant male
Bambou M 21 2003 2008 south Died in February 2015
Tony M 18 2003 2008 /
Café M 19 2003 2008
Charly M 23 2003 2008 Kribi and its surroundings Largest chimp
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Identification of  Sex Age/ Date of Date of Origin of chimpanzee Observation
chimpanzee Years arrival in release on
camp Island
Bobby M 22 2003 2008 /
Samba F 23 2003 2008 / Nursing mother
Wengue F 22 2003 2008 / Nursing mother
Mangue F 23 2003 2008 Nursing mother
Victoire M 6 / / Born on the Island (2009) Young of Mangue
Pistache M 3 / / Born on the Island (2012) Young of Samba
Passion M 2 / / Born on the Island (2013) Young of Wengue
Cacaouette M 1.5 / / Born on the Island (2014) Young kid of Mangue

Table 1 shows that there were nine adult chimpanzees (6
males and 3 females) initially released on the Island in
2008. The chimps all came from the South Region of
Cameroon (around Kribi, Djoum, Sangmelima and its
surrounding localities where the association Papaye France
started) indicating they belong to central chimpanzee
subspecies (P. t. troglodytes). The chimpanzees arrived
Pongo from Kribi in 2003 at an average age of
9.5years.These chimps were held in a camp and taken care

of till 2008 when they were released on the Pongo Island at
an average age of 14.5 years. All the three females released
have put to birth with Mangue, one of the females having
put to birth twice making 4 Kkids thus giving a total
population of 13 chimps on the Pongo Island.
Unfortunately, one death has been registered on the Island.
Bambou, one of the eldest males was lost in March 2015
due to an unpleasant incident of conflict with some villagers
who severely injured the chimp with a machete.

Table.2: Characteristics of chimpanzees on the Okokong Island

Identification of  Sex Age/ Date of Date of Origin of observations
chimpanzee years arrival release on chimpanzee
(pseudo) Island

Artimis F 14 2005 2010 / Breastfeeding
Nénufar M 13 2004 2010 / Dominant male
Etoile F 13 2004 2010 /

Patchouli M 12 2005 2010 /

Kiwi M 11 2006 2010 /

Che Guevara M 11 2006 2010 /

Kanel F 9 2007 2015 /

Pomme - 4months / / Bornontheisland  Newly born to

(April 2015) Artimis

There are seven chimps (4 males and 3 females) on this
Island of ages varying between nine and fourteen years plus
a baby chimpanzee recently born to Artimis (the eldest
female on the island). No records could be found on the
acquisition of the chimps and their zones of origin which
could be an indicator of the subspecies, thus it is possible to
have two different subspecies (Pan troglodytestroglodytes
and Pan troglodytes ellioti) cohabitating the island which
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could lead to the birth of a new hybrid. These chimps were
released on the Island in 2010 after a rehabilitation period
of 4-5years for most of the chimps.

Theyoungest chimps are found at the center where all new
chimps are received and cared for before any subsequent
release is envisaged. Table 3 below presents characteristics
of the chimps present at the camp.
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Table.3: Characteristics of chimpanzees in the camp

Identification of Sex

chimpanzee (pseudo)

Age

Miel
Banane
Guayave
Mandarine

mm T
H 01 W o

Origin of chimp Date of arrival
/ 2011
Douala 2013
/ 2012
Douala 2014

There are presently 4 young chimps at the camp, 1 male and
3 female. These chimps receive intense care and follow up
by the caregivers preparing them for a subsequent release
on one of the Islands.

V. DISCUSSIONS

Description of the chimpanzee management
The orphan chimps were either obtained from confiscations
(law enforcement by MINFOF) or from donors. They are
held in the camp where they receive care and undergo a
rehabilitation process (without using the ITUCN guidelines
of 2010) helping them to socialize with other chimps and
regain some natural aptitudes vital for their survival and
wellbeing after which they are transferred to the Islands.
The management of these chimps can be regrouped under
three major aspects;

Diets and feeding regime of the chimps

The adolescent chimpanzees on the Okokong Island are
given food 2-3 times a day to supplement their diets. Their
diet is made up essentially of fruits. They are given at least
4 baskets (equivalent to a 15litre bucket) of a mixture of cut
fruits each day. Their food is brought and dropped on the
bank of the river or on the sandy shore (Figure 3) when
water levels are low. Besides these fruits given to them,
they get a good part of their diet on wild fruits (bush mango,
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Fig.2a and b: Young Chimps (in amp) feeding in a bowl of corn pap (Atanga Roland)

- The rehabilitation process proper and

- Their health care and hygiene
Diet/Feeding regime
The majority of the diet of the chimpanzees consists of
fruits such as banana, pawpaw, pineapple, water melon and
mango depending on their availability. Other food items
also given to the chimps include sugar cane, coconuts, and
occasionally fritters.
The young chimps at the camp are fed at least three times a
day with varying diets. They are given food in the morning
(6-9 am) usually bananas and other fruits butin case of fruit
shortage, they are given cooked food (pap made of corn
flour as shown on figure 2a and b below). In the afternoons
around 1pm, and evenings between 5 and 6pm. There is no
strictly respected feeding protocol for these chimps, as most
of the time, they always have something chewing.

figs and cherry) and other foods on the Island based on the
plant phenology during the fruiting season ( July to
September). During this period, they are given less
quantities of food as they complement their diet with wild
fruits.

On the other side (the Pongo Island), the adult chimpanzees
have achieved a greater level of independence as they are
able to feed themselves and their young ones particularly
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during the fruiting season. As was noted by one of the
caregivers, they also happen to hunt and kill monkeys that
are found on the island to supplement their diet, a
characteristic known to chimpanzees (Boesch et al. 2002).
Although these chimps can get their own food, they are
brought 2 baskets of fruits every two days and occasionally

more when there are tourist visits. This exercise is simply a
means of keeping a regular eye on the chimps, to make sure
they are all faring well. Nevertheless these chimps demand
greater attention during the dry season (between November
and March) as the Island alone is not capable of meeting all
their feeding requirements.

Fig.3: Chimpanzees feeding on the sandy shore or river bank (Atanga Roland)

Rehabilitation and Reintroduction process

The chimpanzees on the Pongo Island was the first group to
be rehabilitated and released. They were brought to the
Pongo village in 2003 where they were kept in a camp
simulating their natural habitat and being taken care of.
These chimpanzee were taken out on regular basis to the
nearby forest as a daily exercise for them so they could
play, brachiate, feed on wild foods and learn how to nest.
This was the first stage in the rehabilitation of the chimps
being done without any respected protocols. The Pongo
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Island was then noticed offering a possibility for these
chimps to be free, secured and far from human contact. An
approval was gotten from the Minister in charge of Forestry
and Wildlife to transfer these chimps on the Pongo Island
who to an extent had already acquired certain natural
aptitudes from their daily exercise in the forest. It was then
that 9 of the chimps of ages between 12 and 16years were
taken to the Islands in 2008. An enclosure was built for
them where they stayed with their caregivers. These chimps
strayed on the islands during the day and came back in the
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evenings to sleep in or around this enclosure, but within 6
months, none of the chimps came back to sleep in the
enclosure as they began nesting and sleeping on trees. The
enclosure was removed and the caregivers left the island
only coming back during the day to observe the chimps and
provision them with food and medicines. Within a year (that
is in 2009), one of the females gave birth and presently 4
births have been registered on the island.

It was the same scenario with the chimpanzees on the
Okokong Island, released 6 (4 males, 2 females) in 2010.
One female was added to the group in 2015 and one birth
was also registered within the same year. The rapid
adaptation of these chimps to the islands and the level of
independence reach is mainly due to the fact that all these
were wild born and had passed sometime in the wild before
being captured. This is in line with Ebua et al (2013)
stipulating that captive wild-born primates fare well in
rehabilitation and reintroduction programs as they easily
acquire skills vital for their survival in the wild, captive-
born individuals.

The young chimps at the camp are submitted to a training or
rehabilitation exercise on a daily basis. This exercise aims
at helping the chimps acquire natural social and ecological
skills that will permit them survive independently (or with
greater independence) in the wild when weaned from
human contact. They are taken out of their enclosures every
morning (after feeding) between 7:30 and 8:30pm for a
walk and training exercise in the nearby forest (Figure 4).
The spend 3 to 4 hours in the forest, time during which the
chimps jump from one tree to another, harvest wild fruits
and certain leaves on which they feed, and play around with
each other helping to strengthen social bonds between the
chimps. This exercise takes place under the supervision and
observation of the caregiver. Nevertheless the chimps do
not face much difficulties getting acquainted with the
natural milieu as they are all wild born chimps and had
spent a few months or years with their parents before being
captured. This confirms findings that nonhuman primates,
wild born individuals fare well during rehabilitation than
captive born individuals (Soorae et al., 2002; Ebua et al.,
2013).

Health care management

Many sanctuaries are established in relatively isolated areas
with the result that wildlife veterinary and/or medical
expertise is seldom easily accessible. For new chimps
arriving the camp, there are first taken for checkup and
examinations by a veterinary service present in the town of
Edea before they can be brought to the camp. It is the same
process for any chimp that falls sick or requires medical
attention as there is no veterinary service or technician at
the site. The chimpanzees are often given anti biotic mostly
in the form of syrup mixed in their food or in water.

As for hygiene and cleaning of the chimp enclosure/cage,
they are cleaned and disinfected twice a day.

Research and tourism
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There are no developed research or education programs
carried out by the association but researchers and volunteers
are usually received for short periods of time usually
varying between 2 weeks and 3 months. Research type
accepted at the site is mostly observational and non-
invasive research which may have little or no effect on the
chimpanzee behavior. Tourism at the site is an important
activity and a main source of fund raising for the care of the
chimps and management of the sanctuary. Tourists are
received throughout the year with most of them from
European countries. An average of 7-8 tourists visit the area
each week, this number about doubles on average during
the dry season between the months of November and
February.

Management problems
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The sanctuary has no adequately trained personnel
(wildlife specialist, no veterinary service, or
someone with an educational background related
to animal care) who could understand biological
and ecological aspects of chimp behavior, keep
records which could serve subsequent research or
researchers and take management decisions which
will ensure the long term welfare of the chimps.
Chimpanzees in the wild are known to have a
home range between 5 and 50 km? in forest and
woodland habitats (Nowak, 1999). The islands are
of small sizes (92ha for Pongo and 46ha for
Okokong) and can only support limited
chimpanzee population sizes. No ecological habitat
assessment has been carried out on the islands
therefore its suitability as chimp habitat and
carrying capacity is not known. But with respect to
the IUCN guidelines for reintroduction of great
apes stipulating that Islands less than 500ha with
densities of more than 0.1 individual per ha cannot
maintain a self-sustaining population (Becks et al.,
2007). With this, the reproduction capacity of these
chimps should be monitored and controlled less it
extrapolates and exceeds carrying capacity of the
Island.

There are no developed management protocols
drafted and followed for chimpanzee care, feeding,
health care, tourist visits and research are done
without any strictly respected guidelines or
policies and is risky both to the chimps, the
caregivers and others.

One of the most difficult aspects of forming and
running a sanctuary is the issue of funding. A
realistic financial plan is a critical part of the
sanctuary planning process. The management of
the sanctuary and the chimps rests entirely in the
hands of the promoter of the association and a few
benevolent and volunteers. From verbal interview,
the financial requirements of running the sanctuary
are barely met indicating the need for developing
adequate finance methods

Management opportunities

The Islands of Okokong and Pongo could be better
exploited to serve as a semi naturalistic sanctuary
and a potential rehabilitation site rather than being
considered as a permanent released site (as
considered by Papaye France) because it cannot
sustain viable populations of chimps in the long
run. The area is well secured as it is found within a
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protected area which benefits from legal protection
from the states hence security of the chimps and
those working with is assured. Nevertheless an
ecological habitat assessment must be carried out
to know the suitability of these habitats and the
maximum number of chimps they can sustain.

The zone presents a good touristic potential which
if coupled with the sanctuary will attract more
tourists, therefore could be a significant source of
income for the sanctuary management and to the
local communities. Therefore ecotourism should
be promoted as it could also be used as an
opportunity to educate and raise awareness on the
issues of conservation to a wide audience of
people.

Scientific research and education are opportunities
presented by the sanctuary for studies and research
programs on chimpanzees especially on behavioral
aspects as the sanctuary provides an adequate
milieu where these chimps can be observed for
long periods of time. This could be exploited to
better understand and document chimpanzee
behavior, promote awareness, improve standards
for chimp welfare and could also develop medical
research.

Weaknesses of the Rehabilitation and Reintroduction
process by PAPAYE France

Firstly, it should be noted that, the rehabilitation
and reintroduction of these chimpanzees was done
with little or no apprehension of the IUCN
guidelines for the reintroduction of great apes
drafted in 2007 (Becks et al., 2007). It was done
without much pre-release evaluation and with little
post release monitoring. It is done without any
scientific approach/methodology

The camp and rehabilitation site did not respect the
minimum distance of 22km from the nearest
human settlements, this so as to avoid cases of
conflicts with local populations

These individuals need to be exposed to a
predatory awareness training because in captivity
they tend to lose their natural talents of identifying
and recognizing predators.

There is need for a proper health and veterinary
checks to avoid the retransmission of zoonotic
infections and the risk of reintroducing individuals
capable of surviving due to deformation, and
improper ability to locomote.

Page | 63


http://dx.doi.org/10.22161/ijeab/3.1.8
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.org/10.22161/ijeab/3.1.8

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

V. CONCLUSION
The released population of chimpanzees (9 on the Pongo
Island and 7 on the Okokong Island) are all faring well as
they are physically healthy. Four births have been registered
on the Pongo Island from all released females while one
birth had been registered on the Okokong Island. This being
a sign of the welfare of these chimps on the Islands.
The rehabilitation and reintroduction process, though not
carried out strictly according to recommended norms seems
to be a success as they chimps are getting adapted on life on
the Islands. They feed on wild fruits, easily nest, vocalize
correctly and those on Pongo have even been noted hunting
and killing monkeys which they eat. This adaptation is in
part due to the fact that all the chimps were wild born and
could easily develop aptitudes necessary for their survival,
also the absence of natural predators on the island has
contributed to this level of success. But knowing that the
success of any reintroduction process can only be measured
by the establishment of a nutritionally self-sufficient
population (Beck et al., 2007), this reintroduction cannot
yet be termed as successful as the feeding of the chimps is
still supplemented. In other words, this release process
could be a form of rehabilitation on a semi naturalistic
sanctuary meanwhile it is recommended that potential
release sites be assessed where these chimps may strive
better and with greater independence; and a reintroduction
be carried out following a well-developed scientific
methodology.
Nevertheless chimpanzee management and care is quite a
complex issue to deal with and for this reason sanctuaries
are recommended to have written policies on all aspects of
ongoing care and management of chimpanzees. Information
on the chimpanzee behaviors should be recorded daily and
kept as it could for serve subsequent research.
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Abstract— This trial was designed to study the effects of
using composite leaf meal produced from five (5) different
leaves: Cassava, Moringa, fluted pumpkin, African basil
and bitter leaves as a premix in the diets of growing pigs.
Twenty four large white weaner-pigs were used for this
trial comprising six treatments and four replicates with
one pig per replicate. Six diets were formulated in which
composite leaf meal was fed at 0 (2.5% premix), 10 (2.0%
premix), 20 (1.5% premix), 30 (1.0% premix), 40 (0.5%
premix) and 50 (0.0% premix) g/kg at the expense of a
commercial premix and designated diets I, I, III, IV, V
and VI. The pigs were then assigned to these 6 dietary
treatments which were fed to the pigs at 5% of their body
weight for 8 weeks experimental period. Water was
supplied ad libitum throughout the experimental period.
All data were subjected to analysis of variance. Results
showed that, there was no significant difference (P>0.05)
in the final weights of the pigs. Highest final live weight
(41.67 £ 0.84 kg) and highest feed intake (75.92 + 0.06)
were recorded in animals fed diet Il, while the lowest
final live weight (37.67 + 0.84kg) and lowest feed intake
(75.57 + 0.06) were recorded in animals fed diets V and I,
respectively. The eye muscle width of carcass was
significantly higher (P<0.05) in pigs fed composite leaf
meal diets than those fed the control. The eviscerated
weights (kg), head (kg), carcass length (cm) and the
relative organs weight of liver, kidney, heart, lungs and
spleen (g/kg body weight) were not significantly (P>0.05)
influenced by the dietary treatments. The longest carcass
length was recorded in animals fed diet VI (73.00 cm),
while the shortest length was recorded in animals fed diet
Il (69.33 cm). For the pH of the meat samples, the
highest value (5.77) was recorded in pigs fed diet VI,
while the lowest pH (5.74) was recorded in pigs fed diet I.
However, there was no significant (P>0.05) treatment
effect in the pH values. Generally, the cost of the
experimental diets (N¥/kg) was least in 50 g/kg composite
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leaf meal diet (N55.44/kg) and highest in 0 g/kg
composite leaf meal diet (%60.43/kg) and the percentage
cost reduction increased as the level of the composite leaf
meal inclusion increased (1.44 — 8.26 %). It could be
concluded within the limit of this study, that composite
leaf meal had high nutrient potentials for pigs and could
completely replace commercial premix in pig diets
without any deleterious effect.

Keywords— Pig production, Composite leaf meal,
Premix, Growth, Carcass characteristics, Relative
organs weight, Meat pH, Eye muscle.

1. INTRODUCTION
The search for least-cost rations has led to the

replacement of expensive feeding-stuff with cheaper
alternatives like agricultural by-products and leaf meal in
the formulation of pig rations. The increasing competition
between man and animals for available grains is one of
the factors causing protein intake shortages in developing
nations like Nigeria. The resultant sub-optimal
consumption of animal protein by a greater percentage of
Nigerian population has challenged not only livestock
farmers, but also researchers and policy makers
(lheukwumere et al., 2007). The realization that feeding
alone currently accounts for over 75 % of intensive non-
ruminant (poultry and pig) production in the third world
countries, including Nigeria has stimulated research
interest aimed at exploiting different locally available
alternative feeding resources (Agbede and Aletor, 2003).
The need to harness the potentials of the numerous agro-
industrial by-products and green vegetable plants as
replacements for the more expensive conventional feed
ingredients have been variously expressed (Agbede and
Aletor 2004; Adegbenro et al., 2012). Leaf meals not only
serve as a protein source but also provide some necessary
vitamins such as vitamin A and C, minerals and also
oxycarotenoids, which causes yellow colour of broiler

Page | 66


http://dx.doi.org/10.22161/ijeab/3.1.9
http://www.ijeab.com/
mailto:madgbenro@futa.edu.ng

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/3.1.9

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

skin, shank and egg yolk (Abu et al., 2015). Considerable
attention has been focused on leaf meals from Cajanus
cajan (Damaris, 2007). This study is therefore seeks to
evaluate the effect of feeding varying levels of composite
leaf meal as a replacement for premix on the performance,
carcass and organ characteristics of growing pigs.

. MATERIALS AND METHODS
Composite Leaf Meal Production: Leaves from five (5)

selected plants (Cassava, Moringa, Fluted pumpkin,
African basil and Bitter leaves) were "harvest" and air-
dried to prevent loss of some vital nutrients. The air-dried
leaves were milled using hammer mill and stored in
plastic containers prior to use. Thereafter, the leaves were
mixed together in the same ratio (1:1:1:1:1) to produce
the composite leaf meal.

Experimental Diets and Site: A basal diet was
formulated to meet the requirement of swine (NRC,
1994). The quantity of the commercial premix in the basal
diet (Diet 1) was reduced by 0, 20, 40, 60, 80 and 100 %
replaced with 0, 10, 20, 30, 40 and 50 g/kg of composite
leaf meal designated Diets | - VI, respectively as
presented in Tables 1 and 2. The feeding trial was carried
out at the Livestock Section (Piggery Unit) of the
Teaching and Research Farm of The Federal University of
Technology, Akure, Nigeria.

Experimental Animals and Management: The
statistical design of the experiment was a completely
randomized design with a total number of twenty four
(24) weanling pigs (Suis large white) assigned to six (6)
dietary treatments, replicated four times with one (1) pig
per replicate. The weight of each pig was measured and
recorded as initial weight for the animal. Each animal's
weight was recorded and later balanced in order to get the
average weight for all the treatments. Thereafter, their
respective weaners' diets were fed at 5 % of their body
weight for the period of four weeks during which the
weekly feed consumption and weight changes were
measured and feed conversion ratio were calculated.
Thereafter, the growers diets were fed to their respective
group from the fifth week to the eight weeks at 5 % of
their body weight and the same parameters at the weaners'
phase were measured.

Slaughtering of Animals: At the end of the feeding
trials, all the animals were starved over night and
weighed. The animals were hanged suspended upside
down on their hind limbs so as to allow for proper
bleeding. The animals were then sacrificed through
mechanical stunning severance of the jugular vein. Each
slaughtered animal was de-haired using cold water, soap
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and blade and dressed. The animal’s lengths were
measured after which they were eviscerated and dissected
into parts. The following weights were taken; live weight
(kg), dressed weight (kg), eviscerated weight (kg), head
(kg), liver (g/kg), heart (g/kg), kidney (g/kg), lungs (g/kg)
and spleen (g/kg). Also, the following measurements were
taken; carcass length (cm), eye muscle (cm),
subcutaneous shoulder fat (cm), loin (cm), fat over mid
back (cm) and loin side (cm). The head was removed and
carcass split longitudinally down the mid line. The length
was measured from the anterior edge of the symphysis
pubis to the recess of the first rib. Subcutaneous fat depths
were measured on each side over the shoulder, mid back
and loin. Sides from each carcass were cut across at a
point level with the head of the last rib. The maximum
width (A) and depth (B) of the exposed M. longissimus
were measured. The thickness of the subcutaneous fat
surrounding the M. longissimus was measured at sites P
(65 mm from the dorsal mid line), C (over B at right angle
to the skin) and K (at the dorso-lateral corner of the M.
longissimus and at a right angle to the skin) (Gill et al.,
1995). The pH of the meat muscles samples was
determined using a digital pH meter (DpH-2 ATAGO®).
A sharp pointed knife was used to pierce the intact
muscles to about 3 — 4cm and the digital pH meter was
immediately inserted into the sample muscles to read the
pH. The cost of producing the experimental diets were
estimated based on prevailing market prices for the
ingredients as at the time of the experiment and
percentage cost reduction was evaluated.

Statistical Analyses: Data collected were subjected to
one-way analysis of variance using SPSS version 13
package and where significant differences are found; the
means were compared using Duncan Multiple Range Test
of the same package.

1. RESULTS
Performance and Cost of Production Estimate: The

influence of composite leaf meal on the performance of
swine indicated that there were no significant differences
(P>0.05) in final live weight and total feed intake among
the treatments as presented in Table 3. Highest final live
mean weight (41.67 £ 0.84 kg) and highest mean feed
intake (75.92 £ 0.06) were recorded in animals fed 10g/kg
composite leaf meal, while lowest final live mean weight
(37.67 = 0.84 kg) and lowest mean feed intake (75.57 +
0.06 kg) were observed in animals fed 40g/kg and 0g/kg
composite leaf meal, respectively. The weight gain and
the feed conversion ratio of the experimental animals
were significantly influenced (P<0.05) by the dietary
treatments. Highest mean weight gain (23.67 + 0.51 kg)
was recorded in animals fed 10g/kg composite leaf meal,
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while the lowest mean weight gain (19.33 + 0.51 kg) was
observed in animals fed 40g/kg composite leaf meal. For
the feed conversion ratio, the highest mean value (3.95 +
0.09) was observed in animals fed 40g/kg composite leaf
meal and lowest mean value (3.22 + 0.09) was observed
in animals fed 10g/kg composite leaf meal. Generally, the
cost of experimental diets (M/kg) was least in 50g/kg
composite leaf meal diet (N55.44/kg) and highest in 0
g/kg composite leaf meal diet (60.43/kg) and the
percentage cost reduction increased as the level of the
composite leaf meal inclusion increased (1.44 — 8.26%).

Carcass and Organs Characteristics: The results from
the carcass and organ evaluation of swine fed composite
leaf meal diets indicated that there were no significant
differences (P>0.05) in all the parameters measured as
shown in Table 4. The eviscerated weights, head weight,
carcass length and the relative organs weight of liver,
kidney, heart, lungs and spleen were not significantly
influenced (P>0.05) by the dietary treatments. Highest
eviscerated weight (38.33 kg) was observed in animal fed
diet VI (50g/kg composite leaf meal) while the lowest
value (36.00 kg) was observed in animal fed diet Il
(20g/kg composite leaf meal). Animals fed diet VI
(50g/kg composite leaf meal) had the highest value for
head (3.95kg) while animals fed diet V (40g/kg composite
leaf meal) had the lowest value (3.65 kg). The result on
eviscerated weight was not significantly different among
the treatment mean values but numerically higher in
animals fed diet VI (50g/kg composite leaf meal).
Animals fed Diet Il (10g/kg composite leaf meal) had the
highest live weight per animal (41.67 kg).The longest
carcass length was recorded in animals fed 50g/kg
composite leaf meal (73.00 cm) while the shortest carcass
length was recorded in animals fed diet 20g/kg composite
leaf meal (69.33cm). Animals fed diet 50g9/kg composite
leaf meal had the highest liver value (956 g/kg) while
animals on diet 0g/kg composite leaf meal had the lowest
value (779.33 g/kg). The kidney of animals fed diet Il
(10g/kg composite leaf meal) had the highest value
(133.67 g/kg) while lowest value was recorded in animals
fed diet 20g/kg composite leaf meal (114.67 g/kg).
Animals on diet | (0g/kg composite leaf meal) had the
highest value for heart (153.67 g/kg) while lowest value
was observed in diet 30g/kg composite leaf meal (123

g/kg).

Eye Muscle Measurement, Fat Deposition and pH:
The influence of composite leaf meal on the eye muscle,
fat deposition and pH of the experimental animals
indicated that the eye muscle width and midback fat were
significantly influenced (P<0.05) by the dietary
treatments as presented in Table 5. However, the eye
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muscle depths, shoulder fat, loin fat and C, K, P were not
affected by the dietary treatments. Highest eye muscle
width and depth were recorded in animals fed 10g/kg
composite leaf meal (7.48 and 3.35 cm, respectively). The
lowest eye muscle width and depth were recorded in
animals fed 0g/kg composite leaf meal (6.87 and 3.03 cm,
respectively). The lowest sub fat loin was recorded in
animals fed 20g/kg composite leaf meal (0.72 cm), while
highest was recorded in animals fed 10g/kg composite
leaf meal (1.25 cm). For C, K, and P; highest values were
recorded in 10g/kg composite leaf meal (1.02, 1.28 and
1.08 cm, respectively). Lowest C, K, P values were
recorded in animals fed 30g/kg composite leaf meal and
40g/kg composite leaf meal (0.72, 0.63 and 0.60 cm,
respectively). For the pH of the meat samples, highest
value (5.77 pH) was recorded in animals fed 50g/kg
composite leaf meal while lowest value (5.74 pH) was
recorded in animals fed Og/kg composite leaf meal.
However, there was no significant (P>0.05) difference in
the pH values.

