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Comparative Efficacies of Imarsil and Activated
Charcoal in Reducing Aflatoxin M, in Cows’ Milk

Flora Oluwafemi , Aminat. Badmos °, Adelodun Kolapo °, Sarafadeen Kareem
& Oladipo Ademuyiwa*

Abstract-  Many health risks associated with Aflatoxin M,
(AFM,) drive the demand for its control. Adsorption studies of
AFM, were performed using activated charcoal (AC) and
imarsil (0.5, 1 or 2%) at aflatoxin contamination rates of 9, 231
or 456 ng/L for 5 h at 4, 16, 28 and 32°C. The aflatoxin-
adsorbing capabilities of the two adsorbents depend on the
adsorbent, adsorbent concentration, contact time and
treatment temperature. At 4, 16 and 28°C, Imarsil
demonstrated significant reductions (p<0.05) at the highest
contamination rate and adsorbent concentration; while at
32°C, significant reductions (p<0.05) were observed at all
contamination rates and adsorbent concentrations. However,
at all treatment temperatures AC exhibited a very poor
adsorbent capacity, except at 32°C where a mild activity was
only exhibited at the highest contamination rates and
adsorbent concentration. Results from the present study
indicate that imarsil demonstrates a potential for aflatoxin
reduction in the developing tropical world.

Keywords: cow’s milk, aflatoxin M,, HPLC, adsorbents,
activated charcoal, imarsi.

I INTRODUCTION

ilk is an important component of human diets.
I\/l Milk plays an important role in nutrition, growth,

development and immunity (Keira and Mao,
2004). The composition of milk varies from species to
species (Kataoka, 2002). Although cow’s milk has
continued to play an important role in human nutrition,
growth and development, raw milk obtained from cows
may contain a wide range of contaminants. Galvano ef
al. (2001) reported that milk, regarding mycotoxin, is
mainly contaminated with aflatoxin M, (AFM,), and
consumption of such milk might be a principal route for
entrance of AFM, into the human body.

Aflatoxins are  fungal metabolites  that
contaminate the food supply in certain areas of the
world (Gourama and Bullerman, 1995; Smela et al,
2001). The contamination of food with aflatoxins is more
serious in tropical countries, where relative humidity is
high, and the temperatures are conducive to the growth

Author o ). Department of Microbiology, Federal University of
Agriculture, Abeokuta. e-mail: foluwaterni2000@yahoo.co.uk

Author o:  Department of Microbiology, Federal University of
Agriculture, Abeokuta. Mycotoxin Laboratory, National Agency for
Food, Drug and Administration, Lagos.

Author €. Department of Biology, The Polytechnic, Ibadan. Nigeria.
Author ¥: Depariment of Bljochemistry, Federal University of
Agriculture, Abeokuta.

and production of aflatoxins by moulds. These toxins are
produced by Aspergillus flavus, A. parasiticus and A.
normius, which grow on improperly stored foods.
Aflatoxin M, is a toxic metabolite of aflatoxin B, (AFB,): it
is formed by enzymatic hydroxylation of the B, carried
over from contaminated feed, primarily cereal grains. It
is normally excreted in the urine and also in the milk of
dairy cattle (Creepy, 2002; Gurbay ef al., 2006; Oliveira
and Ferraz, 2007). In a related observation, AFM, is
present in the milk of nursing women who eat food
containing AFB; (Henry ef a/,, 2001; Oluwafemi, 2012).
The occurrence of AFM, in milk is transitory in nature,
usually reaching a peak within two days after the
ingestion of the contaminated commodity and
disappears within 4-5 days after the withdrawal from a
contaminated food source (Henry et a/., 2001).

The major concerns with aflatoxins are their
potent carcinogenic, mutagenic and teratogenic effects
in humans (Battacone ef al/, 2003, Kocabas and
Sekerel, 2003). Although AFM, is less carcinogenic and
mutagenic than AFB;, it exhibits a high level of genotoxic
activity and certainly represents a health risk due to its
possible accumulation and linkage to DNA (Shundo and
Sabino, 2006). Avoidance of contaminated food/feed is
rarely possible, and feeds that contain relatively low
concentrations of AFB; may still have deleterious effects
on sensitive species such as poultry (Doer et al., 1983;
Giambrone ef al, 2005; Rauber et al, 2007).
Unfortunately, residues of AFB, and AFM;, in different
animal products, such as meat, eggs and milk, intended
for human consumption have been reported (Pattersen
et al,, 2005; Mumksgaard ef a/., 2007; Oluwafemi, 2012).

Recently, several approaches to preventing
aflatoxins from entering the food chain such as
decontamination or remediation of feed and feedstuffs
have been proposed (Bailey ef a/., 1998; Ledoux ef al.,
1999). A variety of adsorbents such as bentonite (Rosa
et al,, 2001), zeolite (Miazzo Roso et al., 2000), hydrated
sodium calcium aluminosilicate (HSCAS) (Kubena ef af,
1993; Scheideler, 1993; Ramos and Hernandez, 1997),
clinoptilolite (Oguz et al, 1994), dietary clay (Philips,
1999), Saccharomyces cerevisiae (Celik et al., 2001)
and activated charcoal (AC) (Jindal ef al, 1994) have
been used successfully to detoxify AFB; in
contaminated feeds. In a very recent study, Manafi and
Khosravinia (2013) reported on the efficacy of an herbal
mycotoxin binder (a unique combination of minerals,

© 2014 Global Journals Inc. (US)
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antioxidants and enzymes) for the control of aflatoxin in
broiler/breeder diets.

Little attention has been paid to studies on
adsorption of AFM, from milk meant for human
consumption. This study is reasonable given the
understanding that the control of aflatoxin in feed will
automatically translate into alleviation of AFM, in dairy
cattle that are fed such remediated feed (Smith et al.,
1994). However, it is pertinent to note that this wide
assumption is hardly applicable to free-range dairy
cattle because the diet of such cattle is difficult to
monitor or control. Incidentally, a large portion of dairy
cattle in many developing countries such as Nigeria are
raised under a free-range system. As such, control
measures for aflatoxin in products obtained from those
animals should be designed, and this is the goal of the
present study.

Imarsil™, is an inexpensive  synthetic
absorbent obtained from oxidized natural polymer of
Brachystegia nigerica (Akpan and Kareem, 2002) 5.
nigerica is a legume used especially in the eastern
states of Nigeria as condiment to thicken soup. lts
thickening characteristics have been attributed to the
presence of hydrocolloid property or gelling property
(Odum, 2000). Imarsil as an oxidized polymer of
B. nigerica is considered as an efficient absorbent
because of its quick and simple recovery approach
especially in the clarification of microbial enzymes
from fermentation broth (Kareem and Akpan, 2003).

The objective of the present study is to compare
the efficacy of easily and locally accessible adsorbents,
such as imarsil and activated charcoal, in the reduction
of AFM, contamination of milk.

[I.  MATERIALS AND METHODS

a) Chemicals and standards

Imarsil™ was prepared as previously described
by Akpan and Kareem (2002). Solvents such as
acetonitrile, methylene chloride, and methanol were of
HPLC grade. The standard AFM, was purchased from
Chromogen (New Delhi, Delhi, India). Immunoaffinity
column was Aflastar M1 R, (lot: AF 1011 1012), supplied
by Roma Labs Diagnostic Technopark 13430, Tulln,
Austria.

b) Adsorption Studies

The adsorption studies of aflatoxin  were
performed using a 4 x 4 x 2 x 3 x 3 factorial design
involving four different contact times (2, 3, 4, or 5 h), four
temperature levels (4, 16, 28, or 32°C), two adsorbents
(activated charcoal or imarsil) at three different
concentration (0.5, 1 or 2%) and three concentrations of
aflatoxins (9, 231 or 456 ng/L AFM,).

Recent report of survey of AFM, in cows’ milk
from free-grazing cows in Nigeria indicated that toxin
levels in positive samples ranged from 9.0 to 456.0 ng/L
(Oluwafemi et al, and 2014). Therefore, milk samples

© 2014 Global Journals Inc. (US)

(50mL) were spiked with AFM, at the three
concentrations of 9, 231 and 456 ng/L AFM,. These
were passed through a separating funnel containing
activated charcoal and imarsil at three different
concentrations (0.5, 1 or 2 %). The experimental setups
were in place for 5 hrs with samples taken at 2, 3, 4 and
5 hrs. The experiment was repeated at four different
temperatures: 4, 16, 28 and 32°C. Quantification of
AFM; in the remediated milk samples was performed by
a modification of the method of Smith ef a/ (1994) as
recently described by Oluwafemi ef a/. (2014).

c) Nutrient analysis

The nutrient contents such as moisture, protein,
fat, carbohydrates and saturated fatty acid were
determined using the AOAC method (1993) before and
after the administration of the adsorbents.

q) Statistical analysis

The comparisons between means were
evaluated using Student’'s t-test and analysis of
variance. A value of p< 0.05 was considered significant.

[11. RESULT AND DISCUSSION

The efficacy of the different tested adsorbents in
reducing the AFM;, in the contaminated milk samples is
shown in Figuresia -4 b. The aflatoxin-adsorbing
capabilities of the two investigated adsorbents depend
on the adsorbent, adsorbent concentration, contact time
and treatment temperature. At the investigated
temperatures of 4, 16 and 28°C, Imarsil demonstrated a
significant reductions (p<0.05) of AFM, contents of
contaminated milk at the highest contamination rate
(0.456 png/l) and adsorbant concentration(2.0%) (Figures
1a, 2a and 3a). However, at 32°C significant reductions
(p<0.05) were observed at all contamination rates and
adsorbant concentrations (Figure 4a). On the contrary,
at all treatment temperatures AC exhibited a very poor
adsorbant capacity, except at 32°C where a mild activity
was exhibited only at the highest contamination rates
and adsorbant concentration (Figures 1b, 2b, 3b and
4b).
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Figure 1a : Effect of Imarsil on AFM1 content of Contaminated milk treated for 5 hrs at 4C

KEY

A=0.009 pg/IAFM, 4+0.5 % Imarsil; B=0.231 ug/l AFM, +0.5 %Imarsil; C= 0.456 pg/l AFM, +0.5 %Imarsil
D=0.009 pg/l AFM, +1.0 % Imarsil; E=0.231 pg/l AFM, +1.0 % Imarsil; F=0.456 pug/l AFM, +1.0 % Imarsil;
G=0.009 ug/l AFM, +2.0 % Imarsil ; H=0.231 pg/l AFM, +2.0 %Imarsil; 1=0.456 pg/l AFM, +2.0 % Imarsil
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Figure 16 . Effect of Charcoal on AFM1 content of Contaminated milk treated for 5 hrs at 4C

KEY
J=0.009 pg/IAFM, +0.5 % Charcoal; K=0.231 pg/l AFM, +0.5 % Charcoal; L= 0.456 pg/| AFM, +0.5 % Charcoal

M=0.009 ug/l AFM, +1.0 % Charcoal; N=0.231 ug/l AFM, +1.0 % Charcoal; O=0.456 ug/l AFM, +1.0 % Charcoal;
P=0.009 ug/l AFM, +2.0 % Charcoal, Q=0.231 ug/l AFM, +2.0 % Charcoal; R=0.456 ug/l AFM, +2.0 % Charcoal
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Figure 2a . Effect of Imarsil on AFM1 content of Contaminated milk treated for 5 hrs at 16C

KEY

A=0.009 ug/IAFM, +0.5 % Imarsil; B=0.231 pg/l AFM, +0.5 %Imarsil; C= 0.456 pg/l AFM, +0.5 %Imarsil
D=0.009 pg/l AFM; +1.0 % Imarsil; E=0.231 pg/l AFM, +1.0 % Imarsil; F=0.456 pg/l AFM, +1.0 % Imarsil;
G=0.009 pg/l AFM; +2.0 % Imarsil; H=0.231 pug/l AFM, +2.0 %Imarsil; 1=0.456 ug/l AFM, +2.0 % Imarsil
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Figure 2b . Effect of Charcoal on AFM1 content of Contaminated milk treated for 5 hrs at 16C

KEY

J=0.009 pug/IAFM, +0.5 % Charcoal, K=0.231 ug/l AFM, +0.5 % Charcoal; L= 0.456 ug/| AFM, +0.5 % Charcoal
M=0.009 pg/l AFM, +1.0 % Charcoal; N=0.231 ug/l AFM, +1.0 % Charcoal; 0=0.456 ug/| AFM, +1.0 % Charcoal,
P=0.009 ug/l AFM, +2.0 % Charcoal; Q=0.231 ug/l AFM, +2.0 % Charcoal; R=0.456 ug/l AFM; +2.0 % Charcoal
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Figure 3a : Effect of Imarsil on AFM1 content of Contaminated milk treated for 5 hrs at 28C
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A=0.009 ug/IAFM, 4+0.5 % Imarsil; B=0.231 pg/l AFM, +0.5 %Imarsil; C= 0.456 pg/| AFM, +0.5 %Imarsil
D=0.009 ug/l AFM, +1.0 % Imarsil; E=0.231 pug/l AFM, +1.0 % Imarsil; F=0.456 pg/| AFM, 4+1.0 % Imarsil;
G=0.009 pg/l AFM, +2.0 % Imarsil; H=0.231 pug/l AFM, +2.0 %Imarsil; 1=0.456 ug/l AFM, +2.0 % Imarsil
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Figure 3b . Effect of Charcoal on AFM1 content of Contaminated milk treated for 5 hrs at 28C

KEY
J=0.009 pg/IAFM, +0.5 % Charcoal; K=0.231 ug/l AFM, +0.5 % Charcoal; L= 0.456 ug/l AFM, +0.5 % Charcoal

M=0.009 pg/l AFM,; +1.0 % Charcoal; N=0.231 ug/l AFM; +1.0 % Charcoal; 0=0.456 ug/l AFM,; +1.0 % Charcoal;
P=0.009 yg/l AFM; +2.0 % Charcoal; Q=0.231 pg/l AFM, +2.0 % Charcoal, R=0.456 pg/l AFM, +2.0 % Charcoal
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Imarsil exhibited 0.4- 87% reduction at 4 and
16°C, while 12-100 and 22-100% reduction in AFM, were
observed at 28 and 32°C, respectively. The efficacy of
AC was significantly (p<0.05) lower than the observed
values for imarsil: this adsorbent only achieved
reductions of 0.4-22% at 4 and 28°C and 0.4-44 and
0.4-77% at 16 and 32°C, respectively. AFM, removal is
thus concentration-, time- and temperature-dependent.

Previous studies that evaluated the ability of AC
to reduce AFB1 toxicity have produced conflicting
results. Studies by Dalvi and Ademoyero (1984), Dalvi
and McGowan (1984) and Hesham ef a/ (2004)
indicated that AC was able to decrease aflatoxin toxicity,
while Kubena et a/. (1990), Edrington et a/,, (1996) and
Denli and Okan (2006) reported no significant
differences in performance of birds following the
addition of charcoal to rations that included aflatoxins.
Denli and Okan (2006) had suggested that the
conflicting results could have been due to the
differences in chemical content, specifically the cationic
compounds of the charcoal used. In the present study, it
is evident that AC demonstrated a comparatively weak
efficacy for AFM, removal. Hence, it is also probable
that the previously observed conflicting results regarding
the efficacy of AC to adsorb aflatoxin could be as a
result of failure to standardize the experimental
conditions such as concentrations of aflatoxin,
adsorbent and detection methods.

The moisture, protein, fat, carbohydrates and
saturated fatty acid contents of the investigated milk
before the adsorption studies were 87.8, 3.2, 3.9, 4.8
and 1.4% respectively. After remediation with both

Imarsil and AC, the nutrient contents of remediated milk
were the same, suggesting that these adsorbents had

no effect on the essential nutrients of milk.

Earlier reports have demonstrated that imarsil
possesses a flocculating ability, and hence it has been
used for enzyme purification (Kareem and Akpan, 2003;
Kareem and Adebowale, 2007). Economic and logistical
considerations sometimes  restrict the use of
conventional techniques to detoxify aflatoxin (Smith ef
al. 1994). The use of high affinity adsorbents such as
imarsil to significantly diminish the AFM, content of
contaminated milk as shown in the present study
therefore represents a notable approach to the
management of aflatoxicosis in the developing tropical
world.

[V. CONCLUSIONS

The results from the present study indicate that
imarsil demonstrates a potential to reduce aflatoxin M,
and by extension ameliorate the risk of aflatoxicosis in
the developing tropical world. However, further studies
to evaluate imarsil's in vivo activity, its effect on
biochemical indicators in both humans and animals and
the organoleptic qualities of the remediated milk will be
needed.
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Changes in Carbon Stocks and Sequestration
Potential under Native Forest and Adjacent Land
use Systems at Gera, South-Western Ethiopia

Mohammed A. * & Bekele L. °

Abstract- The current study evaluated the differences in soil
and biomass carbon (BC) stocks of native forest, annual crop
field and coffee based agroforestry at Gera, South-west
Ethiopia. A total of 24 sample plots were collected by Stratified
random sampling method. After measuring the required
parameters; BC (above and below ground), and SOC, texture,
bulk density and pH were analyzed. The results showed that,
BC significantly varied with land use types. On the other hand,
the SOC under native forest and coffee based agroforestry has
no significant difference, while it shows significant difference
under the annual crop field. The present study indicated that,
the total carbon stock in the native forest is greater than coffee
based agroforestry which shows much greater difference than
annual crop field. This may indicate that, conversion of annual
crop field to coffee based agroforestry can increases carbon
stock and sequestration potential in the study area.
Keywords: annual crop field; biomass carbon, coffee
based agroforestry, land use change, native forest; soil
organic carbon.

L. [NTRODUCTION

" orest conversion and land-use change in the
=== {ropics are major factors leading to losses in
carbon stocks and increasing concentration of
greenhouse gases in the atmosphere. The effect of land
use changes on soil properties may vary for different
soils, vegetation types and ecological zones (Lal 1999;
Palm et al, 2000; Bekele 2006; Fantaw et a/, 2008).
Agricultural practices lead to a reduction in carbon
stocks mainly due to removal of above ground biomass
as harvest with  subsequent burming and/or
decomposition and losses of soil carbon by erosion (Lal
1999; Balesdent and Balbane 1996; Fahnestock et al,
1996). Thus, there is a need for developing sustainable
agricultural systems to maintain and improve biomass
and soil organic compound (SOC) content while
mitigating the land degradation and greenhouse gas
emissions (Patrick et al., 2005; Takahashi et al., 2010).
In tropics especially south and south-western highlands
of Ethiopia, the deforestation of native forest has been
significantly increased during the past 100 or more
years (Pohjonen and Pukkala 1990; sited in Bekele
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2006), which might be due to human habitation (Bekele
2006). Carbon in the soil is an important factor when
studying global carbon budgets (Wilding et al., 2001;
Berg and McClaugherty 2003; Lehtonen et al., 2004).
Estimating the carbon stock in reliable values is
necessary for understanding the global Carbon cycle,
as well as for developing national inventories of
greenhouse gases (Lehtonen et al., 2004); while
estimating its spatial variability is important when
developing carbon budgets, explaining climate change
and characterizing ecosystems (Davis et al., 2004). Soil
carbon can act as a source or as a sink for CO, in the
atmosphere (Fisher and Binkley 2000; Hégberg et al.,
2002; Fréberg 2004) and can be considered as the
biogeochemical linkage between the other major
Carbon reservoirs:  biosphere, atmosphere and
hydrosphere (Wilding et al., 2001).

Forests sequester and store more carbon than
any other terrestrial ecosystem and are an important
natural brake on climate change (Lal 2005; IPCC 1997;
Milne and Brown 1997). Tropical forests account for 40%
of carbon stored globally in terrestrial biomass (Alves et
al., 1997; Brown 1997) and contribute as much as 36%
of the net exchange between atmosphere and terrestrial
vegetation (Melillo et al., 1993). Thus, small changes in
net carbon stock of tropical forests could result in
significant storage or release of carbon to the
atmosphere. The high productivity of these forests may
make them particularly responsive to the growth
enhancement  from  rising  atmospheric ~ CO,
concentrations (Nabuurs et al., 1997; Prentice and Lloyd
1998; Tian et al., 1998). In order to reduce carbon in the
atmosphere, it is important to investigate which type of
land use is suitable for long-term carbon sequestration.
When native forest is converted to agroforestry and/or,
agricultural land, carbon stock may decline to some
extent (Price and Willis 1993). Several researchers also
revealed that the promising management practices to
sequester biomass, and SOC and to reduce soil
degradation are adopting agroforestry  system
(Cannell et al., 1995; Brown et al., 1996; Batjes and
Sombroek 1997; Takahashi et al., 2010).

However, little is known of how coffee based
agro-forestry practices in the vicinity of Gera Native
forest, south western Ethiopia affect the storage of
carbon in the biomass and soil matrix. Hence, the
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present investigation was undertaken estimate the
difference in carbon stock (biomass and soil) between
coffee based Agroforestry land use and other land uses
namely annual crop field and native forestland use
systems. Research hypothesis raised here is does
coffee based agroforestry land use system has higher C
Stocks and sequestration potential than annual crop
field and native forestlands.

[I.  MATERIALS AND METHODS

a) General description of the study area

Gera is found in Jimma Zone of Oromiya
Region, South-west Ethiopia. It is located within the
longitudinal range 35° 57" and 37° 37’ East and
latitudinal range of 7° 13" and 8° 56’ North.

The altitude of the area falls in the range
between 1500-2900masl. The mean annual maximum
and minimum temperature is 24.2°C and 14.2°C,
respectively and mean annual rainfall is between 1800
and 2000mm. The major soil types are: Arcisol, Nitisol
and Lepfosol. The remnant forest vegetation at Gera

area can be categorized as tropical Afromontane moist
forests which have been further classified into: natural
forest (virgin and disturbed) and plantation forests. The
vegetation cover of the area was estimated to be 56% of
the total area.

b) Research Methods

i. Site Selection

For this study, coffee based agroforestry,
annual crop field and native forest types of land uses
were considered. For selection of study site, informal
survey was conducted to collect important information
about the ages under particular land uses. Farmers
were asked the time when they started converting the
forest into coffee based agroforestry and annual crop
fields. The site was selected along two altitudes: 1890
and 2100 m.a.s.l., where the three treatments were
assigned. The selected annual crop fields and coffee
based agroforestry are about 20 years old since
converted from native forests. The native forest was also
sampled adjacent to the selected land uses as control.
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Figure 7 Map of the study area

ii. Plot Allocation and Measurement
Stratified random sampling was used to collect
data for the study. At each land uses, parameters were
measured and their GPS coordinates were taken. Most

© 2014 Global Journals Inc. (US)

coffee based agroforestry were rectangular in shape
and large in size. A 100 m x 100 m sized plots were
divided into 25 m x 25 m subplots. To choose the
sample plot, each plot was numbered and lottery



method was used for randomization. The centre points
of each division were located and four subplots with 15
m x 15 m were laid out perpendicular to the borders.
There were four sample plots for each land uses at each
elevation and a total of twenty four sample plots were
collected from the site at both elevation.

iii. Estimating above-ground biomass

The diameter of all trees in each plot greater
than or equal to 5cm at breast height were measured by
using calliper and/or tape meter. The species type was
recorded and their heights were measured using
hypsometers. The diameter for coffee shrub was

Y = eX{=2.134 4 2.530 % I (D)} ersccecoe eoe eee oo e eee eee e eee e e

Where D = diameter (cm) and Y = total above
ground biomass in (Mgha-1).

The equation used for estimating aboveground
biomass of banana, based on pseudo-stem diameter
was developed in (Hairiah et al., 2001). Thus, the

Y = (0.0303 D)2I345 o e e e e et e et e e e

Where D is diameter (meters)
Above ground biomass of coffee plants was
estimated by using the following regression formula as

measured at 15 cm above ground (Sugara et al., 2006),
while it was at the ground level for Enset
(Ensete ventricosurm) and Banana (Musa paradisiaca)
(Blomme et al., 2008). Based on average diameter, total
height, above ground biomass and carbon stock were
calculated by following appropriate allometric equations.
The above ground biomass of individual tree was
estimated by following Brown et al., (1989). This
equation was used to estimate above ground biomass
in several studies (Roshetko et al., 2002; Lascol et al.,
2006).

1

biomass of banana and Enset in this study were
estimated following this general biomass allometric
equation and then converted to C content.

2

mentioned by Sugara et al., (2006) in shade tree coffee
systems.

log10 (B;) = —1.113 + 1.578 *log 10 (d;5) + 0.581 * log 10(h) ... ... .. 3

Where d15 = diameter at 15cm, h= height and
BT= is total aboveground biomass.

The above-ground biomasses of all individual
trees, Banana, Enset and coffee in a plot were summed
to calculate total biomass for each plot, and the plot-

Where Y is total of above ground biomass in
(Mg ha), and AGBC is above ground biomass Carbon
in (Mgha™).

According to Caimns et al., (1997), root biomass
of tropical trees in moist area is about 22% of above
ground biomass. Depending on this, root biomass of
individual tree was estimated by taking 22% of the
above ground biomass (root biomass = 0.22 x Y). Study
by Blomme et al., (2008) indicates that, the below
ground biomass for Enset and Banana (root + corm) is

Where BGBC is below ground biomass carbon,
RB is root biomass which is equal to 0.22Y.

TBC = AGBC + BGBC .. . v cs e e et et i e et e e i et et ot s ot e r s et s s

Where TBC is total biomass carbon.

iv. Soil Analysis

Soil samples were analyzed for bulk density,
soil organic carbon, pH and textural fractions by
removing undisturbed soil using core sampler from each
land use categories. From each plot, five points were

level values of estimated above-ground biomass were
then converted to biomass per hectare (Mg ha™) for
each land use. Aboveground biomass was converted
into C by multiplying by 0.5 (Mac Dicken 1997):

4

35% and 31%, respectively, of their above ground
biomass. In this study, below ground biomass was
estimated by using these results and, then converted to
biomass carbon according to equation 5. The shoot:
root ratio (biomass) of coffee often assumed for tropical
trees ranged between 4:1 and 2:1 (van Noordwijk et al.,
2002). In this study, we have used the least ratio (4:1) for
coffee below ground biomass in order to decrease
overestimation and then converted it to biomass carbon
following equation 5.

.6

established in each direction (north, east, south and
west) one meter inside the plot boundary, and one at
the centre. At these five points, soil samples were
collected from 0 to 30 cm depth by using soil auger. Soil
samples were air dried at room temperature and were
then sieved by 2 mm size mesh. The samples were
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mixed and homogenised and sub samples were taken
for estimation of Carbon, pH and textural analysis. SOC
was analysed according to Walkley and Black (1934),
Bulk density was determined by drying the sample in an

oven drier at 105°C for 24 hours. Total SOC stock per
hectare (Mgha') was calculated according to the
following equation (Bekele, 2006):

SOC(Mgha™) = S0C(gKg™) X d X BD(g73) X 10 ee. e vev cvveee evv e evr e eee e e enn(7)

Where d is sampled soil depth in meter (m), and
BD is bulk density (gm).

Soil pH was measured potentiometerically using
a pH meter in 1:2.5 (v/v) soil water suspensions and
textural fraction was determined by hydrometer method.

c¢) Data analysis

The results were subjected to analysis of
variance (ANOVA). All statistical computations were
made by using SAS (2004) version 9.0 computer
software. The least significant difference (LSD) at
P=<0.05 was used to determine statistically significant
differences within each variable at each altitude. We
conducted paired t-tests to test for significant

differences in biomass and SOC stocks for each
category of land uses at both elevations.

[11. RESULTS AND DISCUSSION

a) Biomass carbon

Biomass carbon was found significantly higher
in the native forest (134.34 + 26.94 Mgha™) than in the
coffee based agroforestry (58.27 = 12.30 Mgha) and in
the annual crop field land (0.04 = 0.03 Mgha™). The
biomass carbon of coffee based agroforestry was
significantly higher than that of annual crop field, but
there was no significant difference in biomass carbon
between altitudes across land uses.

Jable 7. Mean values of biomass carbon (BC) across the land use types at each elevation

; Land uses types
Organic Elevation (m.a.s.) , e ,
Carbon Annual crop fields Coffee based agroforestry Native Forest
p 1890 0.05+0.03a 54.46+7.45b 135.00+£36.63c
BC (Mgha™)
2100 0.02+0.02a 62.23+17.14b 133.79+16.61cC
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Note: Parameters with similar letter are not significant in each row at P <0.05

Biomass carbon in tree-based systems (native
forest and coffee based agroforestry) showed higher
biomass carbon than that of annual crop field with few
trees. Tree-based land-use systems sequester CO,
through the C stored in their biomass (Vitousek and
Denslow 1986; Clark and Clark 2000; Roshetko et al.,
2008). This may subject to increase or decrease in C
flux to the atmosphere as a result of harvest, re-growth
and conversion to other land uses. In agreement with
the present study, the amount of biomass C in the
agroforestry systems was several times higher than the
C contents in the annual agricultural system (Bangroo et
al,, 2011). Dossa et al.,, (2008) also has shown the
biomass C stock in the shaded coffee agroforestry
system was higher than that in the open agricultural
system. Our result in coffee based agroforestry is within
the range of Carbon values (50 =75 Mgha™) reported for
tropical agroforestry systems (Lefebvre et al., 1993). The
lower biomass carbon in annual crop field was
consistent with the small number of trees that are
included in hedges on the borders of farmland, and
other trees left on the farm landscape. After 20 years of
land conversion, the amount of BC (above ground and
belowground) lost due to conversion to coffee based
agroforestry was about 56.65% of the original biomass
C of native forest, and the loss due to conversion to

annual crop field was about 99.97%. High BC has been
lost when native forest was converted to annual crop
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field land because of huge biomass removal during the
process of land use conversion.

The result of this study suggest that losses of
biomass C can be minimized when native forest was
converted to coffee based agroforestry system than
annual crop field, and increased C storage (C
sequestration) can be achieved by converting annual
crop field land into coffee based agroforestry land use
systems or even to forest lands. Coffee based
agroforestry systems have the comparative advantage
over annual crop field systems in biomass carbon
sequestration.

b) Soil organic carbon

SOC at 0-30 cm soil depth within the three land
use types is shown in Table 2. SOC (Mgha™) in native
forest, coffee based agroforestry and annual crop field
land were 95.52 + 3.65, 92.48 = 7.02 and 65.17 + 2.58,
respectively. Native forest and coffee based agroforestry
contained significantly higher SOC as compared to the
annual crop field land but there were no significant
difference between coffee based agroforestry and native
forest. Moreover, SOC was not significantly different
between each land uses at the two elevations.




Jable 2. Mean values of soil organic carbon (SOC) across the land use types at each elevation

Land uses types

. Elevation (m.a.s.l)
Organic Carbon

Annual crop fields

Coffee based agroforestry Native Forest

1890
SOC (Mgha)

63.34+2.95a

90.65+8.89b 92.57+2.41bc

2100

66.99+2.21a

94.30+5.14b 98.95+4.84bc

Note. Pararmelers with similar letter are not significant in each row at P <0.05

The stock of SOC results from the balance
between litter input and decomposition over time (Liski
et al., 2002), while stored in the soil as humus and
related stable organic compounds, the C is not
circulating through the atmosphere (Berg and
McClaugherty 2003). As a part of the dynamic carbon
cycle of forests, soil C is linked to the development of
vegetation and also affected by the past events (Liski et
al.,, 2002; Nabuurs et al., 1997). In the present study,
about 31.95% of SOC was lost following conversion of
native forest to annual crop field land, which was
cultivated for 20 years. Consistently, conversion of
native forests to annual crop field land resulted in 20-
50% loss of SOC (Sampson and Scholes 2000).
According to Bekele (2006), deforestation of native
forest followed by 75 years of continuous cultivation
depleted the SOC by 43% at Belete native forest. The
loss of SOC in his study is higher than the present
study, but the age of cultivation and larger soil depth
might have contributed for the higher amount of loss.

The SOC was not in a linear relationship with
the number of years of cultivation as indicated in a
chrono-sequence study (Lemenih et al.,, 2004). In his
study, Lemenih et al., (2004) indicated that; much of the
SOC was lost in the first few decades. The lower SOC
contents in crop field land sites was due to various
factors such as the breakdown of aggregates because
of cultivation, increase in aeration of the soil and
increase in the rate of mineralization by soil micro-
organisms (Balesdent et al., 1990; Lal 1999; Lemenih et
al., 2004). The SOC depends on the balance between
the annual input of dead plant material and the annual
loss of SOC by decomposition (Nabuurs et al., 1997,
McDonagh et al., 2001; Lemenih et al., 2004; Bangroo
etal., 2011).

The SOC loss from the conversion of native
forest to coffee based agroforestry remained very low
after 20 years of cultivation following deforestation. In
most terrestrial ecosystems, the majority of net primary
production is shed in the form of plant litter, which
originates from above and below ground plant organs.
Tree species differ in their allocation of C to above and
below ground components and in their fine root mortality
(Caims et al., 1997). There is also a considerable site-
specific variation in the quality and quantity of litter
produced by different tree species (Aerts 1997). These
factors may explain the similar amounts of SOC in
coffee based agroforestry as in native forest while

having lower biomass C than the native forest. In
addition, it may suggest that the coffee based
agroforestry system protects the loss of SOC and if the
annual crop field reverts to coffee based agroforestry in
the study area; it could lead to SOC sequestration.

c) Total carbon stock

Total C (BC + SOC) in native forest, coffee
based agroforestry and annual crop field land were
230.09 + 27.88, 150.73 = 12.21 and 65.40 + 2.64
Mgha-1respectively. There were significant differences
in total C between the native forest, coffee based
agroforestry and annual crop field land. Further, there
was no significant difference in total C between the
elevations for each land uses (Fig.2). Coffee based
agroforestry land uses had the second largest total C
stock and has significantly higher total C than the annual
crop field. The difference between native forest and
coffee based agroforestry was mainly from the
difference in biomass C.
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Figure 2: TOC in each land uses

NF = native forest, CBAF= coffee-based agroforestry and, Agri= annual crop field

In agreement with this finding, Milne and Brown
(1997) have shown that, forest land conversion to
agroforestry would actually loose C, but to a much less
extent than the conversion to annual crop field. The
higher total C in coffee based agroforestry than annual
crop field is because of the higher SOC as well as the
higher biomass C in coffee based agroforestry as
compared to that in annual crop field. The coffee based
agroforestry has diverse plant communities and higher
in number than that of annual crop field land. Any
disturbance of vegetation or of the soil itself is likely to
alter the balance between litter input to the soil and
decomposition loss, and so cause a change in the
reservoir of carbon (Milne and Brown 1997). Factors and
processes that determine the rate of change in biomass
and soil C stock influence the total C stocks.

This study did not consider C from coarse
woody debris and associated necromass and this could
lead to an underestimation of the total C stocks.

© 2014 Global Journals Inc. (US)

According to Keller et al., (2000), coarse woody debris
mass varied from 49.7 to 59.9 Mgha-1 in mature forest
sites in Eastern Amazonia and it was about 16% of
above ground biomass. Delaney and Powell (1998) also
found that dead wood mass contributed 33.3 — 42.3
Mgha' necromass in tropical moist and wet forest zones
in Venezuela, which were 9.6 —12.4% of the total above
ground biomass. However, the results of present
findings indicated that, land use change mainly affects
the organic carbon stock either in their biomass and soil
matrices. It shows that native forest cleared for crop
production and coffee based agroforestry in the study
area lose high organic carbon in both biomass and soil
within 20 vyears of subsequent cultivation after
deforestation.

IV. CONCLUSION

The results of this finding indicated that, land
use change mainly affects the organic carbon stock



either in their biomass and soil matrices. It shows that
native forest cleared for crop production and coffee
based agroforestry in the study area lose high organic
carbon in both biomass and soil within 20 years of
subsequent cultivation after deforestation. Native forest
and coffee based agroforestry have much higher
biomass carbon as compared to annual crop field, and
native forest has higher biomass carbon than coffee
based agroforestry. On the other hand, Native forest has
similar amount of SOC as that of coffee based
agroforestry, and it has higher SOC than annual crop
field. Major declines were observed for annual crop field,
which mainly because of biomass removal which is the
principal source of plant organic carbon. Despite the
clear decline in SOC within 20 years, is resulted from
reduced above and belowground litter inputs and
increased microbial decomposition, and it may from
aeration while land cultivation is undertaken. The higher
total C in native forest as compared to annual crop field
and coffee based agroforestry shows that; the
conversion of native forest to coffee based agroforestry
reduces emission of C as compared to annual crop
field. In addition, the conversion of annual crop field to
coffee based agroforestry can sequester large amount
of C in the soil as well as in the biomass.
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Abstract- Combining ability estimates for growth, earliness,
yield and quality parameters were studied following Line x
Tester approach in ridge gourd. Fifty-one cross combinations
were evaluated for 15 traits. The variance due to SCA was
higher than the GCA for all the characters, indicating the
importance of non-additive gene action. Comprehensive
assessment of parents by considering gca effects of 15
characters studied has resulted into identification of lines, viz.,
KRG-2, KRG-3, KRG-4, KRG-11, KRG-16 and tester ASM as
good combiners and PN as average combiners over all
characters. Maximum and positively significant sca effects was
observed in the cross KRG-9 x ASJ (0.24) followed by KRG-10
x PN (0.22), KRG-6 x ASM (0.16), KRG-5 x ASM (0.15) and
KRG-3 x ASJ (0.14) for fruit yield per vine as well as fruit yield
per plot and hectare. KRG-9 x ASJ showed significant sca
effects for earliness characters like days to first female flower
appearance (-6.19), node to first female flower appearance (-
5.31) and days to first harvest (-8.61).

Keywords: combining ability, luffa acutangula, ridge
gourd.

L. [NTRODUCTION

idge gourd (Luffa acutangula (L.) Roxb.) is an
important cucurbitaceous vegetable crop widely

grown in tropical and subtropical parts of the
world. It belongs to genus Luffa of Cucurbitaceae and
has a chromosome number 2n=26. The genus derives
its name from product ‘loofah’” which is used in bathing
sponge, doormats, pillows and also cleaning utensils. In
addition to culinary properties, it has therapeutic
properties and is used for extraction of fibres [1]. Ridge
gourd, being predominantly monoecious, is a cross
pollinated crop and provides ample scope for utilization
of the hybrid vigour. During recent years, the exploitation
of hybrid vigour and selection of parents on the basis of
combining ability have expanded a new alley in crop
improvement. These studies are generally used to
assess the performance of lines in hybridization
programme and to understand the gene action involved
in different characters.
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[I.  MATERIALS AND METHODS

The experimental material consists of 20
parents viz. KRG-1, KRG-2, KRG-3, KRG-4, KRG-5,
KRG-6, KRG-7, KRG-8, KRG-9, KRG-10, KRG-11, KRG-
12, KRG-13, KRG-14, KRG-15, KRG-16, KRG-17 used
as lines and three testers namely ASJ, ASM and PN and
one standard check Naga. An experiment was carried
out at Vegetable Science Department, K. R. C. College
of Horticulture, Arabhavi, University of Horticultural
Sciences, Bagalkot during summer and kharif, 2012.
The experiment consists of 20 parents and 51 hybrids
and were evaluated in randomized block design with
two replications. A spacing of 1.2 m X 0.9 m was
followed and other cultural practices were followed as
per the package of practices of UAS, Dharwad [2].
Observations on five randomly selected plants were
recorded for various growth, earliness, yield and quality
parameters. The Line x Tester analysis is one of the
most appropriate methods in preliminary screening of
the breeding material for combining ability and data was
analyzed as per the Kempthorne [3] to determine
general and specific combining ability.

[11. RESULTS AND DISCUSSION

The analysis of variance (Table 1) for genotypes
showed significant differences for all the characters. The
estimates of mean sum of squares due to parents
showed significant differences for all the characters
except node to first female flower, per cent fruit set,
number of fruits per vine and fruit yield per vine
indicating the presence of sufficient variability among
the parents studied. The magnitude if variance due to
sca was greater than gca for all the characters and
GCA: SCA less than wunity also confirmed the
preponderance of non-additive gene action for all the
traits. These results are close conformity with Purohit[4]
and Neeraja [5].

The estimates of gca effects of each parents
are presented in Table 2. Among the 20 parents, seven
parents showed significant and positive gca effects for
fruit yield per vine, the highest was observed in the line
KRG-3 (0.29) followed by KRG-11 (0.12), KRG-10 and
KRG-2 (0.08). The parent KRG-3 was found to be good
general combiner for all the character except number of
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leaves 90 days after sowing (DAS), days to first female
flower appearance, node to first female flower
appearance, sex ratio, per cent fruit set, average fruit
weight and flesh thickness.

The line KRG-5 (-2.99) and tester PN (-1.84)
exhibited negative and significant gca effects for days to
first female flower appearance. For days to first harvest
significant and highest gca effects was observed in the
parent KRG-5 (-5.62) followed by KRG-3 (-4.28) and PN
(-1.69). These results are in agreement with Ahmed et a/.
[6]. The parents vizz KRG-5 and PN exhibited the
significant and negative gca effects for both days to first
female flower appearance and days to first harvest so,
these parents may be used in breeding programme for
earliness.

‘The female parent KRG-11 exhibited the
maximum and significant gca effects for number of
leaves at 90 DAS (6.77) and number of branches at 90
DAS (2.09) whereas the male parent ASJ for number of
leaves at 90 DAS (6.43) and number of branches at 90
DAS (0.37) exhibited positive and significant gca effects.
None of the parents exhibited positive and significant
gca effects for per cent fruit set. For average fruit weight
the line KRG-12 (75.28) exhibited maximum and
significant gca effects whereas, KRG-1 (5.40) exhibited
significant and maximum gca effects for fruit length. The
line KRG-3 was the good general combiner for number
of fruits per vine (1.20), fruit diameter (0.59), fruit yield
per vine (0.29), fruit yield per plot (4.34) and fruit yield
per hectare (13.52) whereas, KRG-2 exhibited the
maximum and significant gca effects for flesh thickness
(0.50).

However parents KRG-2, KRG-3, KRG-4, KRG-
11, KRG-16, ASM and PN exhibited significant gca
effects for the most of the traits. Due to predominant role
of non-additive gene action for yield and its
components, it is difficult to bring together desirable
genes by pedigree method. In this situation formation of
central gene pool by bringing together the multiple
parents having the good gca effects suggested by
Jensen [7] might prove to be useful.

The crosses having desired significant specific
combining effects are presented in Table 3. Out of 51
crosses, 16 crosses exhibited positively significant and
15 crosses exhibited negatively significant sca effects
for fruit yield per vine. Maximum and positively
significant sca effects was observed in the cross KRG-9
x ASJ (0.24) followed by KRG-10 x PN (0.22), KRG-6 x
ASM (0.16) and KRG-3 x ASJ (0.14).

The highest positive sca effects was exhibited
(Table 3) by the cross KRG-11 x PN (90.46) followed by
KRG-6 x PN (70.63) for number of leaves per vine. For
number of branches significant sca effects and
maximum sca effects (1.86) were exhibited by KRG-3 x
ASM followed by KRG-11 x PN (1.68) and KRG-15 x PN
(1.45). For days to first female flower appearance, the
cross KRG-15 x ASJ (-7.35) followed by KRG-15 x PN (-
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6.82) and KRG-11 x ASM (-6.32) exhibited maximum
negative and significant sca effects. Among the crosses
only cross KRG-9 x ASJ (-5.31) was exhibited negative
and significant sca effects for node to first female flower
appearance which is desirable.

The cross KRG-12 x PN (-8.67) followed by
KRG-17 x PN (-7.83) exhibited significant in desirable
direction (negative) for sex ratio. For per cent fruit set the
cross KRG-16 x PN (12.38) exhibited positive and
significant sca effects. None of the testers and crosses
exhibited positive and significant sca effects for number
of fruits per vine. For average fruit weight maximum and
significant sca effects was observed in the cross KRG-4
x ASM (85.99) followed by KRG-13 x PN (81.08) and
KRG-6 x ASJ (75.70) whereas, the highest positive and
significant sca effects was exhibited by the cross KRG-1
x ASJ (8.20) followed by KRG-12 x PN (5.48) and KRG-
14 x ASM (4.45) for fruit length. Maximum and significant
sca effects was observed in the cross KRG-12 x PN
(1.10) for fruit diameter. Two crosses KRG-6 x ASJ
(0.85) followed by KRG-1 x ASM (0.69) exhibited the
positive and significant sca effects for flesh thickness.

It was interested to record that out of 51
crosses, showing high specific combining ability effects,
two crosses were the product of one parent having a
high general combining ability, one cross was the
product of one parent having a low general combining
ability and remaining one cross involved the both
parents having high general combining ability. Similar
results were also reported by Neeraja [5] in ridge gourd.
The crosses involving parents with good general
combining ability effects can be exploited effectively by
conventional breeding procedure like pedigree method.
However the crosses one good combiner and other
average or poor combiner could produce desirable
transgressive segregators if additive genetic system was
operative in good combining parents and epistatic
effects also act in the same direction.

REFERENCES REFERENCES REFERENCIAS

1. Swarup V, (2005) Vegetable science and technology
in India, Kalyani Publishers, New Delhi, pp. 426-431.

2. Anonymous (2007) Package of practices for
horticulture crops (Kannada), Univ. Agric. Sci.,
Dharwad. pp. 273-276.

3. Kempthorne O, (1957) An introduction to genetic
statistics. John Wiley and Sons, New York, pp. 408-
711,

4. Purohit VL, Mehta DR, Dhaduk LK, Gajipara NN,
(2007) Combining ability for fruit yield and its
attributes in ridge gourd [Luffa acutangula L.]. Veg.
Sci., 34(1): 84-85.

5. Neeraja PB (2008) Combining ability and heterosis
for fruit yield and yield components in ridge gourd
(Luffa acutangulaLL)). J. Res. ANGRAU 36(4): 24-32.



7. Jensen HS, (1970) A diallel selective mating system

6. Ahmed |, Reddy P, Neeraja G (2006) Combining

for cereal breeding. Crop sci., 10: 629-635.

ability and heterosis for yield and yield components

in ridge gourd (Luffa acutangula L.).

ANGRAU 34(1): 15-20.

J. Res.

107 "X H | UOISIoA X INSST AIX ,;CS—C\/ Aﬁav LL‘E;JQx J90UOL] 90U9IDG ,_C —NH:SCM ?h—C—m‘v

220 | xL€0 SNEL'| 89S0 | «x97°0 SNev'0 #x€5°0 #x87°0 100 (Wo) ssewol ysol4 | G
728l | xx06'62) | SNBS'ZE | SNOOLOL | «x0L'8EL |xx98'LLYL | «xLE'E2L| +xBECSI 98'/62 (b) areyosy Jod plaiAuni4 | 71
220 | xS SNEY'0 «xG6' L] xx1O'L +x8G°91 wxP¥L «x8L' S (Bx) 10/d led piaih uni4 | €1
200'0| »xGE0'0 | SNZEOO «€/0'0| xx80L'0 | xx80L'0 | SN6900| xx¥S00 €000 (B) suin sed pleiAuniy | 2t
60 | %490 SNZ8'L | SN9LO | «xx¥/0 SN¥8'0 +x86°0 «x 180 8000 (wo) Jsrowelp i L
G8'L | xx6V'CC | x96'701 xG2OV| «xBE°EE | xxVEBGE | xxCO'L¥ | £x0L0OV 0L°G (wo) yibusy uni4 o]
71682 | xxc9'29¥¥ |SNGL'9L0H SNCL 08 Y| xx8E €EG62 |xxGL L20SE | »x0V GLVE| +x60 2Ly 98'80 1} (6) WyBrom ynuy obeiony | 6
790 | SNSO0 | ««VS€ «GE'L| 860 «xCC'2C | SN9LO Al 0eelh BuIA Jad sHNJ Jo JequInN | 8
v6'29| x9202L | SNI6'SY | SNZOEL| «6L20L | SNS6'Z9 | SNETE6 | +61'66 9/ vy 19S 1INy} U0 Jod L
9908 | G625 | «GV'65Z | SN8L2W | xx/2/G | SNEEZL | xx2€89 | xxG0°09 €6'12 (%) ol xeg 9
BC VL | »xE6'82 | xG¥'62k | SNIP'8E | %x66'GE | SNB88O | xx989F | +xZE6E ¥£'951 1senieY 181y 0} sheQ S
06 | «c0'ZL | SNEB'LE SNB9I |  «GL'9L SN8O'Z | SNeLCH «20'Gl WA 1Moy} s[ewsy 1sll 01 8PON | ¥
LG 1L | %x898E | SNLOBS | SNVLGS | »xGL'OF | SNEB9 | xxG67S | «x86LY veey  |Bunemoly sjewsy isily 0 shkeq| ¢
€91'0| xx8SC | SNLVY SNOV'¥|  «xE2°€ «xl6'C «xG2'€ x+xEC'E 9le8l 061 mo%rwwm%o JoquinN | ¢
16'6S||%x86'6522 |SNGO'L0L L SNOQ'OEEY | xxE9'688C | xx 72592 | xxGG€GCE| »x8SELLE 1’2662  |SYA 06 U0 Senes| o JaquinN| |
0L ce c 91 0S X 6l 0L X wopaeay Jo eaibeq
19]1So S9SS0. ‘0
Jolg xﬂmc_m_ SI9)So | Saul7 | S9ssol) A wEm:wﬁ_ sjualed | sedfjousr) |suoneoldey Jeloeleyn ._W_

pJnob abpu Ul Si8joeJeyd SNOLIBA JO) SISA[euR 181Sa| X aulT JO (S8Jenbs JO wns ueaw) 8duBlLeA JO SISAleuy . [ /g&/

us)

© 2014 Global Journals Inc



SN SN SN €00 SN A SN SN SN ese | el SN = 610 G/'G  [%L1®'dd
910 SN SN 200 2z0 | 960 | 8LS 820 SN 68’1 | ogL 90'} oLt v10 gev  |%S1®' a0
80°0 v.0 80°0 100 Lo | 870 6 v1L0 9e'L | 960 | 990 €50 850 L0°0 e FWIS
«L1°0 Zl €10 «€0°0 «920 [xxlG | xL29 220 980 [«x90°€- [ «69°L- | vO'L- «x V8L «xGE0- <092 Nd €
«61°0- 120 80°0- 100 6L0- | 2v0-| 891 G0 gl | §20 | svo- | €00 99°0 €0°0- L) Wsvy | e
200 ev°0- 500 «x70°0- 80°0- |xxE6L| 9F L0 Y60 | x1€T |xx¥1T | xL0'L 6Lk xxL€°0 «xEV'9 rsv |t
Slolso]
G0 69'Y S0 500 SN 2oe | 118l /80 SN 86G | 80 SN 89°¢ 2r o 99€l  [%L®ad
8€°0 €5°€ 80 ¥0'0 250 | lze | voel 99'0 99 ISv | L0t | 6ve 112 2€0 6201 (%S ad
610 L) 610 200 920 | vL'L | ¥89 ) v2e 9z | vSL | STt B¢t 910 9L'g FWIS
020 v.0 «x280 | %x600- 8L0- | 961 | «02GI- 120 6v'z- | 600- | 880 | 9¢L 810 200 wxl9LY [ 21D | L1
v20- 90°0- «xE L | xxCh 0 920~ | x«0G°€| «¥89L 90 A FUL | o8eL | 200 ¥8°0 L0 962 | 9L-ouy |9l
G1°0- 82 1 «BY0 | %x2070 910- | 090- | Si€ €0°0- vt ze | 950 | /80 xx89'G «x20'k Yo'y SL-OYM | St
«6Y°0- «xGY'G- «x28€ | %x0170 €60- | 020 |«xvCCC| Y0 v6'L | 651 | «88€ | €0 «xlGY xGE0- «x90'€2- | vI-OHX | bl
19°0- 6Lt LY | axVl0- | «¥90- | 0L 1 | «8L7LL 99°0- 2EG | xxlS9| wxCl¥| LOO- 62 GL0- «x06° 16~ | €L-Duy | €l
v€0 «GE'b- w7 b | %8070 120 | 9v'0 | «x82GL £0- «GL'8- | 960 | 2lk-| €0k 810 xx66°0 «=¥9ve | 2o |2k
v0°0- w19 «BY'C | «xCh0 920 | 920 | z9el- «0L°0 ISY geL | ssz | ele «+81°9 xx60°C #7999 | LL-OEM | L1
90°0- xx¥0'L «x k0L | %8070 000 | 00L-| 88% v1L0 8r'z 8Ly | G60- | v6I- e8'e 600 €0 L= | 0L-DYy | 0L
€20 «x1G'G «BY'0 | %x80°0- G0~ | OLL- | 8FG £€°0- 8’| G2Z | SS0- | «6L2 66°0- wx b L «907E- | 6OUM | 6
120 860 w8l L | %200 S00 | bl | 1L 10 e | 8v0 | 82k- | €ro0 91'e 82°0- v2's 8-OUM | 8
€0 NS 100 20°0- LE0  |«x02 1| xx98'6E- | 9670 6v'c 090 | S00 | €Ll ve0 «8Y°0- LOULL | 298 | 2
120 «88°€- «BY0 | %xl00- | x50 |«xC9V| xx198C | OVO- et 62 | S50 | 100 892 «xG8°0- 110 9-94Y | 9
€10 S6°2 «x89'G- ¥0°0 ZL0- |xx05€| 971 ve0 €0~ | 8E€ | xx29G| 1970 <662 wx b L0 wx0L L1 | SO | G
100 v90- «x¥8°0- 100 €60 | 08’1 | «x0G7c2 L0 6L~ | €80 | 8,0 | 160~ or'e GlL0- 06'G- vOud | ¥
€0 «xCG el V€V | 446270 «BS0 | «952 | 9L21- «x02' | L&V | €8°€ |«x82%| LEL- 6v'e «x62° | 8¢ eOUd | €
«0G°0 wx bl vE0- «x80°0 x9S0 | %9272 | xx0L'GE-|  ¥L0 le'l- | 160 | 820 | Lie 281 +£55°0 09'Z- UM | ¢
610 PR 100 «x20°0 v00 | «x0v'S| 81Ok €0°0- 26C | 180 | 820 | ¥ eee «x8L°0 «x€L82 | 1OEM | |
soun

©) Jemol} | Buuemoy | Sva@06 | Sva06 |iueied [ON

(wo) (b) (o) (6%) (wo) | (wo) auIA 1sonBY | gewsy | WS}  |1e SBydURIg| Te Sones)| S
ssauoILp |erejoay Jad| joid Jed | eui Jed | Jslewelp| yibus) Eww\s sedyny [ OSHM | O | sy | iy 1siy or skeq| o sequini |10 lequiny
ysald | plRIA NI | preikunid|pleA Iniy| - unig | Hnig o@wm% jo sequinn| %2 4| X9S 1oy sfeq o1 apony
abpu ul sisleweled Aljenb pue plaiA ‘ssaultes ‘ymolb 1o} siualed Jo siosye Alljige Buluiquuod [elausy) . 7 g/ge/
10T (_c,ﬂf H HSCTLA;\/ X QSIIH >/_vm ,JC::C\/ AAAV LQ.:JQIQZ AQCSC;L Q;E,d,um .«C ﬁdc.::; ﬁdn_c_wv .