V. DISCUSSION
All pigs were in apparently good health during this trial.

Feed conversion ratio (FCR) was statistically similar in all
dietary treatments. The best FCR was recorded in animals
fed 10g/kg composite leaf meal diet, which indicated that
animals utilized their feed better than those fed other test
diets at this stage. Similar final weight, weight gain and
feed conversion ratio across treatments suggested that
commercial premix could be replaced completely with
composite leaf meal without any serious adverse effect on
the growth parameters (Adegbenro et al., 2012). In
general, the growth parameters measured in animals fed
the control diet and those fed the composite leaf meal
diets were identical, thus suggesting the nutritional
adequacy of the composite leaf meal in replacing the
commercial premix in pig diet in sub-tropical Africa
where these leaves are abundant. Thus, in the course of
world clamour for sustained food security through
enhancement of organic farming, the combination of these
leaves could be used as a cheaper replacement of
commercial premix in swine diets. The economy of
production revealed that the cost of feed per kilogram of
feed and cost of feed per gain were affected by the dietary
treatments. These cost indicators were highest in the
control diet and lowest in the 50g/kg composite leaf meal
diet, which suggests plausible economic benefit of this
inclusion level in pig production. As a result of an
increase in percentage cost reduction as the level of the
composite leaf meal inclusion increased, it may be safe to
completely replace commercial premix with composite
leaf meal as this would result in lower the cost of
production, increased meat production and affordability
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by the resource poor. For instance, the complete
replacements of commercial premix with composite leaf
meal at 5% inclusion level reduced about ¥N8.26 per
kilogram of feed. This translates to a colossal savings of
N82,600 per tonne by farmers (Adegbenro et al., 2012).
This observation could encourage pig farmers to produce
more and thereby making meat available for the populace.
Carcass has been shown to be an instrument that
determines the relationship between the “whole sale” or
“retail cuts” of animals. Observation on the eviscerated
weight therefore implies that th e of animals may not
necessarily be directly proportional to the performance
traits. The result on carcass length indicates that the diets
promoted the development of identical carcass length
percent. Organs are body parts, composed of several types
of tissues, capable of carrying out specialized function
(Sarojini, 2005). Among the organs measured are; liver,
kidney, heart, lungs and spleen. The organs weight
measured in this study were not influenced by the
treatments, thus suggesting that the diets were not
detrimental. The eye muscle width and eye muscle depth
increased with increased live body weight of pigs which
indicate that pigs with lighter body weight will possess
smaller eye muscle width and eye muscle depth (Gill et
al., 1995). Shoulder fat, midback fat and loin fat reduces
as the level of the composite leaf meal increases but does
not follow any particular trend. This could be linked to
the fact that composite leaf meal contains some elements
that helps in reducing lipogenesis in the animals. The low
pH obtained makes the meat better in terms of appearance
and keeping quality. The pH of meat is an important for
determining its quality characteristics. Anaerobic
glycolysis generates lactate that accumulates, lowering
the intracellular pH of meat, so that by 24 hours post
mortem the pH has fallen to an ultimate pH of about 5.4 —
5.7 (Chalotte et al., 2003). The ultimate pH depends on
glycogen concentration at the time of slaughter
(Przybylski et al., 2006). From the current work, the pH
values ranged from 5.74 — 5.77 which is still in range of
the report of Chalotte et al. (2003) and the values of 5.3 —
6.9 reported for pigs by FDA (2012).

Conclusion: The quality of meat depends on numerous
factors. The attention is most often focused on the effect
on nutrition on meat quality such as pH value, fat quality
etc. This research has shown that composite leaf meal will
not cause any deleterious effects on the quality of meat
produced from these pigs considering the fat quality and
pH level. Also, inclusion of composite leaf meal reduced
the cost of experimental diets which could help to stem
over dependence of pig farmers on importation of
conventional premix in developing countries like Nigeria.
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Table.1: The Gross Composition (g/kg) of the Weaner Diets

INGREDIENTS DIET I DIET Il DIET Il DIET IV DIET V DIET VI
Maize 520.00 510.50 501.00 486.50 472.00 462.50
Wheat offal 20.00 20.00 20.00 20.00 20.00 20.00
Soybean meal 90.00 90.00 90.00 90.00 90.00 90.00
Groundnut cake 100.00 100.00 100.00 100.00 100.00 100.00
Palm kernel cake 90.00 90.00 90.00 90.00 90.00 90.00
Brewer’s dried grain 150.00 150.00 150.00 150.00 150.00 150.00
Bone meal 15.00 15.00 15.00 15.00 15.00 15.00
Oyster shell 5.00 5.00 5.00 5.00 5.00 5.00
Premix 2.50 2.00 1.50 1.00 0.50 0.00
Composite leaf meal 0.00 10.00 20.00 30.00 40.00 50.00
Salt 2.50 2.50 2.50 2.50 2.50 2.50
Vegetable oil 5.00 5.00 5.00 10.00 15.00 15.00
Total 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00
Calculated

Crude Protein (g/kg) 191.30 193.40 195.50 197.10 198.80 200.90
Metabolizable energy (MJ/Kg) 11.87 11.74 11.60 11.58 11.56 11.42
Lysine (g/kg) 7.50 7.50 7.50 7.40 7.40 7.40

Table.2: The Gross Composition (g/kg) of the Grower Diets

INGREDIENTS DIET I DIET II DIET I DIET IV DIET V DIET VI
Maize 560.00 550.50 541.00 526.50 512.00 502.50
Wheat offal 20.00 20.00 20.00 20.00 20.00 20.00
Soybean meal 65.00 65.00 65.00 65.00 65.00 65.00
Groundnut cake 100.00 100.00 100.00 100.00 100.00 100.00
Palm kernel cake 90.00 90.00 90.00 90.00 90.00 90.00
Brewer’s dried grain 120.00 120.00 120.00 120.00 120.00 120.00
Bone meal 15.00 15.00 15.00 15.00 15.00 15.00
Oyster shell 5.00 5.00 5.00 5.00 5.00 5.00
Premix 2.50 2.00 1.50 1.00 0.50 0.00
Composite leaf meal 0.00 10.00 20.00 30.00 40.00 50.00
Salt 2.50 2.50 2.50 2.50 2.50 2.50
Vegetable oil 20.00 20.00 20.00 25.00 30.00 30.00
Total 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00
Calculated

Crude Protein (g/kg) 176.80 178.80 180.90 182.60 184.20 186.30
Metabolizable energy (MJ/kg) 12.43 12.30 12.16 12.14 12.12 11.98
Lysine (g/kg) 6.70 6.60 6.60 6.60 6.50 6.50

www.ijeab.com Page | 70


http://dx.doi.org/10.22161/ijeab/3.1.9
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB) Vol-3, Issue-1, Jan-Feb- 2018

http://dx.doi.org/10.22161/ijeab/3.1.9 ISSN: 2456-1878
Table.3: Influence of composite leaf meal on the performance and cost of production estimates of swine

Parameters DIET I DIETII DIETIII DIETIV DIETV DIET VI *SEM
Initial live weight (kg) 17.67 17.67 17.67 17.67 17.67 17.67 0.54
Final live weight (kg) 39.33 41.67 38.67 39.33 37.67 41.33 0.84
Weight gain (kg) 21.67%® 23.672 21.00% 21.33%® 19.33° 23.00% 0.51
Total feed intake (kg) 75.57 75.92 75.83 75.62 75.72 75.85 0.06
Feed conversion ratio 3.52% 3.222 3.63® 3.55%® 3.95° 3.31° 0.09
Cost of experimental diets 60.43 59.56 58.69 57.50 56.31 55.44
(N/kg)
Cost of feed consumed (N/kg) 4566.70 4521.80 445046  4348.15 4263.79 4205.12
Cost of feed/kg gain ((N¥) 210.74 191.04 211.93 203.85 220.58 182.83
% Cost reduction in - 1.44 2.88 4.85 6.82 8.26

experimental diets

a-b: Mean within rows having different superscripts are significantly different (P<0.05)

Table.4: Influence of composite leaf meal on the carcass and organs of swine

Parameters DIET I DIET Il DIET I DIET IV DIETV DIET VI +SEM
Live weight (kg) 39.33 41.67 38.67 39.33 37.67 41.33 0.84

Eviscerated  weight 36.67 37.67 36.00 37.00 36.33 38.33 0.76

(kg)

Head (kg) 3.90 3.88 3.93 3.97 3.65 3.93 0.12

Carcass length (cm) 69.67 71.33 69.33 70.67 71.00 73.00 0.58

Liver (g/kg) 779.33 904.00 800.33 881.33 922.00 956.00 28.95
Kidney (g/kg) 132.33 133.67 114.67 118.67 127.33 118.33 3.09

Heart (g//kg) 153.67 129.33 134.67 123.00 143.00 135.00 4.35

Lungs (g/kg) 311.33 310.33 315.67 374.33 315.33 334.67 9.76

Spleen (g/kg) 54.00 55.67 57.67 63.33 58.67 52.33 2.08

Table.5: Influence of composite leaf meal on the eye muscle and fat deposition of swine

Parameters DIET I DIET 11 DIET I DIET IV DIETV DIET VI +SEM
Eye muscle width (cm) 6.872 7.48P 7.47° 7.46° 7.40P 7.35P 0.007
(A)

Eye muscle depth (cm) 3.03 3.35 3.27 3.10 3.32 3.27 0.05
(B)

Shoulder fat (cm) 247 2.68 2.27 2.15 1.97 217 0.10
Midback fat (cm) 1.022 1.23° 0.83% 0.95% 0.772 0.85% 0.06
Loin fat (cm) 0.93 1.25 0.72 0.82 0.80 0.82 0.09
C 0.80 1.02 0.77 0.72 0.75 0.73 0.05
K 0.92 1.28 0.75 0.63 0.63 0.72 0.09
P 0.80 1.08 0.68 0.80 0.60 0.75 0.06
pH 5.74 5.77 5.76 5.77 5.77 5.77 0.05

a-b: Mean within rows having different superscripts are significantly different (P<0.05)
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Abstract—  Using a non-replicated plot design, we
experimentally assessed the effects of a locally produced
biological pesticide on the abundance, species richness
and Shannon diversity of beneficial insects in four forage
crops (alfalfa, soybeans, corn, and triticale) in
southeastern Kazakhstan. 2-way ANOV tests detected no
effect of the biological pesticide treatment on the
abundance (N) of either predators or pollinators.
However, there were significant differences in pollinator
and predator abundances among crops. Pairwise t-tests
between the experiment and control plots for each crop
detected no significant differences in predator or
pollinator Shannon diversity index values (H). Paired t-
tests revealed significant differences in diversity index
values for both predator and pollinator functional groups
among crops within each treatment (experiment, control).
Corn and triticale plots had notably similar predator
abundance (N), species richness (S) and Shannon diversity
index (H) values. Corn, alfalfa and soy-triticale differed
in pollinator Shannon H, N and S values, suggesting each
contained a distinct pollinator assemblage. A trial rapid
assessment for differences using a point-based system for
indicator species showed only small difference among
crops and between treatment and control plots. This
method may be more applicable in situations sampling
disturbance needs to be minimized and a rapid but less
thorough assessment is required.

Keywords— Bacillus thuringiensis, beneficial insects,
pollinators, biodiversity, forage crops.

. INTRODUCTION

Anthropogenic impact on the environment leads to a sharp
disruption of the existing equilibrium in ecosystems of
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different levels, including in agricultural systems. Broadly
speaking, more biologically diverse communities appear to
be more stable in the face of perturbations [. In
undisturbed communities, abiotic and biotic factors control
the number and diversity of organisms. Agricultural
systems, with extensive monocultures, disrupt the
processes of natural regulation of abundance and diversity
of species. As a result, crop systems experience periodic
outbreaks of one or more crop pests. As these pest
populations grow, they create opportunities for additional
opportunistic pest species and pathogens to become
established and further destabilize the agricultural system.
The common response to pest outbreaks in Kazakhstan and
neighboring countries has been to wuse chemical
insecticides of various types. Use of chemical pesticides
for pest control has many negative consequences, among
the more important are including the loss of critically
important but non-target beneficial species (pollinators and
pest predators), dramatic declines in agricultural
biodiversity and the rise of pesticide-resistant pest
populations. In addition, the toxic and teratogenic products
of the chemical pesticide decomposition accumulate in the
soil, vegetation, and eventually in the tissues and organs of
other organisms, including humans and domestic animals.
One of the alternatives to the chemical method of control
is the use of biological preparations based on entomo-
pathogenic viruses, bacteria, fungi, protozoa and
nematodes. However, since many biological preparations
are polytrophic, i.e. they can affect beneficial and non-
target species, it is critical to assess such effects prior to
broader use of biological preparations in agricultural
systems. As an example, the impacts of widely used
Bacillus thuringiensis (Bt) based biological preparations
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on beneficial insects have been broadly assessed in the
work of researchers from around the world 22,

The list of pesticides approved for use in the Republic of
Kazakhstan includes biological preparations on the
bacterium Bacillus thuringiensis (Bt) All of these
preparations are rated as non-hazardous to bees (known
toxicity to honey bees Apis) by Kazakh regulatory
agencies. Recognizing the potential risk to beneficial
insects, the application of these products is closely
regulated (similar to Category Il restrictions in the
University of California IPM Bee precaution pesticide
ratings 122)): application only when wind speed <5-6 m/s, a
mandatory minimum 1-2 km order-protection zone, and
restrictions of 6-12 hour periods on daytime application in
the summer months.

With the increasing use of IPM pest control in Kazakhstan,
including use of Bt based biological preparations, it is
important to better understand their effects on the critically
important pollinator and beneficial predator species. This
research focused on a preliminary assessment of the effect
of the locally produced Bt-based biological preparation
AxKebelek™ on the broad suite of beneficial insect
species (predator and pollinator) in four forage crops
commonly grown in southeast Kazakhstan.

1. MATERIALS AND METHODS

The study was conducted at the research farm LLP
"Bayserke Agro” (Panfilov district, Almaty region of
Kazakhstan). An organic farm research facility, the
agricultural complexes support a very diverse and well-
studied insect and arachnid fauna 233, including several
insect species listed in the Red Book of the Republic of
Kazakhstan and the Red Book of the Almaty region. These
are: the dragonfly Calopteryx virgo, the mantids Hierodula
tenuidentata, and Bolivaria brachyptera, the heteropterans
Zicrona caerulea and Coranus subapterus, and the lady
beetle Coccinella sedakovi (Figures 1-6).

This study was part of a larger 2015-2017 program to
assess the environmental effects of a number of IPM
practices in forage crop production, specifically looking at
how the abundance, species composition and diversity of
pest species, their predators and pollinators responded to
various practices.  One of the 2016 objectives of the
project was to evaluate the effect of the locally produced
Bt-based biological pesticide on four forage crops,
soybeans, alfalfa, corn and triticale.

Two 4-hectare plots were selected in each of the four crop
fields, one randomly assigned for the experimental
treatment and one for the control treatment. The biological
pesticide preparation used a culture of Bacillus
thuringiensis var. kurstaki strain 2123-3k produced by the

! List of pesticides against Lepidoptera caterpillars from
the family of Noctuidae.
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Kazakh Research Institute for Plant Protection and
Quarantine named after Z. Zhiembaev. The experimental
application used a concentration of 150 billion life-capable
Bt spores/g and a flow rate 2.5 L/Ha, as per national
regulatory guidelines®. The control solution was an equal
amount of distilled water. We used SPC-25 knapsack
sprayers (Figure 7-8) to apply the experimental and control
treatments. We applied the treatment and control sprays
every 14 days May-September 2016 for a total of 10
applications.
We collected insects and other arthropods using a methods
previously described for work at the research farm LLP
"Bayserke Agro" %] methods developed to standardize
entomological research in former Soviet states 3749, \We
used regular transect collection methods to sample foliage
dwelling arthropods in treatment and control plots,
including vegetation sweeps along randomly placed 1 m
wide x 10 m long within-plot transects, beating 10
randomly selected 1 row-meter sections of each crop, and
netting visible specimens along established 100 m
transects. We collected soil-surface and subsurface
arthropods manually along vegetation transects, by beating
at selected collection points (ten 1 m crop row sections per
plot per sampling period), and by trapping with dry Barber
pitfall traps (10 traps/plot) baited with moistened dry pet
food. We also collected ground nesting Hymenoptera
using artificial nesting sites 281, We used a novel variation
of the traditional Barber trap 14, made from .5 L plastic
bottles, for the collection of ground fauna.
Indicator species can be useful in defining distinct
communities and have been used successfully to assess
community change. We used a point system of relative
abundances of indicator species > 4 as a relative measure
of plot biodiversity. Previous research 4 suggested that
changes in such a point system could be useful in
identifying potential treatment effects. We counted the
individuals of each species captured manually and/or
visually noted in each 100 m transect walk, scoring these
as follows: 1 point - 1-2 individuals, 2 points - up to 5
individuals, 3 points - 5 -10 individuals, 4 points - 11-20
individuals, 5 points - more than 20 individuals. We
confirmed the identity of species from experts and standard
references and used published life history information to
identify predator and pollinator species 45791,

Methods — Statistical analysis
The experiment was a randomized block design with only
one datum for each combination of factors (crop type,
treatment). With only a single treatment and control plot
within each crop type, we utilized a 2-factor Analysis of
Variance (ANOV) without replication [ to test the null
hypothesis that the abundance of predator or pollinator
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species was the same in all plots. Factor A (rows) were
treatments (experiment, control) and Factor B (columns)
was crop type (soy, alfalfa, corn, triticale). The results of
the ANQV tests allowed us to test hypotheses about each
of the two factors, crop type and experimental treatment.
We assumed that the effects of the experimental treatment
did not vary by crop type and that there was no significant
interaction between factors ["4],

We used PAST [?to calculate the Shannon diversity index
(entropy, H), which takes into account the number of
individuals as well as number of taxa in compared units.
While the ANQV tests for differences in total abundance
in all blocks, showing overall block and treatment effects,
we can also test for differences in the Shannon diversity
index among any pair of samples. We used a post hoc
Hutchinson t-test in Excel [Pl to make pairwise
comparisons between plot pairs. To test for a crop effect
on H we compared pairs of crop plots within each treatment
(experiment, control) to each other. Comparing Shannon
diversity index values within treatments across crop types
allowed us to detect underlying differences in diversity
index values among crops types, unrelated to treatment
effects.

1. RESULTS
We sorted all of the collected specimens into predators and
pollinators, based on previously cited published life history
information. Any taxa not falling into one of these two
groups were discarded as not relevant to the study.
Specimens are archived at the Kazakh Research Institute of
Plant Protection and Quarantine, Almaty, Kazakhstan.
We recorded 4795 individuals in 84 taxa that we classified
as predators (Table 1a). The most species rich taxonomic
groups of predators were in the Insecta: Coleoptera, with
25 species, and Hymenoptera, with 20 species. The latter
included 4 species of Formicidae. The next most species
rich taxon were the spiders (Aranei), with 13 species. 7
families of other insect predators, each with between 1 and
5 species, accounted for the remaining individuals.
The number of individuals (N) in predator taxa ranged
from low in the soy plots (447-488) to a high of 702 in the
triticale control plot (Figure 7a). Predator abundances for
alfalfa, corn and triticale plots were broadly similar (range
of approx. 600-700 individuals). The number of predator
taxa (S) varied fairly widely among crops for both
treatments (Figure 7b). The lowest number of predator
species occurred in the soy plots (55, 57 taxa), and the
highest number in the corn and triticale plots (63-64 taxa).
Predator N values for the alfalfa plot fell between the soy
and corn-triticale plots.
We also collected 3075 pollinator individuals, in 58 taxa
belonging to four orders of Insecta: 15 species of
Lepidoptera, 4 Coleoptera, 29 Hymenoptera (including 1
Formicidae) and 10 Diptera. (Table 1b). Species in several
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families (Hymenoptera, Coleoptera and Diptera) were
listed as both predators and pollinators because they
exhibited functional characteristics of both groups.
Patterns in the number of pollinator individuals (N) and in
pollinator species (S) among crops (Figure 8a and b) were
similar.  In general, fewest pollinator individuals and
species were reported in the corn plots, and highest
reported for alfalfa, with N and S values for soy and
triticale falling between these values.

Results of 2-way ANOV without replication (1-tailed,
a=.05, Figure 9) indicated that the insecticide preparation
(rows) had no effect on either predator abundances
(F=1.49, Fgitica =10.13) or on pollinator abundances
(F=1.26, Feitca =10.13) across crop types.  Total
abundances of either predators or pollinators did not differ
significantly between insecticide treatment and controls for
any of the 4 crop types tested. However, we did detect
significant column (crop) effects for predator abundances
(F=15.54, Fgitca = 9.28) and pollinators abundances
(F=82.59, Feritical = 9.28), indicating significant differences
in among-crop abundances of both predator and pollinator
assemblages.

The numerical data (Tables 1 and 2, Figures 1 and 2) and
the ANOV results (Figure 9) suggested crop effects (and
perhaps some treatment effects as well) on N and S values
of both predators and pollinators. In a without replication
design, parametric tests for differences in N values were
not possible, so we tested for differences in diversity index
values between plots. The Shannon diversity index (H)
takes account the number of individuals (N) as well as
number of taxa (S) in compared units. We calculated
Shannon H values for all crop blocks (Table 2). We then
made three sets of pairwise comparisons (2-tailed
Hutchinson’s t-test, p<.05). The first, between experiment
and control for each crop, tested for significant experiment
effects on H diversity index values. The second and third,
between all crop pairs within the Bt experiment and within
the control, tested for crop effects on predator and
pollinator H values.

Results of these tests are in Table 3, and presented visually
in Figure 9. For predators: we detected no significant
differences in predator H index values (* = significance) in
biological pesticide experiment to control comparisons in
any of the four crops tested. Three of four comparisons of
pollinator H values detected no significant differences. We
detect one significant difference in pollinator H index
values, in the triticale plots, but not in soy, alfalfa or corn
comparisons. While the t-test test resulted in a significant
difference in pollinator H index values in the triticale plots,
we do not believe this is a significant result. Examination
of the triticale pollinator H index values (Figure 10, Table
2) show very similar experiment and control H values.
Based on the closeness of the triticale pollinator H index
values and on the large estimated variance in H for these
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plots, we concluded that the detected difference was in
error, an artifact of the high variance. This suggests
predator and pollinator diversity, as estimated by the H
index value, was not affected by the biological pesticide
treatment in any crop type.

Within-treatment  (experiment, control) comparisons
between crops indicated predator H values were generally
not significantly different. We detected significant
differences in experimental plots between soy and the other
three crop plots. Comparisons within control plots showed
that predator diversity H values differed significantly
between soy and both corn and triticale plots. Predator H
values were not different for the soy-alfalfa comparison.
Triticale predator H values, for both experiment and
control, were significantly greater than predator H values
in any of the other crop types.

For pollinators: biological pesticide treatment had no effect
on pollinator assemblages in any of the tested crops.
Overall pollinator N, S and H index values followed similar
patterns across the tested crops: low values for corn, high
values for alfalfa and lower values for soy and triticale that
were very similar. Pollinator diversity index values did not
differ significantly in soy, alfalfa or corn plots in
experiment to control comparisons (Table 3). Significant
differences in pollinator H values were detected between
triticale experiment and control plots. While the test results
indicate a treatment effect on pollinator diversity, closer
inspection of triticale experiment and control results for
pollinator N, S (Table 2, Figure 8) and Shannon H index
(Table 2, Figure 10) showed little differences in these
values, less than other pair-wise comparisons. We
concluded the result was a product of high variances, and
treated this result as an artifact.

Tests for crop effects (pair-wise comparisons within
treatments) on pollinator diversity index values found
significant differences in all but one of the between-crop
comparisons (Table 3). The absence of significant
differences in pollinator H values for soy and triticale, in
both experiment and control plots, suggests that these two
crops contained pollinator assemblages of similar
diversity.  All other pair-wise comparisons showed
significant differences in pollinator diversity index values,
suggesting that corn and alfalfa contain pollinator
assemblages of differing diversity, different from each
other and from the soy-triticale pollinator assemblage.
Point-based indicator species data are summarized in Table
4. Indicator species point scores differ by crop type, but not
by much. Similarly, differences in scores between the
experimental Bt treatment and the control were very small
(soya - 230 and 232 points, alfalfa - 320 and 318 points,
maize - 246 and 252 points, triticale - 282 and 283 points
on the test and control areas respectively).

Most Lepidoptera and Diptera scored highest in the legume
plots (soybeans and alfalfa) compared to cereals (corn and
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triticale).  Hymenoptera, combining pollinators and
predators, scored slightly lower in the cereals, but did not
show clear preferences for crop types. This was
particularly true for Hymenoptera known to prefer artificial
nest sites. Some predatory beetles, especially moisture
loving species of ground beetles, and species found
primarily on plant stems and leaves, scored highest in corn
plots. Stands of corn provide the most favorable moisture
and shade conditions for these species among the four crop
types. Some spiders, such as Argiope bruennichi, by
contrast, scored higher in soybean crops, where favorable
light conditions, structure for web construction and higher
pollinator insect abundances exist. A related species
Argiope lobata, a xerophile common in dry in steppes and
semi-deserts, scored high in the relatively arid triticale
plots, where it had more optimal conditions for existence.

V. DISCUSSION

Several families (Hymenoptera, Coleoptera and Diptera)
exhibited functional characteristics of both predators and
pollinators and were included in both groups. Larvae of
the syrphid flies (Diptera) are predators, but the adults are
recognized pollinators [, Many adult forms of
Hymenoptera are both predators and pollinators. Large
hunting wasps (Sphecidae, Vespidae) prey on various
arthropods to feed themselves or to provision their nests.
Other Hymenoptera are parasitoids (e.g. Ichneumonidae,
Braconidae, Scoliidae some Sphecidae), with adults
serving as pollen vectors but with predatory or parasitic
larvae. Larvae of the soldier beetles (Cantharidae) are
predators, but the adults are pollinators that primarily feed
on nectar, pollen and honeydew "1, Of the ant species we
collected (Formicidae), four were identified as predators
[76, 771 Only one ant species, Lasius niger, classified as a
predator, was also listed as a pollen vector [,

Evidence for biological pesticide treatment effects on
predator abundance (N) or S was inconsistent or not
evident (no significant ANOV result).  While predator
abundance (N) in the experiment plots was lower than in
the controls for alfalfa, corn and triticale, the opposite
occurred in the soy plots. Predator S values were lower in
the soy experimental plot than the control, but the opposite
in the alfalfa plots, while predator S values in the corn and
triticale plots remained nearly identical. There did not
appear to a treatment effect on pollinators, with pollinator
N and S values nearly identical in experiment and control
plots for all four crops, but a potential crop effect was
suggested by the wide differences in N and S values among
crops, for both treatment and control plots.

Defined by differences in Shannon diversity, N and S, there
appear to be three predator assemblages in the test plots
(experiment and control): a similarly diverse predator
assemblage in the alfalfa and corn crops, with a less diverse
predator assemblage in the soy plots and higher diversity
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predator assemblage in the triticale plots. Predator N, S
and H values in all corn and triticale plots are notably
similar.  Corn and triticale can have significant pest
populations.  Research in Eastern Europe showed 24
species of insects from three orders, Hemiptera, Coleoptera
and Diptera, were commonly found as pests on triticale [/,
There are 9 principal pets of corn in Eurasia, 4 Lepidoptera,
2 Coleoptera, 2 Heteroptera and 1 Diptera 2% and multiple
minor pests.  These prey populations may successfully
support diverse and numerous predator populations.

Corn, alfalfa and soy-triticale (Figure 16) each contained
apparently distinct pollinator assemblages, defined by their
differences in Shannon diversity index values (species
composition and relative abundance). The corn pollinator
assemblage was notably different, with much lower species
number (N), abundances (S) and Shannon diversity (H)
index values, than any of the other crop types. This may
be a reflection of the wind pollinated nature of corn and the
lack of flowers that would attract pollinators.

The points based system using indicator species was of
limited use in detecting effects on diversity. As a proxy
measure of diversity it showed only small differences (a
weak trend) in point scores among crops. It also showed
small differences in point scores between experiment and
control, which indicated that the biological pesticide
treatment had no effect on diversity. However, it was very
difficult to determine how much of a difference in point
scores should be considered a significant change. In
general, this approach may be of greater use as a rapid
assessment tool than for experimental studies, which
demand more detailed numerical information.

In previous research, we used point score system to
evaluate other ecosystems, including protected national
parks in Kazakhstan, where the biodiversity assessment
was constrained by the need for a rapid methodology and
for a method that did the least damage to the environment
during the survey. The technique has been used in reserves
in the Russian Federation 12, The use of the points based
system was a first trial of its usefulness in an agricultural
setting. Broader adoption of this approach must consider
the trade-off between the benefits of speed of assessment
and minimal damage to the biota and environment against
cost of lost information, due to the under-sampling of rarer
and less numerous species that are important contributors
to overall biodiversity.

Biological preparations based on entomo-pathogenic
viruses, bacteria, fungi, protozoa and nematodes are an
attractive alternative to chemical pesticides for pest control
in agriculture. However, because these preparations do
have effects on certain species of arthropods, preliminary
assessments of their overall effect are needed. For
example, preparations based on the bacterium Bacillus
thuringiensis are widely used worldwide, and their impact
on the non-target fauna of agricultural ecosystems have
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been evaluated 21, The list of pesticides approved for use
in the Republic of Kazakhstan 22 includes 7 biological
products based on the bacterium Bacillus thuringiensis
including locally developed AxKebelek™. As a local
preparation, it holds significant potential for widespread
adoption in agriculture in Kazakhstan because it will be a
widely available at low cost, providing a viable alternative
to both imported Bt preparations and to current chemical
pesticides. However, it has not been evaluated previously
for its effect on pollinators and predators.

Based on this preliminary assessment, we found
AxKebelek™ to not have significant effects on resident
pollinator or predator populations in forage crops and can
thus can provide a good biological alternative to chemical
control of a variety of lepidopteran pests of forage crops.
These results support the use of this Bt preparation for use
in both agrarian and forestry applications. We believe
AxKebelek™ can be used in combination with artificial
nest sites (used to increase populations of a suite of
important solitary bee pollinators) to increase crop yields
throughout Kazakhstan.
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Table.1a: Predator taxa and number of individuals recorded from each plot.
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Rhynocoris annulatus
Insecta: Coleoptera
Anchomenus dorsalis
Brachinus crepitans
Calathus halensis
Callistus lunatus
Calosoma denticolle
Calosoma auropunctatum
Carabus cumanus
Carabus cicatricosus
Carabus nemoralis
Chlaenius spoliatus
Elaphrus cupreus
Lebia cruxminor
Lebia chlorocephala
Nebria aenea splendida
Scarites terricola
Paederus riparius
Pachylister inaequalis
Cantharis fusca
Adalia bipunctata
Coccinella sedakovi

Coccinella septempunctata
Coccinula
quatuordecimpustulata

Harmonia axyridis

Hippodamia variegata
Hippodamia
tredecimpunctata
Propilaea
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Insecta: Neuroptera
Chrysopa carnea
Chrysopidae

Insecta: Hymenoptera
Ophion sp.

Netelia sp.
Ammophila heydeni
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Apanteles sp.
Leucospis intermedia
Scolia schrencki
Pemphredon inornata
Pemphredon lethifer

Sceliphron destillatorium

Sceliphron deforme
Sphex funerarius

Paravespula germanica

www.ijeab.com

1

T e =
© N O

P N O O O O O O N -

N
3]

15

17

24

14

21

11

2

N
B o o

N N O O O O © o NN N

N
By

17

10

N =
N B

o A O O B O F P N O

-
o o

19

24

12

25

13

12

15

20

A N O O

14

22

25

27

14

10

10

14

23
11
24

N O B O B O O

23

21

25

22

27

18

23

17

19

21

18

25
13

N O B O B O O

27

19

28

25

28

21

10

22

20

19

21

= -
PN NN

O N O O O O O +» O o

[
N O

24

25

27

18

11

21

17

25

O O O O o o o o

12

26

25

21

22

11

10

23

16

general predator

general predator
general predator
general predator
general predator
general predator
general predator
general predator
general predator
general predator
general predator
general predator
general predator
general predator
general predator
general predator
general predator
general predator
larva general predator
specialized predator
specialized predator

specialized predator

specialized predator
specialized predator

specialized predator
specialized predator

specialized predator

larva specialized
predator

specialized predator on
noctuid larva
parasitoid on
Lepidoptera

general predator

general predator
parasitoid on
Lepidoptera

parasitoid on
Lepidoptera
specialized predator on
soil grubs

larva specialized
predator on aphids
larva specialized
predator on aphids
specialized predator on
Aranei

specialized predator on
Orthoptera

specialized predator
Lepidoptera larvae

Page | 81


http://dx.doi.org/10.22161/ijeab/3.1.10
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB) Vol-3, Issue-1, Jan-Feb- 2018

http://dx.doi.org/10.22161/ijeab/3.1.10 ISSN: 2456-1878
Polistes dominula 5 2 13 14 21 18 21 23 general predator
Polistes gallicus 17 18 20 25 23 25 23 22 general predator
Polistes nimpha 2 0 0 0 0 0 0 0 general predator
parasitoid on
Chrysis ignita 0 0 0 0 1 3 3 4 Hymenoptera larvae
Insecta: Hymenoptera:
Formicidae
general
Cataglyphis aenescens 2 2 23 25 3 4 23 20 predator/scavanger
general
Formica pratensis 9 4 25 29 4 2 10 10 predator/scavanger
general
Lasius niger 17 19 17 23 14 16 4 6 predator/scavanger
general
Tetramorium caespitum 22 10 20 25 13 17 23 19 predator/scavanger
Diptera
larva specialized
Dasisyrphus sp. 7 9 22 23 2 4 9 10 predator on aphids
larva specialized
Syrphus ribesii 10 12 21 23 4 4 10 9 predator on aphids
larva specialized
Sphaerophoria sp. 26 25 25 27 4 6 16 19 predator on aphids
Promachus leontochlaenus 0 0 0 0 0 0 2 4 general predator
Selidopogon diadema 0 0 0 0 0 0 1 1 general predator
total number 488 447 600 654 601 651 652 702 4795

Table 1b. Pollinator taxa and number of individuals recorded from each plot.
Soy Soy Alfalfa Alfalfa Corn Corn Triticale  Triticlae
Expt. Control Expt. Control Expt. Control Expt. Control
Taxon

Lepidoptera

Chazara briseis 4 11 11 10 1 1 8 11
Chazara enervata 7 13 14 15 1 3 15 14
Macroglossum stellatarum 4 6 11 11 1 1 4 5
Melanargia russiae 12 14 21 23 5 6 10 12
Papilio machaon 1 1 1 2
Colias hyale 11 22 24 3 2 9 10
Colias erate 8 10 20 21 1 1 10 14
Pieris brassicae 10 11 21 10
Pieris rapae 19 21 23 25 14 15
Pontia daplidice 21 23 21 20 4 4 13 14
Polyommatus icarus 23 19
Thersamonia thersamon 11 10 16 19
Nymphalis urticae 12 10 4 4
Vanessa cardui 6 7 11 10
Inachis io 2 2
Argynnis pandora 5 4

Coleoptera
Trichodes hauseri Cleridae 4 2 10 11 2 2 6
Trichodes spectabilis Cleridae 6 7 3 2 0 0 0
Malachius aeneus Cleridae 2 5 11 10 4 4 5 4
Cantharis fusca Cantharidae 7 2 5 4 2 4 7
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Hymenoptera

Ophion sp. 3 3 4 8

Netelia sp. 2 8 7

Apanteles sp. 2 4

Leucospis intermedia 2

Scolia schrencki 6 9 1 1 4 4

Ammophila heydeni 3

Eremochares dives 11

Pemphredon inornata 9 10 21 19 21 23

Pemphredon lethifer 12 14 18 21 17 16

Sceliphron destillatorium 22 10 4 6

Sceliphron deforme 2 5

Sphex funerarius 2 2 2 3 4 5 6

Polistes dominula 5 2 13 14 21 18 21 23

Polistes gallicus 17 18 20 25 23 25 22 22

Polistes nimpha 2

Paravespula germanica 8 2 3 4

Chrysis ignita 1 3 3 4

Hylaeus arenarius 3 2 10 21 4

Andrena cineraria 1 2 4 5 5 4

Halictus quadricinctus 5 7 20 22 2 4 7

Anthidium cingulatum 10 11 11 13 2 21 23

Megachile rotundata 11 10 22 25 10 11 19 18

Osmia coerulescens 5 4 19 21 4 4

Anthophora borealis 2 5 14 14 1 1 4 4

Apis mellifera 2 3 8 9

Bombus lucorum 2 3 11 12 1 1 3 4

Bombus laesus 1 2 7 8

Xylocopa valga 2 5 5 7 1 1 4 4

Hymenoptera, Formicidae
Lasius niger 17 19 17 23 14 16 4 6
Diptera

Eristalis tenax 19 21 14 15 18 21 12 14

Dasisyrphus sp. 7 9 22 23 2 4 9 10

Syrphus ribesii 10 12 21 23 4 4 10 9

Spirophora sp. 26 25 25 27 4 6 16 16

Lucilia caesar 11 10 11 14 2 3 8 9

Calliphora vicina 6 7 4 4

Sarcophaga haemorrhoidalis 6 6 5 4 7 8

Promachus leontochlaenus 2 4

Selidopogon diadema 1 1

Stratyomis sp. 12 10
Total 358 344 546 610 200 221 396 400
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Table 2. Shannon Diversity (H) Index values, number of taxa and number of individuals of predator and pollinator groups in

all plots.
Predator taxa Soy Soy Alfalfa Alfalfa Corn Corn Triticale | Triticale
Expt. Control Expt. Control Expt. Control Expt. Control
Shannon H 3.67 3.67 3.77 3.76 3.74 37.8 3.87 3.9
No. taxa S 54 56 60 58 62 62 62 63
Individuals N 488 447 600 654 601 651 652 702
Pollinator taxa Soy Soy Alfalfa Alfalfa Corn Corn Triticale | Triticale
Expt. Control Expt. Control Expt. Control Expt Control
Shannon H 3.42 341 3.62 3.65 3.56 3.11 3.56 3.44
No. taxa S 41 40 45 46 35 35 43 42
Individuals N 358 344 546 610 200 221 396 400

Table 3. Results of pair-wise t-tests testing for differences in Shannon H diversity index values a) between treatment vs
control pairs within crops, b) between Bt experiment plots for all crop pairs, and c¢) between control plots for all crop pairs.
(*) indicates significant differences in Shannon-Weiner Diversity Index values (2-tailed Hutchinson’s t-test, a=.035, tcritical

=1.96); (-) indicates plot pairs were not tested (results not useful).

Soy Soy Alfalfa Alfalfa Corn Corn Triticale | Triticale
Expt. Control Expt. Control Expt. Control Expt. Control
Predator Values of t
Soy Expt. X 0.01 2.20* - 1.46 - 4.73* -
Soy Control X - 1.81 - 2.25* - 5.06*
Alfalfa Expt. X 0.31 0.72 - 2.57* -
Alfalfa Control X - 0.55 - 3.87*
Corn Expt. X 0.95 4.06* -
Corn Control X - 3.19*
Triticale Expt. X 0.80
Triticale Control X
Pollinator Values of t
Soy Expt. X 0.11 4.54* - 4.76* - 0.39 -
Soy Control X - 5.42* - 4.19* - 0.46
Alfalfa Expt. X 0.92 7.91* - 3.57* -
Alfalfa Control X 8.25* - 4.48*
Corn Expt. X 0.68 6.83* -
Corn Control X - 4.42*
Triticale Expt. X 2.35*
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Table 4 - Number of pollinator and predator species and total population points in experiment and control plots of forage
crops.

Plot Ne Crop type The number of The population in

indicator species points
1 Soybean (experiment) 35 230
2 Soybean (control) 36 232
3 Alfalfa (experiment) 97 320
4 Alfalfa (control) 95 318
5 Corn (experiment) 35 246
6 Corn (control) 84 252
7 Triticale (experiment) 91 282
8 Triticale (control) 92 283

Fig.1: Dragonfly Beautiful Demoiselle Calopteryx virgo Linnaeus, 1758, male and female (Photo by I.I. Temreshev).

Fig.2: Larva of wood mantis Hierodula tenuidentata Saussure, 1869, consuming a moth at a light trap (Photo by L.1.
Temreshev).
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Fig.4: Blue Zikrona Zicrona caerulea (Linnaeus, 1758) consuming a leaf beetle larva (Photo by P.A. Esenbekova).
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Fig.6: Tien Shan ladybird Coccinella sedakovi Mulsant, 1850 (tianschanica Dobrzh, 1927.) (Photo I.1. Temreshev).
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Fig.7a: Number of predator individuals (N) among crop plots. X axis: 1-2 Soy, 3-4 Alfalfa, 5-6 Corn, 7-8 Triticale.
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Fig.7b: Number of predator taxa (S) among crop plots. X axis: 1-2 Soy, 3-4 Alfalfa, 5-6 Com, 7-8 Triticale.
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Fig.8a: Number of pollinator individuals (N) among crop plots. X axis: 1-2 Soy, 3-4 Alfalfa, 5-6 Corn, 7-8 Triticale.

48 H
46 L
L ]

44 -

°

42 A °
L

w 40 - ]
38 -
36
L ] ®

34 -

32 -

30 == =
3 § 5 3 g § E E
= = = O - a =
5 § ° 5 3 E 8§ 5

] [

Fig.8b: Number of pollinator species (S) among crop plots. X axis: 1-2 Soy, 3-4 Alfalfa, 5-6 Corn, 7-8 Triticale.
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A. Result for predator species.

SUMMARY Count Sum Average Variance
tmt 4 2341 585.25 4792.917
control 4 2454 613.5 12867
soy 2 935 467.5 840.5
alfalfa 2 1254 627 1458
corn 2 1252 626 1250
triticale 2 1354 677 1250
ANOVA

Source of

Variation SS df MS F P-value F crit
Rows 1596.125 1 1596.125 1.495257 0.308702 10.12796
Columns 49777.38 3 16592.46 15.54389 0.024766 9.276628
Error 3202.375 3 1067.458
Total 54575.88 7

B. Result for pollinator species.

SUMMARY Count Sum Average Variance
tmt 4 1500 375 20198.67
control 4 1575 393.75 26373.58
soy 2 702 351 98
alfalfa 2 1156 578 2048
corn 2 421 210.5 220.5
triticale 2 796 398 8
ANOVA

Source of

Variation SS df MS F P-value F crit
Rows 703.125 1 703.125 1.26206 0.34305 10.12796
Columns 138045.4 3 46015.13 82.5939 0.002213 9.276628
Error 1671.375 3 557.125
Total 140419.9 7

www.ijeab.com

Fig.9: ANOV without replication. F values with astersiks (*) indicate significant differences in abundances.
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Fig.10a: Predator Shannon diversity index values (H) among crop plots. X axis: 1-2 Soy, 3-4 Alfalfa, 5-6 Corn, 7-8 Triticale.
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Fig.10b: Pollinator Shannon diversity index values (H) among crop plots. X axis: 1-2 Soy, 3-4 Alfalfa, 5-6 Corn, 7-8
Triticale.
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Abstract— The impact of enhanced atmospheric CO;
concentration (550ppm) was assessed in Open Top
Chambers (OTCs) facility to identify the growth and yield
parameters at different growth stages of two popular
groundnut (Arachis hypogaea L.) genotypes- Dharani, K-
9. The results showed significant differences between
genotypes, CO; levels and time intervals for all the
characters studied. The experiments revealed that the
genotype Dharani recorded higher response for seed
weight, harvest index at eCO, while K-9 recorded higher
response for total biomass.This study is necessary if we
are to realize the potential genotype for maximum yield in
the future climate change scenario.

Keywords— Arachis hypogaea L., Elevated CO,,Yield,
Biomass,Open Top Chamber.

. INTRODUCTION

The carbon dioxide (CO2) concentration in the atmosphere
is increasing due to human activities, fossil fuel
combustion and energy use scenario [1]. The increased
levels of CO; have led to an increased threat of global
warming and climate change. Changes in climate factors
such as increasing CO; concentration, increased
temperature and changed precipitation pattern may have
significant impacts on plant development and metabolism.
The concentration of atmospheric CO, has been
progressively increasing from 280 ppm (pre-industrial era)
in the year 1850 to 407 ppm in 2017 [2]. This created an
attention towards the crop responses to enhanced CO;
levels and also to identify the responsive high yielding
genotypes in order to enhance the productivity and
production.

The agricultural productivity need to be increased to meet
the demand for protein-rich diets due to rising global
population. The pre-historic records shows legumes are
the oldest cultivated crops and at present they are
considered as the major nutrient supplying crops for a
balanced human diet [3]. Groundnut seed is chiefly used
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for edible oil and contains nearly half of the essential
vitamins and one-third of the essential minerals. So, for
the resource poor farmer’s groundnut play an important
role in nutritional security [4]. Furthermore it is an
excellent fodder for livestock. The productivity of
groundnut in Andhra Pradesh is very low against Indian

productivity (1615 kg ha') and world productivity (1676

kg hal). The low productivity can be due to erratic

rainfall, incidence of pests and diseases in addition to

cultivation of low yielding varieties etc. [5].

Keeping in view the climate change scenario and high

yielding groundnut crop varieties, an experiment was

conducted in Open Top Chamber facility. The present
study was conducted:

» To realize the potential genotype of groundnut for
maximum yield to elevated/enhanced Carbon Dioxide
concentration (550ppm) when compare with ambient
CO; (400ppm) in Andhra Pradesh.

» To conduct the experimentin Open Top Chambers
(OTCs) facility for evaluating the best groundnut
genotype.

» To identify the growth and yield parameters at
different growth stages of two popular groundnut
(Arachis hypogaea L.) genotypes- Dharani and K-9.

1. MATERIALS AND METHODS
2.1 Materials: The field investigations were carried
to study the impact of elevated carbon dioxide on growth,
biomass and yield of groundnut crop under the open top
chamber (OTC) facility at Central Research Institute for
Dryland Agriculture (ICAR-CRIDA), Hyderabad.
The seeds of the groundnut genotypes- Dharani and K-9
were obtained from the Regional Agricultural Research
Station, Ananthapur. The seeds were sown and raised in
open top chambers (OTCs) at ambient (aCO2-400ppm)
and elevated (eCO2-550ppm) CO- levels during Kharif
season 2016. The seeds of two genotypes were sown
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directly in the soil and the observations were recorded at
regular intervals from sowing to harvest.

2.2 Open Top Chamber facility: The OTCs are
lined with transparent (90% transmittance of light) PVC
(polyvinyl chloride) sheet having 3m x 3m x 3m
dimensions. Six OTCs were used for the experimental
purpose. Four OTCs were maintained with eCO2 of
550ppm and the other two OTCs served as an ambient
control without any additional CO2 supply. Throughout
the day within the OTCs, eCO2 concentration was
maintained and monitored continuously during the
experimental period. Continuous injecting of 100% CO2
from a compressed CO2 cylinder into plenum of OTCs
was done to maintain the eCO; in OTCs at crop canopy
level, where it was mixed with air from air compressor
before entering into the chamber. From the centre point
of OTCs the air sample from each chamber was drawn at
three-minute interval into non-dispersive infrared (NDIR)
CO, analyzer (California Analytical) and the CO;
concentration was maintained with an automatic
switching solenoid, rotameters, Program Logic Control
(PLC) and Supervisory Control and Data Acquisition
(SCADA) software [6].But gentle washing was
frequently done to maintain the transparency of polythene
cover.

Inside the OTCs, the maximum temperatures were 1 to
1.5°C higher than outside except for few days following
rainfall while the minimum temperatures remained nearly
the same. However, there was no significant difference in
their maximum temperatures among the aCO; and eCOx.
Likewise, inside the chambers relative humidity (RH)
was higher as compared to outside. The light intensity in
chambers was 80-95% of outside environment.
Continuous growth measurements were made at 30, 60,
75, 90 and 110 days i.e. flowering, pegging, poding and
at harvest respectively. The recommended agricultural
practices were followed during the crop growth period in
the OTCs and also the crop was maintained free from
moisture stress, pests and diseases.

The characteristics of the test field includes sandy loam in
texture, neutral in pH (6.8), low in available nitrogen
(225 kg hal), medium to high in available potassium
(300 kg K20 hal) and phosphorus (10 kg ha). The crop
received 662.8 mm rainfall during the crop growth
period. Relative humidity and temperature was
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continuously measured using the sensors fitted inside the
chambers throughout the experimental period.

Destructive samples of two groundnut genotypes were
drawn from both CO; levels at 30, 60, 75, 90, DAS and at
harvest (110 DAS) in order to record plant height, leaf
area, root length, root volume, pod number and biomass
of leaf, stem and root.

The plant height was measured from base of the plant to
the tip of main shoot and root length was recorded on
main root of plant and expressed in centimetres. The root
volume was quantified by water displacement method
and expressed as ml. The leaf area at different intervals
was measured with photo-electronic leaf area meter (LI-
3100, LI-COR) and expressed as cm?/plant. The dry
weights of stem, root and leaf were recorded after
thorough drying of plant material in hot air oven at 65°C
and expressed as g/plant.

The groundnut crop was harvested at 110 days. Three
replications with five plants for each replication in each
CO; concentration were harvested and used for recording
final biomass, fodder yield, seed yield and its components
viz., pod number, pod weight, seed number and 100 seed
weight. The HI (%) was calculated as (seed yield)/ (total
above ground dry mass) * 100.

The data were statistically analyzed using a three way
analysis of variance (ANOVA) to test the significance of
variability between the genotypes, CO; concentrations,
time intervals and their interactions using star software.

1. RESULTS & DISCUSSION

The impact of eCO, on growth and vyield of two
groundnut genotypes was found significant. The results
of the investigations have revealed that the response of
two groundnut genotypes differed at two concentrations
of CO, namely- aCO; and eCO; in terms of growth,
biomass, yield and harvest index. The mean per se values
and analysis of variance of groundnut genotypes (Dharani
& K-9) under aCO, and eCO; conditions at different
growth stages were tabulated Table 1, biomass
parameters in Table 2 and yield parameters in Table 3.
The mean performance of different morphological and
biomass parameters was presented in Fig. land yield
parameters in Fig. 2. The percentage increase of the
morphological, biomass and yield parameters due to
eCO; over aCO, was presented in Fig. 3.
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Table 1: The mean per se values and analysis of variance of morphological parameters of groundnut genotypes
(Dharani & K-9) under aCO- and eCO; conditions at different growth stages

Plant height Branches/pl Root length (cm) | Root volume Leaf area
(cm) (ml/pl) (cm?/pl)
Dharani | K-9 Dharani | K-9 Dharani | K-9 Dharani | K-9 Dharani | K-9
30 DAS aCo; 11.8 13.2 3.7 4.0 6.9 6.0 0.5 0.5 180 148
eCO, 16.2 16.2 4.3 47 11.0 8.7 0.5 0.5 272 159
60 DAS aCo; 457 44.3 4.3 4.3 11.8 10.7 14 0.6 712 265
eCO; 61.7 58.9 53 | 5.7 12.7 10.6 1.3 15 1120 993
75 DAS aCoO; 63.0 44.3 5.7 5.7 13.0 12.0 14 0.8 1026 772
eCO, 64.0 60.0 5.7 6.3 13.7 12.3 1.7 15 1682 1286
90 DAS aCo; 64.3 46.0 6.3 6.0 13.7 12.0 1.6 0.8 1227 910
eCO, 67.3 60.3 5.7 6.3 14.3 12.7 1.7 15 2214 1469
110 DAS aCo; 71.0 66.3 7.0 6.3 13.8 125 1.6 0.9 - -
eCO; 68.8 70.5 7.3 7.0 14.8 14.0 1.9 1.7 - -
df
Tlme 4 ** ns ** ** **
intervals (T)
CO: levels 1 *x n.s. * *x wx
©
Genotypes 1 ** n.s. * *x **
(G)
T*C 4 ** n.s. n.s. *x *x
T*G 4 ** n.s. n.s. * *x
C*G 1 o n.s. n.s. *k n.s.
T*C*G 4 n.s. n.s. n.s. n.s. n.s.
Error 38 315 1.1 5.5 0.0 24392
Dharani K-9 0.8 Dharani
15 20 ’
15 ~ DB
= 10 = =
g E 10 ? 0.4
5
2 = 2 02
pur} d D (=
0 0
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Fig.1: Biomass parameters of two groundnut genotypes at different growth stages under eCO»& eCO, conditions
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Table 2: The mean per se values and analysis of variance of biomass parameters of groundnut genotypes (Dharani & K-
9)under aCO.and eCO conditions atdifferentgrowth stages

Leaf dry weight (g/pl | Stem dry weight Root dry weight Total biomass
(9/pl) (9/pl) (9/ph)
Dharani K-9 Dharani K-9 Dharani K-9 Dharani K-9
30 DAS aCo; 1.1 0.8 0.8 0.7 0.14 0.13 2.1 1.6
eCO; 1.7 1.2 1.1 0.9 0.10 0.20 2.9 2.3
60 DAS aCo, 5.7 7.2 10.2 4.6 0.4 0.3 16.7 12.1
eCO; 7.3 7.6 10.2 10.7 0.6 0.4 18.1 18.7
75 DAS aCo; 8.0 7.2 11.4 10.5 0.5 0.5 28.6 21.9
eCO; 8.4 7.7 14.0 13.8 0.63 0.41 334 27.7
90 DAS aCo; 10.2 8.6 11.6 11.5 0.6 0.6 33.1 21.8
eCO; 11.2 8.8 14.1 16.0 0.65 0.81 37.9 32.1
110 DAS aCo; 104 12.1 13.9 17.1 0.6 0.6 44.2 50.1
eCO, 11.3 15.5 14.4 23.2 0.7 1.0 48.4 55.9
df
Tlme 4 ** ** * **
intervals (T)
COz2 levels 1 n.s. n.s. n.s. **
(©)
Genotypes 1 ** * wx **
(G)
T * C 4 ** ** ** **
T*G 4 n.s. ** n.s. *x
C*G 1 ** n.s. n.s. **
T*C*G 4 n.s. n.s. n.s. n.s.
Error 38 0.5 3.3 0.0 55
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Fig.2: Yield and yield contributing parameters of two groundnut genotypes at eCO; and aCO; conditions
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3.1 Shoot parameters: The maximum plant height
of both the genotypes recorded at the harvest stage. The
maximum plant height in Dharani was 71cm at aCO; and
68.8cm at eCO,, whereas it was 66.25cm and
70.5cmrespectively with K-9. The maximum increment
in plant height with eCO, was at 30 DAS in Dharani
(37%), at 75 DAS in K-9 (35%) when compared with
aC0O,. A significant increase in plant height, leaf
expansion in sweet potato and cowpea was reported by
Bhattacharya et al. under eCO; [7].