(]

lobal Journals Inc

2014



$107 1@ E [ UOISIOA X 9NSS[ ATX QWN[OA ((J ) YOIedsdy .IONUOIL] dDUdIDS

_ (0} —NC.:ACM ?ﬁ—C—MV

610 xx2€ 0L xxlL'L xx220 clo 920 «110€- cL0 8v'c- ces- %189 ¥6'0 cee- 8L'0 «L1'8L- | Nd X 01-94M | 0¢
8e0 xx02'Gl- PRCRE xxl 10 150 SO't v'8lL gL 109 199 Gyl .G} 89'L v6'0- «€L'6L-  |INSV X 0L-9YM| 62
150 88y 250 S0°0- €9°0- 80 L9'LL 000 cse- 6€'I- X9€'G €90 S9'0 %92°0 xx0€LE PSSV X OL-DYM| 82
9e°0- ceo- €0°0- «2 10 €Lo 770 6811 2e0- 6L€- €9~ %619 68°¢- ¥8'¢ zLo- vy olL- Nd X 694 | /g
80°0- x88'9 <10 xxC L0 x26'0- | SO'I- 0S'L1- GL0- /€6 9z'e Sv'e xx02'6 ve'e v20- «05'12- | NSV X 6-9dM | 92
€0 <01, xLL0 xx¥2'0 60 90 19'G L¥'0 8G'G- 181 | xx¥9'8- | «1€G <619 9e0 xxV6LE | PSV X 6-DYM | G2
62°0- xx9G'8- #x26'0- xx b0 ¥S°0- 68°0- «€9'Le- G50 16 AN 86'0- €0'e- 150 «xG2' |- 900 Nd x 8949 | ve
100 4N cho 100 €00 8v°0- ShLL- 120 cle 68'c 8Ll ev'e- 66'I- 540 080} NSV X 8-9dM | €2
€0 <L x08'0 xx01'0 150 871 xx80'Gl ve'0 680 90 080 Mo 8yl xx€80 98°01- PSY X 8-9UM | 2
Lo 870 S0'0 100 62°0- v.°0 vle- 810 ve'e 65¢ 69'L €Lo- 10'L Peiclog 0L L1I- Nd X -DHM [k
€00 Gey 9’0 €00 L0°0- Ge'I- 8c'y 820 6801~ LLe- Sv'0 161 102 x€9'0 xxE€'GE | NSV X L-9UM | 02
800 €Ly- 1§50 200 9e'0 90 viL- 010 vS'8 chL vie v8'L- 20e- €00 X€9°€C- | NSV X L-OYM | 61
v0'0- gee e %00 280 WA xx06'9L- 280 18'}- 66'L e el 89C xx8C b xx€9°0L Nd X 9-993 | 8l
18°0- 28'S €90 xx91°0 200 €9'I- 12l gLo- LEL- 667~ gse- 0S0 cee- MR «x€G'2E- | NSV X 9-9UM | LI}
%680 xx91'8 %880 %x82 0" 6L°0- 80°0- xx0L'SL 0,0 16 00'€ 98¢ 181 S9'0 100 «x0L'€E- | PSY X 9-DUM | 91
200 96°'¢ €r'0 000 €Lo v, v0'y 800 96°0- 169 ge'L 91 9l'L- xx8€'1 0g'L- Nd X G-9O4M | SL
ve0 201 cho xx§1°0 GL'0 Sl'I- gLGl- 8L'0 /A4 9v's- AN €z'e- 9L~ 710 €9'G NSV X S-OuM | I
10 v0'G- G50 xxG10- 120" 9l 6911 010 6L'1- SO'}- ve 9s'L 8¢ PRAR eey- PSY X G-OUM | €L
G10- xxG9'8- xx€6°0- 500 v20- av'e- #xEV VE- 29°0- /SY %16'L ese /5S¢ vy xx81 1 ov'e Nd X 794y | ¢l
600 182 0€'0 %L0°0 70 S8°0 xx66'G8 GL'o %0, 1- vy'S- 82’1 ¥'0 99°¢- 120 19'}- NSV X 7-9uM | |1
200 v8'G €90 xxCL'0 910 9l #x9G'1G- %0 €18 re 08'¢- v0'e- 69'1- xx6E'1 eL'l- PSY X v-9OUM | 0L
800 xx95'8 xx26'0 €00 Lo «8S'Y xxV6'1E GL'0 6€'S 8Gv- 8b'e- €G'1- 9le gLo- €67 Nd X €-94 6
000 xxGC'6 xxG6'0 x,00 110 19°0- «G6'LL 62°0- 81'G- €8'¢ AN .10 99°0- «x98'L 19'S NSV X €-9dM | 8
800 «19'6- PONE xx¥10 820 ¥96'€- | xx9C'€V- 9v°0- 2z 0 G.'0 0Ly 9e'l 8¢ PRIAE 90L- PSY X £-9UM L
900 cLe- ov'0- %x60'0- L00- | «2L'V- L) 8€°0- 28y v8'e 86°¢- 100 2e0- gLo ov'e- Nd X 2-94 9
610 xxC 1L xx0C'| x,00 100 651 99°0- 80 Y0y vl 80 06'}- 8Ll 10 «/8/1- | NSV X 2-9dM | §
€10 <0 L- «08°0- 100 100 vi'e 150 70 /8'8 vve- oze 68'L G8'0- 6€°0 «L2'1C PSY X 2-9O4UM 4
1S0- «V0'L- %92°0 xxE10- «L60- | 9v'e- 2901- gLo- ov'9- vLL- 20'S FLL 810 GL'0- 118 Nd X -9Y) €
x69°0 670 S0'0 xx60°0 €0 | xxGL'G 96'8- S0'0 Sv'e 181 cLe- 0g'}- 28'l- 180~ /82 NSY X 1-9dM | ¢
810 xG5'9 x1L0 €00 v20 | xx02'8 /561 200 S6'C 100 0e't- 610 G9'L €50 0€'s FSY X L-DUY I
Jomoly | Bulemo)y
(wo) |(b) eseroay| (B3 (wo) | (wo) ®) ouIA lsenjey | SBWS) | SBWAL | gyq 06 | SVd 06
SSaUXOIY} Jod 10/d Jod (©1) suin Jelowelp | yibus| | ybBiem nniy | 1ad synuy 1os 1y} oljel xeS| Isil} 1841 1s1y 01 shed| soyoueiq SETACE] SS0.1D 'ON IS
ys9|4 piek 1ni4 | pelA 1ni4 Jod peik inig nni4 uni4 | abeieay |Jo sequinN 1ued Jod o1 sAeq| 01 8PON JO Jaquwinp | Jo JequinN

slajeweled Alilenb pue pjaiA ssaulies ‘Yymoib 1o} spugAy Jo s108)1e Aljge Buiuiquuiod ai10ads ¢ 9/9e/

(US)

2014 Global Journals Inc

©



€10 LS)- LL0 xx2l'0 G20 rLe €9yl 820 107 «E8°L G8'0 vLL 8Le +xG8°0" xxlL'02 | Nd X L1-9¢) | 1S
100 vee ¥20 xx60°0- 200 G80 zrolL- G20 192 ELy zre Ly)- zel xx€8°0 €87~ [INSV X LL-DYM | 05
vL0- 190 100 €0°0- €20 00°€- 6Lt €50 vSe- 0L€ 167C €€0 g8l €00 xx0L'CE  [PSY X LI-DUM | 6V
0Lo €6'c ze0 xx80°0- €20 980~ | xxch'1G 220 «8ECL /87 Sle L) 100 ¥x28'0" xxV1'92- | Nd X 91-94) | 8v
0€0 ge 8¢0 ¥0'0 v20- S0t £92'Ge zr o 26 09¢ 88°0- eL)- 150 %x90'} +x06'9E  [INSVY X 91-9UM | Lt
oro 150 900 ¥0'0 %0 0L°0- £98'Ge 020 8le 1YL €0 950 250 v20- 920k |MSY X 91-9YM | o
0€0- 80 €20 G500 050 9lLe 891~ 200 «B69LL- | S90 69¢ €6'L- %x28'9- »xGP'L »xVEVE- | Nd X GL-9YM | S
v10 G9'G- 19°0- xx600- ¥20 Ge'l »x70'09 GL0 Ge'9 09°0- 500 10 <8171 xxL0'1- 06'0-  [SV X SL-D8M | ¥
910 «EL'L x€8°0 ¥0'0 920 8l +x92 €Y~ 1.0 ve'S S00- v9'e 9Lt xxGE'L- 1870 «xV2'SE  [PSY X GL-OUM | eF
100 P xx68'0 ¥0'0 10 90°€- | xxCB6GE 2o 66'L 9ge- g8e €6'L- 99°0- %2L0 9ze Nd X v1-9dM | 2
810 0Lo 100 ¥0'0 90°0- KGP Y | xxGSPG G8'0 GL'Y 920 88°0- lze 8L «65°0 028 NSV X 7L-DUM |
.10 xxG€'8- xx06'0- | xx80°0 €20 or'1- r9'8lL €9°0- 6L 29€ 161 ve0- 611 xx €1 b’ L= |PSY X ¥1-9UM | OF
€0°0- xxG80L- | xxlL'l- | xx800- Lo 91'0- | <8018 89°0- 2r'8 15€ 870 €9°0- 910 %890 oee Nd X EL-O4M | 6
200 €8¢ 170 xx60°0 €20 GO'0- | x+E£€66 850 8ze- zee 8.0 €e0- 99t %190 €LLL |NSVY X €1-9UM | 88
v0'0- x20'L X920 100 €€0 20 vz'8l 0Lo 7L 88'G- 0€0 960 «28'Y %x6C'1 €0°GL-  |MSV X €1-9YM | L€
€6'0 ¥0'0 ¥0'0 100 KOLL | «x87'G| 8187 G50 9901~ | «£98 | SGle €9°0- 28e ¥x26'0" »xPOVE- | Nd X 21-94M | 9¢
€00 X959 MV %xG1°0 200 651 10e- 60 68'L 891 88°0- el 280 900 «08'8L  |INSY X ck-DuM | Se
960 x81'9 x9°0 xx91°0 KLUL | xx907L | xxl) G- 90°0- 1.2 00t €0t Q0¢C 59 xx98°0 ¥8'GlL PSY X Ck-DuM | v
2ro %x98'LE xxCC | %xGL0 69°0 2e0 88'lg SLO- G6'9- 82'G 18°0- L2 812 xx89'1 xx97'06 | Nd X LL-9¢X | €€
Lo ere- ve0- xxl 10 70 (WA X902 6€°0- 6L°€ 8- S0e 190 «2€9 v10- xx00°€E-  [INSVY X L1-DUM | 2€
€0 A xx68°0- ¥0'0- 820 YOl | xx86'8F- ¥S°0 are 080 98¢ e SLy 2xPG L «x9V'LS [PSV X LL-DUM | L€
(wo) (o) (6x) (6x) (Wo) | (wo) ©) sun Isensey jemol} | Buuemoy | SYA06 | SVA 06 0
ssawyoly1 |aJeoay Jad| 10/d Jed | sun Jed [isewelp | yibus) [1yBiem uniy| Jad sunuy wawoﬁ_ﬂm_ ofels xag| 1S4y a[ews) s[ewsy SeoueIq | Soned $S01D ._W_
usel4 | pleKk unig |plelA ynid| pleik unid|  uni4 unuy | ebeseAy |jo JoquinN oysAeq  [1s1} 01 9pON |1sil 0} sheq 10 JequinN | Jo JequinN

107 Jde9X E | UOISIoA X INSST AIX ,:CS—C\/ Am_v Lu.ﬂdumox J9NUOIL] 90UIIDG .fu —GQ.HSCﬁ Twﬁ_C—mv

**PaNuNU0Y '€ AqeL

S)

2014 Global Journals Inc



GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: D
AGRICULTURE AND VETERINARY

Volume 14 Issue 10 Version 1.0 Year 2014

Type : Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)

Online ISSN: 2249-4626 & Print ISSN: 0975-5896

An Analysis of Credit Utilization and Farm Income of Arable
Crop Farmers in Kwara State, Nigeria

By S. U. Isitor, D. A. Babalola & K. S. Obaniyi

Abslract- This article assessed credit utilization among arable farmers in Kwara state, Nigeria
and its influence on farm income. The data analyzed were collected from 100 farmers
purposively sampled. Despite an average of 11years experience, 47% of the farmers have not
benefited from agricultural credit. Average income per hectare for farmers who were able to
access funds for their farm business was higher (N52,000/$325) than for those who did not
(N35,430/$221) however, average loan granted (N55,550/$347)was lower than applied for
(N77,900/$486). Lack of collateral was a major limitation for sourcing for credit. Factors
determining farmers’ decision to use credit included household size, use of hired labour,
cooperatives participation, awareness of credit sources, past loan size, possession of collateral
and proximity to the credit lending institution. Policies and programmes directed at enhancing
these factors will increase farmers’ decision to use agricultural credit.

Keywords. credit utilization, farm income, collateral, kwara, poultry, nigera.

GJSFR-D Classification : FOR Code. 070106

ANANALYSISOFCREDITUTILIZATIONANDFARMINCOMEOFARABLECROPFARMERS INKWARASTATEN IGERITA

Strictly as per the compliance and regulations of :

© 2014. S. U. Isitor, D. A. Babalola & K. S. Obaniyi. This is a research/review paper, distributed under the terms of the Creative
Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



An Analysis of Credit Utilization and Farm
Income of Arable Crop Farmers in Kwara State,
Nigeria

S. U. Isitor %, D. A. Babalola ° & K. S. Obaniyi ®

Abstract- This article assessed credit utilization among arable
farmers in Kwara state, Nigeria and its influence on farm
income. The data analyzed were collected from 100 farmers
purposively sampled. Despite an average of 11years
experience, 47% of the farmers have not benefited from
agricultural credit. Average income per hectare for farmers
who were able to access funds for their farm business was
higher (N52,000/$325) than for those who did not
(N35,430/$221) however, average loan granted
(N55,550/$347)was lower than applied for (N77,900/$486).
Lack of collateral was a major limitation for sourcing for credit.
Factors determining farmers’ decision to use credit included
household size, use of hired labour, cooperatives participation,
awareness of credit sources, past loan size, possession of
collateral and proximity to the credit lending institution. Policies
and programmes directed at enhancing these factors will
increase farmers’ decision to use agricultural credit.
Keywords. credit utilization, farm income, collateral,
kwara, poultry, Nigera.

L. [NTRODUCTION

n most parts of Sub-Saharan Africa, expanded crop

production has been due to expanded planting farm

areas for staple crops than from yield increases
(Phillip et al, 2008). The implication of this had been
large outlays of financial requirements of the farming
folks for the needed assets which are predominantly
land and labour. Poor farmers tend to resign to
subsistence farming because of their inability to acquire
required credit support to keep in business (Ammani,
2012). Financing agriculture involves lending money to
farmers to stimulate the productivity of the limited farm
resources (Muniraj, 1987; Adegeye and Dittoh, 1985;
Osuntokun, 1992). Eswaram and Kotwal (1990)
suggested that the provision of agricultural credit makes
available additional capital that can be used to enhance
the level of household’s productive and physical capital.
Access to credit is expected to enhance farming
households’ ability to acquire capital intensive
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technology and assets to facilitate and improve farming
activities resulting in greater capacity to invest in
cultivation of high vyielding crops and larger farm
holdings (Nwankwo, 1983; Palmer and Ojo, 1983; Feder
et al., 1985; Emereole, 1995; Nwaru, 2004; Nwaru and
Onuoha, 2010; Ammani, 2012). This may in turn lead to
efficient resource allocation, increase farmers’ technical
efficiency and, by implication, increase farmers’
profitability. Similarly, Qureshi et al. (1996) observed that
an increase in credit to agriculture will lead to increase
food production and farmers’ income because as the
demand for credit increases, farmers output also
increases, resulting in improvement in their well being.
Nwaru and Onuoha (2010) further observed that when
agricultural credit is properly extended and utilized, it
encourages diversification which stabilizes and often
increases resource productivity, agricultural production,
value added and net incomes of farmers. Credit is
therefore a necessary input in the various aspects of
farm operations. Agricultural production needs to rise at
least by some six percent per annum for Africa to be
able to meet its food needs and for African agriculture to
become a real motor for economic development
((Okuneye, 2001; Enweze, 2006).

Nigerian agriculture is abysmally under-
financed. Currently agriculture accounts for about 40
percent of the GDP, yet it receives only one percent of
total commercial bank loans (Global Agricultural
Information Network [GAIN] 2011). This is significantly
below the level of other developing countries, e.g. Kenya
and Brazil which reportedly registers 6 percent and 18.
In Nigeria, 85 percent of the total food production is left
in hands of small — scale farmers (Okuneye, 1997) and
production employs crude technologies and is labour
intensive with little or no forms of savings or storage
facilities. With poor socio-economic and production
characteristics of the farmers, inconsistent and
unfocussed government policies, poor infrastructural
base, low level of agricultural investment, poorly
developed agricultural research system, under-
developed land property rights, low level of technology,
inefficient use of resources, natural disasters and lack or
insufficient access to credit and other production
resources interacting in a synergism to restrict the
agricultural sector, the result is low production, low farm
income, high prices of food items, inflation,
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underdevelopment and concomitant poverty
(Okuneye, 2001). The Federal Government has
continued to broaden the economic base of the country
through revamping of the agriculture sector. It is
anticipated that this will alleviate poverty and generate
employment within the nation. The provision of adequate
finance, therefore, becomes a necessity to facilitate the
extent to which planned projects and programs could
be executed in public finance (Adegbite et al, 2008).
Farmers were to source credit from commercial and
agricultural  banks, cooperative  societies  and
government initiated public agricultural credit institutions
and schemes. However, only about 11 percent of rural
farmers source credit from these formal sources (World
Bank 2000; Ammani, 2012). Poor awareness and
access to credit coupled with poor fund utilization and
repayments have been posited as the major factors
militating against the success of existing credit schemes
(Binswanger et al/, 1993; Agbor, 2004; Phillip et al,
2008). In modern farming business in Nigeria, beyond
poor access, efficient utilization of credit is fast
becoming a major factor limiting farm productivity and
income (Ololade and Olagunju, 2013). It is against this
background that this study assessed the determinants
of credit utilization and its influence on farm income.

11. RESEARCH METHODOLOGY

The study was carried out in Irepodun Local
Government Area of Kwara State, South-West Nigeria.
Kwara state has an area of 35,705 square kilometers
and 3,570,500 hectares of cultivable land, making it the
largest in South-West Nigeria (Nigeria Bureau of
Statistics [NBS] 2009). The study location is within the
humid tropical climatic zone of Nigeria, with rainfall as
high as 199.1mm which encourages significant agrarian
activities. Of the 16 local governments in the state,
Irepodun is among the top 6 largest with a population of
over 150,000 persons, majority of which practice
farming either as primary or secondary occupation
(NBS, 2009). Significant cultivation of arable crops such
as cassava, maize and leafy vegetables take place in
the study area.

Primary data were collected from 100 arable
crop farmers growing both maize and cassava
(representing arable crops). The farmers were
purposively selected. Data gathered were analyzed
using descriptive statistics and the Logit regression
model.

a) Model specification

The choice of the logit model is because the
dependent variable is a dummy. Following Gujarati
(1998), the model is specified as follows:

Ln (P‘/(1_P‘) = BO + BTXT +...+ Bj7X17 + e‘.
Where:

© 2014 Global Journals Inc. (US)

P,= probability of farmer’s decision to access and utilize
credit for production

1-P, = probability of not utilizing credit for production

B, = Intercept

B (1,2,3...,17) = Regression coefficients,

X (1,2,3...,17) = Independent variables, and

e, = error term.

The independent variables specified as factors
influencing farmer’s decision to access and utilize credit
for production and are defined below:

X, = Gender (Dummy: 1=male, O=female)

X, = Age (years)

X; = Household size

X, = Education (Dummy: 1=sec.more than sec. edu.,
O=less than)

Xs = Farming experience (years)

Xe = Cultivation of other crops besides maize &
cassava (Dummy: 1=yes, 0=no0)

X, = Farm size (Ha)

Xg = Labor type (Dummy: 1=Hired, O=family)

X = Labor Cost (M)

X0 = Farm Income (N)

X;1 = Other Income (M)

X;, = Cooperative membership (Yes= 1, No=0)

Xi3 = Awareness of credit source (Dummy: 1=yes,
0=no)

Xi4 = Past Loan size (N)

X,s = Collateral Need (Dummy: 1=yes, 0=n0)

X, = Loan Interest (%)

X, = Distance to credit source (km)

[II.  RESULT AND DISCUSSION

a) Resulls of descriptive stalistics

Results in Table 1 shows that the majority of the
farmers in the study area are above 40 years old (63%)
and they are mostly male (73%). The predominance of
male farmers is an indication that agribusiness is
generally labour intensive and still a strenuous
enterprise in Nigeria (Babalola, 2014). Furthermore, the
tedious and time-consuming nature of the cultural
practices involved in arable cropping discourages most
prospective female entrances into the business. The
majority of the respondents (63%) had up to secondary
education which shows considerable literacy level
among the farmers in the study area. This is expected to
positively influence their adoption of innovations and
utilization of credit (Siyanbola, 2012). Average
household size was greater than 6 members. This is
above the national average of approximately 5
(Babalola, 2014; NBS, 2009). Household size is
expected to vary directly with expenditure (Babalola and
Babalola, 2013; Gebremedehin and Scott 2003), thus,
with increasing household size, the more likely that



farmers will divert funds originally meant for farm
production to cater for domestic household needs. In
corroboration  with  good literacy level, farmers’
experience in farming is expected to increase quality
and quantity of output by reducing postharvest losses
and increase the use of technology. The results showed
that, averagely, farmers have up to 11 years farming
experience which is relatively long enough for them to

have gained mastery of the enterprise having passed
through more than ten production cycles. Although,
about 64 percent of the farmers were aware of where to
source for agricultural credit and 53 percent have
actually sourced for credit, some 36 percent still lack
awareness and up to 47 percent have not benefited
from agricultural credit.

Table 7 Farmers’ personal characteristics

Characteristics Mean Freq (%)
(=SD) n=100

Gender: Male 73 73
Household size 6.68 (x2.51)
Age (years) 45 (£9.99)
Educ. level:
Below secondary 37 37
Secondary & above 63 63
Farming Experience 10.5 (£6.10)
farm size 2.68 (+£1.44)
Belong to Cooperative 52 52
Awareness of credit source 64 64
Sourced/ used credit 53 53
Major income: farm 63 63
"GFI/ season 97,815 (+45,700)
Major occupation:
Farming 59 59
Non- farming 41 41

* GFI (Gross Farm Income) in naira, N1~ $ 0.00625
Source: Computed from Field survey (2074).

Furthermore, 52 percent of the farmers
participated and have benefited from cooperative
membership, 48 percent still do not participate. The
importance of cooperatives in providing credit to
farmers has been detailed in past studies (Ololade and
Olagunju 2013; Nto et a/. 2011; Ayinde et a/. 2008). The
major occupation of most (59%) of the respondents was
farming. Average farm size was 2.68 hectares and
average farm income per season was N 97,815 (approx.
$611). If farming households (average 6 members)
without other source of income were to live solely on the
farm income for a minimum cropping season of 4
months, individual member of the household will be
living below poverty line of $1 per day. Efforts to

increase farm income therefore are germane in the
study area.

Results in Table 2 show the distribution of
farmers by awareness of sources of credit. Most of the
farmers are aware of the micro-finance bank (60%) and
cooperatives (60%) as sources of credit. It is interesting
to note that many of the farmers (63%) are not aware of
the possibility of sourcing for funds from the Bank of
Agriculture (BOA) whose primary mandate is to finance
agricultural activities. The most popular informal source
of credit among the farmers (46%) was the money
lender scheme. Most of the farmers (60%) reported that
they got to know about the credit sources through radio
programme (Table 3).

Table 2 : Distribution of farmers by awareness of sources of credit

Credit sources "Freq for %

Formal sources.
State govt agric fund 39 39
Micro-finance Banks 60 60
Cooperatives 60 60
Bank of Agriculture (BOA) 37 37
Commercial Banks 14 14
Non-government Organizations NGOs 18 18

Informal sources:
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Produce buyers
Thrift Collections
Money lenders
Friends & family

40 40
39 39
46 46
24 24

fexistence of multipleresponse

Table 3 . Distribution of farmers by media of information of credit sources

Sources of information

Radio
Newspaper
Extension agent
Research centre
Cooperatives
Friends/Relatives

'Freq %
60 60
42 42
22 22

5 5
52 52
35 35

fexistence of multipleresponse

The expected effort of the extension agents in
providing farmers with useful information relating to
agricultural financing and fund management to facilitate
commercial production appears to be poor in the study
area with only 22 percent of the farmers claiming to have
sourced information through extension service.

Results in Table 4 shows that 83 percent of the
farmers utilized the loan given to expand their existing
farm business. The results also showed that all the

beneficiaries utilized the loan given for agricultural
purposes therefore, with more funding commercial-
lization will be encouraged among the farmers.
Previous experience of the farmers as recorded in Table
5 showed that 61 percent had applied for loan some
times in the past but only 25 percent got the loan as at
when needed and only 24 percent paid back as
expected despite the fact that they could pay back by
installment.

Table 4 . Distribution of farmers by mode of utilization of credit if and when accessed

Mode of utilization (n=53) 'Freq %
To start a new farming business 12 22.6
To expand existing farming business 44 83.0
To fund the regular cultural practices 20 37.7

fexistence of multjpleresponse

Table 5 . Distribution of farmers by their experience with credit

"Freq %
Past application for loan 61 61
Got credit as at when needed 25 25
Paid back as expected 24 24
Repayment mode:
Installment 43 43
Full payment 12 12
Present application for loan 60 60
Qualify for loan 57 57
Present loan beneficiary. 53 53
"Amount applied for (mean) 77,900(%10,050)
"Amount granted (mean) 55,550(+7,250)
Need for collateral 57 57
Type of collateral:
Land 21 21
Building 5 5
Farm asset 18 18

tfexistence of multiple response, * in naira, 81~ $ 0.00625

Out of the 60 farmers that have currently
applied for loan, 57 qualified and 53 were granted.
However, average loan applied for was #77,900
(approx. $486) but average loan granted was ¥55,550

© 2014 Global Journals Inc. (US)

(approx. $347). The fact that farmers were not granted
the amount of loan applied for and as at when needed,
given that agriculture is a time sensitive enterprise, may
be responsible for poor repayment response. The need



for collaterals for loan acquisition (especially land asset)
was expressed by most of the farmers (57%). Thus,
poor farmers who do not have the required asset for
collaterals are not able to access credit.

Results in Table 6 shows that average income
per hectare for farmers who were able to access and

use funds for their farm business was higher (N 52,000)
than income per hectare for those who did not utilize
borrowed credit (™35,430). Lack of collateral was
reported by the majority of the farmers (74%) as the
limitation for sourcing for credit (Table 7). This result is
consistent with the findings of Philip ef a/. (2008).

Table 6 . Income analysis by credit utilization

Average income

Average income per Ha

N N
Farmers with credit utilization 101,907 52,000
Farmers without credit utilization 86,750 35,430

Table 7 . Distribution of farmers’ by limitation to sourcing credit

Limitations Freq %

Fear of inability to pay back 11 11
Lack of collateral 74 74

Lack of awareness of credit source 36 36
Inability to access credit source 46 46
None 16 16

fexistence of multjple response
Source. Field Survey, 2014

b) Factors influencing agricultural crediit utilization

The data on the determinants of farmers’
utilization of agricultural credit were analyzed, using the
logit regression model. A number of variables were
hypothesized to determine the farmers’ decision to
utilize agricultural credit in the study area such as socio-
economic, farm-level, institutional, awareness variables.
The result of the logit model analysis is presented in
Table 8. The significance of the diagnostic statistics (chi-
squared and log-likelihood values) shows a good fit for
the model.

The result showed that the significant and
positive determinants of farmers’ decision to utilize
credit include use of hired labour (p< 0.1), participation
in cooperatives (p< 0.05), awareness of credit source
(p< 0.1), past loan size (p< 0.05) and possession of
collateral (p< 0.05). In other words enhancing these
factors enhances farmers’ decision to use credit.
Labour costs constitute a significant portion of the cost
of production (Ammani 2012) therefore, as farmers

increase scale of production, more funds will be
required to hire labour.
Apart from lending out loans to members from

members’ contributions, the activities of the cooperative
societies in helping members secure loan from lending
institutions is well known (Babalola 2014; Ololade and
Olagunju 2013; Siyanbola 2012). However, many of the
farmers still do not participate in cooperative activities
(Table 1). Furthermore, significant and negative
determinants of farmers’ decision to utilize credit include
size of their household (p< 0.05) and distance away
from the credit source (p< 0.05). Conversely, reducing
these factors will enhance farmers’ decision to use
credit. The negative influence of large households may
be as a result of the action of the credit lending
institutions setting a benchmark for the household size
of beneficiaries so as to curtail loan diversions.
Furthermore, farmers with large households often
source farm labour from the households thus saving the
huge amount that would have been spent on hired
labour.