At harvest, the mean stem dry weight was 13.9g/plant and
14.4g/plant in Dharani while 17.1g/plant and 23.2g/plant
in K-9 at aCO; and eCO; respectively. The maximum
percentage increment in stem dry weight with eCO, was
observed as 44.6% at 30DAS in Dharani while 131.9% at
60 DAS in K-9. The genotype K-9 showed better
response of stem dry weight than Dharani at eCOs..
Similar increase in stem dry weight throughout the crop
growth period with eCO; in castor was reported by
Vanaja et al.[8].

Table 3: The mean per se values and analysis of variance of yield parameters of groundnut
genotypes (Dharani & K-9) under aCO; and eCO; conditions at harvest

DAS

Fig.4: Percentage increase of the yield parameters of two
groundnut genotypes due to eCO over aCO;

3.2 Root parameters: The percentage increment of
root length varied from 4 to 59% in Dharani, 3 to 44% in
K-9 with eCO; and the highest increment in root length
was noticed at 30DAS. The root length was 13.8cm and
14.8cm in Dharani whereas 12.5cm and 14cm in K-9 at
aCO; and eCO,.The CO; enrichment enhances the root
growth much more by increasing its length, volume and
weight. Increased root length was observed by Madhu et
al. with increased CO; conditions in groundnut crop [9].
The improved response due to eCO, was more significant
at initial growth stages of K-9 while a linear increase
recorded with Dharani. Higher increment in root volume
than root length was observed by Vanaja et al. in rainfed
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Dharani K-9 Mean sum of square
Parameters
aCo, eCO, | aCO: eCO; | CO; levels (C) Genotypes (G) | C*G | Error
df (1) df (1) df (1) | df (6)
Pod number/pl 20.6 27.4 31.8 30.2 | ns. n.s. n.s. 58.1
Pod weight (g/pl) 19.2 22.0 20.3 16.3 n.s. n.s. n.s. 8.5
Seed number/pl 31.6 41.4 36.0 42.2 * n.s. n.s. 37.9
Seed weight (g/pl) 14.0 15.7 12.9 9.7 n.s. * * 5.4
Test weight (g) 454 36.7 35.3 23.2 n.s. n.s. n.s. 80.5
Harvest Index (%) | 32.0 32.2 25.4 17.3 n.s. ** * 18.6
Yield parameters 5 crops [10] under eCO,. Vanaja et al. observed and
40 P o reported that eCO; significantly increased root volume in
30 N § sunflower (C3) and maize (C4) crops [11].
20 | \ % The response of root dry weight to eCO, was more
% 10 \1 significant at later growth stages in both the genotypes
g o- and the increment was higher in K-9 as compared with
;Z -10 See Dharani. The maximum increase in root dry weight due
-20 to eCO; was at 60 DAS in Dharani (50%), whereas it was
-30 at harvest in K-9 (66.7%). The increased root volume,
-40

root length under eCO; infers the possibility of deeper
soil penetration and spread to more volume of soil, which
would be an advantage in a drier climate. In general
enhanced CO; strongly enhanced the root growth by
increasing its length, volume and weight. Vaidya et al.
[12]testified that the biomass of stem, root, leaf and total
biomass of groundnut genotypes recorded significant
increase at eCOs.

3.3 Leaf parameters: The maximum incrementin
leaf area with eCO,was 80.4% in Dharani while it was
274.5% in K-9. Increased CO, tends to accelerate the
growth and leaf area per plant, which may increase the
total biomass. Leaf area was increased by 46% at eCO;
compared to ambient grown by Jyothilakshmi et al. in
Vigna mungo L.[13].

The maximum increase in leaf dry weight was at 30 DAS
and it was 47.8% in Dharani, 54.7% in K-9. The leaf
biomass increased under eCO, was reported in
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groundnut. Increased leaf area and leaf biomass are
expected to improve total biomass as well as yield of a
crop as it can improve the photo assimilation of the plant.
3.4 Total Biomass: Among the two genotypes,
Dharani recorded higher total biomass at all growth
stages as well as under both aCO; and eCO, than K-9
while K-9 recorded higher response to eCO,. It is
interesting to observe that the eCO, impact on total
biomass was more at initial growth stages as total
biomass increased by 42.4% in Dharani at 30DAS
whereas 53% in K-9 at 60 DAS. The increased total
biomass at eCO, in both the genotypes was mainly
contributed by enhanced stem and leaf biomass at initial
growth stages. An increased above ground biomass in
pigeon pea under elevated CO; conditions wasdetectedby
Sahaet al. [14].

35 Yield parameters: Higher numbers of pods
were observed at eCO; in Dharani while at aCO; in K-9.
Similar trend was recorded for pod weight and seed
weight. It is excited to perceive that among the yield
parameters, eCO, improved only seed number with K-9
and this response could not improve seed weight as the
seed filling in this genotype was poor which reflected in
reduced test weight. It is also noted that in both the
genotypes the test weight decreased under eCO, and it
could be due to the prolonged peg initiation and pod
formation with poor seed filling.

Among all the vyield parameters, Dharani recorded
improved performance for pod number, pod weight, seed
number, seed weight with eCO, while only seed number
improved with K-9. Under aCO; more number of pods
per plant was recorded with K-9 while higher
improvement with eCO; was registered with Dharani. The
increased pod number in Dharani contributed to increased
pod weight and seed weight at eCO;, while no response
was recorded with K-9. The reduced test weight in K-9
indicating poor seed filling at eCO, though higher seed
number was recorded. It clearly indicating the response of
vegetative and reproductive biomass at eCO; differed
with selected genotypes, as higher improvement in
vegetative biomass with K-9 and reproductive biomass
with Dharani was observed.

3.6 Harvest index (%) (H): The genotype Dharani
maintained similar HI at both aCO, and eCO, as this
genotype was able to proportionate the increased biomass
to reproductive components. However the response of K-
9 was entirely different and the increased total biomass at
eCO, was mainly due to improved performance of
vegetative components specially leaf and stem biomass
and the yield components failed to respond to the eCO..
This resulted in decreased HI of K-9 at eCO; revealing
that this genotype was not able to take the advantage of
enhanced CO; environment in terms of yield. The results
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which are in tune with previously reported findings
revealed a significant increase in the HI in black gram
due to their improved partitioning efficiency under eCO;
conditionby Vanaja et al. [15].

The results obtained from the present study showed an
increase in the dry matter production as well as economic
yield at eCO; level. The seed yield improved by 12.59%
in Dharani, whereas the harvest index (HI) increased only
by 0.7%. This clearly shows that the eCO; improved both
biomass and economic yield. Thus it may be concluded
that the groundnut genotype Dharani is positively
responding to increasing CO2 not only for biomass but
also for seed vyield.It was also conveyed by Krishna
Reddy et al. that Dharani produced significantly higher
pod yield than other genotypes on sandy loam soils of
Tirupati, Andhra Pradesh, during early kharif under
irrigated conditions [16].

To conclude, the present study reveals that the
importance of legume crops which are protein rich could
also sustain under climate change to meet the demand.
Overall results revealed that the highest response to eCO;
in terms of seed weight, harvest index was shown by
Dharani, biomass in K-9. Hence identification of traits
and genotypes to fit in the future predicted climatic
conditions is required to sustain and improve the yield.
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Abstract— The present study was undertaken to develop
a reproducible protocol for efficient in vitro callus
initiation of chick pea (Cicer arietinum L.). The main
objectives of this present study were to develop the
optimal concentrations and combination of auxin and
cytokinin for optimized callus induction from seeds as
explants. Callus induction was initiated from seeds on MS
media supplement, which varied according to the plant
growth regulators treatment. Among the growth regulator
combinations the highest rate of callus induction (85%)
was observed in MS medium containing 2 mg L * of 2,4-
Dichlorophenoxyacetic Acid (2,4-D), 2 mg L *
Benzylaminopurine (BAP) showed higher percentage (
63% ) of callus formation than 1- Naphthaleneacetic acid
(NAA), which produced 49% of callus. There were
significant differences in percentage of calli fresh/dry
weights (g/jar) on the different initiation ( seven) medium
used were the MS+2,4-D, MS+2,4-D +NAA+ BAP and
MS+ BAP had the highest fresh/dry weights (g/jar) in
both induction medium.

Keywords— Chickpea, explants, in vitro, callus, plant
growth regulators and sterilization.

Abbreviations— MS = Murashige and Skoog media; 2,
4-D = 2, 4-Dichlorophenoxyacetic Acid and NAA= 1-
Naphthaleneacetic Acid BAP = Benzylaminopurine .

l. INTRODUCTION
Chickpea is an important grain legume cultivated
worldwide on more than 12 million hectares [1] and
representing an important and available protein,
phosphorus, iron and soluble vitamins source. It is the
third important food legume of the world [2]. The protein
content of chickpea is 22 % [3]. It is usually
supplemented with cereals to form balanced diet
compared to the other sources of protein, pulses are the
cheapest source and have been called “Poor man’s meat.”
Chickpea proteins are rich in essential amino acid
"Lysine" which is generally absent in food grain. It has
been cultivated from ancient times in the Mediterranean
region, in the Middle East and in Indian subcontinent.
However, its production is limited due to many biotic and
abiotic stresses. Besides providing protein to the diet,
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legumes have served the purpose of adding valuable
nitrogen and organic matter to the soil and provide rich
fodders to the milk and draft animals.

Plant tissue culture plays an important role in the
production of agricultural and horticultural plants and in
the manipulation of plants for improved agronomic
performance. In vitro culture of plant cells and tissues has
attracted considerable interest in recent years because it
provides the means to study the physiological and genetic
processes of plants in addition to offering the potential to
assist in breeding improved cultivars increasing their
genetic variability. Regenerated plants are expected to
have the same genotype as the donor plant; however, in
some cases, somaclonal variants are found among
regenerated plants, e.g. in rice [4, 5 6, 7]. The
composition of the medium, mainly the hormonal
balance, is another important factor influencing in vitro
culture initiation and plant regeneration from somatic
embryos [8]. The auxin 2, 4-dichlorophenoxyacetic acid
(2, 4- D), alone or in combination with cytokinins, is
widely used to enhance callus induction and maintenance
[9]. Genetic factors are considered a major contributor to
the in vitro response of cultured tissues. Differences in the
production of embryogenic calli and regenerated plantlets
have been observed, depending on the genotype and
explant source [10]. Therefore, plant regeneration from
callus culture could provide useful germplasm for plant
breeding programmes.

Considering the above facts, the present experiment was
undertaken to develop a stable, reproducible, and efficient
protocol for callus induction of chickpea in vitro
conditions and to identify the medium suitable for seeds
callus induction.

1. MATERIALS AND METHODS
2.1 Plant Materials
The seeds of chickpea used in this study were purchased
from the local market healthy and uniform, Al Bayda —
Libya. The definition of the type of seeds through the
Herbarium in the Department of Botany
2.2 Seed sterilization
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Seeds of chick pea were collected as the source of
explants. These collected explants were used for the
callus induction. The seeds brought to the laboratory and
then they were first cleaned thoroughly under a running
tap water for 20 min. The explants were immersed in
detergent solution and then rinsed three times with
autoclaved water. For further surface sterilization of
seeds, first ethanol solution (70%) at 1.5 min and seeds
were disinfected with 20 % (v/v) Sodium hypochlorite
(5.25% Cl,) containing two drops of a wetting agent
Tween 20 solution at 15 min were applied and then for 3-
5 times explants were immersed in double- distilled
water. Due to importance of explants inoculation step in
tissue culture technique, this procedure was conducted in
the laminar airflow. The material preparation was
conducted following by the method of Verma [11] with
some alteration.

2.3 Media preparation

Different callus induction media consisting of fllu MS
basal (Murashige and Skoog) these media supplemented
with various concentrations of auxins and cytokines,
like), 1- Naphthaleneacetic Acid (NAA), 2/4-
Dichlorophenoxyacetic Acid (2,4-D) and
Benzylaminopurine (BAP) Table 1.

Table.1: Culture media composition (Murashige and
Skoog 1962)

MS+2mg L! 2,4D
NAA

MS+2mgL ! 24D +2mgL?!

MS+2 mg L't NAA
BAP

MS+2mgL?! 24D+2mgL!

MS+2mg L"! BAP
BAP

MS+2mgL ! NAA+2mg L !

MS+0.5mg L' 24D +0.5 mgL! NAA+0.5 mgL! BAP

Both media contained 30 g L-! sucrose and the pH of the
culture medium was adjusted to 5.8 after adding 8 g L *
agar , then autoclaved for 20 min., at 121°C and 1.1
kg/cm? pressure. In complete aseptic conditions sterilized
seeds were cultured on different callus induction media .
All cultures were incubated in a controlled growth
chamber, and maintained at 25 +1°C at normal condition .
Each treatment was represented by 10 cultures and the
experiment was repeated three timesthen all cultures were
subcultured using same medium after 3 weeks from
incubation. three and five weeks from culture, the
frequency of explants producing calli (%), calli fresh/dry
weights (g/jar) were recorded respectively.
Calli frequency
Calli frequency was calculated according the following
equation:
Calli (%)
Number of explants producing calli

= X100
Total number of cultured explants
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Calli fresh weight (g/jar)

Weight of callus was taken from each treatment after five
weeks were carefully air dried and recorded as fresh
weight (g/jar).

Calli dry weight (g/jar)

Weight of fresh derived callus taken from each treatment
were dried using oven at 40 °C for 72 h, and recorded as
dry weight (g/jar).

Statistical analysis

The test of least significant difference (L.S.D) at the level
of 0.05% significance was used to examine differences
among treatment means and interactions. Data were
statistically analyzed using MSTAT-C software package
according to the described method by Freed et al [12].

1. RESULTS AND DISCUSSION
Callus induction and initiation of chickpea seeds were
observed after 5 days. All seeds formed callus in both
induction medium the data of callus induction frequency
were recorded from seed explants on seven different
media with different levels of plant growth regulators.
Callus was first visible within five and seven days in
MS+2, 4-D (2 mg L ) and MS+ BAP (2 mg L ) medium
respectively. Callus induction rate, and fresh/dry weights
of callus were greatly influenced by both induction
medium and seeds explants (Table 2).
Maximum callus induction (85%) was obtained for
explants when seeds were cultured on MS medium
enriched with MS+2, 4-D (2 mg L ) medium. Lowest
callus of (47%) was observed for seeds, when MS media
are supplemented with BAP (2 mg L ). Rao and Chopra
[13] have reported that initiation and development of calli
were influenced by the medium and chickpea genotypes.
These genotypic differences with respect to callus
initiation were also observed in many other plants [14, 15,
and 16]. Among all the growth regulators used, 2,4-D was
found to be the most effective growth regulator for chick
pea callus induction either when used alone or in
combinations with cytokinins. The highest callus
induction from hypocotyl was resulted in [17] expriment
on MS medium supplimented by 2 mg L * 2, 4-D + 0.5
mg L * NAA. This result is same as my resultsimilar to
me findings.
As well as the obtained results indicated that using 2-4D
alone as only growth regulators in the culture medium
enhanced of callus . This coincided with other authors
[18] they affirmed that auxins 2,4-D represent one of the
most important classes of signaling molecules involved in
the regulation of cell division, cell elongation and cell
differentiation in higher plants .
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Table.2: Effect of media composition on frequency of callus (%) and calli fresh and dry weights (g) from seeds of chickpea
regardless of the culture conditions.

Medium Callus induction Weight of callus (g)
(%)

Fresh Dry

MS+2mg L! 2,4D 85° 3.042 0.72°

MS+2 mg L' NAA 49¢ 1.23¢ 0.13%¢

MS+2mg L' BAP 63° 2.52° 0.562

MS+2mg L ! 24D +2mg L ! NAA 62° 1.01¢ 0.20°

MS+2mgL ! 24D +2mgL ! BAP 62° 1.27¢ 0.33°

MS+2mg L! NAA+2mg L' BAP 55¢ 1.12¢ 0.20°

MS+0.5mg L't 24D +05 mgL ! NAA+05 mgL? 57b¢ 1.75¢ 0.53?
BAP

Data scored after 3 weeks (for callus induction) and 5
weeks (for weight of callus ) in culture 30 explants per
treatment. Means followed by the same letter are not
significantly different at the 0.05 probability level.

V. CONCLUSION
In conclusion, the results of the present study indicated
that seeds have good callus induction ability. The in vitro
protocol reported in this study could be used for clonal
propagation of chick pea and to obtain competent target
tissue for genetic modification.
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Abstract—Gully erosion is the most visible and devastating
form of soil erosion known to be one of the leading causes
of land degradation worldwide. Landscape design is one of
the techniques used in combating this problem. The
objective of this paper is to review the use of landscape
design in controlling gully erosion. The method used is a
review of academic articles, conference papers, internet
materials, textbooks and publicly available materials on
landscape design and gully erosion. The results of this study
indicated that previous authors whose works were reviewed
have a convergent view that the use of vegetative approach,
an aspect to landscape design, must be practiced for
effective control of gullies. On the other hand, however,
previous authors have divergent views on the use of
structural approach, another aspect to landscape design,
for control of gully erosion. Recommendations of this study
include: (1) planting of a combination of woody trees and
grasses; (2) use of some locally accessible structures for
example, sieve structures; and (3) practise of agroforestry.
Keywords— Landscape Design, Gully Erosion, Review,
Sustainable  Development,  Structure,
Vegetation.

I INTRODUCTION

Gully erosion has been recognized as the major cause of
land degradation worldwide (Musa, Ahmed, Muhammed
and Abdul, 2016). According to them, it is fast becoming
the most reoccurring disaster in many countries of the
world. Gullies are steep sided watercourses, marked by
stepped longitudinal profile and commonly an abrupt
channel head, subject to intermittent flow of water
(Khairulmaini and Fatemeh, 2011). Poesen (2011) observed
that gullies are among the morphological indication of long
periods of soil erosion revealing the effect of atmospheric
adjustment such as heavy rainfall and land use practices in
the landscape. Gully erosion has attracted a growing interest
as reflected by two recent international conferences: one in
Leuven, Belgium (Poesen and Valentin, 2003) and one in
Chengdu, China (Valentin, Poesen and Li, 2005).
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Nigeria

By removing vegetation cover, the erosion-resisting
capacity of the soilbecomes disturbed (Rickson, 2001). He
also opined that when the kinetic energy of rainfall splash
increases, it results in increases in soilseparation. He further
stated that hydraulic surface flow mostly increases with lack
of vegetation cover, which inevitablyincreases soil
susceptibility to erosion mostly gully, by reducing cohesion
and shear strength. Ehiorobo and Audu(2012) reported that
gully erosion occurs due to extreme overflow of fluid with a
very high speed and energy to remove and transmit soil
particles down-hill slope.In most instances, the development
of gullies is caused byovergrazing, road construction and
urbanization, log haulage, improper farming andirrigation
practices (Valentin et al.,2005).

The need to understand how to monitor and prevent gulling
is particularly acute (Poesen, Nachtergaele Verstraten and
Valentin, 2003) and the search forinexpensive, durable, low
maintenance techniques to control gully erosion has proven
elusive (Norton, Bowannie, Peynetsa, Quandelacy and
Siebert, 2002). It is important therefore, that a holistic
understanding of gully erosion should involve collaborative
inputs from experts in diverse fields like chemists,
geologists, biologists and others (Brevik, Cerda, Mataix-
Solera, Pereg, Quinton, Six and Van, 2015).

Landscape as an essential part of the environment which
includes topography, vegetation and associated plants and
soil, water bodies, is one of the most visual needs of people
(Zheng, Zhang and Chen, 2011). Williams and Tilt (2006)
opined that an effective landscape design can become an
integral part of a good community environment. A well
defined landscape space can enhance the quality of living
areas which meets people’s preferences (VanDerZanden
and Rodie, 2008). A multifunctional landscape design
solution must embrace the various ecosystem services that
have already been bequeathed to a land area. These services
include: (1) supporting and biophysical services (e.g.,
protecting and enhancing biodiversity and water quantity
and quality); (2) provisioning services (e.g., production of
energy and other utilitarian resources); (3) regulating
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services (e.g., waste reduction and reuse); and (4) cultural
and social services (e.g., visual quality, beauty, human
health, and recreational opportunity) (Lundy and Wade,
2011). Landscape design is thus defined as the art of
modifying an area for aesthetic or practical reasons (David,
2017).

Amangabara(2012) stated that erosion control is an
important factor in landscape design and the prevention of
erosion must be top priority during the life cycle of planning
for soil conservation in any landscape design. The
application of landscape design for controlling gullies
requires a good knowledge of hydrometeorology and
surface hydrology (Professional Landscape Design,
2007).Controlling gully erosion is a multi-approach goal in
that there are three main areas to review in any landscape
design project involving conservation and they are design
consideration, vegetation selection and soil treatments
(Blair, 2014).This paper is thus focused on reviewing the
use of landscape designs whether vegetation or artificial
installations in controlling gully erosion.

1.1 Statement of the Problem

Gully erosion usually has unpredictable impacts that are
often serious and flashy(Nyssen, Poesen, Moeyersons,
Deckers, Miiku and Lang, 2004).They also asserted that in
the Ethiopian highlands, the development ofgullies has led
to an enlarged drainage of the inter gully areas, resulting in
soil moisturedecrease and a corresponding crop yield
reduction on plots located near the gully walls. In
tropicalnorth-western Australia, about 80% of the sediment
in the Lake Argyle reservoir hascome from gully and
channel erosion and less than 10% from the catchment in
the area of highly erodible soils formed on sedimentary
rocks (Wasson,Caitcheon, Murray, McCullochand Quade,
2002). Gully erosion has also caused loss of farmland
leading to drastic decrease in soil productivity, loss of
property and threat to life resulting from food shortage and
famine (Abdulfatai, Okunlola, Akande, Momohand
Ibrahim, 2014).

According to Blair (2014), artificial installations used
forerosion control in landscape design are effective to
certain extents but may however besubject to decayand
become less effective overtime. He was also of the opinion
that some of these installations are limited in capacity and
that it has been common practice to implant concrete or
rock barriers intoerosion gullies in the hope that a solid
barrier will counteract erosiveactivity and capture
sediment.He further stated that these efforts to control gully
erosionwith a solid barrier though helpful at the onset of
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installation usually fail. An example is the sieve structure
which can only slow down gully water flows but not stop
them (Layne, BreinDemisachew, Jaldesa, Badasa and
Dereje, 2015). Hydrological knowledge needed for effective
implementation of landscape designs is most times
relegated to the background especially in developing
countries,hence, the problem of gully erosion and its
negative impacts continue(Amangabara, 2012).

1.2 Objective
The objective of this study is to review the use of landscape
design in controlling gully erosion.

. CONCEPTUAL FRAMEWORK: SUSTAINABLE
DEVELOPMENT

This research is based on the concept of sustainable
development. Morelli (2010) saw sustainable development
as meeting the resources and services needs for current and
future generations without compromising the health of the
ecosystems that provide and more specifically as a
condition of balance, residence and interconnection that
allows human society to satisfy its needs while neither
exceeding the capacity of its ecosystems to continue to
regenerate the services necessary to meet those needs nor by
our actions diminishing biological diversity.World
Conference on Environment and Development (WCED)
(1987) opined that sustainable development is development
that meets the needs of the present without compromising
the ability of future generations to meet their own needs.
This research sets to review landscape design as a means for
gully erosion control so as to build in sustainability into the
management of the phenomenon.

. METHOD

The researchers gathered a total of 34 materials for this
research, but were able to summarize the characteristics of
10 that were deemed more relevant tolandscape design as
means of controlling gully erosion and sustainable
development. This research made use of academic articles,
conference papers, internet materials, textbooks and
publicly available materials on landscape design and gully
erosion.

V. LITERATURE REVIEW
Markus, Milos, Jozef, Stefan and Pavol(2013) stated that
erosion as one of the major and most widespread forms of
land degradation, poses severe limitations to sustainable
agricultural land use, reduces on-farm soil productivity and
contributes to  water-quality problems from the
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accumulation of sediments and agro-chemicals in
waterways. They also claimed that gullies are formed
mostly after deforestation,the beginnings of agricultural
utilization and that they are often controlledby access roads
or by other linear artificial landscape elements. They
reported further that accelerated water erosion in general
includinggulling was most effective when human
interference wascombined with colder and wetter climatic
fluctuations.

Prolonged erosion causes irreversible soil loss over time,
reducing the ecological functions of soil: mainly biomass
production, crop yields due to removal of nutrients for plant
growth, and reduction in soil-filtering capacity due to
disturbance of the hydrological cycle; from precipitation to
runoff (Victor, Dur’an, Carmen and Rodr’iguez ,2008).
They further stated that runoff is a fundamental process in
land degradation, causing soil erosion and influencing the
soil water balance and hydrology of the catchments. They
also noted that in a wide range of environments, both runoff
and sediment loss will decrease exponentially as the
percentage of vegetation cover increases and that soil-
erosion resistance increases exponentially with greater root
density.

McGarigal (2006) defined landscape as an area that
isspatially heterogeneous in at least one factor of interest.
He pointed out that the concept of landscape differs from
thetraditional ecosystem concept in focusing on groups of
ecosystems and the interactions amongthem and that the
focus is on spatial heterogeneity and its impact on
process.According to Williams and Tilt (2006), landscape
design is the art of developing property for its greatest use
and enjoyment and canbecome an integral part of a good
community environment.They reported that increasing
evidence has shown that designcan achieve multifunctional
benefits if the rolethat natureplays is taken into
consideration. They further opined that landscape design
has multiple benefits such as decentralized and naturalized
ways of managing stormwater, runoff deduction and water
quality enhancement. Musacchio (2009) was of the opinion
that there is the need to be an intricate balance between the
environmental and socio-economic aspects of a design to
achieve sustainability goals. He further claimed that every
design has its main focus and project success should be
measured based on its main project goal, rather than by a
rigid set of metrics.

Katherine, Valerie, Carissa and Eric (2002) stated that
understanding gully erosion mechanism is very important to
design the gully erosion measurement system and develop
its control. They observed that the use of vegetation to
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control erosion has been practised in many countries for
centuries. They enumerated some factors to consider when
using vegetation to control erosion which include texture
and layering of materials, existing vegetation and surface
and groundwater movement from upslope and so on. In the
view of Yifan, Yonggiu and Wen (2011), the control of
gully erosion can be divided into three approaches. They
stated that the firstis to try to stabilize the gully using the
vegetation cover method, the second is to control the runoff
flow from upstream of the gully and the third is to build
some soil conservation works inside the gully to restore the
hydraulic balance of the gully. There are two essential
components to managing the erosion problem: rehabilitating
the landscape to control the source of soil loss, and reducing
sediment flow through the gully system (Layne, Brien,
Demisachew, Jaldesa, Bedasa, and Dereje, 2015). They
argued that gully erosion cannot be stopped completely,
especially when gullies receive rushing floods of water from
heavy rainfall but that gullies can be treated to achieve long-
term suppression of sediment transport, and when combined
with better landscape management the erosion can be
substantially reduced. In the opinion of Valentin, Poesen
and Li (2005), many techniques have proved to be effective
for gully prevention and control, including vegetation cover,
zero or reduced tillage, stone bunds, exclosures, terracing
and check dams. They also opined that aboveground
vegetation is known to favour water infiltration and to
protect soil from erosion. They further claimed that gully
erosion is reduced when soil physical properties such as
structural stability and infiltrability is improved by the
inherent strength of the tree root mat that binds the surface
soils.

Izinyon, Ehiorobo and Adedeji (2013) asserted that
stabilization of gullies involves the use of appropriate
vegetative measures in the head, floor and sides of the gully.
They further stated that once gullies begin to form, they
must be treated as soon as possible, to minimize further
damage and restore stability and that there are a multitude
of physical and biological techniques which can be applied
for effective gully treatment. In their opinion, the
combination of the two measures (biophysical approach) is
the best solution for effective gully control and for
productive use of the gully area andthe construction of gully
physical structures will be followed by the establishment of
biological measures. They also reported that natural
regeneration which comes after the gullies are protected and
enclosed should also be considered in the overall
rehabilitation scheme and attention must always be given to
keeping the gully catchment well vegetated. According to
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Mwango, Msanya, Mtakwa, Kimaro, Deckers, Poesen,
Massawe and Bethuel (2014), roots bind particles in the
topsoil, which offer protection to soilthat is under pressure
of detachment by sheet flow or concentrated flow. They
claimed that the presenceof roots also increases the soil’s
roughness, thereby providing a greater capacity
forinfiltration and for reducing surface runoff velocity. Ken
and Wallie (2011) suggested that various artificial
installations are useful in controlling gully erosion. They
were also of the opinion that plants reduce soil erosion by
intercepting raindrops, enhancing infiltration, transpiring
soil water and by providing additional surface roughness by
adding organic substances to the soil. They further stated

that plant roots have a mechanical effect on soil strength
and that by penetrating the soil mass, roots reinforce the soil
and increase the soil shear strength. They also reported that
an important aspect of rehabilitation work, which is most
often neglected, is the follow-up maintenance of
rehabilitation efforts and after installation, the erosion
control structures need constant attention (particularly after
rainfall) to ensure that they are still effective and that they
will continue to contribute to improvement. Yang, Ming-
Han and Shujuan (2013) asserted that increasing tree
canopy coverage is not only beneficial in the control of
gullies but also mitigates Urban Heat Island (UHI) effect
and may reduce the incidence of heat-related diseases.

Table.1: Summary of Characteristics of some Studies that describe Landscape Design as a means to Control Gully Erosion

S/IN  Author(s) Topic of Method(s) Result(s) Recommendations Conclusion
Research
Katherine, A Property Literature The use of live In order to stabilize  Eroded slopes
Valerie, Carissa Owners Guide  review of branches is an effective  gullied slopes that ~ can generally be
and Eric (2002). to Controlling materials, method for ensuring feed into rivers, stabilized using
Erosion Using  physical water drains from a live branches vegetation and
Native measurement, slope without should be anchored  bioengineering
Vegetation for  observation. removing parts of it. in a trench with a methods.
Arrow Lakes. stake and tied up.
Ken and Wallie Practical Soil Physical Hollows facilitate Existing rooted Using a
(2011). Erosion measurement,  water infiltration on vegetation should combination of
Control and observation. bare capped soil not be disturbed in  methods
Veld surfaces where very any landscape as outlined will be
Rehabilitation little rain water this encourages the  more effective
in the Little infiltrates the soil occurrence of soil for rehabilitation
Karoo. surface. degradation. and also be more
cost-effective.
Yang, Ming-Han  Design-with- Use of Design-With-Nature Careful Design-With-
and Nature for Geographic concept demonstrates considerations Nature approach
Shujuan(2013). Multifunctional  Information benefits in reducing must be paid to has
Landscapes: System runoff and Urban human perceptions  environmental
Environmental  (GIS), Heat Island (UHI) and cultural values,  benefits on
Benefits and literature effect. which shape or storm water
Social Barriers  review of reshape the way management and
in materials. landscape is Urban Heat
Community valued, Island (UHI)
Development. appreciated, and effect.
managed.
Victor, Duran, Soil-Erosion Literature Results showed the Proven efficiency Careful
Carmen and and Runoff review of impacts of plant cover  of the plant covers  assessment of
Rodriguez Preventionby  materials. on eroded for the restoration soil for
(2008). Plant Covers: Mediterranean soil. of degraded sustainable
A Review environment management
should be through the use
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considered more
widely.

of plant covers
will aid the
avoidance of
catastrophic
degradation.

5. McGarigal(2006). What is Literature Basic approaches for A formal accuracy  The landscape
Landscape review of defining a landscape assessment should  concept differs
materials, use  and the importance of ~ be completed that ~ from the
of GIS. landscape definition in  involves an traditional
resource management  extensive ground ecosystem
planning and analysis.  truthing of the concept in
maps representing  focusing on
landscapes because  groups of
this will allow ecosystems and
precise estimates of the interactions
both errors of among them.
omission and errors
of commission.

6. Markus, Milos, Human Literature Demonstration of the Relative Today's
Jozef, Stefan and  Induced Soil review of interaction between significance of agricultural
Pavol (2013). Erosion and materials. land use, soil erosion, slow processes and  potential and

Gully System floodplain resultant changes possible future

Development development, and land  on the complex land use

in the Late use changes of the interconnections trajectories are

Holocene and study area. between causes and  strongly

Future effects of land use  connected with

Perspectives on change and soil the legacies of

Landscape erosion should be past land use

Evolution. observed and changes and soil
understood. erosion.

7. Izinyon, Appraisal of Literature Results showed The use of The study area is
Ehiorobo and Structural and  review of limitations in the use of  biophysical susceptible to
Adedeji (2013). Non-Structural ~ materials, structural approaches approach whichis  gulling due to

Approachesto  rainfall to curb the advance of ~ a combination of high rainfall and
Gully Erosion  reading with  gully erosion. structural and non-  dispersive nature
Control. rain gauge. structural of soil in the
approaches to study area hence
controlling gully non-structural
erosion should be methods should
implemented. be utilized to
control and
manage the
gully.

8. Valentin, Poesen  Gully Erosion:  Literature Although many Research priorities  Gully erosion is
and Li (2005) Impacts, review of strategies to prevent should include sub-  not a process

Factors and materials. and combat gully surface flow limited to
Control. erosion have proved to  erosion processes,  badlands,

be effective, they are

prediction models,

mountainous
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rarely adopted by
farmers in the long run
and at a large scale in
the study area.

and the causes of
adoption or not of
conservation
strategies by
farmers.

and hilly regions
but

a global and
serious cause of
land degradation
affecting a wide
variety of soils

prone
to crusting
and/or piping.

9. Mwango, Root Properties  Physical Results showed the In-depth studiesto  Studies are
Msanya, of Plants Used  measurement, rooting characteristics investigate needed to
Mtakwa, Kimaro, for Soil observation, of Guatemala grass physical Relative evaluate more
Deckers, Poesen,  Erosion literature (Tripsacumandersonii), Soil Detachment plants growing
Massawe and Control in the review of Napier grass (RSD) rate for in various
Bethuel (2014). Usambara materials. (Pennisetum different soil habitats for

Mountains, purpureum) and textures are selection of
Tanzania. Tithonia shrub recommended in plant species
(Tithoniadiversifolia) order to come up that
and their potential for with more can effectively
erosion control. representative RSD  control
models. concentrated
flow erosion
rates.

10. Layne, Brien, Sieve Physical Placement of sieve It is important to It is necessary to
Norton, Structures to measurement,  structures and gabions  begin gully adopt a
Demisachew, Control Gully  observation, in the gully was remediation atthe  landscape
Jaldesa, Bedasa, Erosiononthe literature successful in gully head approach that
and Dereje Borana review of controlling gully otherwise erosion tackles the entire
(2015) Plateau, materials. erosion. will continue to cut  gully network,

Ethiopia back upslope. beginning where

the gully erosion
starts.

Source: Researchers’ design, 2018

V. RESULTS AND DISCUSSION

landscape design for controlling gully erosionalthough some

Landscape designis a highly effective means of controlling
gully erosion. Table 1 summarizes the characteristics of
some of the studies reviewed in this research. The topics of
the studies summarized capture different approaches in
landscape designfor controlling erosion and also made use
of standard methods for carrying out research such as
literature review, physical measurement, observation,
Geographic Information System (GIS) and laboratory
analysis. All the researchers (e.g., Katherine, Valerie,
Carissa and Eric, 2002; Ken and Wallie, 2011; Victor,
Duran, Carmen and Rodriguez,2008; Layne, Brien, Norton,
Demisachew, Jaldesa ,Bedasa , and Dereje) have a unity of
opinion on the use of plants or vegetation as an approach in
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of them object to the use of structures or installationsonly (
e.g., Izinyon, Ehiorobo and Adedeji, 2013).

Previous authors made recommendations on different
approaches to and concepts for landscape design for
controllinggully erosion which include; (1) use of live
branches to stabilize gullied slopes (Katherine, Valerie,
Carissa and Eric 2002),(2) use of hollows which facilitate
water infiltration (Ken and Wallie, 2011), (3) investigation
of rooting characteristics of plants within the affected
location (Mwango, Msanya, Mtakwa, Kimaro, Deckers,
Poesen, Massawe and Bethuel, 2014), (4) design-with-
nature concept for landscape design (Yang, Ming-Han and
Shujuan,2013); and (5) placement of sieve structures and
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other locally constructed structures for the control of gullies
(Layne, Brien, Norton, Demisachew, Jaldesa , Bedasa , and
Dereje, 2011).

VI. RECOMMENDATIONS
The specific recommendations for the use of landscape
design as a means for controlling gully erosion emanating
from this paper are:

1. Introduction of vegetation in affected communities
should not just be limited to planting of woody
trees whose canopies intercept raindrops andform
larger ones that have more kinetic energy to detach
soil particles, but should include planting of
grasses that would absorb the kinetic energy of the
larger raindrops formed by the canopies.

2. Use of structures such as terraces which alter
existing environmental conditions of the soil in any
community should be discouraged. This is because,
in the case of terraces, the ground is cemented
causing absorptive capacity of the soil to be
compromised hence, increasing runoff that
detaches and transports soil particles.

3. The use of structures such as sieves which do not
degrade the soil and can be easily accessed locally
should be introduced to compliment vegetative
control of gullies.

4. The practice of agroforestry which is a
combination of planting of economictrees and
cropping activities should be encouraged. This will
encourage control of gullies and generation of
income for the affected community.

5. Environmental legislations/regulations  which
discourage cementing of residences of individuals
within gully erosion prone communities should be
established and fines levied to offenders.

VII.  CONCLUSION

This paper discussed landscape design as a means of
controlling gully erosion through a review of works done by
previous authors. It reviewed two major aspects of
landscape design: use of vegetation and the use of structures
or installations in controlling gullies. The authors generally
agreed that vegetation helps to curb gully erosion however;
some of them were against the use of only structures in
controlling gully erosion while others encouraged it.
Landscape design is an effective tool in controlling gully
erosion even though it may be subject to decay especially
where the use of structures is concerned as illustrated by
some of the authors” works reviewed.

www.ijeab.com

This study therefore concludes that landscape design should
be adopted to prevent and control gully erosion giving
special attention to the use of vegetation as this not only
helps to control gullies but also has other environmental
benefits (e.g. improvement of aesthetic quality of the
environment).

ACKNOWLEDGEMENTS

We appreciate the grace and empowerment of God
Almighty who has been our source of strength from
beginning to completion of this work. We also commend
the effort of the relations, friends and well- wishers of the
authors who contributed both financially and otherwise for
making this review a success. Our gratitude extends to the
Vice chancellor and the entire stakeholders of
Chukwuemeka Odumegwu Ojukwu University, Uli,
Anambra State, Nigeria for providing a platform for the
study of Environmental Management. To all the lecturers,
head of department and dean of the Environmental
Sciences, we appreciate their collective efforts in making
sure that the goal of environmental management is achieved
in the institution. We are highly indebted to the chief author,
Mr. Igwe, P.U. for his tireless effort towards an extensive
research on the materials used for the review. We cannot
fail to commend and appreciate the works of various
authors used for the review. Finally, we thank the entire
students of Environmental Management especially her final
year students for their support throughout the review.

REFERENCES

[1] Abdulfatai, I. A., Okunlola, I. A., Akande, W. G.,
Momoh, L. O., and Ibrahim, K. O. (2014). Review of
Gully Erosion in Nigeria: Causes, Impacts and
Possible  Solutions.Journal of Geosciences and
Geomatics, 2(3):125-129.

[2] Amangabara, G.T. (2012). Analysis of Selected Failed
Gully Erosion Control works in Imo State. Assessed
at: www.researchgate.net, 2" November, 2017.

[3] Blair, W. (2014). Benefits of Landscape Design.
Assessed at: www.element-outdoorliving.com, 2"
November, 2017.

[4] Brevik, E.C, Cerda, A., Mataix-Solera, J., Pereg, L.,
Quinton, J. N, Six, J., and Van, O.K. (2015). The
Interdisciplinary Nature of Soil. Soil Journal, 1:117-
129.

[5] David, B. (2017). What is Landscape Design.
Assessed at: www.thespruce.com, 2" November,
2017.

Page | 109


http://dx.doi.org/10.22161/ijeab/3.1.13
http://www.ijeab.com/
http://www.researchgate.net/
http://www.element-outdoorliving.com/
http://www.thespruce.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/3.1.13

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

[6] Ehiorobo, J. O., and Audu, H. A. P. (2012).
Monitoring of Gully Erosion in an Urban Area using
Geo-Information Technology. Journal of Emerging
Trends in Engineering and Applied Sciences, 3(2):270-
275.

[7] lzinyon, O.C., Ehiorobo, J.O., and Adedeji, A.C.
(2013). Appraisal of Structural and Non-Structural to
Gully Erosion Control. A Case Study of Queen Ede
Gully Site in Benin City. Assessed at:
http://cayac.blogspot.com, 2™ November, 2017.

[8] Katherine,E., Valerie,H., Carissa,C., and Eric,L.
(2002). A property Owners Guide to Controlling
Erosion Using Native Vegetation for Arrow Lakes.
Assessed at:  www.sgrc.selkirk.ca, 2™ November,
2017.

[9] Ken, C., and Wallie, S. (2011). Practical Soil Erosion
Control and Veld Rehabilitation in the Little Karoo.
Assessed at:www.ostrichsa.co.za, 2" November, 2017.

[10] Khairulmaini, O.S., and Fatemeh,M. (2011). Gully
Erosion in Semiarid Regions. Procedia Social and
Behavioral Sciences, 19:651-661.

[11] Layne, D.C., Brien,E.N., Demisachew, T., Jaldesa, D.,
Bedasa,E., and Dereje, T. (2015). Sieve Structures to
Control Gully Erosion on the Borana Plateau.
Research Brief; Feed the Future—Adapting Livestock
Systems to Climate Change, Colorado State
University, Fort Collins, CO, USA. 5 p. Assessed at:
http://digitalcommons.usu.edu/envs_facpub, 2nd
November, 2017.

[12] Lundy, L., and Wade, R. (2011). Integrating Sciences
to Sustain Urban Ecosystem Services.  Physical
Geography,35:653-669.

Markus, S.D., Milog, S., Jozef, M., Stefan, K., and Pavol,
P. (2013). Human Induced Soil Erosion and Gully
System Development in the Late Holocene and Future
Perspectives on Landscape Evolution: The Myjava
Hill Land. Geomorphology, 201:227-245.

[13]McGarigal, K. (2006). What is Landscape. Assessed
at: www.umass.edu , 2" November, 2017.

[14] Morelli, J. (2010). Economic Sustainability and the
Preservation of Environmental Management. Journal
of Environmental Management, 14(8): 771-778.

[15]Mwango, S.B., Msanya, B.M., Mtakwa, P.W.,
Kimaro, D.N.,Deckers, J., Poesen,J., Massawe, V., and
Bethuel, 1. (2014). Root Properties of Plants Used for
Soil Erosion Control in the Usambara Mountains,
Tanzania. International Journal of Plant & Soil
Science, 3(12):1567-1580.

www.ijeab.com

[16] Musa, D., Ahmed, A.l., Muhammed, U.B., and Abdul,
H. (2016). Assessment of the Impacts of Gully Erosion
on Auchi Settlement, Southern Nigeria.Journal of
Geography and Regional Planning, 9(7):128-138.

[17]Musacchio, L.R. (2009). The Scientific Basis for the
Design of Landscape Sustainability: A Framework for
Translational Landscape Research and Practice for
Designed Landscapes and the six Es of Landscape
Sustainability. Landscape Ecology, 24: 993-100.

[18]Norton, J.B., Bowannie, J.F.,, Peynetsa, P.,
Quandelacy, W., and Siebert, S.F. (2002). Native
American Methods for Conservation and Restoration
of Semiarid Ephemeral Streams. Journal of Soil and
Water Conservation, 57: 250-258.

[19] Nyssen, J., Poesen, J., Moeyersons, J., Deckers, J.,
Mitiku, H., and Lang, A. (2004). Human Impact on the
Environment in the Ethiopian and Eritrean
Highlands—A State of the Art. Earth Science Reviews,
64(3-4): 273-320.

[20] Poesen, J., and Valentin, C. (2003). Gully Erosion and
Global Change. Catena, 50(2—4):87— 564.

[21]Poesen, J., Nachtergaele, J., Verstraeten, G., and
Valentin, C. (2003). Gully Erosion and Environmental
Change: Importance and Research Needs. Catena,
50(2-4):91-133.

[22] Poesen,J.  (2011).Challenges in Gully Erosion
Research. Landform Analysis, 17:5-9.

[23] Professional Landscape Design (2007). Erosion
Control through Plants. Assessed at:
www.lawnandlandscape.com, 2" November, 2017.

[24]Rickson, J. (2001). The Best is Yet to Come. Ground
Engineering, 34(3):13-14.

[25] Valentin, C., Poesen, J., and Li, Y. (2005). Gully
Erosion: Impacts, Factors and Control. Catena,
63:132-153.

[26] VanDerZanden, A. M., and Rodie, S. N. (2008).
Landscape Design; Theory and Application. Canada:
Thomson Delmar Learning. Assessed
at:www.elsevier.com, 2" November,2017.

[27] Victor, H., Dur’an, Z., Carmen, R., and Rodr’iguez, P.
(2008). Soil-erosion and runoff prevention by plant
covers: A Review. Agronomy  Sustainable
Development, 28:65-82.

[28] Wasson, R.J., Caitcheon, G., Murray, A.S.,
McCulloch, M., and Quade, J. (2002). Sourcing
Sediment Using Multiple Tracers in the Catchment of
Lake Argyle, North-Western Australia. Environmental
Management, 29(5):634-646.

Page | 110


http://dx.doi.org/10.22161/ijeab/3.1.13
http://www.ijeab.com/
http://cayac.blogspot.com/
http://www.sgrc.selkirk.ca/
http://www.ostrichsa.co.za/
http://digitalcommons.usu.edu/envs_facpub
http://www.umass.edu/
http://www.lawnandlandscape.com/
http://www.elsevier.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/3.1.13

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

[29]1Williams, J.D., and Tilt, K. (2006). Residential
Landscape Design. Alabama Cooperative Extension
System. Assessed at: www.aces.edu, 2" November,
2017.

[30] World Commission for Environment and Development
(WCED) (1987). Our Common Future. Oxford
University Press.

[31] Yang, B., Ming-Han, L., and Shujuan, L. (2013).
Design-with-Nature for Multifunctional Landscapes:
Environmental Benefits and Social Barriers in
Community Development. Response to Plant Cover
Strips on Semiarid Slopes. Land Degradation
Development, 17:1-11.

[32]Yifan, D., Yonggiu, W., and Wen, W. (2011). The
Comparison of the Effects of Two Approaches to
Control Gully Erosion in the Black Soil Region of
China. Landform Analysis, 17: 43-46.

[33]Zheng, B., Zhang, Y., and Chen, J. (2011). Preference
to Home Landscape: Wildness or Neatness?
Landscape and Urban Planning, 99: 1-8.

www.ijeab.com

Page | 111


http://dx.doi.org/10.22161/ijeab/3.1.13
http://www.ijeab.com/
http://www.aces.edu/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orqg/10.22161/ijeab/3.1.14

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

Fungicidal effect of three plants extracts in
control of four phytopathogenic fungi of tomato

(Lycopersicum esculentum L.) fruit rot.
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Abstract— Fungicidal effect of leaf aqueous extracts of
Azadirachta  indica, Tithonia  diversifolia  and
Chromolaena odorata were determined on rot causing
fungi. In the study, the phytopathogenic fungi isolated
from the infected tomato fruit parts and identified based
on morphological and cultural characters were:
Aspergillus niger Van Tiegh, Fusarium oxysporum
Schlecht, Geotrichum candidium Link and Rhizopus
stolonifer Ehrenb. ex. Fr. as confirmed by pathogenicity
tests. Leaf aqueous extracts of different concentrations
(20, 40, 80, 60 and 100 % w/v) of A. indica, T.
diversifolia and C. odorata were added to growth media
prior to inoculation. All aqueous extracts of the tested
plants significantly (p < 0.05) reduced mycelial growth of
the fungal pathogens and this effect gradually increased
with increasing concentration. Fungicidal activity was
strongly exhibited by A. indica extract at 100% wiv
against all the pathogenic fungi. In the case of T.
diversifolia extracts inhibitiory effects at 20, 40, 60, 80
and 100% w/v were greater than those of C. odorata on
A. niger , F. oxysporum and G. candidium while for R.
stolonifer inhibition, C. odorata produced the highest in
the all five concentrations than T. diversifolia extracts. It
could be emphatically concluded that the tested plant
extracts can effectively control rot causing fungi disease
of tomato. This makes them potential biocide in diseases
management in that they are cheap and environmentally
safe as they showed fungicidal and fungitoxic ability.

Key words— Aqueous extracts, Fungicidal effect,
Inhibitory effects, Phytopathogenic.

l. INTRODUCTION
Tomato (Lycopersicum esculentum L.) is the second most
important vegetable crop in the world because of its
special nutritive value. The edible fruit of the tomato plant
has a series of usages in different forms. The crop is
nutritious and contain high amount of dietary source of
vitamins A, B, C, E and nicotinic acid (Kanneh et al.,
2015; Godia, 2014). In Sierra Leone and other parts of the
world, it is consumed as fresh fruit, salads, soup and stew
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and often used in other dishes (Osei et al., 2014). Its
cultivation provides source of employment to many and
continue to play a key horticultural role in the sub-region
in terms of reducing poverty and food insecurity (Osei et
al., 2014). Recently, according to Kanneh et al. (2015),
the Global production of fresh fruit tomato is about 100
million tons cultivated on 3.7 million hectares.

In Sierra Leone as well as other countries in Africa, the
average yield on farm is between 7.5-10t/ha (Godia,
2014) which is far below the potential yield of the crop
45-50 M t/ha. Tomato production is seriously affected by
over 200 diseases caused by pathogenic fungi, bacteria,
viruses and nematodes (Abad Z. G. and Abad J. A., 1997;
Koch et al. 1992; Lukyanenko, 1991; Moriones and
Navas-Castillo, 2000). Major fungal diseases affecting
tomato production are late blight, early blight, septoria
leaf spot, fusarium wilt, and verticillium wilt, corky root
rot, damping-off, leaf mould and powdery mildew
(Panthee and Chen, 2010).

Most farmers control these diseases using fungicides.
However, the negative environmental impacts,
mammalian toxicity and high costs are making their use
unattractive thereby searching for alternatives such as
natural plant-based chemicals (Asawalam, 2006). Plants
have ability to synthesize aromatic secondary metabolites,
like phenols, phenolic acids, quinones, flavones,
flavonoids, flavonols, tannins and coumarins (Cowan,
1991). These groups of compounds show antimicrobial
effect and serves as plant defense mechanisms against
pathogenic microorganisms (Das et al., 2010). Many
research workers have tried to find out safe and
economical control of plant diseases by using extracts of
different plant parts (Hasan et al., 2005; Bdliya and
Alkali, 2008). Hence the objective of the study was to
determine to efficacy of aqueous leaf extracts for
controlling some important postharvest tomato fruit rot
diseases in in-vitro.

1. MATERIALS AND METHODS
2.1 Experimental Site and Source of Materials
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Experiments were carried in Department of Crop
Protection, College of Plant Science and Crop Production,
Federal University of Agriculture, Abeokuta. The tomato
fruits with symptoms of rot were randomly collected from
two different markets in Ogun State, Nigeria. The markets
are Osele main market, Oeda Local government and Kuto
main market, Abeokuta South.

2.2 Preparation of culture media

Potato Dextrose Agar (PDA) (BAM Media M127) was
prepared by dissolving 39 grams in 1 litre Erlenmeyer
flask and then made up to 1 litre using sterile distilled

water. The medium was autoclaved at 121°C for 15
minutes at 15 Ib. The sterilized medium was allowed to
cool to 45°C, before supplemented with streptomycin
sulphate (3 grams) and aseptically dispensed into
sterilized 9 cm diameter glass Petri dishes.

2.3 Isolation and Identification of Fungal Pathogens
Diseased tomato fruits were randomly collected from the
two different Markets. The Chiejina (2008) isolation
method was used. Thin sections (2 mm diameter) were cut
from the Periphery of diseased tomato fruits and surface
sterilized in 0.1% mercuric chloride for 2-3 min, after
which they were rinsed in three changes of sterile distilled
water. The sections were plated in water agar and
mycelium was transferred into clean PDA plates.