Table 8 : Determinants of credit utilization

Variables

Beta

Gender

Age

Household Size
Education

Farming experience
Cultivation of other crops
Farm size

Coeff. SE
0.626 1.665
-0.059 0.128
-0.878** 0.456
0.158 1.738
-0.132 0.141
3.077 2.579
0.797 0.517
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Labor type

Labor Cost

Farm Income

Other Income
Cooperative participation
Awareness

Past Loan size
Possession of Collateral
Loan Interest

Distance

Constant

5.062* 2.822
-0.006 0.017
-0.004 0.024
0.273 1.797
0.44** 2.778
4.230* 2912
0.065** 0.027
5.630** 2.846
0.100 0.192
-1.738** 0.726
-4.394 7.458

*Sig at 10%, **Sig and 5%, Nagelkerke R? = 0.847;
-2 Log likelihood = 29.163*%; Chi-square= 87.489**

V. CONCLUSION AND RECOMMENDATIONS

This study assessed credit utilization among
arable crop farmers in Kwara state, Nigeria and its
influence on farm income. Major occupation among
respondents was farming however, farm income was
generally low. The study showed that utilization of credit
increased farmers’ income. The most popular source of
credit among the farming folks was the micro-finance
bank and most of the farmers who sourced for credit did
SO to expand existing farm enterprise however, Loan
repayment was poor among the credit beneficiaries. The
need for land asset as collateral was reported as major
limitation to accessing credit among the farmers. factors
determining farmers decision to use credit included size
of household, use of hired labour, membership of
cooperatives, awareness of credit sources, past loan
size, possession of collateral and proximity to the credit
lending institution.

Based on the research findings, it is
recommended that government and other stakeholders’
efforts should be directed towards policies and
programmes that will further enhance those factors that
increase farmers’ decision to use agricultural credit. The
extension agency, cooperative societies and research
institutes are well appropriate organs for educating and
disseminating agro-allied information and raising
awareness. Thus, in collaboration with the financial
institution especially the Bank of Agriculture and
commercial banks, awareness and education on credit
sourcing and management should be incorporated in
their package for outreach to the farming folks. Policy
arrangement to enable poor farmers, without
appropriate landed properties for collateral, to access
funds for farming activities should be put in place.
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Factors Affecting the Agrarian Distress
Proneness in Vidarbha

N. M. Kale ¢, D. M. Mankar ° & Dr. P. P. Wankhade °

Abstract- The present study was carried out in Akola, Buldana,
Amravati, Washim, Yavatmal and Wardha districts of Vidarbha
in Maharashtra during 2012-2013. An exploratory design of
social research was used. In total 240 farmers (120 farmers
having land bellow 2 ha (Marginal to Small) + 120 farmers
having land above 2 ha. (Semi-medium to Large farmers) were
selected by random sampling method; it covers 24 villages
and 9 Tahsils of six districts of Vidarbha. The main objective of
this study was to study the agrarian distress proneness level
amongst the selected farmers in Vidarbha. The composite
index of agrarian distress of selected respondents was
obtained with the help of Composite Index of selected 16
factors. The composite index were analysed by using the
method of Prem Narain, et.al (2011). The salient findings
revealed that near about cent percent (98.58%) selected
farmers were having high composite index of agrarian distress.
The non-remunerative prices (having Mean Severity Score 4
out of 3), weather related uncertainties (MSS=3.99),
fluctuation in market rates (MSS=3.95), rise in cost of inputs
(MSS=3.92), lack of irrigation facilities (MSS=3.87), lack of
accurate weather information (MSS=3.66), crops damages by
wild animals (MSS=3.46), etc. were the severely affecting
factors for agrarian distress in selected six districts of
Vidarbha. Hence Central and State government should take
care of all mentioned factors for reducing the agrarian disiress.
Keywords.: agrarian distress, composite index, rmean
severity score, non-remunerative prices.

. INTRODUCTION

ver two and half lakh farmers have committed

suicide between 1995 and 2011 across India,

including in states like Andhra Pradesh,
Maharashtra, Karnataka, U.P., Punjab, Haryana and
Kerala. Most of the victims belong to small and marginal
farmers, and many belonging to backward class and
scheduled castes (Murthy, 2013). According to the data
available from National Bureau of Crime Record the
number of farmers suicides have been on increase year
after year [Sainath, P (2012) in The Hindu]. Several
scholars who have analysed the farmers suicides
contend that these suicides are the legacy of the
economic reforms [Mishra (2006), Deshpande and
Prabhu, 2005.]. As per the Mishra, 2007 and Kale, 2008
poor returns to cultivation and absence of
non-farm opportunities are indicative of the larger
socio-economic malaise in rural India.
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Thus the various factors behind distress are
more or less similar across the country. Major among
them are market imperfections and economic, social,
psychological,  technological ~and institutional
(Rao, 2008). However, for the purpose of the extent
exercise, the focus of the study would be restricted to
mostly the economic aspect that leads to “distress”.

As per the Radhakrishna Committee Report
(Anonymous, 2007) the Government of India declared
31 districts in four States (Andhra Pradesh-16,
Karnataka-6, Maharashtra-6 and Kerala-3) as distress
districts. These districts are mostly rainfed, agriculturally
less developed and low productivity districts, where the
Prime Minister’s Relief and Rehabilitation package is
being implemented. This package is designed with
regional specificity to address issues of moisture
conservation, infrastructural development, augmentation
of non-farm sources of income and employment to
farmers. Among distress districts, six districts are from
Vidarbha region of Maharashtra State. These districts
are Yavatmal, Buldana, Amravati, Akola, Washim and
Wardha.

The current research study was conducted with
the objectives to study the socio-economic profile of the
selected respondents, to assess the factors affecting
the agrarian distress in distress districts, to find the
agrarian distress proneness level of the respondents
according to the Composite index of agrarian distress of
selected 16 factors and to document the suggestions
from the respondents for betterment of farming
business.

I1. METHODOLOGY

Present research investigation was carried out
in six distress districts of Western Vidarbha region of
Maharashtra with exploratory design of social research.
These districts were namely Akola, Buldana, Amravati,
Washim, Yavatmal and Wardha districts of Vidarbha in
Maharashtra. From each district four villages where
selected randomely and from each selected village 5
marginal to small and 5 semi-medium to large land
holding farmers were interviewed with the help of
structured interview schedule. Thus this investigation
was confined to a sample of 240 farmers (120 marginal
to small + 120 semi-medium to large land holding
farmers) from 24 Villages of six districts of Vidarbha
region of Maharashtra.
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a) Composite index of Agrarian distress

Operationally agrarian distress proneness refers
to the inability of the respondent to cope up with existing
farming business. A teacher made scale consisting of
16 factors (Table 2) that adversely affect the farming
business of the farmers were used to measure the
Agrarian Distress Proneness. The responses were taken
on four point continuum according to adverse effect of
each factor as severe, somewhat, can't say, not at all by

assigning the scores of 4, 3, 2, and 1 respectively. The
distribution of the respondents were done according to
the Composite index of agrarian distress of selected 16
factors. The composite index were analysed by using
the method of Prem Narain, et.al (2011). The distribution
of the selected farmers according to obtained (0 to 1)
composite index of agrarian distress have been done by
equal interval method as follows.

Sr.No. Level of agrarian distress proneness according to the
Composite index of agrarian distress (0 to 1) Frequency (%)
1 Low (Up to 0.33)
2 Medium (0.34-0.66)
3 High (Above 0.66)

b) Mean Severity Score (MSS)

The responses were taken on four point
continuum according to adverse effect of each selected
factor as severe, somewhat, can't say, not at all by
assigning the scores of 4, 3, 2, and 1 respectively. Sum
of the raw score of each selected factor was the distress

Mean Severity Score

proneness score of an individual farmer which was
converted into Mean Severity Score with the help of
following formula. On the basis of MSS each identified
Factor has been ranked.

Sum of the raw score of each selected factor

(MSS) =
[11. RESULTS AND DiIsCUSSION

a) Profile of farmers

The data with respect to various characteristics
of the selected group of the farmers have been
furnished in Table 1. It was observed from Table 1. that
45.42 per cent of the selected farmers were under old
age category i.e. above 50 years, followed by more than
one third respondents (37.50%) were from middle age
group having age between 36 to 50 years. The
remaining 17.08 per cent respondents were from young
age group. From the above data it was inferred that
from all age group respondents were selected for this
study.

Out of the total respondents, maximum 40.00
per cent of the selected respondents were having high
school level education, 21.66 per cent had higher
secondary school level education followed by middle
school (15%), college level (12.92 %), primary (7.92 %)
and 2.50 per cent were illiterates have not attended
formal schooling. Majority (70.00%) of the selected
respondents were having medium family size having 4
to 6 family members. Among the selected farmers 51.25
per cent have only farming as the occupation, followed
by agriculture + labour (34.58%), agriculture+ service/
pension (7.50%), agriculture + non professional
business (5%) and Agriculture + allied occupation was
observed with only 4 (1.67%) farmers. Thus it was
inferred from the above data that lack of allied
occupation was noted with majority (98.33%) of the
selected farmers.

© 2014 Global Journals Inc. (US)

Total number of Respondents

It is observed from Table 1 that over half
(52.50%) of the selected farmers have well/tube well as
irrigation source but most of the wells were dry in
Buldana and Washim districts due to low rainfall during
2012-13 year and secondly electric load shading was
the acute problem with the farmers for using the
available water for crops in all selected district.Whereas,
sizable 43.33 per cent farmers have no source of
irrigation, they have to depend on monsoon rains only,
negligible 2.50 and 1.67 per cent farmers have river and
canal as a source of irrigation respectively. Majority
(97.08%) of farmers have crop-crop farming system and
very negligible (2.92%) farmers have crop-
dairy/sericulture as the farming system.

Nearly one third ( 32.92%) of the selected
farmers have annual income upto Rs. 50,000 only,
followed by in the range of Rs. 50,001 to 1, 00,000
(23.75%), Rs. 1,00,001 to 2,00,000 (23.33%), Rs.
2,00,001 to 4,00,000 (11.67%), Rs 4,00,001 to 8,00,000
(6.25 %) and above Rs. 8,00,000 was observed with
only 2.08 per cent farmers. The decreasing trend of
annual income was observed with the selected farmers.
More than half (51.25%) of the respondents have no
bullock pair they totally depend on others, followed by
40.00 per cent of the farmers have one bullock pair
whereas, 8.33 per cent have two pairs and remaining
one farmer (0.42%) has three bullock pairs. Amongst the
selected farmers only 10 per cent have their own tractor
and these are the big farmers. Whereas, remaining
majority (90%) of the farmers have no own tractor.



The data about the sources of information
availed by the all selected farmers revealed that
neighbors and VLW/AEO/AO/KVK SMS were used by
each 63.75 per cent farmers . This was followed by
television (52.08%), news paper (47.92%) as a important
sources of information. Majority of the selected farmers
(70.42%) farmer having low level of sources of
information and remaining (29.58%) comes under
medium level of sources of information.

Soybean (91.25%) and pulses (88.75% mostly
Tur in Kharif & Gram in Rabi) were grown by majority of
selected farmers, followed by cotton (42.92%), cereals
(24.17%), fruits and vegetables (10.83%), flower crops
were with 4 (1.67%) farmers and only two (0.83%)
farmers have medicinal and aromatic plants. Only 22.08
per cent farmers had enrolled/ availed the facility of crop
insurance scheme. Majority of the farmers expressed
that they have not get any benefit after availing the
facility of crop insurance scheme in past due to the
wrong assessment of risk at division level. The risk
assessment should be done at village level was the
suggestion given by the majority of the farmers.

It was observed from Table 1. that 22.08 per
cent of the selected farmers were observed defaulters
against the institutional crop loan, hence they were not
eligible for getting the fresh loan during 2012-13 season.
It was noted from the data that 36.67 per cent of farmers
not availed the crop loan during 2012-13. It might be
due to the fact that 22.08 per cent farmers were
defaulter and hence not eligible for getting the
institutional loan. Whereas, remaining farmers were have
service/pension as a source and due to difficult
procedure few of them not have availed the crop
loan.While 23.75 per cent had availed loan in the range
of Rs. 25,001-50,000, followed by Rs.50,001-1,00,000
(17.92%), upto Rs. 25,000 (10.83%), in the range of Rs.
1,00,001-2,00,000 (7.08%) and remaining 3.75 per cent
have availed above Rs. 2,00,000 crop loan during 2012-
13.

b) Selected factors and their effect on agrarian distress

In all total 16 factors were selected by taking
opinion of the expert and reviewing the review of
literature on agrarian distress. The adverse affect of
each selected factor on farming business has been
measure by taking the responses of the selected
farmers as severe, somewhat, can’t say, not at all by
assigning the scores of 4, 3, 2, and 1 respectively. Sum
of the raw score of each selected factor was the severity
score of an individual factor which was converted into
Mean Severity Score. On the basis of Mean Severity
Score (MSS) each selected factor has been ranked and
data has been furnished in Table 2.

The data from Table 2 revealed that non-
remunerative prices (MSS-4 out of 4), weather related
uncertainties (MSS-3.99), fluctuation in market rates
(MSS-3.95), rise in cost of inputs (MSS-3.92), lack of

irrigation facilities (MSS-3.87), lack of accurate weather
information (MSS-3.66) and crops damages by wild
animals (MSS-3.46) were on Rank-I, II, Ill, IV, V, VI and
VIl respectively. The unavailability /nigh wages of labour
having MSS-3.38 (Rank-VIll), followed by vyield
uncertainties MSS-3.37 (Rank-IX), lack of storage
facilities MSS-3.16 (Rank-X), inadequate market facilities
MSS-2.87 (Rank-XI), problem of electric load shedding
MSS-2.66 (Rank-Xll), lack of technical knowledge MSS-
2.57 (Rank- XIll), non availability of chemical fertilizers in
market at proper time MSS-2.23 (Rank-XIV), restricted
credit and non-availability at proper time MSS-2.02
(Rank-XV) and spurious quality seeds having MSS-1.97
and ranked on XVI. Anonymous, (1998) and Kale, et.al
(2011) was also reveals the same type of finding in their
research projects.

c¢) Composite Index of Agrarian Distress

The composite index of agrarian distress of
selected respondents was obtained with the help of
Composite Index of selected 16 factors. The composite
indices were analysed by using the method of Prem
Narain, et.al (2011). The distribution of the selected
farmers according to obtained Composite Index (0 to 1)
of Agrarian Distress have been done by equal interval
method in low (Up to 0.33), medium (0.34-0.66), and
high (Above 0.66) and the results have been depicted in
Table 3.

The data regarding composite index of agrarian
distress of selected respondents from Table 3 revealed
that majority (99.58%) of the farmers were having high
composite index of agrarian distress and remaining one
(0.42%) respondent has medium level of composite
index of agrarian distress.

Hence this research study clears that near
about cent per cent (99.58%) selected farmers were in
high agrarian distress and hence government should
have to take care of all selected factors for reducing the
agrarian distress in selected six distress districts of
Vidarbha.

d) Suggestions to prevent agrarian distress

Taking suggestions for avoiding present
agrarian crisis is one of the important aspects of this
study. It refers to the opinion of respondents about what
action should be taken for reducing distress proneness
level among the farming community, which can help to
some extent for finding out ground realities for agrarian
distress and help to suggest different measures to solve
farmers’ distress in Vidarbha region. The responses
received from the respondents are presented in Table 4.

It is clear from Table 4 that cent per cent (100%)
respondents suggested for remunerative prices to their
farm produce, recently they did not gets the
remunerative prices as per the cost of cultivation. Some
time input cost is not get return after selling farm
produce. Secondly there is variation/ fluctuations in
marker priceses. In this year 2012-13 most of the cotton
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growers sold their cotton in the month of December-
2012 at the rate Rs. 3900 per quintal but after that in the
month of March 2013 cotton rate was 5000 per quintal.
At this stage most of the farmers not gets the benefits,
but benefits were goes to middle man who purchase the
cotton in the month of December-2012. This was
followed by majority (96%) per cent farmers suggested
for timely input in low cost, it may be due to the facts
that since from last ten years input cost raised
tremendously but unfortunately farm produce will not get
the remunerative price as per the cost of cultivation.

Provide subsidy for fencing the farms was the
suggestion given by majority (95%) farmers, recently
due to the increasing population of wild animals like
dear, Rohi, Wild pigs, etc., these wild animals damages
the field crops, hence majority farmers had given
suggestion for more subsides on farm fencing.
Provision/ creation of irrigation facilities was suggested
by 83 per cent farmers, followed by provide more
subsidy for purchasing the tractor was suggested by 75
per cent farmers, this may be due to the decreasing
trend of farm labors in farming business. Construct the
cement plug on every Nala in each village was the
suggestion reported from 67 per cent farmers, this is the
indication of awareness amongst the farming
community about soil and water conservation practices,
due to the decreasing trend of monsoon rains.

Abundant electric supply on day time for
farming business is also important suggestion given by
sizable (56%) group of farmers. In rural areas of
Vidarbha electric load shading is the acute problem,
during day time there are only three days in a week i.e.
Monday, Tuesday and Thursday on this day farmers
gets the 5 hours electricity during day time. Hence
farmers suggested for day time electricity. Availability of
information about Govt. Schemes and agricultural
technology was reported by 52 per cent farmers,
followed by assessments of crop insurance risk should
be done at village levels is the suggestion received from
42 per cent farmers, earlier we have seen that very few
respondents have availed/enrolled the crop insurance
scheme, as per the opinion of farmers earlier they have
enrolled the crop insurance scheme but they are not get
any benefits. Hence the farmers suggested for village
level assessment of risk in crop insurance. Promote the
export of farm produce for getting benefits to farmers
were reported by 42 per cent farmers, it may be due to
the facts that when government promote the export of
farm produce like cotton, onions, etc. farmers gets the
good prices.

IV.  CONCLUSION AND PoLicy OPTIONS

This research study clears that near about cent
percent (99.58%) of the farmers have high Composite
Index of Agrarian Distress Proneness. The non-
remunerative prices (having Mean Severity Score (MSS)-

© 2014 Global Journals Inc. (US)

4 out of 4), weather related uncertainties (MSS-3.99),

fluctuation in market rates (3.95), rise in cost of inputs

(MSS 3.92), lack of irrigation facilities (MSS-3.87), lack of

accurate weather information (MSS-3.66) and crops

damages by wild animals (MSS-3.46) all these factors
were having maximum Mean Severity Score (MSS)

amongst the selected farmers and Rank on -I, II, lll, IV,

V, VI and VIl respectively. Hence government should

have to take care of all selected factors for reducing the

agrarian distress in selected six distress districts of

Vidarbha.

In six distressed districts of Vidarbha namely
Buldhana, Akola, Washim, Amravati, Yavatmal and
Wardha near about cent percent (99.58%) of the farmers
have high (Above 0.66) Composite Index of Agrarian
Distress. The non-remunerative prices (having Mean
Severity Score (MSS)-4 out of 4), weather related
uncertainties (MSS-3.99), fluctuation in market rates
(8.95), rise in cost of inputs (MSS 3.92), lack of irrigation
facilites (MSS-3.87), lack of accurate weather
information (MSS-3.66) and crops damages by wild
animals (MSS-3.46) were the severely affecting factors.
Therefore, it is, recommended that government should
give the remunerative prices to the farm produce and
takes due consideration of mentioned factors for
reducing the agrarian distress in selected six distressed
districts of Vidarbha.
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Table 7. Distribution of selected respondents according to their Characteristics

Sr.No. Characteristics Category Respondents N=240
Frequency %
1 Age Young (Up to 35 Years) 41 17.08
Middle (36-50) 90 37.50
Old (Above 50) 109 45.42
2 Educational level llliterate 6 02.50
Primary school 19 07.92
Middle school 36 15.00
High school 96 40.00
Higher secondary school 52 21.66
College 31 12.92
3 Family Size Small (Upto 3) 32 13.33
Medium (4 to 6) 168 70.00
Large (710 9) 33 13.75
Very large (Above 9) 7 2.92
4 Occupation Agriculture  + Labour 83 34.58
Agriculture (only farming) 123 51.25
Agriculture  +  Allied occupation 04 01.67
Agriculture +Non professional 12 05.00
business.
Agriculture+ Service/ Pension 18 07.50
5 Land holding Marginal (Up to 1.00 ha.) 20 8.33
Small (1.01 to 2.00 ha.) 100 41.67
Semi-medium (2.01 to 4.00 ha) 50 20.83
Medium (4.01 to 10.00 ha.) 60 25.00
Large (Above 10.00) 10 417
6 Irrigation sources No source 104 43.33
River 6 2.50
Well/Tube well 126 52.50
Canal 4 1.67
7 Farming system Crop-crop 233 97.08
Crop-dairy/sericulture 7 2.92
8 Annual income Rs. Up to 50,000 79 32.92
50,001 to 1, 00,000 57 23.75
1,00,001 to 2,00,000 56 23.33
2,00,001 to 4,00,000 28 11.67
4,00,001 to 8,00,000 15 6.25
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Above 8,00,000 5 2.08
9 Bullock pair Nil 123 51.25
One 96 40.00
Two 20 8.33
Three 1 00.42
10 Own Tractor No 216 90.00
Yes 24 10.00
11 Information sources Neighbors 153 63.75
Local leaders 29 12.08
;5: Panchayat/society officials 11 4.58
= News papers 115 47.92
— Radio 14 5.83
m Television 125 52.08

Cinema/film shows 0 0
% Dealer 55 22.92
z VLW/AEO/AO/KVK-SMS 153 63.75
: Leaflets/M };r;ztzwiinsewandini/ “ 1708

? Internet 0 0
: 12 Information sources level Low (Up to 33.33) 169 70.42
= Medium (33.34 to 66.66) 71 29.58
: High (Above 66.67) 0 00.00
E 13 Type of crop Cereals/ millets 58 2417
~ Pulses 213 88.75
- Soybean 219 91.25
S Cotton 103 4292
; Fruits and vegetables 26 10.83
% Flower crops 4 1.67
é Medicinal and aromatic 2 0.83
E 14 Crop Insurance Facility Yes 53 22.08
] availed during 2012-13 No 187 77.92
; 15 Defaulter Position during Yes 53 22.08
i 2012-13 No 187 77.92
E 16 Amount of Crop Loan Availed Not availed 88 36.67
E during 2012-13 Upto 25,000 26 10.83
i 25,001-50,000 57 23.75
E 50,001-1,00,000 43 17.92
é 1,00,001-2,00,000 17 7.08
Above 2,00,000 9 3.75

Table 2. Ranking of the selected Factors according to their Mean Severity Score amongst selected respondents
[ | Sr.No. Factors Ranking of Factors &

Mean Severity Score (MSS) N=240

1 Non-remunerative prices | (4.00)

2 . Weather related uncertainties I (3.99)
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3 Fluctuation in market rates Il (3.95)

4 Rise in cost of inputs IV (3.92)
5 Lack of irrigation facilities V (3.87)

6 Lack of accurate weather information V 1(3.66)
7 Crops damages by wild animals VIl (3.46)
8 Unavailability /high wages of labour VIII (3.38)
9 Yield uncertainties IX (3.37)
10 Lack of storage facilities X (3.16)

11 Inadequate market facilities Xl (2.87)
12 Problem of electric Load shedding Xll (2.66)
13 Lack of technical knowledge Xl (2.57)
14 Non availability cgtcpr;irgécr?ilr;eertilizers in market XV (2.23)
15 Restricted credit and pon-availability at proper XV (2.02)

time
16 Spurious quality seeds XVI (1.97)

Table 3. Distribution of respondents according to Composite index of Agrarian Distress

Composite Index of Respondents N=240
Sr.No . .
Agrarlan Distress (0'1 ) Frequency %
Low
1 .
(Upto-0.33) 0 00.00
Medium
2 1 42
0.34-0.66) 0
High
2 .
3 (Above 0.66) 39 99.58
Total 240 100.00

Table 4 . Suggestions given by farmers to prevent agrarian distress proneness levels

Respondents N=240

Sr.No Suggestions
Frequency %
1 Remunerative prices to farm produce. 240 100.00
2 Timely input in low costs 230 96.00
3 Provide subsidy for fencing the farms 227 95.00
4 Provision/ creation of irrigation facilities. 200 83.00
5 Provide more subsidy for purchasing tractor 180 75.00
6 Construct the cement plug on every Nala 160 67.00
7 Abundant electric supply on day time for farming. 127 56.00
8 Availability of information about Govt. Schemes and agricultural 105 52.00
technology.
9 Assessments of crop insurance risk should be done at village levels. 100 42.00
10 Promote the export of farm produce for getting benefits to the farmers 100 42.00

© 2014 Global Journals Inc

(us)

Global Journal of Science Frontier Research ( D) Volume XIV Issue X Version I E Year



Global Journal of Science Frontier Research ( D) Volume XIV Issue X Version I E Year 2014

FACTORS AFFECTING THE AGRARIAN DISTRESS PRONENESS IN VIDARBHA

This page is intentionally left blank

© 2014 Global Journals Inc. (US)



GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: D
AGRICULTURE AND VETERINARY

Volume 14 Issue 10 Version 1.0 Year 2014

Type : Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)

Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Consequences of Farmers Suicide and Suggestions Perceived
from Victim’s Households to Prevent Suicides in Vidarbha
Region

By Dr N. M. Kale, Dr. D. M. Mankar & P .P. Wankhade

Abstract-  The present research study was carried out with an exploratory design of social
research in suicide hit six districts of Vidarbha region of Maharashtra. These districts were
Yavatmal, Washim, Buldana, Akola, Amravati and Wardha. Researcher had selected 200 victims
by proportionate method of random sampling and data was collected from victim’s households
by conducting detail interview. Interview was conducted at residence of respondent so as to
review over all situation of the family by researcher. In addition to personal interview, RRA
technique, time line study for historical perspectives, observations, discussions with family
members and discussions with key informants (Police Patil, Sarpanch, local leaders, other
farmers of that village), reviewing victims’ actual records of institutional debts etc. were some
important methods used for data collection. Findings of the study revealed that the economic
consequences of suicides are fatal for the family of the incumbent— includes loss of income,
asset depletion and deterioration of human capital among others.

Keywords. consequences of farmers’ suicide, suggestions to prevent suicides, etc.
GJSFR-D Classification : FOR Code: 070105

CONSEQUENCESOFFARMERSSUICIDEANDSUGGESTIONSPERCE IVEDFROMVICTIMSHOUSEHOLDSTOPREVENTZSUICIDESINVIDARBHAREGION

Strictly as per the compliance and reguilations of:

© 2014. Dr N. M. Kale, Dr. D. M. Mankar & P .P. Wankhade. This is a research/review paper, distributed under the terms of the
Creative Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting
all non commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Consequences of Farmers Suicide and
Suggestions Perceived from Victim's
Households to Prevent Suicides in Vidarbha
Region

Dr N. M. Kale ¢, Dr. D. M. Mankar ° & P .P. Wankhade ?

Abstract- The present research study was carried out with an
exploratory design of social research in suicide hit six districts
of Vidarbha region of Maharashtra. These districts were
Yavatmal, Washim, Buldana, Akola, Amravati and Wardha.
Researcher had selected 200 victims by proportionate method
of random sampling and data was collected from victim’s
households by conducting detail interview. Interview was
conducted at residence of respondent so as to review over all
situation of the family by researcher. In addition to personal
interview, RRA technique, time line study for historical
perspectives, observations, discussions with family members
and discussions with key informants (Police Patil, Sarpanch,
local leaders, other farmers of that village), reviewing victims'’
actual records of institutional debts etc. were some important
methods used for data collection. Findings of the study
revealed that the economic consequences of suicides are fatal
for the family of the incumbent— includes loss of income, asset
depletion and deterioration of human capital among others.
The above mentioned consequences faced by the family
members need to be taken into consideration by various
government and non-government organizations and social
workers for planning various measures for survival,
rehabilitation and future of the victims' families. Majority of the
victims’ family members suggested for remunerative prices to
their farm produce and provision/ creation of irrigation facilities
for their farming as the important measures to be taken to
prevent the recurrence of suicide tragedies. All these
suggestions should also be considered by the policy makers
to prevent the suicidal tendency by farmers in distress prone
districts of Vidarbha.