The plates were incubated at room temperature (27 £ 2°
C) for 6-7 days. Subcultures were made ascetically from
the plates into similar clean PDA plates and were
incubated under similar conditions until pure cultures
were obtained. The identification of the isolated fungi was
done macroscopically and microscopically. Macroscopic
identification was based on observed culture growth
patterns and mycelial colour. Small portions of the fungal
cultures were teased and mounted in lactophonel in cotton
blue on clean slides, covered with clean cover slips and
then viewed microscopically. Fungal identification was
confirmed with the aid of books by Barnett and Hunter
(1999), Alexopoulos et al. (2002), Agrios (2005) and Ellis
et al. (2007)

2.4 Pathogenicity Test

Each of the fungal isolates obtained from the diseased
tomato fruits were tested for their ability to cause the
same disease condition previously observed in healthy
tomato fruits. Health tomato fruits were washed in sterile
distilled water and surface sterilized by dipping into 0.1%
mercuric chloride and with the aid of a sterile cork borer,
cylindrical cores were removed from each of the tomato
fruits. Pure cultures of the isolates of the isolates were
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introduced into the cores and the cores were replaced and
sealed with sterile petroleum jelly. The fruits were kept at
room temperature for 7-10 days. On establishment of
disease condition, inocula were taken from the infected
tomato fruits and cultured. The organisms were re-
isolated and identified as previously isolated organisms.
This was taken as evidence that they incited the disease.

2.6 Sources of plant materials and Preparation of
Extracts.

Leaves of three plant species namely Azadirachta indica
(A. Juss) (Neem), Tithonia diversifolia (Hemsley) A.
Gray (Mexican sunflower) and Chromolaena odorata
(Linn) were used in the experiment. These were obtained
within the premises of the Federal University of
Agriculture, Abeokuta. Fresh leaves of A. indica, T.
diversifolia and C. odorata were washed in tap water
then surfaced-sterilized with (1% NaOCI for 5min and
rinsed in five changes of sterile distilled water) and air
dried at (28 + 2 °C) for 1h. 20grams, 40grams, 60grams,
80grams and 100 grams of each plant material were
grounded using sterilized Brabantia 5-speed blender
(Model BBEK 1051) in 100 ml distilled water, and then
filtered through a Whatman® No. 9 filter paper separately
into a 250 ml Erlenmeyer flask to produce 20 %, 40 %,
80%, 60% and 100% extract concentrations.

2.7 Effect of plant extracts on mycelial growth

inhibition of fungal pathogens.
Extract-media mixtures were prepared by mixing 1 ml
extract with 9 ml molten PDA prior to solidification for
each extract concentration. Media amended with mycelial
disc of a 5- day-old cultures of each fungus were placed
in the centre of the petri dishes. The control plates
consisted of PDA mixed with 1 ml sterile distilled water.
Benlate a standard fungicide, at a concentration of 20
mg/ml was used to assess the efficacy of the plant extracts
Owolade and Oskkanlu (1999) modified method. All
treatments were in three replicates and incubated at 28 +
2°C. Radial growth in treatments and control were
measured at 24 h interval for seven days. This was
expressed as the mean growth along two axes on two pre-
draw perpendicular lines on the reverse side of each plate.
The percentage inhibition of mycelial growth by each
extract was computed using formula.
I =100%x (C-T)/C
Where;

| = percentage inhibition of mycelial growth

C = myecelial growth of fungus in control plate

T = mycelial growth of fungus in the treatment

(Sobia et al., 2011)
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1. STATISTICAL ANALYSIS

Data were subjected to analysis of variance (ANOVA)
and significant means were separated using Duncan’s

Multiple Range Test (DMRT) at 5% level of probability.

(AVA RESULTS

4.1 Inhibition of mycelial growth of Aspergillus niger

by three aqueous plant extracts

The aqueous extracts of the tested plants reduced mycelial

growth and inhibition of A. niger.

However, the inhibitory effect of the plant extracts and
benlate solution on the mycelial growth A. niger was
significantly different (P <0.05) at all the various
concentrations. A. indica exerted the highest inhibitory
effect of (92.0 %) at 100 % (w/v) followed by T.
diversifolia and C. odorata at the same concentration.
Fungitoxicity of tested plant extracts against A. niger
increased as the concentration increased (Table 1).

Table.1: Inhibition of mycelial growth of Aspergillus niger by three aqueous plant extracts

Plant Extracts Azadirachta indica Tithonia diversifolia Chromolaena odorata
Concentration % Mycelial Inhibition Mycelial Inhibition Mycelial Inhibition
(w/v) Growth(mm) (%) Growth(mm) (%) Growth(mm) (%)
100 0.90 92.0 1.44 80.5 2.00 75.7
80 2.04 75.5 2.20 70.5 3.34 64.5
60 3.67 60.2 2.52 67.4 3.95 56.5
40 4.70 54.5 3.65 50.9 5.01 45.9
20 6.98 40.7 3.98 44.8 6.83 25.6
Benlate 0.00 100.0 0.00 100.00 1.00 88.9
Contol 9.00 - 8.10 - 9.09 -
LSD (0.05) 0.840 20.25 1.022 8.08 0.840 10.45

4.2 Inhibition mycelial growth of Fusarium concentrations. The highest inhibitory of mycelial growth

oxysporum with three aqueous plant extracts

The effect of aqueous tested plant extracts mycelial

growth F. oxysporum

revealed that three extracts

produced significant (P<0.05) levels of inhibition of

mycelial growth of F. oxysporum at

various

was manifested by A. indica (87.4%) at 100 % (w/v)
concentration while the least (15.5%) inhibition was
recorded for A. indica at the concentration of 20 % (w/v).
However, benlate solution was superior in mycelial
growth inhibition (Table 2)

Table.2: Inhibition mycelial growth of Fusarium oxysporum with three aqueous plant extracts.

Plant Extracts Azadirachta indica Tithonia diversifolia Chromolaena odorata
Concentration % Mycelial Inhibition Myecelial Inhibition Mycelial Inhibition
(w/v) Growth(mm) (%) Growth(mm) (%) Growth(mm) (%)

100 0.73 87.4 2.00 76.8 3.33 62.7

80 1.11 80.8 2.77 68.5 5.66 40.0

60 3.14 45.0 3.07 64.6 6.34 354

40 4.04 30.1 3.40 60.3 6.45 31.0

20 4.87 15.5 3.47 53.8 7.68 25.2
Benlate 0.00 100.0 1.00 89.4 1.02 70.0
Contol 5.70 - 5.01 - 8.85 -
LSD(0.05) 0.440 7.70 0.77 9.13 1.882 24.10

4.3 Inhibition mycelial growth of Geotrichum A. indica induced the highest (70.6 %) mycelial growth

candidium with three aqueous plant extracts.

The three plant extracts showed relatively high fungitoxic
effect at 100 % (w/v) concentration on mycelial growth
inhibition of G. candidium. At 80 % (w/v) concentration,
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reduction compared to T. diversifolia and C.odorata.
However, benlate solution was high in exerting mycelial
growth reduction. (Table 3)
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Table.3: Inhibition mycelial growth of Geotrichum candidium with three aqueous plant extracts.

Plant Extracts Azadirachta indica Tithonia diversifolia Chromolaena odorata
Concentration % Mycelial Inhibition Mycelial Inhibition Mycelial Inhibition
(whv) Growth(mm) (%) Growth(mm) (%) Growth(mm) (%)
100 1.13 79.8 1.50 65.5 1.52 60.9
80 4.52 70.6 2.01 54.0 2.05 50.5
60 2.20 62.5 2.54 45.1 2.50 40.0
40 2.80 50.0 2.82 325 2.88 31.9
20 4.40 30.4 3.25 24.7 3.30 19.8
Benlate 1.12 81.6 1.14 60.0 1.00 55.4
Contol 8.01 - 6.01 - 7.09 -
LSD(0.05) 1.73 16.05 0.82 23.82 1.20 215

Inhibition mycelial growth of Rhizopus stolonifer with
three aqueous plant extracts.
Result showed that the tested plant extracts utilized

However, the highest inhibition was exerted by A. indica
at 100 % (w/v) while the least inhibition (15.9 %) was
exhibited by T. diversifolia at 20 % (w/v). As the

produced significant levels of inhibition of mycelial

growth of R.

stolonifer at various concentrations.

concentration
increased (Table 4)

increased mycelial

inhibition growth

Table.4: Inhibition mycelial growth of Rhizopus stolonifer with three aqueous plant extracts.

Plant Extracts Azadirachta indica Tithonia diversifolia Chromolaena odorata
Concentration Mycelial Inhibition Myecelial Inhibition Mycelial Inhibition
%(Wiv) Growth(mm) (%) Growth(mm) (%) Growth(mm) (%)
100 1.50 64.7 1.42 60.5 1.55 63.6
80 2.07 51.2 2.07 49.2 2.10 51.8
60 2.67 39.7 2.17 35.4 2.18 45.5
40 3.27 30.5 2.67 22.8 2.60 30.4
20 3.87 22.8 291 15.9 2.89 22.8
Benlate 1.01 48.2 1.12 44.8 1.20 50.3
Contol 4.27 - 5.89 - 6.98 -
LSD(0.05) 0.74 18.50 0.64 17.01 0.86 18.09

V. DISCUSSION

The mycelial growth inhibition and of the pathogens by
the leaf aqueous extracts of A. indica T. diversifolia, and
C. odorata investigated in this study indicated that,
antifungal activity showed by the tested plant extracts had
inhibitory effects on the growth of A. niger, F.
oxysporum, G. candidium and R. stolonifer. These results
further revealed that antifungal activities of the extracts
were enhanced by increasing the concentration from 20 to
100 % (wi/v); hence the inhibition activities of the extracts
were concentration dependent. This is in agreement with
the report of llondu (2012) and Chiejina and Ukeh (2013)
who indicated that increase in the antifungal activities had
corresponding increase in concentration of plant extracts.
A. indica exhibited high fungitoxic effect in inhibiting
mycelial growth reduction against the four pathogen
fungi.

The antifungal activity of A. indica conforms to the
results of (Ogbebor and Adekunle 2005; Conventry and
Allan 2001) that this extract is very effective in inhibiting
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the growth of F. moniliforme, A. flavus and A. niger.
Fungitoxic properties of A. indica could be attributed to
the presence of sapronin and alkaloid, chemical
components which has been identified as antifungal
agents in the plant (Kumar et al. 2008). The fungicidal
effects of plant extracts on different pathogens of crop
plants have been widely reported (Amadioha and Obi
1999; Okigbo and Ogbonnaya, 2006; Olufolaji, 1999 and
Onifade, 2002).

However, the differences in the efficacy of the extracts
could be attributed to the differences their active
ingredients (Onifade, 2002; Okigbo et al. 2009). Major
compounds of plant extracts are phenols, flavonoids,
alkaloids, quinones, saponines, tannins and sterols
(Halama and Van Haluwin, 2004) and their fungicidal or
fungistatic properties against various plant pathogens
have been established (Scheuerella and Mahaffee, 2002).

These products might either have direct inhibitory effects
on pathogens, exhibiting fungicidal or fungistatic
properties. They could help in the establishment of
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favorable conditions for  antagonistic  microbes
(Scheuerella and Mahaffee, 2002). Benlate solution at
20mg/ml was found to be more effective than aqueous
plant extracts in inhibiting the mycelial growth of the
pathogens. This may be as result of the refined nature of
benlate and its active ingredients being more concentrated
than of the plant extracts.

V. CONCLUSION

This study demonstrated that A. indica, T. diversifolia,
and C. odorata should be used as a potential biocide in
plant disease management, as they showed fungicidal and
fungitoxic ability (at 100% wi/v). The utilization of plant
extracts to control disease in vegetable filed minimizes or
eliminates the risks and hazards of toxic fungicides,
especially on freshly consumed vegetables. It is
anticipated that further research into these extracts would
identify the active compounds responsible for their
fungicidal activity.

REFERENCES

[1] Abad, Z. G., Abad, J. A. (1997). Another look at the
origin of late blight of potatoes, tomatoes and pear
melon in the Andes of South America. Plant Disease
81, 6: 682-688

[2] Agrios, G. N. (2005). Plant pathology. Academic
Press, New York . 922pp

[3] Alexopoulos, C. J., Mims, C. W. and Blackwall, M.
(2002). Introduction Mycology (4th Edition) John
Wiley and Sons Inc. Singapore, 869 pp.

[4] Amadioha, A. C. and Obi, V. I. (1999). Control of
anthracnose disease of cowpea by Cymbopogon
citratus  and  Ocimum  gratissimum.  Acta
Phytopathology Entomology Hungerica 34(2): 85-
89.

[5] Asawalam, E. F. (2006). Insecticidal and repellent
properties of Piper guineensis seed oil extract for the
control of maize weevil, Sitophilus zeamaise.
Journal of Environmental Agriculture and Food
Chemistry 5:1389-1394

[6] Barnett, H. L. and Hunter B. B. (1999). Illustrated
Genera of Imperfect Fungi. Fourth edition,
Academic Press. San Diego California, United
States of America. pp 218.

[7] Bdliya, B.S. and Aikali, G. (2008). Efficacy of some
plant extracts in the management of Cercospora leaf
spot of groundnut in the Sudan Savanna of Nigeria.
Journal of Phytopathology Plant protection 32 (2):
154-163.

[8] Chiejina, N. V. (2008). Mycoflora of some salad
vegetables. Bio-Research, 6(2): 392-395.

[9] Chiejina, N. V. and Ukeh, J. A. (2013). Efficacy of
Aframomum melegueta and Zingiber officinale

www.ijeab.com

extracts on fungal pathogens of tomato fruits.
Journal of Pharmacy and Biological Sciences
4(6):13-16

[10]Conventry, E. and Allen, E. J. (2001).
Microbiological and chemical analysis of neem
(Azadirachta indica) extracts: New data on
antimicrobial activity. Phytoparasitica 29:441-450.

[11]Cowan, M. M. (1991). Plant products as
antimicrobial agents. Clinical Microbiology Reviews
12:564-582.

[12]Das, k., Tiwari, R. K. S and Shrivastava, D. K.
(2010). Techniques for evaluation of medicinal
plants products as antimicrobial agents: Current
methods and future trends Journal of Medicinal
Plant Research 4:104-111.

[13]Ellis, D., Davis, S., Alexious, H., Handke, R. and
Bartley, R. (2007) Descriptions of Medical Fungi
(2" ed). Mycology Unit Womens Hospital North
Adelaid, Australia. 198 pp.

[14]Godia, A. K. G., (2014). Evaluation of some
introduced fresh  market tomato (Solanum
lycopersicum L.) for genetic variability and
adaptability in Ghana using morphological and
molecular markers. M.Sc. Thesis, Kwame Nkrumah
University of Science and Technology, Kumasi,
Ghana.

[15]Halama, P. and Van Haluwin C. (2004). Antifungal
activity of lichen extracts and lichenic acids.
Biocontrol 49:95-107.

[16]Hasan, M. M., Chowdhury, S. P. Alam, S. Hossain,
B.and Alam, M. S. (2005). Antifungal effect of plant
extracts on seed borne fungi of wheat seeds
regarding seed germination, seedling health and
vigour index. Pakistan Journal Biological Science
8(9):1284-1289.

[17]Hlondu, E. M. (2012). Fungitoxic activity of leaf
extracts from four Asteraceae against Sclerotium
rolfsii Sacc, an isolate of sweet potato ( Ipomoea
batatas L.) Lam) vine rot disease. Journal of
Agricultural and Biological Sciences 3(2): 287-295.

[18] Kanneh, S. M., Osei, M. K., Akromah, R. and Gyau,
J. (2016). Generation mean analysis of yield and
yield components of early generations of
interspecific  crosses of tomato  (Solanum
lycopersicum L.) International Journal Plant
Breeding and Genetics. 10: 98-103.

[19] Koch, E., Meier, B. M., Eiben, H. G., Slusarenko, A.
(1992). A Lipoxygenase from leaves of Tomato
(Lycopersicion esculentum Mill.) is induced in
response to plant pathogentic pseudomonds. Plant
Physiology 99: 571-576.

[20] Kumar, A., Shukla, R., Singh, P., Prasad, C. S. and
Dubey, N. K. (2008). Assessment of Thymus

Page | 116


http://dx.doi.org/10.22161/ijeab/3.1.14
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orqg/10.22161/ijeab/3.1.14

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

vulgaris L. essential oil as a safe botanical
preservative against post-harvest fungi infestation of
food commodities. Innovative Food Science and
Emergence Technology, 9: 575-580

[21] Lukyanenko, A.N. (1991). Disease resistance in
Genetic Improvement of Tomato. In Kallo, G. (Ed),
Vol. 14 of Monographs on Theoretical and Applied
Genetics, Springers, Berlyn, Germany: 99-119

[22] Moriones, E., Navas-Castillo, J. (2000). Tomato
yellow leaf curl virus, an emerging virus complex
causing epidemics worldwide. Virus Research 71:
123-134

[23]Ogbebor, O. N, and Adekunle, A. T. (2005).
Inhibition of conidial germination of mycelial
growth of Corynespora assiicola (Berk and Curt) of
rubber (Hevea brasiliensis Muell. Arg.) using
extracts of some plants. African Journal of
Biotechnology. 4(9):996-1000

[24]Okigbo, R. N and Ogbonnaya, U, O. (2006).
Antifungal effects of two tropical plant leaf extracts
(Ocimum gratissimum and Aframomum molegaeta)
on post-harvest yam (Dioscorea spp) rot. African
Journal of Biotechnology 5(9):727-731

[25] Okigbo, R. N., Eme, U. E. Asiedu, R. and Ramesh,
P. (2009). Effect of crude extracts of Allium sativum
Lin, Cymopogon citratus CD. Staph and terminalia
catappa on root causing fungi of dioscorea species.
Nigerian Journal of Botany 22(2): 359-369.

[26] Olufolaji, D. B. (1999). Control of wet rot disease of
Amaranthus  spp  caused by  Chonehora
curcubitaricum with extracts of Azadirachta indica.
Journal of Sustainable Agriculture and Evironment
1 (22): 183-190.

[27]Onifade, A. K. (2002). Antifungal effect of
Azadirachta indica A Juss extracts on Colletotricum
lindemathianum. Global Journal of Applid Sciences
6(3): 423-428

[28] Osei, M. K., Asante, M. D., Agyeman, A., Adebayo,
M. A. and Adu-Dapaah, H. (2014). Sustainable
Horticultural Systems (A Tool for Achieving Food
Sufficiency)

[29] Owolade, B. and Osikanlu, O. K. (1999). Evaluation
of some plant extracts for the control of brown
blotch disease of cowpea in South-Western Nigeria.
Journal  of  Sustainable  Agriculture  and
Environment. 1: 198-202.

[30]Panthee, D. R. and Chen, F. (2010). Genomics of
fungal disease resistance in tomato. Curr. Genomics,
11: 30-39

[31] Scheuerella, S. and Mahaffee, W. (2002). Compost
tea: Principles and prospects for plant disease
control. Compost science and Utilization 10(4): 313-
338

www.ijeab.com

[32] Sobia, N., Yamin, B. Abdul, W. Muhammad and
Sadia, S. (2011). Evaluation of anticancer activity of
Debregea sissalicifolia extract against estogen
receptor positive call line. African Journal
Biotechnology 10: 990-995.

Page | 117


http://dx.doi.org/10.22161/ijeab/3.1.14
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.org/10.22161/ijeab/3.1.15

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

Agriculture in Sri Lanka: The Current Snapshot
L. N. Ranathunga!, W.M.D.1.S. Wijemanna?, M.G.S. Sathsara®, R.G.B.K. Gamage*

Faculty of Agriculture, University of Peradeniya, Sri Lanka
2Faculty of Science, University of Peradeniya, Sri Lanka
34Faculty of Agriculture, Aquinas College of Higher Studies, Colombo 08, Sri Lanka

Abstract—Sri Lanka being an island is blessed by nature
with ideal environmental factors on the field of
agriculture which is being intentionally practiced towards
the sustainability. The agriculture sector in Sri Lanka
always acts as a major economic strength to the national
economy as it ensures the food security, employment and
poverty alleviation of rural communities. The sector is
mainly driven by variety of distinct sub sectors which
include crop cultivations such as paddy, tea, rubber,
coconut, vegetables, fruits, export crops and sugar while
in addition livestock and fisheries sectors also provide a
substantial contribution simultaneously. Negative and
positive fluctuations of each above mentioned subsector
directly affects on the overall country uplift and the
society wellbeing. This paper will be discussing about the
present status of the agriculture in Sri Lanka in a concise
manner with respect to the recently published official
data by country regulatory bodies.
Keywords—Agriculture Production Index, Ceylon, Food
Security, Gross Domestic Production, Zoonotic
Diseases.

I.  INTRODUCTION

The Democratic Socialist Republic of Sri Lanka
formerly known as Ceylon is an island located just
below the southern tip of India surrounded by the Indian
ocean, which is having a population up to date around 21
million. By ethnicity, the majority of the Sri Lankan
people are Sinhalese (74.9%) whereas the minorities are
represented by Sri Lankan Tamils (11.2%), Sri Lankan
Moors (9.3%), Indian Tamil (4.1%) and Others (0.5%).
Buddhists are the dominant religious characters (70.1%)
while Hindus (12.6%), Muslims (9.7%) and Christians
with Roman Catholics (7.6%) are further represented
respectively [1]. Being a tropical country, the temperature
is usually constant with respect to a certain altitude and
there are two monsoons which are locally called as
“Maha” Season (November to February) and ‘“Yala”
season (May to September) caused by the country rainfall
distribution. On this basis, the country has been divided
into three climatic zones; Wet Zone, Intermediate Zone
and Dry Zone.
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Fig.1: Map of Sri Lanka
(Source: www.nationsonline.org)

Wet Zone receives over 2500mm of mean annual rainfall
covering the south- west regions including central hill
countries and the Dry Zone covers the northern and
eastern parts of the country with a mean annual rainfall
less than 1750mm while Intermediate Zone lies between
these two zones receiving a mean annual rainfall ranging
from 1750mm to 2500mm. In addition, the country
hasbeen classified into 24 agro-ecological zones based on
the rainfall, soil characteristics, forestry and the land use
manner and with the advancement of navel technology,
these 24 agro-ecological zones have further been divided
into 46 sub-regions [2]. Excluding inland waters, the land
territory spreads over 62,705 km? in which the
agricultural lands occupy 20.7% portion contributing
around 8% to the National Gross Domestic Production
(GDP) and acquiring 28.7% of employment without
seconding to the other industries. Main agricultural crops
in Sri Lanka are paddy, tea and rubber which consume
1,592,000 hectares [1]. Almost 75% agricultural land is
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governed by smallholdings in which around 70% farmers
solely practice crop production while the rest is having an
integration of crop with livestock and in few cases only
the livestock [3].The livelihood of Sri Lankan people has
originated with a great agricultural history dating back
more than 2500 years. Persisting moderate climate with
ideal temperature and rainfall patterns throughout the
year, largely extended fresh water network which is
consisted with manmade reservoirs, rivers and other
freshwater resources along with adjacent fertile soil; the
country is renowned as the Pearl of Indian Ocean. As a
consequence of having ideal resource base, the agriculture
sector in Sri Lanka always acts as a major economic
strength to the national economy as it ensures the food
security, employment and poverty alleviation of rural
communities. But at present, the agriculture activities in
Sri Lanka shown a substantial reduction by 4.2% in 2016
in contrast to 2015 which had 4.8% recorded growth rate.
This negative growth rate has been resulted due to
prevailed adverse weather conditions such as floods due
to heavy rain falls and consequent drought conditions
throughout the year. Although the livestock production,
fishing and other beverage crops made a positive
contribution towards the growth, this performance
contraction has beenmainly attributed by rice, tea, rubber
and fruits during the year. According to the Agriculture
Production Index (API) which is the tool for defining the
movement of the agriculture and fisheries sector
productivity, in 2016 an overall decline of 2.4% has been
recorded oppose to 4.4 overall growth rate in 2015 [4].

1. PADDY PRODUCTION

Millions of farm families in world engage with paddy
cultivation and majority of them belong to the small scale
category [5]. Rice is the most important staple food crop
which occupies the majority of total cultivable
agricultural lands through which the livelihood activities
of people are originated in Sri Lanka [6]. In Sri Lanka,
although there are more than 90%of irrigated paddy
lands are located in the dry zone, the majority of dry
zone paddy farmers have a relatively poor economic
status as they are technically inefficient of utilizing the
available resources [7]. Various policies have been
adapted by the government as to provide incentives to
paddy farmers [8] since rice performs as a foundation to
uplift the rural economy. Even though the country could
achieve 4.4 million metric tons for the year 2016, the total
production has declined by 8.3% oppose to the records
revealed in 2015 [4].
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I1l.  TEAPRODUCTION

Fig.2: Tea Cultivation in Up Country

Tea which is having a history of more than a century;
extending up to the British colonial era, plays a bigger
role in national economy by obtaining export earnings as
to uplift the government revenue and providing
employments to people who are struggling to get rid of
poverty [9]. In the case of tea, it has been reported that the
revenue generated through the tea exportation had been
reinvested as to compensate 71% of food import bills
indicating the indirect contribution towards the food
security performed by the local tea production [10]. Sri
Lanka is the third largest tea producer in the world
possessing a share of around 23% of the global demand.
The annual tea production is around 340 million
kilograms per year and the production is possible
throughout the year. Ceylon tea is renowned as the best
tea in the world due to its intrinsic high quality, aroma
and the taste which have been caused to be unique among
the other tea producing countries. Sri Lanka mainly
exports about 51% of tea as value added products such as
green tea, flavored tea, iced tea and so on [11]. In the year
2016, the tea production has made a substantial decline in
accordance with the supply and demand. Total tea
production in 2016 was reported as 292.6 million
kilograms which was contradictive to 328.8 million
kilograms recorded in 2015 corresponding to an overall
distinct decline by 11%[4].

Iv. LIVESTOCK PRODUCTION
Livestock species are the domesticated animals such as
cattle, swine, sheep, goat, poultry and horses basically
being reared for food purposes. Size of the farm,
productive capacity of the land, technology used,
financial resource available, knowledge and experiences
of the operator, labor availability, location of the farm
with respect to the market and the cost of inputs and its
availability are the major determinant factors when
choosing a livestock enterprise in general. Livestock
provides quality food and well-balanced nutrition directly
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to human by converting the natural vegetation, crop
residues, by-products from food manufacturing, and
different organic wastes whereas it also ensures indirectly
the food security by increasing crop harvest through
supplying organic manure and stabilizes the food supply
by acting as a buffer during any fluctuation in crop
production [12].

Fig.3: Ihtensive Cattle Farming

Although the demand for the livestock products is
relatively stable in developed countries, the global
livestock sector shows a dynamic nature hence there is a
continuous increasing demand being performed by
developing countries as a consequence of the population
growth, urbanization, income growth, increase in animal
number and developments of animal health care facilities.
At present, many livestock production systems tend to
increase their output efficiently in a sustainable manner
with the aid of advanced science and technologies [13]. In
the point of agriculture, the majority of the land surface
has been occupied by the animal husbandry. Most of the
people on the earth engage in livestock production even at
small scale as livestock integration is a source of income
diversification while improving the soil fertility for the
crop production and providing draught power and
transportation. However, as in all agricultural systems
except the benefits there are negative impacts as well.
Public concern towards the food safety and healthy diet
has been playing a substantial role on the consumption
patterns negatively on the livestock products throughout
the world whereas inefficient management of farm
animals is a source of emitting unacceptable amounts of
greenhouse gases hence deteriorating the land and water
resources by their effluents [14]. The risks associated with
zoonotic diseases which can transmit form humans to
animal represent a significant constraint when
implementing livestock integration plans. Restrictions are
being applied and indispensable health programs are
being carried out in order to encourage the international
trade and to assure the safety of ultimate consumers [15].
In year 2015, the livestock industry in Sri Lanka
contributed a 0.6% to GDP. The cattle and buffalo
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population has shown a marked increase by 10% and 2%
respectively oppose to 2014. Although there was an
increase of animal number, the total milk production had
decreased by 4% in 2015 as a consequence of FMD (Foot
& Mouth Disease) epidemic leading a negative growth of
dairy sector. Since there was a decreased international
market price for milk derived food commodities, the
imports of milk and milk products demonstrated a 22%
increase as usual. According to the available data, chicken
meat production has increased by 9% and the egg
production has increased by 3% in year 2015 compared to
2014. Accordingly, the per-capita availability of eggs has
increased by 1.2 kilogram per year and the per-capita
availability of chicken meat has increased by 0.63
kilogram per year respectively. The goat population is
around 3.5 million and the production still behaves as a
traditional practice which is especially centralized in the
dry zone. Meat (mutton) is the main output consumedthan
the milk. The mutton production was recorded as 135,000
metric tons causing per-capita consumption of 0.09
kilogram per year. Swine production is distinctly
practiced along the western coastal belt of Sri Lanka. The
total swine population was recorded as 94,612 and this
number is corresponding to a 32% of significant increase.
The estimated swine meat production was 718,000 metric
tons and consequently the per-capita consumption was
0.34 kilogram per year in year 2015 [16]. In the year
2016, the local milk production has been recorded as 384
million liters with a growth of 2.6% respectively. This
marked increase has been achieved by importation of
productive heifers, affordable prices of raw milk for
farmers, increased demand for raw milk and expanding
the production capacities of milk factories. Out of total
milk production, 82.8% (317.9 million liters) is accounted
by cattle milk production while 4.2% (66.1 million liters)
is buffalo milk. Although there is an increase in milk
production, the milk powder imports were recorded as
94,011 metric tons as an increase of 15% valuing Rs. 33.6
billions. Milk production at National Livestock
Development Board (NLDB) contributed 17.9 million
liters while MILCO (Pvt) Ltd accounted for 70 million
liters of milk collection. Government takes maximum
efforts to increase the milk production in the country with
an intention of achieving the self-sufficiency in milk.
Thechicken production showed a growth of 5.7% marked
increase to 173,830 metric tons [4].
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V. COCONUT PRODUCTION

I o

Fig.4: Coconut Cultivation in Dry Zone -

Coconut is a perennial crop which is grown especially in
tropical regions over 90 countries. In Sri Lanka, Coconut
cultivation plays a bigger role for sustaining the
livelihoods of large numbers people and it ensures the
food security after the paddy cultivation as coconut can
withstand adverse climatic fluctuations [17]. The
productivity of coconut cultivation is being improved and
the emerging most problems are being eliminated by
introducing new improved varietieswith the help of latest
scientific practices. A total of 394,836hectare of area is
under coconut cultivation. Coconut and coconut based
products earn substantial amount of foreign exchange
from the international market. Products included under
edible category of coconut products are desiccated
coconut, nuts, coconut oil, coconut water, coconut cream
and coconut milk while activated carbon, coir and coir
based products and crafts out of shell are classified into
industrial category. The distribution of coconut
cultivation is highly intensive especially in West and
North Western provinces. There are three main districts
under these two provinces where the coconut cultivation
is obviously dominant known as the “Coconut Triangle”
which includes Kurunegala, Puttlam and Gampaha
districts [18]. In 2016, the supply of coconut and coconut
products appeared as a deceleration. Consequently, there
was a decline of 1.5% associated with the estimated value
of 3,011 million nuts oppose to the values recorded in
2015. This negative production status has been attributed
mainly by prolonged drought period experienced within
the growing areas [4].
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VI. RUBBER PRODUCTION
The demand for the natural rubber has been increased
substantially due to rapid increase in demand for
Natural Rubber (NR) in the world thus, investments on
rubber sector is said to be highly profitable. Rubber
goods have a large market potential in the world. The
opportunities should be optimized to encourage the
growth of rubber downstream industries to meet the
anticipated growth in the industry [19].The history of Sri
Lankan Rubber industry originated in 1876 with
establishing of the first rubber trees in Henerathgoda
Botanical Gardens located at Gampaha. At present, the
majority of manufacturing firms are scattered in South
West of the country. Since 1876, Sri Lankan natural
rubber has a higher demand due to its popular premium
quality in the world especially on type called Lanakprene
which is having distinguishable intrinsic characteristics
such as odorless nature, light colored and clean ideal for
producing better rubber derived products. In year 1950,
the rubber industry was led by tire re-trading and rapidly
expanded due to introduction of free trade policies to the
nation in the year of 1970. Since two decades, the country
produces ranges of large numbers of value added rubber
products such as rubber bands, tires, tubes, industrial
components, auto parts, carpets, footwear, bottles, gloves
etc. Major markets for manufactured rubber products are
USA, Germany, Italy, Belgium, & UK [20].

s
PN =

: o3
Fig.5: Rubber Plantation

In 2015, the total rubber production and total exports
recorded as 885700 metric tons and 103700 metric tons
respectively in which the export value was 3548 million
rupee. The local consumption of rubber showed with a
value of 1,274,200 metric tons whereas the cost of
production per kilogram was Rs. 170.00. Government has
already taken up the steps to be achieved in order to
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ensure the growth, competitiveness and the sustainability
of the rubber industry in Sri Lanka as to capture the
global market against its competitors by formulating and
introducing a comprehensive strategic plan known as Sri
Lanka Rubber Industry Master Plan (RMP) validated for
stakeholders which was supported by Asian Development
Bank (ADB) and variety of multidisciplinary field
experts. This plan is consisted a detail of value chain
analysis encouraged with prospective strategies, goals and
action procedures and will be worthy up to 2026 with the
commencement of the master plan in the year 2017 [21].
It has been recorded that in year 2016, the rubber
production showed a significant declined growth rate by
10.7% (79.1 million kilograms) reported in the past 50
years performed especially by the smallholder sector due
to reduction of the tapping days as a response to the lower
prices [4].

VIL. MINOR EXPOT CROPS & OTHER FIELD
CROPS
Minor export crops also play a substantial contribution
towards the national economy through the agriculture and
provide livelihoods for people. Areca nut, betel,
cardamom, cinnamon, citronella, clove, cocoa, coffee,
ginger, goraka, lemongrass, nutmeg, pepper, turmeric and
vanilla are the main minor export crops grown in different
locations under varying climates in Sri Lanka. Majority of
these are freely available and can be grown easily in
villages thus performing a vital role even in Sri Lankan
village economy [22]. The production of minor export
crops in 2016 declined by 9.5% compared t012.9%
growth which was reported in 2015 and the production
status of Other Field Crops (OFcs) also showed a
simultaneous contraction by 6.4% corresponding to
339,253 metric tons in 2016 from 362,452 metric tons in
2015 due to adverse weather conditions and prevailed
fluctuations of seasonal patterns [4].

VIIl.  VEGETABLE & FRUIT PRODUCTION

As a mean, Sri Lanka produces around 1,250,000 metric
tons of vegetables and fruits annually (around 710,000
metric tons of vegetables and 540,000 metric tons of
fruits) through already identified 80 different vegetable
and fruit varieties grown under varied agro-climatic
conditions throughout the island. Temperate vegetables
and fruit crops such as leeks, beet, carrot, bean, salad
cucumber, tomatoes, bell pepper, tomatoes, Chinese-
cabbage, cabbage, strawberries, sukini, salad leaves,
cauliflower and cherry are extensively cultivated
especially in the hill country as its climate is obviously
ideal whereas tropical fruits and vegetables such as green
chili, gherkins, lemon, pumpkin, papaya, mango, melon,
red onion, bitter gourd, banana types and queen pineapple
are broadly cultivated in low country and dry wet areas of
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the country. Indigenous yam types such as Kkiriala
(Xanthasomasagittifolium) and innala (Lecranthus),
Underwater stems of Lasiaspinosa (kohilaala) and
Nymphea lotus (nelumala), bread fruit, drumsticks
(murunga) and young jak fruits are also popular
commodities derived from fruits and pods of perennial
crops.

Generally, the land extent for cultivations has not
exceeded beyond a hectare since most of such vegetables
or fruits growers are small level producers or home
gardeners. The export market for processed/ value added
and fresh fruits & vegetables has been identified as a
sector with an extreme potential for further progressive
future due to increasing demand coming from
international markets. Approximately 65% of fresh
vegetable and fruit products are exported to the Middle
East and the Maldivian market while 90% of processed
vegetable and fruit products are targeted to European
market. Saudi Arabia, United Kingdom, Germany,
Pakistan, Kuwait, India, Maldives, United Arab Emirates
and Qatar are the top fruit & vegetable importing
countries from Sri Lanka [23]. In 2016, the total annual
vegetable production performed a marginal increase by
1.3% to 1,648,501 metric tons relative to 1,627,592
metric tons reported in 2015. The annual fruit production
status demonstrated a marked reduction by 6% in 2016
irrespective to the arising demand posed by exporters,
after 15.6% decline observed in 2015 [4].

IX. SUGAR PRODUCTION
Sugar production in 2015 increased by 7% to 55,982
metric tons due to increased extent of cultivation and
higher purchase price for sugarcane, blessed by favorable
environmental conditions around the country. Out of the
total production, about 27,612 metric tons (53.7%) was
accounted by Pelwatte sugar factory which is the pioneer
of providing domestic sugar requirements to the nations
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while SuduQya, Sevenagala and Gal Oya sugar factories
were responsible for compensating the rest. Kantale sugar
factory has been engaging for cultivation of sugarcane
with an intention of recommencing its manufacturing
operations in the near future. Although there was an uplift
of the production, the sugar recovery rate which indicates
the productivity had declined to 7.5% in 2015 from 8%
recorded in year 2014. Nevertheless, the overall
production in 2015 was quite enough to recover 10% of
the total sugar requirement of the country. The sugar
imports had been increased by 20.1% to 623,971 metric
tons in year 2015 due to low sugar prices showed in
international market thus indicating to take sufficient
actions for expanding the potentials of the sugar industry
as to reduce the amount of foreign exchange incurred in
importing sugar [24]. In year 2016, the sugar production
in the country showed a marked increase of 10.9% to
62,048 metric tons which was encouraged by cultivation
of high vyielding sugar cane varieties, irrigation systems,
extended planting activities and better field maintenance

[4].

X. FISHERIS SECTOR
Food security and nutrition has become a global challenge
since hunger, poverty and malnutrition still remain among
most of the people in world. The fishing sector worldwide
plays a considerable role as a basis of livelihood
especially in developing countries for alleviating the
poverty, hunger and malnutrition thus ensuring the food
security, nutrition of millions of people as well as
building up the economic viability among communities. It
has been proven that there are about 30,000 fish species
living on Earth’s hydrosphere and around hundreds of
species are caught commercially. Fish contain Omega-3
fatty acids which can reduce the blood pressure and other
associated cardiovascular disorders thus avoiding the risk
of deaths linked with heart failures. Eating fish may even
cause to lower the depression, risk of stroke and mental
retardations. Fish intake is very much important
especially for mothers who are pregnant or breastfeeding
hence it supplies DHA which is a specific type of mega-3
fatty acids beneficial for the brain development of infants
[25]. According to the FAO (Food and Agriculture
Organization of the United Nations), it has been recorded
that more than $50 billion is wasted in each year
especially from the marine fishing sector due to numerous
malfunctions, around 20-30% of wild fish harvested are
used in aquaculture as fishmeal and being consumed by
coastal communities. Fish has been classified as the most
largely traded food commaodity in world of which 50% is
represented by developing countries [26].The fisheries
sector in Sri Lanka which is comprised with three main
subsectors namely coastal; offshore and deep sea; and
inland and aquaculture, acts as an essential source of
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animal protein and plays key economic activities among
coastal communities [27].

Fig.7: Marine Fisheries Sector

The sector has been classified as one of main potential
areas that can be expanded as to uplift the national
economy. Currently, the sector is capable of providing
560,000 employment opportunities directly and indirectly
which sustain around 2.6 million people aiding for
generating income, foreign exchange and supplying the
regular required nutrition in an affordable manner. Being
an island, Sri Lanka is rich with aquatic resource bases
viz. Exclusive Economic Zone (EEZ) which extends
517,000 km? as the marine territory and mainly identified
45 lagoons and estuaries. In addition 489,000 ha is
represented by inland water resources such as villus,
irrigation reservoirs, seasonal and perennial tanks
possessing a greater inland fish mass that is even possible
to be expanded. The Sri Lankan fisheries sector
contributes around 1.7% for the National GDP. In year
2015, the total fish production was reported as 384,610
metric tons in which 334,390 metric tons were accounted
by marine fish production while 50,220 metric tons
donated by inland fisheries. The total fish export value
was quantified as Rs. 18,458 million and the quantity
exported were reported as 12,982 metric tons
respectively.  Since Sri Lankan people can obtain
acceptable protein requirements through intake of fish as
a food in an affordable manner, the government of Sri
Lanka has already taken steps to increase the national fish
production up to 685,700 metric tons as to ensure per
capita fish consumption of 22 kilogram per year [28]. In
year 2016, the growth of the fisheries sector showed a
moderate expansion by 2.1% over 2015 to 530,920 metric
tons [4].
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XI. ISSUES & CHALLENGES

At present, the country confronts many challenges in the
field of agriculture. Many of such challenges and issues
are increase of demand on food due to uninterrupted
population growth, wasting large amount of money for
importing different food commodities which even can be
produced locally, Non-adherence of young generation for
agricultural practices, economical imbalance of farm
households, harmful environmental impacts due to
extensive use of agrochemicals, land fragmentations and
competition for land with other industries, lack of
exposure for applying appropriate latest technologies for
food production, export failures caused by malfunctions
on complying with international standards, issues resulted
on low quality food products, food safety and food
security, sudden climatic fluctuations, lack of a consistent
and efficient national agricultural policies, No appropriate
subsidy schemes for farmers, issues with disseminations
of agricultural information, inefficiency of land use
patterns and developments, inadequate enforcements of
already defined legal frameworks, lack of coordination
among other allied organizations and industries,
insufficient amount of vital resources such as workable
human resources, infrastructures and finance, inadequacy
of effective extension services, research and development
processes, and proper well-updated databases, High
involvement of middlemen, post harvest wastages, lack of
good quality raw materials, inadequacy of suitable
machineries, poor genetic crop varieties and animal
breeds, high costs on labor wages, poor practices on soil
conservation, water and land pollution, natural disasters
and hazards, poor and inefficient modes of waste
management practices, conflicts with wild animals,
malfunctions of irrigation systems, poor marketing
activities and market access for rural farmers, lack of
proper insurance schemes, instability of market demand,
supply and prices, No effective coordination among
buyers and producers, disease outbreaks and poor early
responses and preparations, Inadequacy of awareness
program especially on Good Agricultural Practices (GAP)
and organic certification, food habits and perceptions on
foods of the traditional publics, inadequate linkages
between famer based communities, researchers, extension
approaches and farmers and so on [29].

XI1. CONCLUSION
The overall performance of the agriculture sector in Sri
Lanka has shown a negative growth rate in year 2016
with respect to 2015. This decline has been mainly
attributed by the changes of anticipated favorable weather
patterns prevailed while other existing issues and
challenges also affected on the same scenario
simultaneously. Although adverse weather effect is not
under the human control, appropriate well-established
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strategic approaches should be applied in order to
minimize the negative influences posed by such already
identified existing issues and challenges. Policies,
regulatory frameworks and guidelines, value chains, farm
inputs and logistics, natural resource management,
financing, marketing, data availability and its accessibility
and reliability, knowledge and awareness on information
and services must be well defined and applied in a
responsible and applicable manner for the sector
efficiently. The authorities which are obviously
responsible for uplifting the agriculture sector must
attempt to achieve the self-sufficiency of each sub sector
as to save the foreign exchange on continuous imports.
Food availability should be ensured throughout the year
by practicing appropriate management of buffer stocks
with an intention to be used whenever necessary. Food
commodities should be marketed and promoted within
and outside the country through eco-friendly practices and
novel innovations. Appropriate latest technologies should
be introduced and communicated among all agricultural
stakeholders by establishing proper coordinating
mechanisms. Thus, focusing on all the potentials and
alternatives for establishing a sustainable agriculture
system as to uplift the socio-economic stability of the
country.
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Abstract— Maize ear rots caused by Stenocarpella
maydis cause reduction in yield and quality of the maize
due to the mycotoxins produced by the pathogen.
Breeding for resistance is the most feasible option in
managing ear rots. However, to obtain stable resistance
to S. maydis has been a challenge partly due to effect of
the environment and availability of different isolates. The
objective of this research was therefore, to determine the
effect of multiple isolate inoculations in breeding for
resistance to S. maydis and to identify genotypes with
stable resistance. Seven inbred lines were crosses in a 7 X
7 full diallel without reciprocals. The resultant crosses
(21) and their parents (7) were planted and evaluated at
two sites, Lusaka and Mpongwe, during the 2015/16
cropping season. The experiment was laid out as a
randomized complete block design with 3 replications.
Treatments were: (1) single inoculation with isolate A, (2)
single inoculation with isolate B and (3) a multiple
inoculation of two isolates AB and (4) control with no
inoculation at all. The mean genotypic scores were found
to be 5.52, 4.96, 5.50 and 1 for treatment 1, 2, 3 and 4
respectively. The t-test analysis revealed that treatment 1
had a higher mean disease severity score (5.52) as
compared to treatment 2 (4.96) (P < 0.01). Equally mean
for treatment 2 (4.96) and 3 (5.50) were significantly
different (P < 0.01). However, there were no significant
differences between mean disease severity score for
treatment 1 and 3. This indicated that multiple isolate
inoculations could give rise to inappropriate genetic
information due to the possibility of antagonistic effect
between isolates. The genotypes (P2 x P4) and (P3 x P6)
crosses were found to have stable resistance to S. maydis.
These exhibited consistent significant negative SCA
effects (P< 0.05) in both locations.

Keywords—Maize, ear rot, Stenocarpella maydis,
resistance, mycotoxin, Specific combining ability (SCA).

I INTRODUCTION
Maize (Zea mays L) is the world’s most grown cereal and
it is predicted that by 2020 it will surpass both rice and
wheat to become the number one cereal in the world
(M'mboyi, et al., 2010). The sub-Saharan populace
depends on maize (Zea mays L) as the main staple
carbohydrate source (Fischer et al., 2014). Approximately
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(15.7 %) 22 million hectares, of the 140 million hectares
grown globally, accounts for sub-Saharan Africa (Pingali,
2001). Farmers consider maize, not only to be a major
source of energy but also their main source of income.
Maize production is carried out in diverse climates because
of its versatility and it is the most productive species of
food plants (Dowswell et al., 1996). In terms of soil, maize
can be grown in wide range of soils, ranging from deep
fertile soils along river bottoms and lake basins to well-
drained and easily worked upland soils (M’mboyi et al.,
2010).
Maize production is hampered by a number of biotic and
abiotic stress factors. The biotic constraints in maize
production include insects, weeds and pathogenic infection
(M’mboyi et al., 2010). Among the diseases, ear rot caused
by an important fungal pathogen, Stenocarpella maydis
causes yield losses of 10-50 % (Vigier et al., 2001). In pre-
and post-harvest maize, the occurrence of mycotoxins is of
great concern as they tend to cause health disorders in both
livestock and humans who consume contaminated grain
(Munkvold and Desjardins, 1997; Miller, 2001).
To control ear rots, a combination of crop sanitation, good
agronomic practices and timely harvesting have been used,
but with limited success (Munkvold, 2003). To curb this
vice, deployment of resistant genotypes through breeding
is the most cost effective way especially for the resource
poor farmers in Zambia. However, resistance to S. maydis
is greatly affected by underlying issues of gene interactions
and the type of germplasm under study (Mukanga et al.,
2011; Tembo et al., 2013). Identification of genotypes with
stable resistance across locations can be utilized as the
source of resistance in genotypic combinations (Tembo et
al., 2013). A higher number of resistant parental genotypes
to S. maydis in mating combinations are likely to produce a
larger proportion of stable resistant off-springs. However,
in maize, underlying issues of epistasis and gene
interaction may interfere with expected outcome (El-
Badawy, 2012) and there is therefore need for individual
off-spring evaluation. In addition, it should be realized that
effectiveness of breeding for stable resistance may be
influenced by the type of isolates and its interaction with
the environment (Rossouw et al., 2009). Previous studies
have established multiple inoculations of different ear rot
pathogens, as not an appropriate breeding strategy due to
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antagonistic effects associated with these pathogens
(Tembo et al., 2013). Little is known about the effect of
multiple isolate inoculations of S. maydis in breeding for
resistance. Therefore, there is need to investigate that
effect. Further breeding for stable resistance will therefore
depend on the reaction effect of isolates when multiple
inoculated. A previous study indicated that multiple
pathogen inoculation should be employed for stable
resistance if there are synergetic effects among pathogens
(Chilipa et al., 2016) while this cannot clutch for pathogen
combination with antagonistic effect (Tembo et al., 2013).
The specific objective of this study therefore was i) to
determine the appropriateness of multiple isolate
inoculation on maize ear in breeding for stable resistance
to Stenocarpella maydis and ii) to identify genotypes with
stable resistance.

1. MATERIALS AND METHODS
Germplasm used in the study
Seven white-kernel parental inbred lines with varying
reactions to S. maydis (Table 1) were crossed ina 7 x 7
full diallel (without reciprocals) during the 2015/16 off
season. A total of 21 progenies (F1 single cross hybrids)
together with their parents (a total of 28 genotypes) were
evaluated in this study. The inbred lines were crossed in
the 2015/16 off season.
Study sites management and experiment design
The evaluation trials were planted in December 2015/16
cropping season at Lusaka (15° 24°S; 28° 04°E, altitude
1216 m) and Mpongwe (13°32’S; 28° 03E, altitude 1206
m). Rainfall received during the 2015/16 cropping season
was approximately 811 mm and 897 mm at the trial sites
in  Lusaka and Mpongwe respectively. Standard
agronomical practices such as weeding and fertilizer
application were followed. Fertilizer was applied at each
site as compound D (N 35 %; P 70 %; K 35 %) 350 kg/ha
and 300 kg/ha of top dressing, Urea (46 % N). The trial
layout was a randomized complete block design (RCBD),
with three replications in each location. The plants were
established in two- row plots, 5 m long and 0.75 m apart
and 0.25 m between plants. Trials were hand planted with
two kernels per hill and later thinned at two weeks to one
plant after emergence to a uniform stand of 20 plants per
5 m. The cobs were inoculated with single and multiple
isolates of S. maydis approximately 3-4 weeks after mid-
silking stage (Clements et al., 2003). Details of how the
pathogen was cultured and toothpick-inoculated are
explained in the following sections.
Pathogen isolation and culture
Isolates used in the study were obtained from Region II,
Lusaka (15° 24°S; 28° 04’E) and Region Ill, Mpongwe
(13°32°S; 28° 03E) and were confirmed to be distinct in
their base morphology colour and spore count per mm? as
per procedure by Dorrance et al., (1999) and Rossouw et
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al., (2009). Isolate from region Il and 11l were denoted as
Isolate A and B respectively

Potato dextrose agar (PDA) media was prepared by
weighing 3.9 % of PDA powder into glass bottles filled
with 500 mL of distilled water in order to culture isolate
A and B. The mixture was boiled while stirring until the
powder dissolved completely. The glass bottles with the
solution were then transferred to an autoclave for
sterilization. The bottles and contents were autoclaved for
15 minutes at 121° C at a pressure of 15 MPa. 50
millimeters of the PDA solution was later poured into
each of the 50 jars under the film board and left to cool
overnight. 30 (5 cm x 5 cm base and 8cm height) jars
were plastic and 20 (9.5 cm diameter, 10 cm height) were
glass. 10 petri dishes 8.5 ¢cm in diameter and 1.3 cm
height were also filled with PDA solution and left to cool
overnight. The petri dishes were used for initial culturing
of the pathogen.

Toothpick- inoculum preparation

Toothpick-inoculum preparation was done using the
modified procedure by Chambers (1988). A composite
sample of S. maydis colonized kernels from each region
denoted isolate sample A (Region Il, Lusaka) and B
(Region 111, Mpongwe) were each separately sterilized in
domestic bleach of the JIK brand that contains 3.5%
sodium hypochlorite (NaClO) (Reckitt Benickiser South
Africa (Pvty) Limited) solution for three minutes and then
rinsed thrice in distilled water. The kernels were blotted
on sterilized filter paper to dry and then 3-5 kernels were
plated on petri dishes with 3.9 % potato dextrose agar and
incubated at 27-30 °C. After 4-5 days the fungal growths
from the separately inoculated isolate (A and B) plates
were sub-cultured and ready to be transferred to
toothpicks after 5-7 days.

The toothpicks were initially sterilized by boiling in water
for 20 minutes and later air dried to room temperature.
The toothpicks were then transferred to glass and plastic
bottles which were initially autoclaved for 15 minutes and
left to cool to room temperature. The bottles were filled
with freshly prepared potato dextrose agar (PDA) and left
to cool overnight to room temperature. The toothpicks
were transferred to the bottles by placing them in an
upright position in the bottles under the fume board. The
plastic bottles contained approximately 100 toothpicks
while the glass jars had between 150-200 toothpicks.
Fungal culture plugs from pure cultures of each isolate of
S. maydis were placed in specific bottles containing sterile
toothpicks for ten days to allow the pathogen to fully
colonize the toothpicks. Fully colonized toothpicks were
then air dried before inoculating the genotypes.
Inoculation of test ears

Inoculation was done by piercing through the base of the
test ear at 3-4 weeks after mid silking stage. Four
treatments were used. Thus treatment 1, involved single
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inoculation using a toothpick colonized separately with
isolate A; treatment 2 was done using single inoculation
with toothpick colonized with isolate B and treatment 3,
multiple inoculation (AB) using two toothpicks colonized
by two different isolates A and B as done by Tembo et al,
2013. Multiple inoculation was achieved by inserting,
these two toothpicks 5 mm apart into the base of the ear.
Treatment 4, control was left without any inoculation at
all in the second row. For each treatment five (5) plants
were considered for inoculation and these were separated
by three un-inoculated plants which acted as borders.
Artificial inoculation encourages symptom development
and disease progression and thus five plants were
considered enough for assessment of the disease.

Single inoculations were performed in the first row with
each isolate inoculation separated by three non-inoculated
plants. Multiple inoculations were performed in the
second row of the plot with the remaining plants treated
as control and border plants.