Keywords:  consequences  of  farmers’

suggestions to prevent suicides, etc.

suicide,

I [NTRODUCTION

L ai Jawan, Jai Kisan” — Lal Bahadur Shastri, this
J slogan of a visionary Late. Prime Minister has
lost its potential over the time. After
independence, according to Gandhiji’s vision of Gram-
Swaraj, villages and specially farmers were to be the
main focus of any development plan of India. As years
pass by, agriculture as an industry lost its importance for

Author. Associate Professor (Extension Education), Department of
Extension Education, Post Graduate Institute, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola (Maharashira).

e-mail: nmkale1964@grmail.com

policy makers of India. This over the time caused severe
distress among the farmers leading to recent dramatic
rise in the number of suicides among farmer community.
Every day in newspaper invariably there is news related
to farmer’s suicide.

Government of India had declared 31 districts
as distressed district where the Prime Minister's special
rehabilitation package is being implemented. In these 31
districts there are six districts from Vidarbha region of
Maharashtra. (Anonymous, 2006).In Vidarbha
particularly in six districts namely Yavatmal, Amravati,
Buldana, Washim, Akola and Wardha, the incidence of
suicide of farmers has increased tremendously. Since
January 2001 to August 2014, total 10,451 farmers
committed suicide (Anonymous, 2014).

This is what we have been hearing from
Vidarbha and other part of the country over the last
thirteen years. This is now the researchable issue. This
research paper deals with various consequences within
family after suicidal death of family head or victim farmer
in due course of time and for taking suggestions from
victim's  households, for avoiding this tragic
phenomenon, so that in future, we can overcome
important root causes by applying various planning and
developmental measures in agriculture and with the
families of suicide farmers.

II. METHODOLOGY

The present study was based on exploratory
design of social research and carried out in suicide hit
six districts of Vidarbha region of Maharashtra. These
districts were Yavatmal, Washim, Buldana, Akola,
Amravati and Wardha. In this study respondents were
the households of selected victim who committed
suicide during 1% January 2006 to 31% December 2006
and had declared as a legal victims by district level
committee headed by Collector of the respective district,
for allotting compensation of Rs. 1 lakh and had got Rs.
1 lakh compensation. The time period 1st January to
31 December 2006 was selected purposively as in this
period maximum numbers of suicides were occurred in
selected districts of Vidarbha. Before sampling
researcher had contacted personally to the collector
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offices of these selected districts, and obtained the
complete list of farmers those who committed suicide
during 1% January to 31 December 2006. In all, there
were 1448 total suicide cases in selected six districts,
out of which 874 cases were declared as illegal and 574
cases were declared as legal victims. From the list of
574 legal suicide cases, researcher had selected 200
victims by proportionate method of random sampling. It
covers 178 villages and 34 ‘fahsils / talukas of six
districts.

As suicide is a sensitive social issue and thus
the investigation has to be made with very guarded and
careful manner, and without hurting the sentiments of
the family. Data were collected by personal interview
method with the help of structured and unstructured
interview schedule. Interview was conducted at
residence of respondent so as to review over all
situation of the family by researcher. In addition to
personal interview, RRA technique, time line study for
historical perspectives, observations, discussions with
family members and discussions with key informants
(Police Fatil, Sarpanch, local leaders, other farmers of
that village), reviewing victims’ actual records of
institutional debts etc. were some important methods
used for data collection.

I11. RESULTS AND DISCUSSION

a) Consequences

Conceptually, a consequence is defined as the
result or effect of an action. Operationally, in present
study of farmers’ suicide consequences refers to the
changes that occurred within the family after suicidal
death of family head or victim farmer in due course of
time. The changes occurred within family and that also
recognized by the family members have been
ascertained. While discussing the issue, with victim’s
households, the different consequences that are
presented by family members and also probed by
researcher are collected and noted in interview schedule
time to time before forgetting the things or leaving the
place.

Suicide is a social phenomenon; it creates
severe personal, social and economic consequences
within family (Jacob 2006). The Vidarbha farmers, who

committed suicide, were mostly the family heads and
the main bread earner of the family members.  The

chronically brood agrarian crisis is wholly responsible for
their spate of suicides and these suicides have
happened, by and large, due to low income level of the
households and their deteriorating socio-economic
status in the society. Though family head left the severe
agrarian crisis, it is very difficult for his family members
to survive/ lives in the worst hit zone of Vidarbha. The
present field survey has identified various severe
consequences or changes that occurred after death of
family head within the family and are recognized and
perceived by family members. The data pertaining to the
identified consequences are presented in four main
heads as mentioned in Table 1.

i. Family disturbance

In Vidarbha, majority of the farmers, who
committed suicide, were from the economically and
socially disabled groups. After death of family head by
suicide in younger age, whole family was disturbed and
faced so many consequences. In over one fourth
(25.50%) victims’ households, poor economic condition
compelled their children’s to leave the school and go for
wage earning for sharing the consumption expenditure
of family.

In 9.00 per cent cases, after death of husband
in younger age, widow spouse of victim had left the
victim’s home and went to live with support of her father
and mother (Parents). Impediments of marriages of
family members was reported in 5.50 per cent cases,
while very less proportion of families (3.50%) children
were sent to live with relatives either for education or for
wage earning.

ii. Psychological impact

After sudden and confidential act of suicide by
family head or young member of family, severe
psychological impact was observed on other family
members. In majority of victims’ households (45.50%),
due to death of family head, severe anxiety and stress
was developing about future life, which leads to mental
instability. In 13.50 per cent households; some family
members became sick after death of family head and in
450 per cent cases sense of hopelessness was
reported.

Table 7 : Distribution of victims’ household according to their consequences

NS;'. Consequences Number Percentage
A Family disturbance

1 Children of the victims had left the school and went for wage earning 51 25.50

2 Households dislocation and dissolution (particularly victims’ wife) 18 9.00

3 Impediments of marriages of family members 11 5.50

4 Children were sent to live with relatives 07 3.50
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B Psychological impact

1 Develop an anxiety and stress which leads to mental instability 91 45.50
2 lliness of family members 27 13.50
3 Developed a sense of hopelessness 09 4.50
C Effect on working

1 Lowered the income of family 113 56.50
2 Loss of interest in work 24 12.00
D Due to compensation received

1 Conflict created / developed in family 5 2.50

ii. Effect on working
Over half (56.50%) of the households

recognized that their family income was lowered after
death of family head and 12.00 per cent families
expressed loss of interest in farming work.

iv. Due to compensation received

For the present study, only the cases those who
got the compensation of Rs. 1 lakh were selected, but
in meagre cases (2.50%) conflict were created among
the spouse of the victims and other older family
members. The probable reason is that deceased was
the only major income earner for all family members.
But while providing Government help, particularly
spouse of victim was considered for receiving
compensation and not the older family members. But in
few cases, spouse of the victim had left the deceased
home and went for living with support of her father and
mother or living separately. In such cases, conflict was
created among the older family members and spouse of

the victims due to demand of half compensation from
victim’s spouse by older family members and due to
increasing survival vulnerability of the old family
members. These findings are confirmed by the finding of
Anonymous (2008) that conflict was created between
the victims’ spouse and old father of the victim after
receiving compensation from Government in Jamb
village of Akola District in Vidarbha.

b) Suggestions

Suggestions are one of the important aspects of
any research study in social sciences. It refers to the
opinion of family members about what action should be
taken for avoiding recurrence of suicides, which can
help to some extent for finding out ground realities of
suicides and help to suggest different measures to solve
farmers’ distress in Vidarbha region. The responses
received from the family members of the deceased
farmers were noted and are presented in Table 2.

Table 2 : Suggestions to prevent suicide as perceived by the family members of the deceased farmers

Sr.No Suggestions to prevent suicide Frequency | Percentage
1 Remunerative prices to farm produce. 188 94.00
2 Provision/ creation of irrigation facilities. 142 71.00
3 Complete ban on alcohol and gambling 62 31.00
4 Family counseling for increasing self-confidence through local leaders/ social workers. 62 31.00
5 Abundant electric supply for farming. 60 30.00
6 Complete waiving of old loans. 58 29.00
7 Provision of easy, timely and sufficient credit at low interest rate. 55 27.50
8 Creation of subsidiary occupations and other income sources. 45 22.50
9 Crop insurance 32 16.00
10 Availability of information about agricultural technology. 30 15.00
11 Mass marriage system should be encouraged in society. 28 14.00
12 Timely employment by creating non-farm employment opportunities. 26 13.00
13 Strict vigil on the quality of inputs in the market. 20 10.00
14 Immediate government help in natural calamities and in losses by wild animals. 20 10.00
15 Compensation of Rs. one lakh should be stopped. 04 2.00

It is clear from Table 2 that majority (94.00%)
family members of the deceased farmers suggested for
remunerative prices to their farm produce and provision/

creation of irrigation facilities (71.00%) as the important
measures to be taken to prevent the recurrence of
suicide tragedies.
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Sizable family members of the deceased
farmers suggested for complete ban on alcohol and
gambling (31.00%), family counseling for increasing
self-confidence through local leaders/ social workers
(81.00%), abundant electric supply for farming (30.00%),
complete waiving of old loans (29.00%), provision of
easy, timely and sufficient credit at low interest rate
(27.50%), creation of subsidiary occupations and other
income sources (22.50%), crop insurance (16.00%),
availability of information about agricultural technology
(15.00%), mass marriage system should be encouraged
in society (14.00%), timely employment by creating non-
farm employment opportunities (13.00%), strict vigil on
the quality of inputs in the market (10.00%), immediate
government help in natural calamities and in losses by
wild animals (10.00%), and compensation of rupees one
lakh should be stopped (2.00%) were the measures
suggested by family members of the deceased farmers
to solve farmers’ distress in Vidarbha region.

IV. CONCLUSION AND IMPLICATION

For many victims’ spouse or many widows and
their family members, suicide is not about the dead, it is
about the living and for them they soldiers on. Every
moment of life has been a struggle for them. The above
mentioned consequences faced by the family members
need to be taken into consideration by various
government and non-government organizations and
social workers for planning various measures for
survival, rehabilitation and future of the victims’ families.
Majority of the victims’ family members suggested for
remunerative prices to their farm produce and provision/
creation of irrigation facilities for their farming as the
important measures to be taken to prevent the
recurrence of suicide tragedies.

Farmers’ suicides are the result of the agrarian
crisis, which cannot be solved only with firefighting
techniques. A well thought concerted strategy for both
the short and long term is needed. While planning short
and long term measures, the government should to
focus on above suggestions made by the family
members of deceased farmers. But immediately in
short term measures there is an urgent need to declare
the remunerative prices for all crops on the basis of cost
of cultivation and secondly, in long term measures, the
government should focus more on increasing rural
infrastructure particularly irrigation facilities in Vidarbha
region, because irrigation and other infrastructure
facilities are very poor in Vidarbha region. This will
definitely help in increasing crop production,
productivity, and change in cropping pattern, cropping
intensity, and increase in the allied occupations in study
area. These things are necessary not only for uphold the
farmers economically but also for sustaining them socio-
psychologically.
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The Effect of Agricultural Credit Guarantee
Scheme Fund (ACGSF) on Production Efficiency
of Rural Farmers in Benue State, Nigeria
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Abstract- This research work examined the effect of ACGSF on
income generation and poverty alleviation among rural farmers
in Benue state. Results of the Stochastic frontier and the
inefficiency model showed that the variance parameters for 42
and y were 0.2237 and 0.5209 which was significant at 1
percent level. The sigma squared indicated the goodness of fit
and correctness of the distributional form assumed for the
composite error term while the gamma Y indicates that the
systematic influences that are unexplained by the Production
Function and the dominant sources of random errors. This
showed that the inefficiency effects makes significant
contribution to the technical inefficiencies of ACGSF
beneficiaries. The central recommendation made as a way of
ensuring production efficiency and poverty alleviation was that
farmers should form cooperative societies so that they easily
obtain inputs at a lower cost and without conditions, also
getting information on production practices.

Keywords. agricultural credit guarantee scheme fund,
public  private  partnership, agricultural  protection,
production  efficiency, agricultural  credit,  poverty
reduction, income generation, resource use efficiency,
input/outout relationship, technical efficiency.

. INTRODUCTION

gricultural Credit Guarantee Scheme Fund is one
Aof the laudable programmes put in place by the

Federal Government of Nigeria to boost
agricultural production, generate revenue for the
farmers, alleviate poverty and earn foreign exchange for
the country. It is also aimed at ensuring food security,
rural transportation and improved nutritional health
profile of the citizens (ACGSF manual, 2005).

In addition to the Agricultural Credit Guarantee
Scheme Fund which is a Federal government initiative to
boost agriculture and rural development, the Benue
State Government has evolved her own initiative towards
boosting agricultural development programmes to
ensure food production amongst other obijectives.
Poverty is a global phenomenon which threatens the
survival of the human population. This informed the
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United Nations declaration of 1996 as the International
Year for the Eradication of poverty (CBN economic and
Financial Review, 1996).

It is also important to note that the major goal of
any country is to have a society that efficiently
hamesses its scare resources such that nobody suffers
from basic human needs. Studies on poverty in Nigeria
indicated that more than 70% of Nigerians are poor
(NEEDS, 2004). Further studies have also shown that
about 25% of Benue population are extremely poor, 39%
are moderately poor and only a small fraction of 36% are
able to meet basic human needs (SEEDS,2004). Also
vast majority of the poor live in rural areas and most of
them are subsistent farmers.

Though various poverty alleviation programmes
and agricultural development policies have been put in
place but the twin problems of poverty and absence of
food security is still lingering. Even in the urban centres,
imported rice and other can foods tend to dominate the
market. That this occurs in a country which possesses
varying agro-ecological and other natural resources in
abundance which is suitable for increased production
cannot but be worrisome, hence the establishment of
ACGSF to curb the menace.

It is in realization of this economic and social
status of the Nigeria rural population and Benue state
rural farmers in particular that has necessitated this
study with particular focus of ACGSF, which is one of
the longest surviving policy strategies towards reducing
poverty and improving agricultural output among rural
farmers in Nigeria.

a) Objectives of the study

The broad objective of this study is to examine
the effect of ACGSF on income generation and poverty
alleviation among rural farmers in Benue state. The
specific objectives are to:

e Assess the socio-economic characteristics of
beneficiaries of ACGSF in Benue state

e Determine the

beneficiaries

input/output  relationship  of
o Analyse the resource use efficiency of beneficiaries
Determine the effect of the Scheme on poverty
alleviation

© 2014 Global Journals Inc. (US)

Global Journal of Science Frontier Research ( D) Volume XIV Issue X Version I E Year



Global Journal of Science Frontier Research ( D) Volume XIV Issue X Version I E Year 2014

e Determine the effect of the Scheme on income
generation.

[I.  THEORETICAL FRAMEWORK

This study is noted in the new classical theory of
production which is hinged on efficiency. The idea of the
neo-classical theory of efficiency is also based on
production function which gives the maximum possible
output of a given quantity of input. Alimi (2002) stated
that resources must be available and efficiently used in
order to achieve optimum production level. Hence, the
mission of increasing agricultural productivity to sustain
food requirement could be facilitated through efficient
management of productive resources. The crucial role of
efficiency in increasing agricultural output has been
widely recognized by researchers and policy makers. It
has also remained an important research both in
developed and developing countries. This is particular in
developing countries where resources are measured
and opportunities for developing and adapting better
technology are dwindling.

[11. RESEARCH METHODOLOGY

a) Study Area

Benue state is the study area and it is situated
in the middle —belt (north — central) region of Nigeria.
The state was created in 1976 out of the then Benue —
Plateau State. The state which has its capital in Makurdi
has a total land area of 30,955 square kilometer. This is
located between latitudes 60 251 and 80 81 North and
longitude 70471 and 10000 East, Benue State Ministry
of Finance and Economic planning (1980). The state is
surrounded by five other states, namely, Nassarawa to
the North, Taraba to the North East, Cross River to the
South, Enugu to the South west and Kogi to the West.
There is a short international boundary between the
State and the Republic of Camaroon to the South East.
The state has a total population of 4.2 million people.
About 70% of these people live in rural areas and
engage in agriculture, NPC (2006).

The state also has 23 Local Government
Councils and it is heterogeneous in terms of ethnic
composition. There are three major groups in the state,

Log i
Where:
Yi = Output of the ith farmer (kg)
X = Farm size (ha)
X, = Labour (man days)
X5 = Fertilization (dummy: 1 = use fertilizer,
0 = not use fertilizer)
X, = Planting materials (kg)
Xs = Pesticides (in litres)
B = Intercept

© 2014 Global Journals Inc. (US)

namely, Tiv, ldoma and Igede. Out of the 23 Local
Government Areas (LGAs), the Tivs have 14, [doma 7,
and Igedes 2. Population of the state by ethnic grouping
is 60.9%, 30.4% and 8.7% respectively.

Benue State has lime stone and coal as its
mineral resources. Its agricultural resources include
yam, Soya beans, groundnuts, beniseed, melon,
cassava, cashew nut, pepper, guinea corn, Barbara nut
etc. This is perhaps why the state goes by the
appellation “Food Basket of the Nation”. The major
occupation of the people in the state is farming. Those
who are not in the farming occupation are either in the
civil service or in some menial business.

b) Sample and Sampling Technique

Multi Stage Random Sampling was used to
select 450 farmers who served as respondents of the
study. In stage 1, 3 LGAs were randomly selected from
each of the three senatorial zones in the State giving a
total of 9 LGAs. These nine LGAs according to their
zones are: Zone A: Kwande, Vandeikya and Logo, Zone
B: Makurdi, Gwer West and Tarka and Zone C: Otukpo,
Ogbadibo and Obi. In the second stage, five wards were
selected from each of the 9 LGAs. In the final stage, 10
households were systematically selected from each of
the 45 wards giving us a total of 450 farmers used as
sample size.

A total of 450 farmers were selected from nine
LGAs out of the 23 LGAs in the State. Each tenth
beneficiary is selected and interviewed. Based on this
method, 45 ACGSF beneficiaries were considered from
each of 45 selected wards, given a total of 450
respondents for the study.

c) Analytical Technigue

The study made use of descriptive statistics
and inferential statistics. The descriptive statistics
include  frequency  distribution, tables, simple
percentages and budgetary analysis

d) Mocael Specification: Stochastic Frontier Mode/

The stochastic frontier production function
adopted in this study is specified by the Cobb-Douglas
functional form defined thus:

= b, + b, logX,i + bjlog X,i + bslogXsi + b,logX,i + bslogXsi + Vi - Ui

B, = Vector of Production function

Parameters to be estimated:;

[ = 1,2, 3 ...nth farmer

' = 1,2, 3...nth input

Vi = Random error that is assumed to be
normally distributed with zero mean and constant
variance (6v2) and i is technical inefficiency effect
independent of vi, and have half normal distribution with
mean equal to zero (x = 0) and constant variance.



Following Battese and Coelli (1995), the mean
of farm — specific technical inefficiency i is defined as:

Where:

i = Technical Inefficiency Effect of the ith farm
Z, = educational level of farmers

Z, = household size

Zy = experience of farmers

Z, = age of farmers in years

= parameters to be estimated

Output is expected to be influenced positively
by farm size, labour, fertilizer used, agro chemical and
quantity of seed planted. Outputs of farmers are
expected to have a negative effect on the technical
inefficiency effect. This is so because as farmers switch
from planting a particular variety of input to another,
effective utilization of inputs would be achieved which in
turn, increases the technical efficiency of the farming
operation.

Age of farmers is expected to have a negative
effect on technical inefficiency effects. This is because
older farmers may be less energetic and may have
developed inefficient production routines and practices,
leading to a negative impact of age on efficiency.

Educational level of farmer is also expected to
have a negative effect on technical inefficiency. This is
because the ability to read could increase the capacity
of farmers to understand the implication of the use of
some farm inputs and wrong utilization of loans. The
result of this would be effective utilization of inputs,
which in turn, increases the technical efficiency of the
farming operation.

Household size is expected to have negative
effect on technical inefficiency and is proxy for family
labour. The larger the household size, the more family
labour. And the more labour the more the utilization of
input.

P Farming experience of farmer is expected to
have negative effects on technical inefficiency. This is
because farming experience determines the rate of
adoption of improved techniques. The more the farming
experience, the higher the rate of adoption of improved
techniques. This would further lead to effective utilization
of inputs which in turn increases the technical efficiency
of the farming operation.

Availability of credit is also expected to have a
negative effect on technical inefficiency. This is because
the more the availability of credit, the more the farming
activity that will be engaged. Thus this will lead to
diversification of fund to both agricultural and non-
agricultural activities which will further lead to increase in
technical efficiency of the farming activities.

[V. RESULTS AND DISCUSSION

a) Socio-economic characteristics of respondents

Table 7. Age, Marital Status, Education and Gender of Respondents

Socio-Economics | Frequency | Percentage (%)
Age

20-25 06 1.3
26-35 38 8.4
36-45 217 48.3
46-55 180 40

60 09 2

Total 450 100

Marital Status
Married 3.7 70.4
Single 38 8.4
Divorced 53 11.8
Widow 37 8.3
Widower 5 1.1
Total 450 100
Education Background
No formal Education 73 16.3
Primary Education 278 61.8
Secondary 86 19.1
Education
Tertiary Education 13 2.9
Total 450 100
Gender
Male \ 287 \ 64
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Female

163 36

Total

450 100

Source: Field survey, 2013.

Table 1 shows that more than half of the
farmers (88.3%) were found to be within the age bracket
of 36 to 55 years. This is contrary to the findings of past
studies which reported the farming population to be
ageing (Idown, 1988).

The study further showed that the marital status
of the respondents who are married is 70.4%. This may
perhaps be a reason why the beneficiaries of the
scheme may be doing well with the credit obtained
because there will be combined efforts in carrying out
their economic activities. The table further showed that
8.4% of the respondents are single and 11.7% are
divorce this could have negative effect on the
beneficiaries as they will need to employ extra hands to
carry out their farming activities. The table in addition
shows that 8.3% and 1.1% of the respondents are
widows and widowers respectively. This also reveals
that there are more widows than widowers.

On educational background of respondents,
16.3% are without formal education while those with only
primary education are 61.7%. This further means that

farming at the grassroots is done by people who are not
too learned. Those with secondary and tertiary

education are 19.1% and 2.9% respectively. This is
perhaps another factor militating against the judicious
utilization of fund (credit) obtained. Those with tertiary
education who could be receptive to changes and
innovations are so infinitesimal to effect any meaning
change. It is significant to note that education influences
productivity by affecting farmer’s ability to comprehend
the production system and complicated information
relating to modern technology, and their ability to adjust
quickly to farm management practices (Isah, 1995). This
means that education is a socio-economic factor that
influences farmers’ awareness, perception, reception
and adoption of modern production practice (Salamatu,

2005).
) From gender perspective, the male were found

to make up the bulk of ACGSF farming population in the
study area representing 64%. About 36% of the sampled
beneficiaries of ACGSF are women. This confirms
several studies have indicated that women constitute up
to 40% of African agricultural work force.

b) Contact with Extension workers and Farming Experience

Table 2 : Distribution of farmers based on Contact with Extension workers, Farming Experience

| Frequency | Percentage (%)
Contact with Extension workers
Yes 173 38
No 277 62
Total 450 100
Years of Experience
0-10 73 16.3
11-20 86 191
21-30 278 61.8
31-above 13 2.9
Total 450 100
Source: Field survey, 2013.
Contact with extension farmers is expected to Table 2 reveals further that 71.8% of the

give farmers a good opportunity to get information on
better managerial practices, new technology and other
auxiliary services. Table 2 showed that only 38% of the
beneficiaries of the scheme have contact with extension
agents. This indicates that large number of farmers has
no opportunity of getting information about new and
modern production practices from the extension agents.

c) Agricultural Activities undertaken by the beneficiaries

respondents have more years of farming experience
ranging from 20 to 30 years and 35.4% of the
respondents have years of farming experience ranging
from 0 to less than 20. 2.9% of the farmers have years of
experience of 30 years and above. Some authors have
suggested that farmers with more years of experience
are likely to be more efficient in production.

Table 3 . Distribution of respondents based on type of agricultural activities

© 2014 Global Journals Inc
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Type of Agricultural Frequency Percentage
Activity
Rice production 76 16.9
Guinea corn 79 17.6
(sorghum) production




Maize production

Cocoa production

Fish production

Yam production

Groundnut production

Pepper production

Poultry production

Cassava production

Total

19 4.2
00 00
00 00
155 34.4
08 1.8
15 3.3
5 1.1
93 20.7
450 100

Source: Field survey, 2013.

Table 3 shows the nature of agricultural
enterprise undertaken by the beneficiaries of ACGSF in
the studied area. The table further shows that most of
the farmers engaged in yam production with a total of
155 of the beneficiaries representing 34.4% of the
respondents. This is followed by cassava production
which is 20.7 of the respondents and Guinea corn
(sorghum) production which is 17.6% of the total

d) Costand Returns

respondents. This explains that yam, cassava and
sorghum is produced more in the studied area.
However, other Crops like rice, maize, pepper and
groundnut are also produced but not as much as yam,
sorghum, cassava and rice. The table further reveals
that livestock production is not practiced much in the
studied area.

Table 4 : Annual Cost Returns to Beneficiaries of ACGSF

ltem Average cost (naira) | Percentage
(mean value of AC)
Land preparation 12,000.00 17.39
Planting 15,000.00 21.74
Fertilizer application 6,800.00 9.86
Weeding 7,200.00 10.43
Harvesting 7,733.00 11.21
Seeds/cuttings 20,270.00 29.38
Total variable cost 69,003.30 100.00
(TVC)
Total Revenue (TR) 136,666.67 -
Gross Margin (TR- 67,663.37
TVC)

Source: Field survey, 2013.

Beneficiaries of ACGSF may not be producing
for the purpose of meeting subsistence needs alone.
The farmers may be interested in selling their outputs to
raise income. For this reason, efforts were made to
determine the cost associated with rural farming and
also revenue that accrues to the farmers efforts. In this
regard, only the variable cost of production was
considered while the profitability was measured as
gross margin.

Summarily, labour related activities (land
preparation, planting and fertilizer application) and other

input making up the short run cost of production is put
at 69,003.30 naira to cultivate a hectare of farmer in the
study area. Also an average of 136,666.67 naira accrues
to a farmer as revenue and 67,663.37 naira is gotten as
the gross margin. This translates to approximately
5000.00 naira/per month as income to the farmer. This

amount is less than the 18,000.00 naira minimum wage
in Nigeria as at the time of this study. It is thus evident
that farming is not profitable enough except with
improved input so that farmers can work on hectares of
land thereby reducing cost of production and increasing
marginal revenue.
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e) Stochastic Frontier Function Analysis

Table 5 . Maximum likelihood Estimates of the Stochastic Frontier Function and Technical Efficiency

Coefficient | Standard- | t-ratio
error
Constant B0 0.6444*** 0.1005 0.3219
Labour B1 0.8999** 0.1079 0.4585
ACGSF Fund B2 0.7780** 0.1077 0.6006
Farm size B3 0.5499*** 0.1143 0.3517
Farming B4 0.6665*** 0.1008 0.4932
experience
Planting B5 0.7780*** 0.1 0.4932
materials
Pesticides B6 0.4510*** 0.101 0.3912
Constant 50 0.7011 0.1002 0.2011
Education 51 -0.8494 -0.1314 -0.2045
Household 52 -0.7009 -0.1055 -0.4211
size
Age 53 -0.5987 -0.1102 -0.2131
Farm 54 -0.6912 -0.1048 -0.4125
experience
Farmers 55 -0.5487 -0.1165 -0.3121
income
Variance Parameters
Sigma (62) 0.2237
squared
Gamma Y 0.5209
Log -0.5331
Likelihood
Function
LR TEST 0.4569

** = significant at 5% level, *** = significant at 1% level

Stochastic frontier and the inefficiency model
which show that the variance parameters for 2 and y are
0.2237 and 0.5209. They are significant at 1 percent
level. The sigma squared 2 indicates the goodness of fit
and correctness of the distribution to the technical
inefficiencies of ACGSF beneficiaries. Thus, the

hypothesis that the coefficient of p =0 is rejected. The
result shows that inefficiency effects were present and
significant. The variance parameters for and Y are
0.2237 and 0.5209. They are significant at the 1 percent
level. The sigma squared indicates the goodness of fit
and correctness of the distributional form assumed for
the composite error term while the gamma Y indicates
that the systematic influences that are unexplained by
the Production Function and the dominant sources of
random errors. This means that the inefficiency effects
make  significant contribution to the technical
inefficiencies of ACGSF beneficiaries. Thus, the
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hypothesis that the coefficient of B = 0 is rejected. The
result shows that the inefficiency effects were present
and significant.

Labour (B1). The coefficient of labour (0.999)
was significant and had a positive sign. This shows the
importance of labour in rural farming in the study area.
Several other studies (Okike, 2000; Awoyemi, 2000)
have shown the importance of labour in farming,
particularly in developing countries where mechanization
is only common in big commercial farms. In the study
area, farming is still at the subsistence level generally.
This involves the use of traditional farming implements
such as hoe and machete. Human power plays crucial
role in virtually all farming activities. This situation has
variously been attributed to small and scattered land
holding, poverty of the farmers and lack of affordable
equipment (Umoh & Yusuf, 2000). It appears that labour
will continue to play important role in agriculture,



affecting its efficiency, until those factors constraining
mechanization are addressed.

ACGSF Credit (B2). The production elasticity of
output with respect to the amount of loan granted to
farmers is 0.7780. By increasing the amount of loan
granted to farmers by 10%, output level will improve by a
margin of 7.780%. The estimated coefficient is highly
statistically significant at 1% level.

Farm size (B3). The coefficient of farm size
(0.5485) was found to be positive and significant at 1%
level. This result is in line with the findings from Okike’s
(2000) study of farmers in the savanna zone of Nigeria
reported farm size to be significant and positive for the
low-population-high-market domain. The result could
mean that it is possible to expand farming activity in the
study area. It may be possible that competition between
infrastructures development and crops for land is not yet
keen enough to jeopardize the expansion of crops
production. Statistically, the magnitude of the coefficient
of farm size shows that output is inelastic to land or farm
size. If the farm size is increased by 10%, output level
will improve by less than proportionate (by a margin of
5.485%). This means that there is still some scope for
increasing output per plot by expanding farmland.

7)) Technical Efficiency Analysis

Fertilization (B4). The production elasticity of
output with respect to quantity of fertilizer is 0.1796. By
increasing the quantity of fertilizer by 10%, output level
will improve by a margin of 1.796%. The estimated
coefficient is highly statistically significant at 1% level.
The finding is at variant with the report by Winrock
(1992), which shows non-significant contribution of
livestock manure and crop residues in semi-arid sub-
Saharan. Though not ascertained, it may be possible
that none separation of fertilizer, in to their different
forms (e.g. crop residue, livestock manure, inorganic
fertilizer, etc) account for the differences in the findings
of this study and that reported by Winrock.

Planting materials (B5). The coefficient of
planting materials (0.5209) was positive and significantly
different from zero. This implies that planting materials
are important in crop production in the study area.

Inefficiency Effects (Z1 — Z4). The contribution of
farmers’ personal characteristics-level of education,
age, household size and framers income to farm
inefficiency was also studied. The coefficients of all
variables are negative. In addition, none of the variable
is significant; they do not deserve further discussion.

7able 6 . Distribution of Technical Efficiency ratings among beneficiaries of ACGSF in the study area

Efficiency indices Frequency Percentage
of farms
0.10-0.19 7 2
0.20-0.29 3 1
0.30-0.39 14 3
0.40-0.49 33 7
0.50-0.59 169 38
0.60 - 0.69 149 33
0.70-0.79 45 10
0.80-0.89 30 7
0.90-1.00 - -
Total 450 100
Mean efficiency 0.59
Minimum 0.1
Maximum value 0.89
Mode 0.7

Source: computed from MLE
Individual farm technical efficiency scores. In

line with the parameters already presented and
discussed, the technical efficiency score of each

respondent was also estimated. This is presented in
Table 6 where more than 65% of the respondents were
found to be more than 50% technically efficient. About
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13% of the respondents were found to be less than 50%.
The most efficient ACGSF beneficiaries operated at 89%
efficiency while the least efficient ACGSF beneficiaries
were found to operate at 11% efficiency level. ACGSF
beneficiaries performed at an average technical
efficiency of 59% while the most frequently occurring
efficiency score was 70%. From the results obtained,
although ACGSF beneficiaries were generally relatively
efficient. However, by increasing the efficiency in their
farming activities would bridge the gap of the remaining
30% and attainment of the 100% optimum would be
achieved.

V. CONCLUSION

The results of the research indicated that
ACGSF loans were not adequate for farmers to increase
output in the study area. Farming system and practices
are characterized by the use of crude implements.
These are pedestals on which low vyield and poor
financial returns are perpetrated. Also agricultural inputs
are not within reach, infrastructural facilities are grossly
inadequate, illiteracy of household head, lack of farming
experience and increased dependency ratio are on the
increase and this could boost the tempo of poverty and
low production of agricultural commodities.

VI.  RECOMMENDATION

e As a way of ensuring production efficiency and
poverty alleviation among rural farmers, farmers
should form cooperative societies so that they easily
obtain inputs at a lower cost and without conditions,
also getting information on production practices and
even providing distribution channels for farmers
produce.

e A sustainable macro-economic framework need to
be put in place in order to attract Foreign Direct
Investment (FDI), which can be an important source
of needed credit as well as bringing access to
markets, modern management and technology.
Macroeconomic stability strengthens confidence
and predictability for producers and facilitates risk
assessment for lenders.

e The agriculture banking sector must seek ways to
diversify instead of reliance on the State to provide
credit. A public-private partnership is the hub upon
which  sustainable  agriculture  capable  of
maintaining production efficiency and alleviating
poverty can be achieved.

e A good synergy of public-private partnership policy
in the provision of education should be evolved so
that basic challenges with respect to innovations
and changes would be tackled. This would enable
farmers make better technical decision and also
help in allocating their production input effectively.

© 2014 Global Journals Inc. (US)

10.

12.

Enabling environment should be created for
improved loan recovery like a legal unit under an
autonomous condition to prosecute loan defaulters
S0 as to enhance the viability of the institution and
prevent it from collapse under pressure of
defaulters.
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Abstract- Primarily, Mopane worm (G. beling) forms a major
part of the most consumed and highly nutritious (protein
averages 55.41%) insect in Zimbabwe. The insect offers a
great potential source of protein that could be utilised to
alleviate diet deficiencies diseases among most vulnerable
groups in society. The insect could form a foundation for new
food products that are based on its substantial nutritive value.
The paper reviews nutritional potential of G. belina to the
human diet through its use in fortified blended foods (FBFs)
formulations, making it an alternative substitute for
conventional sources of protein, such as soybean, common
bean and nuts. In view of that, G. belina through FBFs could
be used as food aid in humanitarian relief programs in
Zimbabwe in fighting against rampant malnutrition especially
among rural population and urban dwellers. However, several
aspects related to food safety and sustainability in insects
harvesting are of great concern that needs to be underscored.
Further research would be necessary to ascertain the real
process development and formulation of FBFs where G. belina
has been exploited as a source of protein.

Keywords: mopane worm, insects, nutrition, fortified
blended foods, proteins.

. INTRODUCTION

= ntomophagy is regarded as a practice of eating
== insects as food (Srivasatva and Naresh Badu,
e 2009;  Gahukar, 2011).  FAO/WHO  (2013)
estimated that, nearly 1,900 insect species has shown to
be edible worldwide, mainly in developing countries
such as Zimbabwe (Glew et a/., 1999; Ghazoul, 2006;
Dube and Dube, 2010). Guhukar (2011) considered,
edible insects as natural renewable resource of food
that provides nutritional, economic and ecological
benefits to the communities. According to Dube and
Dube (2010), G. belina is the most consumed insect in
most communities of Zimbabwe in both rural and urban
settlements constituting parts of the traditional diets.

As a global obligation, the Food and Agriculture
Organization (FAO, 2010a; FAQO., 2010c) of the United
Nations initiated a policy and recommended programs
that will use insects as a source of protein to feed
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people. Several authors confirmed that, insects are
nutritious food that provide proteins (amino acids
including methionine, cysteine, lysine, and threonine),
carbohydrates, fats, some minerals and vitamins, and
have high energy value (Capinera, 2004; Johnson, 2010;
Xiaoming et al., 2010). For instance caterpillars to which
G. belina belongs, contain proteins to the extent of 50—
60 g/100g dry weight. In addition insects proteins are

highly ~ digestible  (between  77% and  98%)
(Ramos-Elorduy, 1997a), although presence of chitin
lowers their digestibility, but its removal greatly

increases the quality of insect protein (DeFoliart, 1997).
Equally, humans digestive flora is able to digest chitin
due to the presence of two catalytically active chitinases
namely AM Case and chitotriosidase (Van, 2003;
Synstad ef al,, 2004; Paoletti, 2005; Muzzarelli et al.,
2012) which alternatively works in different pH ranges
(Boot et al, 1995; Renkema et al, 1995; Boot ef al,
2001; Chou et al., 2006).

Apart from the above reason, nutritious foods
derived from insects present a new available source of
protein and requisite step to alleviate food security
problems in many developing countries (Kent, 2002;
Rowe et al, 2008; Gahukar, 2009; Kumar, 2010).
According to Gahukar (2009), food security in
developing nations has become problematic due to
increased population growth, consumption and demand
patterns (Beddington, 2010) and possible decline in
food availability. This is against a backdrop in
agricultural productivity exacerbated by recent rampant
natural factors such as climate change, energy crisis,
decreasing soail fertility, incidence of pests and plant
diseases, and man-made situations such as lack of
purchasing power of consumers and disparity in food
distribution (Kumar, 2005; Kumar, 2010; Gahukar,
2011). Currently, adequate human nutrients in form of
FBFs are complemented by plant seeds such as
soybean (as corn/wheat soya blend), cowpeas, nuts
and common bean which are productively on a
downward trend (Moreki et al, 2012). Consequently,
chronic malnutrition is rampant in many developing
nations (Gahukar, 2011; Kinyuru ef al, 2011;
FAO/WUR., 2013) especially to vulnerable group of the
society such as children and lactating mothers (Oniang
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and Mutuku, 2001; ENCU, 2004). Hoppe et al. (2008)
stated that, malnutrition promotes various childhood
diseases leading to their death. Furthermore, it
accelerates rate of unemployment, illiteracy and
impedes overall socio-economic development in many
developing nations.

In view of the above, Kinyuru ef a/. (2010) and
FAO/WUR, (2013), supported use of insect as a food
ingredient that enhances both food" s nutritional quantity
and quality. Bukkens (2005) confirmed that, insects are
commonly mixed with, or often consumed as
supplement to predominant diets centred on maize,
cassava, sorghum, millet, beans and rice, and form an
ingredient to produce other food items. In line with that,
Ekpo and Onigbinde (2005) produced bread containing
grubs of the African palm weevil (Rhynchophorus
phoenicis) that provides major and minor nutrients
essential for body growth (Ekpo and Onigbinde, 2005).
In addition to that, in Kenya wheat buns were enriched
(5% mix) with the termite (Macrotermes subhyalinus)
(Gahukar, 2011), whereas in  Mexico, a thin flat bread
made from finely ground maize was enriched with
ground mealworm 7enebrio molifor larvae (Aguilar-
Miranda et a/., 2002) and in Nigeria termite Microtermes
bellicosus Smeathman are used to enrich maize protein
(Bukkens, 1997).

Likewise, global food security problem
particularly in developing countries including Zimbabwe
(Moreki et al., 2012) is a serious challenge that needs to
be addressed in the near future. Increased population
growth as opposed to rapid decrease in crop and
animal productivity, food and nutritional adequacy pose
grave challenge to adequate food security. In view of
this development, the production of adequate human
nutrients such as protein from crop and animal
husbandry represents a serious challenge for the future
(van Huis, 2012; FAO/WUR., 2013). Therefore, this
paper seeks to review G. belina utilisation, as a potential
source of protein in FBFs in Zimbabwe. The main
purpose of this review is to evaluate whether the
nutritional potential of G. belina could be harnessed into
human diet through FBFs as a potential alternative
substitute for conventional protein sources such as
soybean. Consequently, this review also briefly
summarizes the nutritional composition of both G. belina
as comparable to other conventional protein sources
such soybean, cowpea, common bean just to mention a
few. If FBFs containing G. belina is commercialised and
introduced as a FBF to selected vulnerable groups, it
may seal a gap between plant and animal based FBFs,
wherein the later contain much needed essential animal
protein and fats. The review also emphases on probable
food safety and sustainability challenges encountered
when utilizing G. belina in FBFs. In line with this review
further work needs to be undertaken to ascertain actual
process development and formulation of FBFs where
G. belina has been utilised as a source of protein.
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a) Fortified Blended Foods used in Zimbabwe

According to the World Food Programme
(WFP), FBFs are regarded as Specialised Nutritional
Foods (SNF) used to improve the nutritional intake of
people in need of assistance world-over. Likewise,
Hoppe ef a/. (2008) confirmed that FBFs consist of a
mixture of cereals, pulses, fats, vitamins, and minerals
intended to provide a balanced intake of essential
nutrients for vulnerable groups. However, Rowe at al.
(2008) stressed the need of FBFs to contain adequate
calories (400kcal/100g) and protein (15g/100g), fortified
with essential micronutrients. SNFs might also include
micronutrient powders, Ready-to-Use Foods and High-
Energy Biscuits (HEBs). According to Hoppe et al
(2008), FBFs are used on a very large scale to feed
populations in most developing countries, especially
malnourished individuals and vulnerable groups (Hertz,
1997; Rowe et al,, 2008). Rowe ef al. (2008) estimated
that, around 50%, 20% and 15% of FBFs are distributed
globally in Africa, Asia and Latin America and the
Caribbean continent respectively. In Zimbabwe alone
USAID (2012) reported that, for the period between 2007
and 2011 WFP distributed 43223mt of corn soy blend
(CSB) and 602844mt of cereal (maize, sorghum, wheat,
rice included) (USAID., 2012).

Hoppe et al (2008) reiterated that, CSB and
wheat soy blend (WSB) are the most commonly used
FBFs. In Zimbabwe CSB and WSB are the most
predominantly distributed FBFs. They are made from the
most common or staple grains mainly cornmeal or
wheat meal. According to Anonymous (2011), the
cereal component provide the largest proportion of
energy, a large part of the protein and significant
amounts of micronutrients for those dependent on food
aid. In addition to that, the soy flour component acts as
an important source of protein and provide a range of
micronutrients. The blend is mixed and fortified with
mineral-vitamins premix sourced from a reputable
supplier such as Roche (Anonymous, 2011). Other
types of FBFs exist based on sorghum and soy, bulgur,
wheat and soy, or combinations of cereals with heat-
treated soy in its full fat form or as defatted flour. There
are also FBFs that contain milk, corn soy milk (CSM)
and wheat soy milk (WSM) (Hoppe et al, 2008). WFP
has given specifications for the energy, protein, and fat
content of the FBFs (Table 1) According to Hoppe et a.
(2008) CSB consists of; 80% maize and 20% soy, and
WSB consists of; 75% wheat and 25% soy. However,
FBFs containing G. belina is not available and have not
been formulated mainly because of lack of adequate
studies that have been done to evaluate its suitability
based on its extensive nutritional information.



Table 7 . Nutritional value of commonly used food aid commodities (FBFs)

Food commodity Key ingredients Energy (kcal) Protein (Q) Fat (g)
(100-2009)
Super cereal plus Corn/wheat/rice soya, 394-787 kcall 16-33g (17%) 20g (23%)
milk powder, sugar, contains EFA
oil, Vitamins &Minerals
Super Cereal Corn/wheat/rice 376-752 kcall 15-31g (16%) 8-16g (19%)
soya, Vitamins & Minerals

Source: (WFP., 2013) Specialized Nutritious Foods Sheet

b) Conventional Protein Sources used in Fbfs in
Zimbabwe

In Zimbabwe emergency cases which include
severe droughts, floods just to mention a few are on an
increase thereby placing demands on government and
donor community to provide food aid on affected
communities. The Government and the donor
community are normally involved in providing food
(FBFs included) to the affected people. The most
common emergency food packages are in the form of
maize, which is the staple crop, bulgar, rice, iodised salt,
vegetable cooking oil, wheat flour — all which are energy
foods; specially formulated food mixes like CSB, WSB,
dried kapenta fish, dried legumes (sugar beans, soy,
cowpeas, lentils chickpeas, peas, etc) all forming a
protein rich component in the food aid.

i. Soybean (Glycine max)

Several authors confirmed that, families from
Nigeria, Zimbabwe and Kenya that grow and utilise soya
been in their diets are healthier than those families that
do not use soybean as part of their diets (Mendel and
Fine, 1912; Adelodun, 2011). This is owed to great
invaluable nutritive and health benefits furnished by soy
based products, hence a huge need for a renewed,
concerted effort and sustainable incorporation of
soybean into African diet. The International Institute of
Tropical Agriculture (IITA) soybean success story
recorded in Nigeria, Zimbabwe, Uganda and South
Africa must be replicated in other African counties
(Adelodun, 2011). Mature raw soybeans has a
proximate; protein composition of 40.1 - 44.5%, (Table
2) (Da Silva, 2009), though it adequately provide
sufficient amount of carbohydrate, digestible fibres and
minerals etc. In addition to its high food value, it is one
of the least expensive sources of protein when
compared to eggs, milk, beef, and cowpea (IART&T.,
1998; Adelodun, 2011). Soybean seeds are the most
common protein source of fortified blended foods in
Zimbabwe. According to the (WHO/FAQO, 2007) soybean
seeds processing into floor should secure optimum
flavour and palatability, as well as to control such factors
as trypsin inhibitor, hemaglutinins and other anti-
nutritional factors.

ii. Common bean (Phaseolus vulgaris)
According to (Gajzaho, 1998) Phaseolus

vulgaris is also known as French, garden, haricot,
kidney, pinto, navy black, pink, black eye, cranberry,
great northern or dry bean and is consumed by humans
as green in pods (canning and freezing) or dry seeds. In

Zimbabwe common bean is grown for domestic use in
rural areas countrywide, consumed as relish and surplus

is disposed of to commercial markets. In times of
drought, donor agencies supply protein rich common
bean as a food supplement. In general, Phaseolus
vulgaris contains about 15.1-15.4% protein, 48.5-49.5%
carbohydrates, and 15.7-15.9% fat and small amounts
of other nutrients (Table 2) (Audu & Aremu, 2011).

iii. Cowpea (Vigna unguiculata)

Vigna unguiculata is known to be a low input
legume crop grown throughout Zimbabwe and Africa.
The chemical composition of cowpea is similar to that of
most edible legumes. In general, the cowpea contains
about 15.5-15.7% protein, 60.2-60.9%  soluble
carbohydrates and small amounts of other nutrients
(Table 2) (Alayande et al., 2012). The cowpea is mainly
grown in the rural areas for domestic use and if higher
yields are obtained the surplus crop is preserved and
used in times of poor harvest. Several authors confirmed
that, cowpea seeds resemble other legumes in their
potential contribution to protein nutrition based on
amino acid profile (Omueti and Singh, 1987; Nielsen et
al.,, 1993; Alayande et al., 2012). In addition cowpeas
are lower in anti-nutritional factors than many other
legumes as reflected by moderately high protein
efficiency ratio values even in unheated seed (Phillips,
1982). Likewise, research has been applied to develop
new food ingredients and products made from cowpea
and other starchy legumes (Zamora and Fields, 1979;
Sosulski et al, 1982). Although cowpea is mainly
consumed in cooked form, (Aykroyd ef a/., 1982) stated
that not all anti-nutritional substances are completely
destroyed by this thermal treatment. Cowpeas are
known to have a content of anti-nutritional factors and
some of these are acquired through fertilizers and
pesticides together with naturally-occurring chemicals
(Igile, 1996). Moreover, the consumption of cowpea
seeds can come with an added risk of exposure to
mycotoxins and their health risks.
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iv.  Groundnut (Arachis hypogaea L.)

Hildebrand (1982) stated that, in Zimbabwe
more than 90% of the groundnuts production comes
from the rural areas, and this sector retains about 90%
of its production for local use. Most of the agricultural
industry is in the central plateau region on elevations
between 300 and 1600m, although cropping below
800m is largely dependent on irrigation. The highest
reported field scale yield in the world was in Zimbabwe,
9.6tonnes /ha of unshelled nuts (Hildebrand, 1982).
Groundnut (peanut) is among the major oilseeds in the
world. The peanut cultivar plays an important role in the
economy of several countries (China, India, U.S.A.
Netherlands, Germany, Russia, and Spain) (Campos-
Mondragon et al., 2008). Raw groundnut seeds contain

23.5-26.6% protein, 49.8-53.4% fat and 18.9-23.4%
carbohydrates (Table 2) (Ayoola, et a/, 2012). Traditional
processing methods like for example roasting and de-
hulling combined increased, crude protein, ash, content
while fat, carbohydrate fibre and decrease anti-
nutritional factors such as phytates, condensed tannins,
trypsin and alpha-amylase inhibitors (Ejigui ef a/., 2005).
In Zimbabwe ground nut seeds are consumed at
various stages of maturity levels in their raw state, boiled
or heat treated. The ground nut is also roasted and
crushed to form a paste used as bread spread and as a
chief ingredient of a number of traditional relish stews.
The high oil and protein content of the seeds make it
suitable for use as a common ingredient in the cooking
of porridge for all ages.

Table 2 Conventional protein sources nutritional composition (g/100g)

Source Proximate analysis contents (g/100g) References
minerals proteins carbohydrates fats
Glycine max - 40.1-44.5 30.6-34.4 18.2-20 Da Silva, 2009
Phaseolus vulgaris 3.9-4.9 15.1-15.4 48.5-49.5 15.7-15.9 Audu & Aremu, 2011
Vigna unguiculata 3.8-44 15.5-15.7 60.2-60.9 2.2-26 Alayande et al., 2012)
Arachis hypogaea 2.0-25 23.5-26.6 18.9-23.4 49.8-53.4 Ayoola, et al, 2012
L.

c¢) Mopane Worms (G. belina) distribution in Zimbabwe

Several authors confirmed that, G. belina is the
most popular and lucrative caterpillar on the African
continent (Timberlake, 1995; Timberlake, 1996; Dube
and Dube, 2010; FAO/WUR., 2013). Dube and Dube
(2010) and Moreki et al. (2012) agreed that Mopani
worm feed almost absolutely on the leaves of the
Mopane tree, Colophospermum mopane. The mopane
woodlands in Zimbabwe are mainly found in the
southern districts for instance in Chivi, Mberengwa,
Mwenezi, Beitbridge and Chiredzi etc. According to
Timberlake (1995), Mopane tree is foremost over large
tracks of moderately clay soils (without extreme water
logging) in southern Africa (Zimbabwe included) within
an altitudinal range of 300-1000m (even up to 1200m in
Zimbabwe, (Figure 1)) and annual rainfall zone of 400-
700mm with a long dry season. The geographical
distribution of Mopani worm lies within the Mopane
woodland belt or districts as shown in Figure 1 and
other host plants (Gardiner, 2005). Viljoen (1989)
reported that, the same tree could be found in area with
as little rainfall as 100mm. Similarly, in Zimbabwe as
shown in indicated districts in Figure 1, the Mopani
worm is located in the semi-arid regions (natural region
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IV and V, where there are little or no commercial
agricultural activites and communities rely mostly on
drought resistant crops such as sorghum and millet
(Viljoen, 1989). Unreliable climate causes regular failure
of staple grains and a high level of vulnerability to food
insecurity especially in those districts indicated in Figure
1. Traditionally, Mopani worms have been harvested for
subsistence use by rural households (Ashipala ef al,
1996) and they are thought to make a significant
contribution to rural diets, although there has never been
a proper assessment.

The Mopani worm is bivoltine in most areas that
is, two generations are produced each year. The first
major outbreak being between November and January
followed by a minor second outbreak between March
and May (van Voorthuizen, 1996; Stack et a/, 2003;
Gardiner,2005). However, van Voorthuizen (1976)
pointed out that Mopani worm population numbers vary
from year to year at a single locality though (Roberts,
1998) was quick to point out that the population
numbers are on the decrease as a result of increase in
their  exploitation, declining selective harvesting
(Hobane, 1995) and general decrease on the Mopani
woodlands due to deforestation.
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Figure 7 G. belina distribution in Zimbabwe by district

d) Mopani Worm (G. belina) harvesting and processing

Essentially, G. belina requires ecological
harvesting so as to ensure a good crop for the following
season. According to Dube and Dube (2010), a woodlot
of 4000 hectares would support 19 million worms, which
would translate t0193 tonnes of Mopane worms.
Normally, G. belina life cycle start in October when the
eggs hatch marking the first generation. Wiggins (1997),
Timberlake (1996) and Toms (2001) confirmed that,
young Mopane worms or larvae feed on the leaves of
the Mopane trees where they hatch and as they grow,
molt 4 times (there are five larval stages) before they
reach their maximum size. FAO (2010a) indicated that,
principally Mopane worms are gathered by hand from
the ground and from the trunks, branches and leaves of
the trees. In some cases trees or branches are cut and
the larvae harvested. The Mopane worm has a tough
skin and is protected by black or dark reddish brown
spines which can be painful and cause lacerations and
the spines and associated hairs seem to have a slight
rusticating effect. In addition, when the larvae are
handled, they often exude a slimy green fluid from the
mouth (Gardiner, 2005). According to Kozanayi & Frost
(2002) the fluid irritates any scratches on the hand, so
hand protection (by use of gloves) helps their harvesting

and degutting. Taylor (2003) noted that, traditional
method of degutting by hand is common and faster,
hence the most preferred method (Kozanayi and Frost,
2002).

Soon after harvesting, Mopane worm can be
kept in live storage for a maximum of 3 days (FAO,
2010a). After being degutted, washed and usually
cooked using water and salt (Taylor, 2003) (for 30
minutes and sun dried for 2 hours (Allotey and
Mpuchane, 2003), the larvae can be preserved by either
sun-drying or smoking. Drying degutted Mopane worms
prolongs their shelf life to almost a year therefore
maintaining a steady supply of protein in the diet of the
people in the area. Thereafter, the Mopane worm will be
ready for storage in polythene bags. FAO/WUR, (2013)
pointed out that considerable amount of care should be
taken to avoid contamination throughout the various
processing stages to ensure safe product.

Essentially, G. belina requires ecological
harvesting so as to ensure a good crop for the following
season. According to Dube and Dube (2010), a woodlot
of 4000 hectares would support 19 million worms, which
would translate 10193 tonnes of Mopane worms.
Normally, G. belina life cycle start in October when the
eggs hatch marking the first generation. Wiggins (1997),
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Timberlake (1996) and Toms (2001) confirmed that,
young Mopane worms or larvae feed on the leaves of
the Mopane trees where they hatch and as they grow,
molt 4 times (there are five larval stages) before they
reach their maximum size. FAO (2010a) indicated that,
principally Mopane worms are gathered by hand from
the ground and from the trunks, branches and leaves of
the trees. In some cases trees or branches are cut and
the larvae harvested. The Mopane worm has a tough
skin and is protected by black or dark reddish brown
spines which can be painful and cause lacerations and
the spines and associated hairs seem to have a slight
rusticating effect. In addition, when the larvae are
handled, they often exude a slimy green fluid from the
mouth (Gardiner, 2005). According to Kozanayi & Frost
(2002) the fluid irritates any scratches on the hand, so
hand protection (by use of gloves) helps their harvesting
and degutting. Taylor (2003) noted that, traditional
method of degutting by hand is common and faster,
hence the most preferred method (Kozanayi and Frost,
2002).