Data collection and analysis

The plants were harvested at maturity and data were
collected. Disease severity score was determined visually
from all the five (5) inoculated plants per treatment in 5 m
long first two row plots. Each inoculated treatment per
genotype was harvested separately and the plot number
noted. Percentage ear rot (ER) was estimated visually
using percentage of ear colonized by the pathogen from
the point of infection and the mean severity ratings
computed. The rating was done using modified procedure
by Tembo et al., 2013 with an S. maydis severity rating
score as follows: 1= 0-25 %; 2= 26-50 %; 3= 51-74 %; 4=
75-84 %; 5= 85-94 %; 6= 95-99 % and 7= 100 %
(completely rotten).

A paired two tailed t-test, was performed to compare the
mean differences for S. maydis diseases severity scores
among the three treatments across locations (Treatments 1
[Inoculation with Isolate A], 2[Inoculation with Isolate B]
and 3[Multiple inoculation with Isolate A & B]). This was
performed in Microsoft excel 2010.

Diallel analysis was performed using Griffing (1956)
method 2, model I, fixed model in GenStat using
Restricted Maximum Likelihood (REML) and regression
approaches. The relative importance of GCA (general
combining ability) and SCA (specific combining ability)
effects were estimated.

1. RESULTS
Effect of multiple isolate inoculations
The mean disease severity scores across genotypes for
treatment 1 (inoculation with isolate A), treatment 2
(inoculation with isolate B) and treatment 3 (inoculation
with isolate A & B) were 552, 496 and 5.50
respectively. A student’s paired t-test (Table 2) performed
on comparison of treatment 1 mean disease severity score
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comparison (MDSC) and treatment 2, indicated highly
significant (P < 0.001) mean differences. Significant
mean disease severity score differences were equally
found between treatment 2 MDSC and treatment 3 on
disease severity.

Stenocarpella maydis ear rots genotypic disease severity
effect

Significant differences were obtained among genotypes
with regards to S. maydis disease severity scores across
inoculation treatments in each location (Table 3) (P <
0.01). Similarly, across location data shows interaction
between location x genotype and location x isolate were
highly significant (P < 0.01 and 0.001 respectively).
Further analysis per location revealed significant (P <
0.001) specific combining ability (SCA) effects across
treatments in both locations.

The genotypic mean disease severity effects of each
isolate vis-a-vis, treatment 1, treatment 2, treatment 3 and
treatment 4 [as the control on the test genotypes] was
found to be 5.52, 4.96, 5.50 and 1 respectively (Table 4).
The individual hybrids crosses mean severity scores and
there SCA effects are tabulated below (Table 5).

The hybrids (P2 x P4) and (P3 x P6) crosses were found
to have stable resistance to S. maydis across locations. (P2
X P4) exhibited genotypic means of 3.79 and 2.92 for
Lusaka and Mpongwe respectively. (P3 x P6) showed a
genotypic mean of 3.65 for Lusaka and 2.88 for
Mpongwe. The significant SCA effects for (P2 x P4) were
-0.39 and -0.76 for Lusaka and Mpongwe respectively
whereas (P3 x P6) exhibited significant SCA effects of -
0.54 (Lusaka) and -0.86 (Mpongwe).

Iv. DISCUSSION

Breeding for stable resistance against ear rots such as S.
maydis has been a challenge, primarily due to
environmental factors. In addition, breeders have
previously bred for resistance to S. maydis without
particularly taking the aspects of isolates into
consideration (Rossouw et al., 2002; Tembo et al., 2013).
It remains to be established if isolates have an effect in
breeding for stable resistance. It was for this reason that
the effect of isolates in breeding for resistance was
investigated in this research study. In this study Isolate A
(obtained from Lusaka) and Isolate B (obtained from
Mpongwe) were used.

A paired t-test revealed that mean disease severity scoring
for treatment 1 (inoculation with isolate A) was higher
than that for treatment 2 (inoculation with isolate B)
(Table 2). The fact that the mean disease severity for
treatment 3 was higher (P < 0.01) than treatment 2, but
not significantly different from treatment 1, indicates that
isolate A could have suppressed the virulence effect of
isolate B when multiple inoculated. Previous studies on
ear rot pathogens discouraged multiple inoculations of ear
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rot pathogens as a breeding strategy because of the
antagonistic effects (Tembo et al., 2013). This paper,
reports the possibility of antagonistic effects of multiple
isolate inoculations which have not been fully exploited
recognizing that different isolates exists for S. maydis.
However, contradictory information has been reported in
sweet potato and common beans upon multiple infections
with sweet potato virus (SPV) and Collectorichum
lindemuthianum respectively, whereby in this scenario
synergistic interactions occurred (Gibson et al.,
1998; Gasura and Mukasa, 2010; Chilipa et al., 2016).

It can therefore be deduced that multiple inoculation can
either create antagonistic or synergistic effects. Multiple
inoculations among different pathogens or isolates of the
same pathogen with synergistic effects can be reliable and
a beneficial screening approach for breeders. On the other
hand, multiple inoculation approach of pathogens with
antagonistic effects generates less informative genetic
information (Tembo et al., 2013). Across isolate
performance to determine stable resistance of genotypes
was chosen. This is because isolates occur naturally,
hence having genotypes with stable resistance across
isolates will be ideal in tackling this challenge and to
enhance resistance.

Some genotypes were found to possess significant
specific combining ability (SCA) effects in both
locations. Specific combining ability (SCA) effects can
also assist in ascertaining which parental materials can be
utilized in hybridization. In Lusaka six crosses; (P1 x P4),
(P2 x P4), (P3 x P7), (P6 x P7), (P3 x P6) and (P4 x P5)
had negative significant (Table 5) SCA effects. This
implied that these crosses exhibited higher resistance to S.
maydis in their specific combinations when compared to
other crosses with either one of the parents in common. In
Mpongwe (P2 x P4) and (P3 x P6) had negative
significant (P < 0.05) SCA effects. (P2 x P4) and (P3 x
P6) crosses were found to have stable resistance to S.
maydis across locations and as such can be used as
parents in three way crosses or marketed as single cross
hybrids after further evaluation. These exhibited
significant SCA effects in both trial locations (Lusaka and
Mpongwe).

V. CONCLUSION

In breeding for resistance to S. maydis, multiple isolate
inoculation technique was found to be inappropriate due
to the possibility of antagonistic effects of the isolates as
it could lead to misleading genetic information. The use
of individual isolates in breeding for resistance to S.
maydis will be ideal in this case. (P2 x P4) and (P3 x P6)
crosses were found to have stable resistance to S. maydis
across trial locations (Lusaka and Mpongwe).
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TABLES
Table.1: Germplasm used in the experiment for S. maydis in Lusaka and Mpongwe

Parent Name Type Source Grain text Reaction to S. maydis
P1 XL 003 Inbred line Public F Resistant

P2 XL 029 Inbred line Public SF Susceptible

P3 XL 057 Inbred line Public F Resistant

P4 XL 071 Inbred line Public E Susceptible

P5 XL 083 Inbred line Public SF Moderate

P6 XL 087 Inbred line Public F Resistant

P7 XL 195 Inbred line Public F Resistant

Where P- parent line, Grain texture, F-flint, SF-semi flint

Table.2: Genotypic mean disease severity score comparisons (MDSC) among treatments

MDSC Student t-test (P- Value)
Treatment 1 (5.52)* vs Treatment 2 (4.96)Y <0.001

Treatment 1 (5.52)* vs Treatment 3 (5.50)? 0.13

Treatment 2 (4.96)Y vs Treatment 3 (5.50)* <0.001

X, Y, Z mean disease severity score across genotypes for treatments 1, 2 and 3 respectively. Treatment 1, 2 and 3 represents
treatments with: single inoculation with isolate A, Single inoculation with isolate B and multiple inoculations of Isolates A &
B respectively.

Table.3: Mean squares for Stenocarpella maydis cob rot disease severity scores across two experimental locations and in
each individual location evaluated in 2015/16 season.

Across locations Individual sites
Source df Across locations df Lusaka Mpongwe
Location 1 241.01**
Replication/location 4 2 4.01 11.56
Genotype 27 4.69 27 2.26%* 5.40**
GCA 6 0.96 3.84
SCA 21 2.64%** 5.85%*
Isolate 3 770.44%** 3 557.54** 247.82**
Location x Genotype 27 2.83** 27
Location x isolate 3 35.51*** 3
Genotype x isolate 81 1.80 81 0.62 2.52
Gen X Isolate x location 81 1.35 81
Error 444 1.06 222 0.5 2.02

** kx% significant at P < 0.01, and P < 0.001 respectively, MS, mean square
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Table.4: Effect of treatments on the test genotypes across the locations during 2015/16 cropping season.

Treatment

Mean

Treatment 1
Treatment 2

Treatment 3
Treatment 4

LSD (a = 0.05)

5.52
4.96

5.50
1.00
0.23

LSD, Fishers Protected Least Significant Difference test performed at P < 0.05

Treatment 1, 2, 3 and 4 are: Single inoculation with isolate A, single inoculation with isolate B, multiple inoculations with
isolate (A & B) and control without any inoculation respectively.

Table.5: Mean disease severity scores across treatments to Stenocarpella maydis in Lusaka and Mpongwe during 2015/16

cropping season

Lusaka Mpongwe
Cross} Mean SCA Effect Mean SCA Effect
P1XP2 3.86 -0.02m 3.13 0.02m
P1XP3 411 0.04m 3.55 0.13m
P1XP4 4.06 -0.40* 3.53 -0.48m
P1XP5 4.25 0.04" 3.42 -0.06™
P1XP6 4.44 0.17m 4.05 0.28™
P1XP7 4.17 0.17m 3.25 0.11™
P2XP3 3.92 0.12m 351 0.42m
P2XP4 3.79 -0.39* 292  -0.76*
P2XP5 3.81 -0.13m™ 2.88  -0.27™
P2XP6 45 0.51** 4.33 0.90**
P2XP7 3.63 -0.09" 25 -0.30™
P3XP4 5.05 0.67*** 4.68 0.70*
P3XP5 4.26 0.13™ 334  -0.12™
P3XP6 3.65 -0.54** 2.88  -0.86*
P3XP7 35 -0.42* 283  -0.28™
P4XP5 4.07 -0.45** 398  -0.07™
P4XP6 4.61 0.04m 4.48 0.15m™
P4XP7 483  0.53** 4.17 0.47m
P5XP6 4.54 0.21™ 3.83 0.03™
P5XP7 4.26 0.20™ 3.67 0.49"
P6XP7 3.73 -0.38* 296  -0.50™

4.14% 0.18Y 3.52% 0.37Y

0.57% 1.457

1 Crosses derived from parental inbreds P1 to P7 as described in Table 1. LSD, Fishers Protected Least Significant
Difference test performed at P < 0.05. . x - Grand locational mean. y- Standard error of the mean. z- Least Significant

difference.
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Abstract — Product yield and the continuity of the quality
of products of plants are in parallel with their ability to
tolerate or adapt to environmental factors. For this
reason, it is extremely important to determine the changes
in the plants under various stress conditions. Male
reproductive structures are directly related to product
yield and quality, and they’re very sensitive to abiotic
stress. Stress causes irreversible damage to plants
depending on its amount and duration. The aim of this
study is to determine the sensitivity of male reproductive
structures of soybean seedlings and the critical salt
concentration at which fertile pollen grains could be
obtained in our soils whose salinity is increasing day by
day. The selected soybean seedlings were exposed to
increasing salt concentrations (50, 100, 150, 200,
250mM) for 6 months and they were compared with a
control group in terms of flowering, pollen morphology
(pollen size, exine and intine thickness, aperture
structures), pollen viability, pollen germination, and
pollen tube length. It was determined that, by affecting the
growth process of soybean at varying grades, salt stress
causes deformations in the plant’s reproductive structures
and decreases it’s tolerance to salt stress.

Keywords— crop, flowering, pollen germination, pollen
tube growth, pollen viability.

l. INTRODUCTION
Soil salinity inhibits the growth and development of the
plants’ by reducing their ability to absorb water and
micronutrients from the soil and it has been a threat to
agriculture for nearly 3000 years [1]. Soil salinity paves
the way for physiological drought by causing hyper-ionic
and hyper-osmotic stress and irreversibly damages the
plants [2]. While the world population is growing faster
than ever abiotic stresses such as salinity, drought, heat
are shrinking arable areas and significantly reducing
product yield and quality [3], therefore mankind might
face famine in the future.Therefore, environmental
stresses negatively affect plants” vegetative and
reproductive stages by hindering their morphological,
anatomical and physiological parameters, and threaten the
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continuity of these cheap and highly cultivable sources
[4]. Especially, male reproductive stage is more sensitive
to stress factors such as heat, drought, salinity and low
light intensity than vegetative stage[5], andthey cause
anomalies in reproductive structures of plants and
negatively  affectsphsyiologicalproccesses of  these
structures such as flowering, pollination and pollen
viability [6]. Reproductive stage is regulated by abiotic
factors and it plays an important role in plants’ ability to
survive. These results indicate that reproductive stage can
significantly affect product yield and quality [7].

Legumenssimbiotically  balance nitrogen (N) in
agricultural ecosystem. They have a wide range of use in
industry and medicine, and they are best known as cheap
protein source. Among the legumens, soybean (41%
protein in dry matter) have the highest protein content [8].
Soybeans sensivity to salinity varies between its
developmental stages. Germination rate was more
sensitive than other parameters to salinity for soybeans
grown in increasing salt concentrations for 45 days [9].
It’s product yield decreases under salt stress and this is an
indication that reproductive stage of this plant is affected
more than other stages [10]. Growth, development and
product yield of soybean seedlings grown under salt stress
were thoroughly studied [11]. Furthermore, it has been
found that salt stress delays anthesis in soybean seedlings
with various genotypes and this finding is in parallel with
product yield [12]. However, these studies attribute the
relationship between product yield and salt stress to
growth and development parameters of the seedlings.
Whereas, in recent years, it has been found that male
development is a lot more sensitive to stress than female
development [13], andlIt is noteworthy that product losses
resulting from the stress effect are directly related to male
fertility[14]. Because, the ecological conditions of our
world is worsening day by day, and increasing the yield
and quality of the foods that have a very important place
in the feeding of living beings depend on the successful
reproduction and development of the plants which
produce them. Therefore, we tried to explain the
relationship between salt stress and yield by observing the
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changes in male reproductive structures and behaviour.
We hypothesize that the negative impact of salt stress on
male reproductive structures and behaviour directly
affects the product yield. The direct relation between male
reproduction structure and product yield [15] has critical
importance for managing the future of agricultural
production. Therefore, by investigating male reproductive
structures of soybean seedlings grown under salt stress,
we aim to determine the critical salt concentration at
which fertile pollen grains can be obtained, and whether
the pollens are suitable for fertilization after pollination.

1. MATERIAL AND METHODS

Experimental design

This study was conducted to investigate the impact of salt
stress on the reproductive biology of soybean during
flowering stage. Glycine max (L.) Merr. cv. Nova
(soybean) with simillar sizes were surface sterilized with
0.1% (v/v) sodium hypochlorite and than germinated in
moistened vermicutile for a week. 6 different pots,
including one for control group, with a 20 | capacity (top
and bottom diameters were 20 and 10 cm, respectively)
filled with fine sand were prepared. 20 germinated seeds
were planted in each pot at 4cm depth. After emergence,
seedlings were exposed to salt stress with increasing
concentrations (50, 100, 150, 200, 250 mM salt), for one
time, with 100 ml. Seedlings were grown in a greenhouse
at controlled temperature, humidity, light intensity, and a
photoperiod of 16/8h per 24 h, for one year. Plants were
irrigated daily with Hoagland’s nutrient solution.
Experiments were setup in completely randomized design
with three replicates.

Measurements:We following exposure to salt stress (50,
100, 150, 200 mM) andcontrol (0) in growthchambers. 5-
7 unbloomed flowers were randomly harvested from each
pot after treatment with different salt concentrations.
Collected flowers were air-dried for 1h in the vacuum
furnace (25 °C) and than fixed in FAA (formaldehyde-
acetic acid —alcohol-H,0O, 10-5-50-35, by vol.) fixative
(about 5 min) for SEM. Mature pollen grains mounted on
aluminium stubs were examined with a LEO Stereoscan
360 SEM to calculate their polar axis (P), equatorial axis
(E), aperture diameters, and the P/E ratios. Pollens were
prepared according to Wodehouse (1935) [16] method to
determine the pollen wall thickness. The slides were
observed using Olympus light microscope with X 100
objective using oil immersion.

To evaluate pollen viability, buds were randomly
collected from control and treatment groups between
08:00 and 09:00. Anthers of the buds were isolated,
placed on a glass slide in petri dishes, and crushed into a
fine powder. Pollen grains of each group were stained
with potassium iodide (I/KI) solution [17] for 1h. The
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numbers of fertile and sterile pollen grains were
determined using a light microscope (10 X 100). Pollen
grains stained in a dark color (brown) were identified as
fertile pollens (viable and living pollen) and yellow or
light red stained pollen grains were identified as sterile
pollens.

In vitro pollen germination and pollen tube growth were
determined using a pollen germination medium consisting
of 15% sucrose (C12H22011), 60 mgl boric acid (H3BOs3),
and 1% agar dissolved in 100 ml of deionized water [18].
Fresh pollen grains from each pot were randomly
collected from anthers of buds in the morning between
08:00 and 09:00 h. Pollen grains were dusted onto 10 ml
of the germination medium and the mixtures were poured
on microscope slides. Slides were placed on moistened
filter paper in petri dishes. Petri dishes were covered with
parafilm to maintain high humidity, and were incubated at
22 +2 °C for 3 hours. After incubation, pollen grains were
examined using a light microscope with a magnification
of 10 x 100 to determine the rate of pollen germination. A
pollen was considered to be germinated when the pollen
tube length was either equal to or greater than the
diameter of the pollen [19], and pollen germination
percentage was calculated according to Luza et al.,(1987)
[20].Pollen tube lengths of 50 randomly selected pollen
grains from each group were measured using an ocular
micrometer on a light microscope.

Cumulative stress response index (CSRI) [21] was used to
reveal the reproductive responses of soybeans grown
under increasing salt stress. According to this method,
examined parameters of each group were calculated as the
sum of the relative individual component.

Statistical analysis

Alldata of pollen parameters were statistically performed
to test the significance of examined parameters by
Duncan’s multiple range test in analysis of variance
(ANOVA) using SPSS 14.0. Differences among the mean
values of the experimental data were compared with Least
Significant Differences (LSD) at P<0.05and P<0.01.
Graphs for all experimental data were constructed to
determine whether the differences of the mean values
between control and experiments. Data in the figures
indicate mean valueszstandard errors (SD) based on three
replicates for each application. Data represent means and
the vertical bars represent the standard deviation.

1. RESULTS AND DISCUSSION
Reproductive stage in which plants’ male and female
structures develop and differentiate begins with the
transformation of the vegetative meristem into flower
meristem. The fact that the rate of deformation caused by
various environmental stresses depend on the
developmental stage of the plants can also mean that
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product yield and quality is related to the success of the
reproductive stage. We determined the changes in all
examined of soybean seedlings caused by salt stress. Salt
stress altered the the process of transition between
vegetative stage to reproductive stage in soybean
depending on the salt concentration. At 50 mM and 100
mM salt concentrations transition was faster than the
control (P<0.05). However, at 150 and 200 salt
concentrations transition was significantly delayed
(P<0.05). Even though increasing salt stress shortened the
reproductive stage, flower stucturesshrinked. This may be
an attempt of the plant to complete its life cycle as soon as
possible to produce seeds [22]. These results may seem as
positive stress at first, however, it can only be clarified by
investigating the characteristics of the reproductive
structures of the plants. Salinity negatively affects all
metabolic functions during vegetative development stage
and this in turn significantly decreases fertility during
reproductive stage [23]. The number of flowers decreased
by 10%, 30%, 74% and 90% at 50, 100, 150 and 200 mM
salt concentrations, respectively, compared to control. 5
different salt concentrations were used in the study.
However, soybean could not complete its vegetative
development in 250 mM salt concentration. Therefore,
there is no data from this treatment concentration (Fig 1).
Stress factors such as drought and salinity can negatively
affect the development of these structures due to the
heterogeneous distribution of toxic ions in flower
constructions [24]. While the flower numbers showed a
decrease parallel to increasing salt concentration, it was
determined that these structures were nearly absent
especially at the highest salt concentration (P<0.05).
Excessive Na* accumulation in chickpea leaves grown in
salt stress significantly delayed flowering and reduced
reproductive structures [25].

Salinity causes anomallies during pollen formation and
development processes [26]. Pollen size decreased with
increasing salt concentrations, compared to control
(except for 100 mM salt concentrations). Pollen diameter
decreased by 1%, 4%, 4% and pollen length decreased by
2%, 4%, 4% at 50, 150, 200 mM salt concentrations,
respectively, compared to control. Mean pollen size of the
100 mM salt concentration treatment group was even
higher than the control with a 4% increase in pollen
diameter and a 3% percent increase in pollen length (Fig
2a, Fig 5). Increasing salt concentrations caused the
pollen shape to change from prolate-spheroidal
(P/E=1.14-1) to spheroidal (P/E= 1.14-0.88) at the highest
salt concentration (Fig. 2b, Fig. 5).
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Fig. 1:The effect of increasing salt concentrations on the
transition from vegative stage to reproductive stage (a)
and the number of flowers of Glycine max (b)
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Fig. 2: Pollen size (a) and pollen shape (P/E) (b) of
Glycine max exposed to salt stress
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The decrease in pollen size might be caused by the
osmotic potential effect of pollen protoplast content as a
result of excessive salinity [27]. On the other hand, the
decrease in pollen size under the influence of stress
factors also negatively affects the germination success of
pollen on stigma and pollen tube length[28].

Exine and intine layers, known together as pollen wall,
weren’t significantly affected by increasing salt
concentrations during the reproductive stage which is the
most sensitive stage of plants to environmental stresses
[29]. However, the fact that the highest applied salt
concentration led to an increase in the thickness of both
walls, even if too small, reveals the parallelism between
the stress factor and the exine thickness. Thickness of the
exine and intineslightly increased in parallel with
increasing salt stress. Both wall structures of treatment
groups were simillar to control group in width (P>0.05).
However, there was a slight increase at the highest
applied salt concentration, compared to control (P<0.01)
(Fig 3). One of the conditions for becoming a fertile
pollen is the presence of a well-developed pollen wall.
Because any deformation in the pollen wall causes sterile
pollen formation. The increase in exine width under
environmental stress reveals the effort of the plant to form
fertile pollen [30]. This can be a sign that pollen is
protecting itself in the face of increased salt stress. The
increase in exine thickness can be considered as an
adaptation to the stress environment of the plant.
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Fig. 3: Pollen wall thickness (exine and intine) of Glycine
max exposed to increasing salt concentrations
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Pollen germination begins with the emergence of
vegetative pollen cell from the aperture. These areas are
vulnerable to attack from the outside because they are
openings where the pollen wall is the thinnest or non-
existent. Salt stress decreased the aperture size of the
pollens depending on the concentration, compared to
control (P<0.05). Aperture size decreased by 11% at 50
mM, 19% at 100 mM, 23% at 150 mM, and 29% at 200
mM salt concentrations (Fig 4 and 5). The aperture sizes
in soybean seedlings exposed to salt stress decreased, and
as a result pollen germination rate and pollen tube length
also decreased. Any adverse effect on pollen aperture
structure of plants exposed to various stress conditions
also adversely affect pollen viability [31]. At the same
time, these gates which provide communication between
the pollen and the environment may undergo deformation
due to the abnormal development of the pollen wall. This
negative effect reduces the size of the apertures and
significantly reduces pollen germination [32].
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Fig. 4: The effect of salt stress on the pollen aperture size
of Glycine max
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Male reproductive stage in which microsopore main cells
undergo meiosis (microsporongenesis) and microspores
produce gametes (microgametogenesis) is the most
sensitive stagein internal and external stresses [33] and
abitoic stress during this stage causes the formation of
infertile pollens [34]. Environmental stress significantly
increases the recombination rate and this leads to
formation of infertile pollens [35]. Pollen viability
decreased with increasing salt concentrations. It decreased
by 23%, 48%, 62% and 82% at increasing salt
concentration, respectively, compared to control (P<0.05).
Simillar results were observed for pollen germination.
However, salt stress had more negative impact on pollen
germination rate. At the highest applied salt
concentration, germination rate decreased by 96%
(P<0.05). The decrease in pollen viability in our study
parallel to the increase in salt stress is an indication that
this stress negatively affects male development in the
reproductive stage. On the other hand, various stress
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factors impedes the passage of nutrients from leaves to
anthers and this causes the formation of fragmented or
infertile pollens [36]. Decrease in pollen viability causes
pollination, fertilization, and product yield to decline
significantly [37]. For this reason, the existence of a
positive relationship between pollen viability and pollen
germination can be mentioned.Because pollens can
undergo germination only if they are healthy and well-
developed. This is the reason why pollen germination rate
(96%) decreased more than pollen viability (82%) at the
highest applied salt concentration, compared to control
(P<0.05). Negative effects of salt stress on pollen viability
of soybean seedlings were reflected on pollen germination
at the same rate as on pollen tube length. It was observed
that pollen tube lengths of successfully germinated
pollens decreased as the salt concentration increased.
However this negative effect was not as sever as seen on
pollen vialibity and germination rate (P<0.05). Pollen
tube lengths decreased by 12%, 40%, 65%, 80% at

Page | 136


http://dx.doi.org/10.22161/ijeab/3.1.17
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/3.1.17

Vol-3, Issue-1, Jan-Feb- 2018
ISSN: 2456-1878

increasing salt concentrations, compared to control (Fig
6). A recent study on grapevines showed a positive
relationship between the decrease in pollen tube growth
and pollen viability [38]. When pistil structures of
Arabidopsis plants exposed to salt stress is examined, no
pollen germination is observed at some pistils, and in
others pollen tube grows, however, it grows only a tiny
amount or it is obstructed from reaching the stylus [39].
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Fig. 6: Examined parameters of the reproductive
structures of Glycine max grown under increasing salt
concentrations. a: pollen viability; b: pollen germination
rate; c: pollen tube length

V. CONCLUSIONS
The observed decrease in all investigated parameters with
increasing salt concentrations in our study was also
explained by CRSI. Cumulative stress responses
increased by 59%, 68%, 70% at 100, 150, 200 mMNacCl
concentrations, compared to 50 mMNacCl. This increase is
in inverse relationship with the tolerance level of the plant
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against the applied stress (Fig7). The fact that the
tolerance level of the reproductive structures of Glysine
max at the highest applied salt concentration was the
lowest (-257.01) showed that the tolerance level of the
plant was gradually decreasing. Our results show once
again that the reproductive period is the most sensitive
period to stress and as the stress level rises pollination
will decrease. Therefore, it has become a necessity to
speed up the work to adapt these nutrients, which have a
very place in human nutrition, to our soil which becomes
arid with each passing day due to excessive salinity.
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Fig. 7: Cumulative response index of all investigated
parameters of Glycine max grown under increasing salt
concentrations
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