Soon after harvesting, Mopane worm can be
kept in live storage for a maximum of 3 days (FAO,
2010a). After being degutted, washed and usually
cooked using water and salt (Taylor, 2003) (for 30
minutes and sun dried for 2 hours (Allotey and
Mpuchane, 2003), the larvae can be preserved by either
sun-drying or smoking. Drying degutted Mopane worms
prolongs their shelf life to almost a year therefore
maintaining a steady supply of protein in the diet of the
people in the area. Thereafter, the Mopane worm will be
ready for storage in polythene bags. FAO/WUR, (2013)
pointed out that considerable amount of care should be
taken to avoid contamination throughout the various
processing stages to ensure safe product.

e) Proximate Worms
(G. belina)
G. belina is the most common specie of the

Mopane worm. According to Moreki ef a/. (2008)

composition of  Mopane

although the Mopane worm is seasonal, it provides a
readily available and cheaper source of animal protein.
The Mopane worm contain comparatively higher
quantities of protein, fat, carbohydrate valuable minerals
than beef and chicken (Moreki ef a/,, 2012) However, the
Mopane worm contain 27% chitin of dry weight
(Sekhwela, 1989; Ohiokpehai ef al, 1996; Majeti and
Kumar, 2000) which blocks digestive enzyme accessing
protein  and lipid substrates thereby reducing the
utilisation of the these nutrients (Mahata et al,, 2008).
Above all, increase in roughage intake for instance chitin
through Mopane worm) reduce some gastro-intestinal
diseases, hence this makes the insect an all-rounder in
providing nutritious balanced meal (lligner and Nel,
2000; Mpuchane et al.,, 2000; Mohapatra et al., 2002).
Besides being used as a protein source by
people in semi-arid environments of Botswana,
Namibia, South Africa and Zimbabwe (Marais, 1996;
Styles, 1996), Mopane worms could also be used in
animal feed formulations (Mpuchane ef a/, 2000).
Several authors confirmed huge growing interest in
Mopane worm as a food resource for both human and
animals in the near future (due to its excellent nutritional
information, Table 3) (lligner and Nel, 2000; Mpuchane
et al., 2000; Ghazoul, 2006). According to Siame ef al.
(1989) and Madibela et a/. (2007), G. belina contains
about 50% crude protein and is abundant in the
wilderness during its season of availability. Madibela ef
al. (2009) reported that, degutting improves the crude
protein concentration of the worms by 10%. Although
G. belina has been used as part in day to day meals in
Southern Africa because of its nutritional value, but to
date it has not been used as a protein source in fortified
blended foods. Based on it nutrients composition it can
be a good alternative source of protein instead of some
convectional sources of proteins such as soybean.

Table 3 :Mopane worm (G. belina) nutritional composition

Contents *Mean
value
Crude protein (%) 55.41
Digestible protein (%) 53.3
Carbohydrate (%) 8.16
Ash % 8.26
Neutral detergent Fibre % 27.8
Acid Detergent fibre % 16
Acid detergent Lignin 5.2
Acid Detergent Insoluble Nitrogen (%) 0.9
Fat (%) 16.37
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Potassium (mg/g) 35.2
Calcium (mg/qg) 16.0
Phosphorus (mg/qg) 147
Magnesium (mg/g) 41
Iron (mg/q) 12.7
Zinc (Mmg/g) 1.9
Sodium (mg/qg) 33.3

*Mean value calculated from various sources
Source: (Dreyer and Wehmeyer, 1982, lligner and Nel, 2000, Gardiner, 2003, Gardiner, 2005, Madibela et al., 2009; Moreki et al.,

2012 Simone et al., 2013)

7)) Mopone worm sustainability and rural community
livelihoods enhancement

Importantly, harvesting caterpillars for human
consumption has positive and negative impacts on
forests. FAO (2010a) noted that, reducing caterpillar
populations is beneficial to host trees, although
harvesting practices that include cutting of branches or
feling trees contribute to forest degradation and
deforestation. In line with that, Roberts (1998) indicated
that a decline in the abundance of Mopane worms was
mainly due to increasing exploitation of Mopane trees
(Hobane 1995), a general increase in pressure on
Mopane woodlands, and increased frequency of
drought. In support of that, Bartlett (1996) indicated
evidence from parts of Botswana where Mopane moths
had disappeared after heavy harvesting. In addition to
that, frequent veld fires may reduce populations of
edible caterpillars at the expense of non-edible beetles
which pose a threat to food security and nutrition
(Flower et al,, 1999; FAO, 2010a).

Flower et al (1999) emphasised that, the
economic importance of Mopane woodlands can only
be meaningful if more ecological studies are done on
the tree species thereby unlocking potential in Mopane
worm farming. Above all, little nutritional information is
known about the C. mopane leaves at different times of
the year in which Mopane worm is harvested. Likewise,
Dithogo et al. (1997) highlighted little information on
growth rates of Mopane tree (on which G belina
depend) under various conditions, as major limitation in
the ability to manage and utilise Mopane worms. In
addition to that, Mopane worm geographical variability
in outbreak occurrence may also lead to conflicts
between community members (Ghazoul, 2006).

Gardiner et a/, (2005) reported that, G. belina,
and mopane woodland products are key resources to
poor farmers and landless poor people across southemn
Africa. In line with that, De Foliart (1995) and Styles
(1995) revealed substantial value in Mopane worm
trade. For instance in South Africa alone, the
commercial value of Mopane worm harvests can reach
$3,000 per ha, amounting to annual sales of $1.6m. Also
in Botswana, the Mopane worm harvest in a good year
is estimated to be worth $3.3m, providing employment

and income to 10,000 people. However, the irregular
and largely unpredictable nature of Mopane worm
outbreaks results in price fluctuations and uncertainty of
supply, both undesirable outcomes for poor and risk
inflicted farmers (Gardiner, 2005; Ghazoul, 2006).

[I.  PRODUCT QUALITY AND FOOD SAFETY

Essentially,  Mopane worm  processing,
packaging and storage practices are chiefly regarded
as poor and most leading causes of their spoilage by
micro-organisms or fungi. In this regard, thin plastic
bags are often used and are easily punctured by
remaining spines on the dried product leading to
infestation by pests and uptake of water (Gardiner,
2005). Klunder et a/. (2012) pointed out that, insects like
many meat products, are rich in nutrients and moisture,
providing a favourable environment for microbial survival
and growth. Accordingly, adequate hygienic handling
and correct storage of Mopane worm should be strongly
addressed, in order to avoid and reduce potential
hazards during consumption (Klunder et al, 2012,
Belluco et al, 2013). According to Nyakudya, (2004),
Mopane worm are traditionally kept in polypropylene
woven bags in which maize or a similar product has
been stored, plastic or metal buckets and clay pots. Al
these items are prone to contamination and spoilage
(Allotey et al, 1996; Nyakudya, 2004). Taylor (2003)
indicated that later on during storage Mopane worm get
infested and appropriately fumigated using Phostoxin
gas. Nevertheless, Phostoxin gas is dangerous and only
registered pest control operators are permitted to use it.
In contrast, effort has been made to improve on Mopane
worm shelf life as well as its hygienic processing mainly
through solar radiation method (Dube and Dube, 2010).

Even though there is enough literature to
support the high level of protein in G. belina, the insect
has some challenges. According to Sekhwela, (1989)
and Ohiokpehai ef al,, (1996), G. belina contains chitin,
a component of the outermost part of the worm, which
forms 27% of the dry weight. Chitin physically blocks
the access of digestive enzyme to hydrolyse protein,
lipid, fat-soluble vitamins and minerals thus affecting
their utilisation (Mahata et a/,, 2008; FAQ., 2010a. ). In
contrast, (Koide, 1998) stated that chitin and chitosan

© 2014 Global Journals Inc. (US)

Global Journal of Science Frontier Research ( D) Volume XIV Issue X Version I E Year 2014



Global Journal of Science Frontier Research ( D) Volume XIV Issue X Version I E Year 2014

can bind dietary lipids, thereby causing reduction in
cholesterol and triglycerides in blood plasma due to
reduced absorption of lipids in intestines. Majeti and
Kumar (2000) also confirmed that chitosan is a fat
trapper in the stomach, hence prevents absorption of
trapped fat. However, experiments on silkworm pupa by
(Zhang et al., 2000; Paulino et al., 2006) demonstrated
the significant value of chitin as a source of fibre and
calcium hence enabling production of protein
concentrates from de-chitinised insects. Gardiner (2005)
indicated that, Mopane leaves (on which G. belina feed
on) are generally not favoured by vertebrate browsers
and are used only in drought years implying that they
likely contain plant defence compounds such as
phenolic and tannins signifying presence of antinational
factors.

The global growing consumer demands for
safer and healthier foods have raised concerns over
insects handling and processing practices, hygiene and
overall food safety. However, FAO (2010b) regarded
insects as “health foods” only when collected from
forest areas when they are generally clean and free of
chemicals. Belluco (2013) emphasised occurrence of
chemical hazards in insects as dependent, mostly on
habitat and plant feed contamination and can only be
controlled by selected farming and dietary conditions.
Among  insect-related  chemical hazards are
cyanogenetic substances which can also be present in
insects (Lepidoptera in which G. belina belongs). Blum
(1994) reported that presence of these substances in
insects cause inhibition of enzymes such as succinate
dehydrogenase and carbonic anhydrase, thereby
inhibiting some metabolic pathways for instance
oxidative phosphorylation. This is due to the fact that
cyanogenetic substances have a high affinity for
ferrocytochrome oxidase (Blum, 1994).

Ingestion of caterpillars (to which G belina
belongs) is common in children, probably due to their
natural interest. Lee and Hathaway (1998) reported
children who had accidentally ingested caterpillars
suffered from symptoms comprising drooling, difficulty
swallowing, pain, and shortness of breath. FAO (2010a)
insisted that, ingestion of caterpillars may provoke toxic
reactions, even when symptoms suggest an underlying
allergic reaction (Okezie ef al, 2010). However, few
studies have been conducted on allergic reactions due
to insect ingestion. Therefore, there is a need for further
research to ascertain the risk of food allergy after insect
consumption, though a thorough thoughtfulness is
essential in differentiating toxic and allergic symptoms
(Lee and Hathaway, 1998; Pitetti ef al, 1999).
Importantly, ingestion of G belina can cause
anaphylactic shock. Okezie ef a/ (2010) reported the
case of a 36 year old female who had two different
episodes of anaphylactic shock after G belina
consumption, though no allergic reaction test was
performed.
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I1I.  CONCLUSION

G. belina has high nutritional value and
abundant in most parts of Zimbabwe making it a highly
potential sustainable food source in human nutrition.
The insect is a rich source of good protein including
essential amino acids, fats and other nutritive elements,
vitamins and carbohydrates for the human body
(Capinera, 2004; Johnson, 2010; Xiaoming et al., 2010).
Conclusively, G. belina average protein value is higher,
(all calculations based on various sources) for instance
it is approximately 55.41% (based on dry weight) as
compared to current conventional sources from Glycine
max (40.1 - 44.5%), Phaseolus vulgaris (15.1-15.4%),
Archis hypogaea. L. (23.5-26.6%) and Vigna unguiculata
(15.5-15.7%) (all calculations based on dry weight). In
view of the above, G. belina appears to be a potentially
equal protein substitute for proteins when used in FBFs
formulations. Besides having the highest protein value
per hundred gram of dry weight (g/100g), it is also an
animal based nutrition source that can also provide all
the essential proteins and fats that are not supplied by
plants based foods (Capinera, 2004; Johnson, 2010;
Xiaoming et al., 2010) (Ramos-Elorduy, 1997a). Above
all, G. belinais considered as a cheap source of animal
protein containing comparatively higher quantities of
protein, fat, carbohydrate valuable minerals than beef
and chicken (Moreki et al., 2012). On the other hand
G. belina had found to be a key resource to poor
farmers and landless poor people (Gardiner, 2005) who
could exploit it to improve their livelihoods (Styles and
Skinner, 1996; De Foliart, 1997). However, food hygiene
issues and safety are of paramount importance to the
viability of this sector if it is to attain global recognition
(FAO., 2010a. ; FAO/WUR., 2013). Finally, G. belina
utilisation as an alternative protein source in FBFs
formulation is feasible in Zimbabwe, especially when
commercially produced and harvested at large scale
through participation of small holder community
farmers. However, FBFs containing G. belina are not
available and have not been formulated mainly because
of lack of adequate studies on its feasibility
accompanied by absence of process development for
the production of FBFs containing the insect.
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Effects of Compost and Mineral Sulfur Fertilizers
on Phosphorus Desorption at Wujiraba
Watershed, Northwestern Highlands of Ethiopia

Habtamu Admas °, Heluf Gebrekidan °, Bobe Bedadi ® & Enyew Adgo ©

Abstract- Phosphorus fixation is one of the major problems of
crop growth in acidic soils such as Nitisols. It is also one of the
most chronic problems for crop yield decline in Wujiraba
watershed. Therefore, an incubation study was conducted for
two months in pots to investigate the effects of compost and S
fertilizers on P desorption in strongly acid soils with low P
contents. The experimental treatments included three rates of
compost (0, 5 and 10 t compost ha) and S (0, 15 and 30 kg S
ha) fertilizers which were laid down in CRD with three
replications. At the end of the incubation period, the analyzed
data result revealed highly significant (P < 0.001) difference in
available P by interaction effects of compost and S fertilizers
whereby the highest (22.8 mg kg) was recorded in pots
treated with high dose of compost (10 kg compost ha) and nil
S fertilizer rates that increased by 301% relative to the control.
Unlike compost fertilizer, S amendment decreased available P
and increased exchangeable Ac and Al contents of soil.
Therefore, this work indicated a decline in P fixation and
exchangeable Al with application of compost fertilizer which is
a cost effective measure on strongly acid soils with P
deficiency.

Keywords. acidic soil, incubation, nitisols, p deficiency,
p fixation, yield decline.

. INTRODUCTION

oil acidity is the most important factor affecting
plant growth and limiting crop production

(Fageria, 2009; Achieng et al., 2010) due to high
concentration of Al and Mn, and deficiency of P, N, S
and other nutrients (Zdenko, 2003; Wang ef al.,, 2006;
Abreha, 2013). It is common in regions where rainfall is
high enough to leach appreciable amounts of
exchangeable bases from soil surface (Achalu, ef al,
2012). Although acidification is a natural process,
agricultural practices, environmental pollution, nutrient
mining and other human activities have accelerated the
process (Curtin and Syers, 2001).

It is estimated that 28.8% of African continent
has acid surface soils (Eswaran et al., 1997; Hirpa ef al,
2013). Soil acidification affected large areas of Ethiopian
highlands (EATA, 2013) estimating 40% of the total
arable | and of the country (Mesfin, 2007; Hirpa ef a/
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2013). Soil acidity also becomes a serious threat to
areas of the western, southern and central highlands of
Ethiopia (Wassie and Boke, 2009; Abreha, 2013) where
the study area is part of.

Although P is the most abundant elements and
essential for plant growth (Fadly, 2005; Withers and
Jarvie, 2008; Zhuo et al, 2009a), it is one of the least
available plant nutrients in soil (Raghothama and
Karthikeyan, 2005). Available P in soil is very low (<
10%) relative to its total amount (Wang et a/, 2006;
Adem et al., 2009). Most of tropical soils are known to
have low P status as it reacts with Al, Mn and Fe ions
Chandrasekaran et al/ (2010) that hinders crop
production. High P adsorption in acid soils makes crops
to utilize only 10 - 25% of P fertilizer applied (Bahl and
Singh, 1986; Asmare, 2014).

Phosphorus deficiency remains a major
constraint in rain fed upland farming systems (Fairhurst
et al, 1999; Akande ef a/, 2011) despite main crop
production lands. The insolubility of P is due to its affinity
to cations such as Ca®*, Mg?*, Fe*" and A** which are
not amenable to plant uptake (Jose ef al, 2003).
Aluminum toxicity is the most important plant-growth
limiting factors in many acid soils, particularly those with
pH < 5.5 (Kabambe ef a/, 2012) as Al phytotoxicity
results in rapid inhibition of root growth (Zdenko, 2003).

Ethiopian soils, particularly Nitisol, are reported
to have low available P contents (Yihenew, 2002) due to
impacts of P fixation by acidic cations, mining of P by
crop harvest and little P sourced fertilizers application
(Asmare, 2014). The high P adsorbing soils require
massive application of P sourced mineral fertilizers, OM
and sustainable land management practices although
not practiced by most small scale farmers of Ethiopia
due to its high cost, low attention for local amendments
and more emphasis for current food insecurity than
nutrient depletions, respectively.

Although OM improves P availability via orgarﬁé;
humic and fulvic acids (Minggang, et al, 1997;
Gourango, 2007), its application is very low at Wujiraba
watershed. These organic acids are released during OM
decomposition which are responsible in increasing
negative charges (raising pH) on Al and Fe oxide
surfaces and decreasing such metallic ions by
competing for binding sites as well as solublizing P
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mainly by producing CO,and forming H?CO? (Kumari et
al., 2008; Nadar et al., 2008; Paulo et a/., 2008).

Sulfate (SO*) retention is usually accompanied
by a rise in pH of soil solution and improving P
availability by releasing OH groups from the surface
(Couto et al, 1979; Mott, 1981) and increasing the
ability of soils to retain basic cations (Bowden ef ar,
1980). Although some researchers have found that
gypsum increases the leaching of Al, Fe, Mn, it does not
usually change soil acidity; while others reported that it
did not improve the fertility of acid soils (Chalker-Scott’s
web page at http://www.theinformedgardener.com
accessed on 18 February 2013) which is open for
research work.

Soils of Wujiraba watershed are strongly acidic
and P is the most deficient nutrients for crop growth with
low application of P fertilizers and OM. Little research
was done on P fixation problems in the study area. The
effects of compost and S (gypsum) fertilizers on P

kg EHIZSC_’B 3 D;‘;GDEB ar (:596 1 05;3%32

37 106664
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desorption in acidic soils of northwestern highlands
have not also yet been studied. Consequently, studying
P desorption had paramount importance, and therefore,
the objective of this study was to investigate the effects
of compost and S fertilizers on soil P availability in acidic
soils of Wujiraba watershed.

[I.  MATERIALS AND METHODS

a) Description Of The Study Area

The study was conducted at Wujiraba
watershed, located in Chilga District of North Gondar
Zone in the Amhara National Regional State (Figure 1).
The watershed is situated at about 60 km west of
Gondar city and 760 km northwest of Addis Ababa
(capital of Ethiopia). Geographically, the watershed lies

at 12°32' 16"~ 12°35' 20" N latitudes and 37 03' 58'-

37O 06’ 23" E longitudes with an area of 62.68 km2 and
elevations ranging from 1910 and 2267 masl.
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Figure 7 Location map of the study area

Geologically, the study area is covered with
thick trap series of volcanic rocks built-up in mid-Tertiary
flood basalt pile and middle-Tertiary volcanic mountains
of the Miocene and Pliocene—Quaternary basaltic
volcanism. The soils of the study area were developed
from the parent materials of volcanic origin,
predominantly Tertiary basalt (Chorowicz et a/., 1998).

Wuijiraba watershed is characterized by
unimodal rainfall pattern with average annual rainfall of
1237 mm (Figure 2). The annual mean minimum and
maximum temperatures were 136 and 23.7 °C,
respectively. Natural vegetation of Wujiraba watershed is
very low except some trees and grasses on reserved

© 2014 Global Journals Inc. (US)

areas. The trees occurring on slopes, mainly churches,
are remnants of once dense evergreen forest.
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Figure 2 :Mean monthly rainfall and maximum and minimum temperatures of the study area

Economic activities of local community at
Wuijiraba watershed are primarily mixed farming system
(crop production and animal husbandry). In the
watershed, cultivated land accounts for 68.4% while
grazing, settlement and forest together with area closure
lands account 23.5, 5.3 and 2.8%, respectively (Chilga
District Agriculture and Rural Development Office, 2012).
The watershed is suitable for growing large variety of
crops such as cereals, oil seeds, pulses, etc. Crops are
grown in rotation by rain fed system.

b)  Soil Sampling and Analysis

Six kilograms of composite surface (0 - 30 cm
depth) acidic soils were collected from three blocks in
cultivated land of soil group Nitisols (FAO, 2006) based
on slope. Soil samples were collected by augur from
thirteen sub-samples in each block and thoroughly
mixed. Compost was prepared from local raw materials
(clovers, grasses, leaves of trees, ashes, cow dung and
urine, sheep and poultry manure and top soil) which are
decomposable. It was prepared in pits with dimensions
of 1.5 m length, 1.5 m width and 1 m depth and turned
every month. Gypsum was also sieved in 2 mm sieve.

Before incubation study, collected soil and
compost samples were prepared for physicochemical
analyses. Soil and compost were air dried ground and
passed through a 2 mm sieve except for total N and OC
which were passed through 0.5 mm sieve. Analysis of
samples was carried out at Bahir Dar Soil Testing and
Fertility Improvement Laboratory and Amhara Design
and Supervision Works Agency Soil Laboratory Centers
based on their standard procedures.

Soils texture was analyzed by Bouyoucos
hydrometer (Day, 1965). Bulk density was determined
from undisturbed soil samples using core samplers
(Rowell, 1997) while soil p, was measured by
psychnometer method (Barauah and Barthakulh, 1997).
Total porosity was also calculated from values of p,and
p.as: f = (1- 2—?)100.

Soil and compost pH was measured in 1:2.5
soils to KCI solution before incubation (Chopra and
Kanwar, 1976) while after incubation, in suspension of
1:2.5 soils to water ratio. Total N was determined by
micro-Kjedahl method (Jackson, 1958). Cation
exchange capacity and exchangeable Ca, Mg, K and
Na were extracted with 1 M NH,OAc at pH 7 (Okalebo ef
al, 1993). Organic carbon was determined by Walkley
and Black method (Walkley and Black, 1934) while
available P and S were determined by extraction with
Bray Il (Bray and Kurtz, 1945) and Turbidimetric
methods  (Kowalenko, 1985), respectively.  Soil
micronutrients of Fe, Mn, Cu and Zn were measured by
atomic absorption spectrophotometer as described by
Sahlemedhin and Bekele (2000). Exchangeable acidity
was determined by saturating soil samples with 1M KClI
solution and titrated with 0.02 M NaOH as described by
Rowell (1994). From the same extract, exchangeable Al
in soil samples was titrated with standard solution of
0.02 M HCI.
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c) Experimental Design and Procedures for Incubation
Study
Soil incubation study was conducted using
compost and S fertilizers. For this study, composite soil
samples, gypsum and compost were put in plastic pots.
The treatments used were three rates of compost (0, 5

and 10 t compost ha ) and S fertilizer in the form of

gypsum (0, 15 and 30 kg S hafw) that were laid down in

CRD.
The experiment consists of nine treatment

combinations with three replications. Twenty seven
plastic pots were filled with 200 gm acidic soils each
and thoroughly mixed with different compost and S
fertilizer rates. Such soils with compost and gypsum
were incubated for two months (April and May, 2013) at
Gondar Agricultural Research Institute and subjected to
uniform wetting at 60% FC adjusted every two days. Soil
samples were taken at the end of incubation time (two
months after), air dried ground and sieved through 2
mm sieve to determine pH, exchangeable Ac, Al and

available P using the methods described above at Bahir
Dar Soil Testing and Fertility Improvement Laboratory
Center.

q) Statistical Analysis

Data were statistically analyzed as CRD by two
ways analyses of variance using SAS software (SAS,
2002). Means were compared using LSD test by
Fisher's test at 0.05. Correlation analyses were also
carried out.

[11. RESULTS AND DISCUSSION

a) Initial Soil Properties and the Composition of
Compost

The results for soil and compost laboratory
analyses which were done before incubation study were
presented in Tables 1 and 2. Soil was clayey in texture,
moderate in f, very low in pH, low in OC, total N,
available P and S, high in CEC, medium in
exchangeable Ca, Mg and K contents.

Table 7 . Physicochemical properties of the experimental soil before incubation

Parameters Unit Values
Sand 12.34
Texture (%) Silt 27.98
Clay 59.68
P, (@cm ™) 12
ps (g cm ) 2.36
f (%) 47.8
pH/KCI 453
OC (%) 1.6
Total N (%) 0.15
Available P (mg kg-") 4.8
Available S (mg kg-") 29
CEC (cmole+ kg™ 326
Exchangeable Ac (cmol+kg™) 25
Exchangeable Al (cmol+kg™) 1.8
Ca 9.9
Exchangeable bases (cmole+ kg™) Mg 21
K 0.59
Na 0.23
PBS (%) 41.61
Fe 6.8
Available micronutrients (mg kg-') Mn 175
Cu 21
Zn 0.69

In this experiment, laboratory analyses results
for nutrient contents of compost before incubation
revealed that of OC (18.5%), total N (0.83%), available P
(650.7 ppm) and S (17.8 ppm), CEC (94.4 cmolc kg™,
exchangeable Ca (47.1), Mg (26.7), K (2.5) and Na (0.4

© 2014 Global Journals Inc. (US)

cmolc kg') as well as NH," (332.1) and NO, (259.6
ppm) with C: N ratio of 22:1. These nutrients could be
emanated by the activities of microorganisms during the
decomposition of compost.



Table 2 : Laboratory analysis results for nutrient contents of compost before incubation

Compos  pH/ CEC Ca Mg K Na NH,* NO,
t H:O cmolckg OC TN Av.P Av. S cmolckg cmolckg' cmoleg’  cmolckgn Mg kg’ mgkg'
! % % mgkg' mgkg’ ! !
R1 7.2 96.4 19.11 0.81 646.32 175 47.62 26.08 2.54 0.37 312.0 269.6
R2 7.4 92.34 17.87 0.85 655.15 18.09 46.54 27.42 2.38 0.43 352.23 249.6

R1 and R2 = Replication 1 and 2

b) Effects of Compost and Sulfur Fertilizers on Soil pH

Soil pH is the most indicators of soil chemical
properties and P availability. In this experiment, pH was
significantly (P < 0.05) affected by the effects of
compost and S fertilizer interactions (Table 3). The
highest (5.57) pH was recorded in pots treated with 5 t

-1
compost ha and nil S fertilizer rates while lowest (4.6) at

nil compost and high dose of S fertilizers (30 kg S haw).
The experiment showed the increase of soil pH by
compost and decrease by S fertilizer application. In this
experiment, pH was positively correlated (r = 0.34) with
available P but highly significantly (P < 0.001) and
strongly negatively associated (r = -0.67 and -0.68) with
exchangeable Ac and Al, respectively (Table 4).

c) Effects of Compost and Sulfur Fertilizers on
Exchangeable Acidlity and Alurminurm
Exchangeable Ac and Al are the principal soil
chemical properties that hinder crop growth in tropical
soils. There was significant (P < 0.01) difference in
exchangeable Ac by the combined effects of compost
and S fertilizers (Table 3). The highest exchangeable Ac

(2.88 cmol+kg4) was recorded in pots treated with

fertilizer interactions of high dose of S (30 kg S ha 1) and
nil compost rates that showed an increase of 23.6%
compared to the control. Significant (P =< 0.05))
difference was also observed in exchangeable Al by the

interaction effects of compost and S fertilizers (Table 3)

whereby the highest (2.16 cmol+kg ) was observed
again in pots treated with high doses of S Fertilizers (30

-1
kg S ha ) and nil compost fertilizer rates that increased
by 22% relative to the control. Nevertheless, the lowest

exchangeable Al (1.37 omol+kg4) was recorded in pots
treated with high doses of compost fertilizers (10 tons

-1
compost ha ) and nil S fertilizer rates by showing a
decrease of 22.6% relative to the control.

d) Effects of Compost and Sulfur Fertilizers on
Phosphorus Availability

The extent of P desorption varied depending on
the amounts and types of amendments used in
incubation experiment. Available P content was highly
significantly (P < 0.001) affected by compost and S
fertilizer interactions (Table 3). The highest (22.8 ppm)
available P was recorded in pots treated with high dose
of compost (10 t compost ha') and nil rates of S
fertilizers that showed an increase of 301% relative to
the control. The values of available P were increased
with increasing compost but decreased with increasing
S fertilizer rates. This experiment also revealed that the
correlation of available P with exchangeable Ac and Al
was highly significant (P < 0.001) and strongly negative
(r =-0.7 and -0.69), respectively (Table 4).

Table 3 . Interaction effects of compost and S fertilizer on soil pH , exchangeable Ac, Al and available P

Treatment pH/H,O Exchangeable Exchangeable Al Available P (mg kg™
Acidity (cmol+kg™) (cmol+kg™)
C0S0 5.20ab 2.33bcd 1.77bc 570c
C031 4.90bc 2.43abc 1.85abc 575¢c
C0S2 4.60c 2.88a 2.16a 546 ¢
C1S0 557a 2.15bcd 1.56bcd 1294 b
C181 4.87bc 2.41bc 1.82abc 1250 b
C182 537a 2.57ab 1.91ab 12.32b
C250 554 a 1.87d 1.37d 22.80 a
Ca231 4.90bc 1.98cd 1.47cd 21.58 a
Ca2s2 5.41ab 2.00cd 1.54bcd 22.02 a
R? 0.71 0.69 0.66 0.99
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CV (%) 5.23 11.6 12.9 6.14

F_Test * ** * * k)
LSD (0.05) 0.32 0.26 0.38 1.01
Means with the same letter are not significantly different; CO, C1, C2 = 0, 5, 10 t compost ha’ and S0, §1, S2 = 0, 15, 30 kg S
ha’
Table 4 . Pearson’s correlation matrix for various soil pH, available P, exchangeable Ac and Al
pH Av P Ex Ac Ex Al

pH 1.0
Av P 0.34 1.0
Ex Ac -0.67%** -0.7%** 1.0
Ex Al -0.68*** -0.69*** 0.98*** 1.0

***Significant at P = 0.001; ** significant at P = 0.01, * significant at P = 0.05 levels, Av. P = avaijlable P, Ex A c=
exchangeable acidity, Ex Al = exchangeable aluminum
- A" ions. Furthermore, Shainberg et a/. (1989) reported
V. DisCussION that gypsum treatment decreased surface and
Soils of cultivated lands in the study area are Subsurface soils pH from 4.8 to 4.5 and 4.8 to 4.1,
clayey in texture, moderate in f, very low in pH, low in ~ respectively.
OC, total N, available P and high in CEC, medium in Exchangeable Ac and Al were increased with
exchangeable Ca, Mg and K contents and affected by the increase in S fertilizer rates which might be due to
soil acidity and Al toxicity problems. These all might be ~ acidifying effect of S fertilizers by reducing pH value.
due to low OM content, high leaching of basic cations ~However, exchangeable Ac and Al were decreased by
and mining of nutrients, soil erosion as well as acidifying ~ increasing compost fertilizer rates which might be due to
effects of mineral fertilizers. The high clay content of the ~ increase in organic anions, rise in pH and basic cations
soil in this study could increase P fixation due to its high ~ Dy its oxidation. Hue (1992) and Abreha (2013) stated
surface area. Havlin e a/ (1999) reported that P fixation ~ that adsorption of organic anions on hydrous Fe and Al
tends to be more pronounced and ease of P release surfaces, and release of hydroxyl ions from OM increase
tends to be lowest in soils with higher clay content. pH and reduce exchangeable Ac in soil solution. Yang
After the incubation study, soil pH was € a. (2013) also reported that exchangeable Al
increased with increasing compost rate which might be ~ concentration evidently decreased by fulvic acid
due to being as the source of soil microorganisms that ~ Production of compost decomposition. Huck er al.
enabled the liberation of basic cations which substitute ~ (2014) further revealed that reduction in exchangeable
the acid cations (H*, A**, etc). Johannes (2000), Tesfay —Ac and Al partly relates to the increase in soil pH by OM
et al (2006) and Sarwar et al (2010) reported that that precipitate exchangeable and soluble Al as
compost has librated alkaline substances and cations insoluble Al hydroxides, thus reducing concentrations of
such as Ca?*, Mg?*, K* which increase CEC and pH Al in soil solution.
level that counteract soil acidification. Similarly, Erich et In this experiment, available P was increased
al (2002) elucidated that the deprotonation of with increasing compost fertilizer rates. This increase
carboxylate group (COOH), phenolic and alcoholic might be due to P solublizing/mineralizing effect of
hydroxyls (OH) reduce soil acidity. However, Eduardo e¢  Ordanic acids and phosphatase enzymes, shielding of
al. (2013) reported oppositely that different functional ~Compost on P adsorption sites, chelation of Al and Fe
groups, that are part of the soil OM pool can release H*, With complexing agents and its subsequent removal
thereby, creating a more acidic environment. from a soil as well as a rise in soil pH. Erich ef al.
However, pH was decreased with the increase  (2002), Myungsu er al. (2004), Ano and Ubochi, 2007
in S fertilizer rates which might be due to the production ~ and Jen ef al/. (2008) found that application of compost
of sulfuric acid (H,SO,) by the activity of thiobacillus ~ ¢an enhance the availability of soil P and even fixed P
bacteria that release H* ions. Al-Oud (2011) reported ~Can be made available to plants after solubilization by
that S plays an important role in reducing soil pH soil microorganisms bsides complexation of soluble Al
through its transformation to sulfuric acid by S oxidizing ~and Fe by organic molecules. Phosphorus solubilizing
| bacteria. Shainberg et a/. (1989) and Skwierawska et a/.  Pacteria and fungi can increase soil P availapillity by acid
(2008) also noted that high content of S in the soil Phosphatase enzyme that affects P acquisition and P
causes soil acidificaton and gypsum treatment Use efficiency in plants (Song and kaeppler, 2001; Petra
decreased soil pH from 4.8 to 4.5 due to Ca2* ions e al, 2007; Adem et a/, 2009. Similarly, Al-Oud (2011)

dissolution from gypsum and replacement by H* and and Carine et al. (2006) reported that compost
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amendments enriched with microorganisms have the
ability to increase OC, N and S nutrients. Sharif et a/.
(2010) also stated that humic acid is produced through
decay/oxidation of OM by microbial action that can
break Fe or Al bond P in acidic soil and release P in soil
solution. Besides, Gaard (1996) and Geissen and
Guzman (2006) revealed that especially in tropical
countries where P is strongly adsorbed by Fe and Al
oxides, increase in OM leads to P mobilization and
reduction in its adsorption.

Nevertheless, available P was decreased with
increasing S fertilizer rates which might be due to
liberation of sulfuric acid. Simon (2002) and Brauer, ef
al. (2005) in their incubation studies reported that
gypsum in soils made P less available by tying it up as
insoluble Ca phosphates, and heavy gypsum
application can even tie up it more. However, opposite
results were reported by Taalab ef a/. (2008) in Nubaria-
Egypt on P availability who stated that extractable P was
significantly increased when various P sources were
combined with S fertilizer.

V. (CONCLUSIONS

Application of compost fertilizer increased while
S decreased pH and P availability in acidic soils.
Although exchangeable Ac and Al were decreased with
increasing compost rate, they were increased with
increasing S fertilizers. Large application of compost
fertilizer could alleviate the problem of P fixation but S
rather exacerbated its adsorption. The increase in P
desorption with increasing compost rate could be the
result of its capacity in raising soil pH, chelating on Al
and Fe as well as solublizing/mineralizing by organic
acids which made it an alternative input for acid soil
management. Thus, application of high OM such as
compost could significantly increase while S fertilizers
decrease P desorption in acidic soils. Hence, regular
application of compost or other alternative sources of
OM to small holder farms in the highlands of Ethiopia
(affected by soil acidity) could result in improving P
availability while S fertilizers aggravate P fixation.
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The Ability of Sludge from Wastewater
Treatment Systems of Paper Plant to Improve
Soil Fertility and Crop Growth

Nguyen Xuan Cu

Abstract- In Vietnam, the sludge from wastewater treatment
systems in general and from the paper mill in particular is quite
large. Particularly, an estimated 14,500 tons of sludge are
generated annually from only the paper industry. However, at
present mainly these sludge are applied forms of burial in
landfills. It has caused difficulties for the construction of the
landfill and waste of resources. Therefore, this study aims to
investigate the possibility of using sludge as fertilizer to soil
and crop improvement, and contribute to environmental
protection.

The results show that sludge from wastewater
treatment systems of paper plant has high organic matter
content (28.76% of organic C), rich in N (1.07%) and other
nutrients such as P, Ca, Mg that should be used as fertilizer to
improvement of soil fertility, and contribute increasing crop
production. In this research, the sludge has a positive impact
on soil properties, especially contributed significantly improve
the amount of available nitrogen and soil humus. The high
sludge applied generally produced greater biomass and crop
yields. It is recommended that application of 10; 20 and 30
tons of sludge per ha have increased the pod yields of
peanuts by 128; 144 and 155% compared to the control
without application of sludge.

Keywords: sludge of paper plant, soil fertility, crop
improvernent.

. [NTRODUCTION

ludge means materials in the form of slurry formed

from wastewater treatment systems of paper plant

are usually natural dry and burial in the landfill as
solid waste. Due containing multiple organisms
identified to participate in the process of decomposition
of organic matter in the wastewater treatment systems,
the sludge from the paper plants also called biosolids.
Worldwide annual sludge is huge. For example in Texas,
there is about 650 thousand tons of dry sludge was
brought for burial in landfills. This is wasteful and costly
expenses for the construction of the landfill (Texas

Environmental profile, 2009).
In recent years, the use of sludge from paper

mills to improve soil was also noted studies, it is likely to
supply organic matter and mineral nutrients for crops. In
the US, every year there are 5-6 million tons of this type
of sludge is removed from the wastewater treatment

plants, of which about 60% is used for fertilizing soil in

Author: Department of Pedology and Soil Environment, VNU-University
of Science; Nguyen Trai, Hanoi, Vietnam. e-mail: cunx@vnu.eau.vn

farms and golf courts. This solution is considered to be
effective in both economic and environment, and is
much better than bringing to the landfill. Scientists in
Ontario (Canada) has carried out experiments to
evaluate the use of paper mill sludge applied to
agricultural land (Industry and Environment office, 1981).
The results of the experiments showed that sludge has
the effect of increasing growths and yields of various
crops (Bellamy et al., 1995; Harrison et al., 2014),

However, because the sludge usually contains
a lot of heavy metals, thus ensuring that the use of
sewage sludge applied to soils also needs to be tightly
controlled. Some studies in US indicated that if applied
at high volume 50 tons/acre would be harmful to plants
(US-Environmental Protection Agency, 1979).

In Vietnam, the sludge from the wastewater
treatment systems in general and from the paper plants
in particular are quite large. Particularly, an estimated
14,500 tons of sludge are generated annually from only
the paper industry. However, at present mainly these
sludge are applied forms of burial. It has caused
difficulties for the construction of the landfill and waste
of resources. Therefore, studying the effects sludge as
fertilizer to soil properties and crop production are
important and contribute to environmental protection.
For these, the study aims to evaluate the effects of
applying sludge from waste water treatment systems of
paper plant to humus accumulation in soil and crop
yields of peanuts. Field experiments were carried out on
hilly land in Phu Tho Province, Vietnam.

1. MATERIALS AND METHODS

Field experiments were arranged on the hillside
(Acrisols) growing peanuts in Phu Tho province. Phu
Tho located in the Northern midlands of Vietnam, with a
tropical monsoon climate. The average temperatures is
about 22,5°C (the lowest and highest of 6°C and 39°C).
The average annual rainfall of 1724 mm (the lowest and
highest of 1241mm and 2185mm). However
approximately 70% of annual rainfall happened in rainy
season during April to October.

Originally sludge taken from the wastewater
treatment systems of Bai Bang paper mill, Phong Chau
district, Phu Tho province used to fertilize the soil
growing peanuts (Arachis hypogaea L.). Peanut is a
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food plant with rich in energy and nutrients and have
important economic implications in the midlands of
Vietnam.

The purpose of the experiment was to study the
effects of sludge applied to soil properties and yield of
crops. The experiment included four treatments is a
randomized block design, and repeated three times.
These including the control without sludge applied
(Trt.1), and other three treatments corresponding to the
amount of sludge applied 10 tons (Trt.2), 20 tons (Trt.3)
and 30 tons (Trt.4) per ha. The area of each plot is 20m?
and the background of 200 kg/ha of mixture NPK
fertilizer (5:10:3) based on the average amount of local
people applying to the crop. Peanuts are sown
immediately after tillage and sludge applied during the
rainy season.

The plant and soil samples were taken before
treatment and periodically at 30 days, 60 days, 90 days
and 110 days (before harvest time) after seeds sowing.
Mixture soil samples were taken at the surface layer of
0-20cm, and the data of plants samples were
determined based on 5 plants randomly chosen in each
treatment.

[11. RESULTS AND DisCUSSION

a) Some properties of sludge and soil research
Some properties of soil and sludge used in the
experiment are shown in Table 1. Overall the soil fertility

is very poor in plant nutrients. While the amount of these
in the sludge are much higher, especially organic matter
and nitrogen, calcium and magnesium. These are
important factors that affect the soil properties and plant
nutrition.

The data in Table 1 shows the sludge has pH
value of 10.8 and exchangeable Ca®" of 7.54 Cmol/kg,
and exchangeable Mg?* of 10.2 Cmol/kg that are much
higher than in the soil. Therefore, the amendment of
sludge will be a measure needed to supplement Ca and
Mg to soail, renovating the acidity, reduce the toxicity of
AIP* and enhance the activities of soil microorganisms.

Soil acidity is an important factor of soil fertility.
It affects the physical, chemical, and biological
processes in soil and also affect plant growth
(Chantigny, 2003). Because of low pH values in this sail,
the application of sludge to reduce soil acidity is the
significant, especially in the case of peanuts.

In term of nitrogen, the data in Table 1 also
shows higher nitrogen content of the sludge of 1.07%
while the nitrogen content in soil only 0.09%. Thus, it can
be calculated the total nitrogen content in sludge close
to 12 times higher than in the studied soil. Similarly, total
phosphorous content in sludge is 6 times higher than in
the soil. So the sludge from wastewater of paper plant
really is additional source of nitrogen and phosphorus to
the soil and plant nutrition.

Table 7. The properties of studied soil and sludge samples

Total content (%) Humus acids (% of total C) Ch/C
Sample | pH C N CN | P,Os | KO | Humic | Fulvic Total
Sludge 10.8 28.76 1.07 27/1 | 066 | 0.12 29.03 25.67 54.7 113
Soil 5.1 1.21 0.09 13/1 | 011 | 0.15 17.10 21.92 344 0.78

One of the most advantages of sludge is very
high in organic matter and humus acids (humic and
fulvic acids) as well. The content of total C accounted for
28.76%, more than 23 times higher than in the solil
research. Moreover, the sludge also has high ratio of
C/N (27/1) compared with low ration of C/N in soils
(13/1). So the addition of sludge will be of great effects
to adjust the ratio C/N in the sail.

From the results presented above it can be say
that sludge considered a good material with high
potential to improve soil and provide nutrient elements
for plants. The use of sludge as fertilizer with adequate
levels will have a positive impact on the physical,
chemical and biological properties of soil. So the sludge
can be applied for soil and crop improvement, and
contribute minimizing environmental pollution.

However, at present in Vietnam, sludge from all
waste water treatments always considered as hazard
wastes. But from the date in Table 1 shows the contents

© 2014 Global Journals Inc. (US)

of heavy metals in low concentration: 14.57 ppm As;
0.11 ppm Cd; 22.11 ppm Pb; 16.25 ppm Cu; 131.55
ppm Zn; 178.55 ppm Mn and 0.19 ppm Hg. Therefore,
the use of the sludge as fertilizer to soil may have no
negative impact on soil environment. Moreover, they
also have some additional trace elements needed for
plant nutrition.

b) Effect of sludge applied to soil properties

The results of soil organic matter in soil are
shown in Table 2. Due to sludge contains high organic
matter so the sludge has an important role to improve
the soil organic matter. From this experiment, after 30
days of application, the levels of total of soil organic
carbon (SOC) has increased from 1.21% in the origin
soil up to 1.25%, 1.44%, 1.67% and 1.91%
corresponding to application of 0 tons, 10 tons, 20 tons
and 30 tons of sludge/ha.



Table 2 . Effect of sludge to SOC in the experiment

Treatment After 30 days After 60 days After 90 days After 110 days
TrtA 1.25 1.48 1.48 1.51
Trt.2 1.44 1.60 1.55 1.67
Trt.3 1.67 1.77 1.97 1.99
Trt.4 1.91 1.98 1.99 2.02

The SOC increases rapidly when increasing
amounts of sludge fertilizer at all time research. Buts at
each level of sludge applied, SOC increase faster during
90 days of sludge applied, and then tend to rise more
slowly. The reason can be explained by the increase
quickly in  biomass of peanut roots and soil
microorganisms in the early stages and then being more
and less stable during the late stages of growing
season. Moreover, due to high C/N ratio in sludge (27/1)
this changes the ratio of C/N in soil to favor humus
accumulation in soil.

Along with the enhanced levels of organic
matter, the applied sludge has an important role to
improve the quality of soil humus. That means the total
content of humic and fulvic acids in the soil has
increased rapidly in all the treatments with sludge
fertilizer over time. At 110 days of the experiment, the
total humus acids in SOC increased from 47.43% in no
sludge applied to 58.04%, 70.13% and 72.68%
corresponds to the amount of sludge increased to 10
tones, 20 tones and 30 tones per ha (Table 3).

Table 3 . Effect of sludge to soil humus

Treatment After 30 days After 60 days After 90 days After 110 days
% SOC Ch/Cf % SOC Ch/Cf % SOC Ch/Cf % SOC Ch/Cf

TrtA 39,02 0,78 43,13 0,81 44,48 0,76 47,43 0,79

Trt.2 46,15 0,67 48,71 0,89 52,02 0,82 58,04 0,86

Trt.3 53,40 0,76 54,50 0,92 61,17 0,84 70,13 0,92

Trt.4 55,85 0,84 56,69 0,94 69,32 0,96 72,68 0,97

The data in table 3 also show that the sludge
fertilizer not only increases SOC but also improve the
quality of soil humus. Although the proportion of humic
and fulvic acids indicated the sludge has created
favorable conditions for the formation of humic acid.
But, low ratios of humic acids/fulvic acids (Ch/Cf) in all
the treatments demonstrate the rate of humic acid
accumulation is slower than the rate of fulvic acid
accumulation. This result is consistent with previous
studies on the composition of soil humus in Vietham by
Nguyen Xuan Cu. It is concluded that the fulvic acids are
predominant than humic acid in most of soil types in
Vietnam (Nguyen Xuan Cu, 2005).

c) Effect of sludge applied to crop growth

- Effect of sludge applied to the height of
peanut plant in the experirments

The results show different effects of sludge
applied to plant growth depending to the rate of sludge
applied (Table 4). In general, the height of peanut plants
in all treatment grow rapidly over time.

After 60 days sowing, plant heights range about
7.2 - 8.3cm and increase more than 3 times at 90 days.
The highest value of plant height is observed at 110
days after sowing, range about 41.3 - 46.7cm. At this
time, the difference on the plant height of peanuts
between levels of sludge applied are also more
significant.

Table 4 : The growth of peanuts in the experiment

Plant height Plant biomass .
. Pods yield
Treatment (cm) (quintal/ha)
60 days | 90days | 110days | 60days | 90days | 110days | pods/plant quintal/ha
Trt. 1 7.2 26.7 41.3 1.76 22.00 68.50 12 40.0
Trt.2 7.7 27.7 43.7 2.62 23.50 78.00 13 51.0
Trt.3 8.1 28.6 44.0 2.86 27.00 84.00 14 57.5
Trt.4 8.3 29.3 46.7 3.27 29.00 97.50 16 62.0

© 2014 Global Journals Inc. (US)

Global Journal of Science Frontier Research ( D) Volume XIV Issue X Version I E Year 2014



Global Journal of Science Frontier Research ( D) Volume XIV Issue X Version I E Year 2014

- Effect of sludge applied to plant biomass

Compared with the height of plants, the effect of
sludge to biomass is more clearly. The biomass
increase with increasing the amounts of sludge applied
in all treatments and all observation time, especially
during the first 60 days of growth. At 60 days, the
biomass in the treatment applied 30 tons of sludge/ha
(Trt.4) increase form 1.76 to 3.27 quintal/ha, increased
1.86 times, compared with the control (Trt.1). While this
rate is only 1.32 times at 90 days and 1.42 times at 110
days after sowing.

Along with increasing plant height, the plant
biomass are accumulated over time, most evident is the
time at 60 days after sowing. The deference here is that
the plant height tends to rise slowly while biomass of
peanuts tend to rise faster after 2 months from sowing.
At 110 days, the biomass increased more than 3 times
compared to 90 days, and ranging between 68.5 — 97.5
quintal/ha. Thus it can be said that the sludge applied
has a positive effect stimulates the growth of peanuts
and significantly increase plant biomass.

- Effect of sludge applied to pod yields in the experiment

As mentioned above, sludge has good effects
on soil properties, promoting the growth and
productivity of peanuts. The results in Table 4 show the
pod yields are positively correlated with the amount of
sludge applied to soils. The observation on plant growth
in the treatments with sludge applied also recognized
the root systems of peanuts is better to form nodules,
flowering and fruit setting rate.

The average number of pods per plant has
increased from 12 to 13; 14 and 16 pods per plant when
the amounts of sludge increased from 0 to 10; 20 and
30 tons per ha. Similarly, pods yield increased from 40
to 51; 57.5 and 62 quintal/ha, accounted increasing
respectively 128; 144 and 155% compared to control.

In brief, the results presented above clearly
show the positive effects of sludge from paper plants to
soil and crop improvement, and contributing to protect
the environment.

[V. CONCLUSIONS

Sludge from wastewater treatment systems in
Bai Bang paper plant has high organic matter content
(28.76% of organic C), rich in N (1.07%) and other
nutrients such as P, Ca, Mg that should be used as
fertilizer to improve soil and crop production.

Sludge have a positive impact on sail
properties, increase the amount of available nitrogen in
the sail, especially significantly improve the quality and
content of soil humus. Plants grown and develop better
in sludge applied soil, and give higher Yyields.
Specifically, with the amount of sludge applied 10; 20
and 30 tons per ha increased the pod yields of peanuts
by 128; 144 and 155% compared to control without
application of sludge.
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Absiract- The study was conducted to know the breeding
performance of two strains (YY and XY male tilapia) of
Oreochromis niloticus in Bismillah Agro production hatchery of
Noakhali Sadar in Noakhali district, Bangladesh from May to
August, 2012.The length, weight of the brood fishes and
gonad weight, fecundity, egg fertilization rate, hatching rate, fry
survival rate and larval growth in both strains were assessed.
YY male showed the highest length and weight during three
stocking months. Average fertilization rate and hatching rate
were higher in YY male derived than that of XY male derived
egg. Higher average larval survival rate and larval growth was
observed in YY male derived progeny than that of XY male
derived. Production of male population was higher in YY male
than XY male tilapia. The result of the present study concluded
that YY male tilapia outperformed than XY male in all cases of
breeding performance.

Keywords: Oreochromis nifoticus, yy male, xy male,
breeding performance.

I. INTRODUCTION

he Nile tilapia, Oreochromis niloticus (Linnaeus) is
Twidely cultured species in many tropical and

subtropical countries of the world (Lin et a/., 2008;
Authman et a/,, 2009).1t is currently ranked second only
to carps in global production and is likely to be the most
important cultured fish in the 21st century (Ridha, 2006).
It is one of the popular and commercial species which
fulfills the animal protein demand of people where wild
capture fisheries are being depleted because of their
faster growth rate, tolerance to harsh environment, ease
of breeding and culture technique (Mandal et a/., 2009;
Palipoch ef a/, 2011). Major problems in tilapia culture
arethe reduction of growth rates of females due to their
early sexual maturity that diverts energy from growth to
reproduction and the excessive reproduction that leads
to various sizes of small fish production and
overcrowding condition (Leveque, 2002; Chakraborty
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et al, 2011). The most effective solution to this problem
is to produce, grow and culture all-male tilapia because
males grow significantly faster, larger and more uniform
in size than females (Bwanika ef a/, 2007). In 1994
Bangladesh Fisheries Research Institute (BFRI)
imported GIFT (Genetically Improved Farmed Tilapia)
Tilapia for research of genetic improvement by a project
of World Fish Center. Nowadays all progressive farmers
are used to prefer GIFT culture compared to Indian
major carps for more profit. Another alternative is GMT
(Genetically male tilapia) which is useful and
advantages over GIFT due to its fertility and ability to
produce all males resulting great potential of growth.
This genetic technology for producing all- or nearly all-
male progeny in the Nile tilapia is known as the "YY male
technology" and the producing YY male progeny are
known as "super males" (Mair ef al/, 1997). Thus, the
main objective of this study was to find out more
desirable and profitable strain between two different
strains of (XY Male and YY Male) of Nile Tilapia
(Oreochromis niloticus) by comparing their breeding
performance.

[I.  MATERIALS AND METHODS

Two different strains of tilapia such as: SRT (Sex
Reversed Tilapia) and GMT (Genetically Male tilapia)
were selected for the experiment.

a) Experimental site and species

The study was conducted in Bismillah Agro
production hatchery of NoakhaliSadar in Noakhali
district, Bangladesh (Fig. 1). Two different strains of
tilapia — GIFT (Genetically Improved Farmed Tilapia) and
GMT (Genetically Male tilapia) were experimental
species. The fish under study have following genomes:
XX females, XY males; and YY super males. In this
study, the breeding of YY supermale and BFRI XY male
were occurred with BFRI XX females separately in
Bismillah Agro production hatchery.

b) Collection of brood fish

The YY supermale was collected from Philippine
and GIFT brood fishes were collected from BFRI,
Mymensing. The average arrival size of imported 50 fry
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of YY male was 11mm (0.1 g) which were reared for 3.5
months uptoattaining 200-250g as average size.The
average arrival size of BFRI XY and XX tilapias were
22mm and 3 g which were reared for 3 months upto
attaininganaverage size of 120 g.Six Experimental
hapaswhich were similar in shape and size, with an area
of 5m x 6m x 2 m hapasof 1.5-mm mesh size were used
for stocking of the three strains.

c) Stocking of brood fish in experimental hapas
Amongtotal 252 broods, 42 were YY supermale,
42 were GIFT XY male and the rest 168 were GIFT XX
female broods and the stocking ratio was 1:2 (male:
female). In this study two treatments were T1 (XY male)
and T2 (YY male) and each had three replicates (Table

1).

Table 1. Experimental setup

Treatment Replication Number of Sexes Stocking density
Category Tank
T1(XY Male) R1 Tank 1 XX/XY 36
R2 Tank 2 XX/IXY 36
R3 Tank 3 XX/IXY 36
T2(YY Male) R1 Tank 4 XX/YY 36
R2 Tank 5 XXNYY 36
R3 Tank 6 XXNYY 36

Figure 7 Image from Google Earth showing the location of Bismillah Agro production Hatchery

a) Brood stock test stuady

Comparative study was conducted to assess
the maturation time of XX female broods. 30 GIFT
females crossed by two types of male brood (XY male
and YY male) were randomly selected for gonad weight
test. The each sample was dissected after applying
anesthetics and gonads from each sample were wiped
out intact. Only the mature ovaries were selected for
weight test. The mature ovaries were weighed by a
sensitive electrical balance.

e) Fecundity test Study

Fecundity is the egg producing capability of the
female fish. Fecundity is calculated by actual counting
and volumetric methods. For fecundity estimation,
Gonads were collected by cutting the abdomen of

female fish. These gonads were placed in the 10%
formalin solution, which helped to harden the eggs. As a
result eggs were separated and were counted.

7 Comparative eqq fertilization rate

Comparativeegg fertilization rate was found by
counting the viable eggs. 30 GIFT femaleswere
randomly selected from each treatment. Fertilized eggs
were collected from the mouth of the sampled females.
For calculating percent fertilization, eggs were carefully
taken on a petridish containing water and the number of
fertilized and unfertilized eggs were counted under a
binocular microscope (x 10) (Adebayo, 2006).Ratio of
the average collected eggs and eggs present in the
gonad represent the egg fertilization rate.

Fertilization Rate = (Number of fertilized eggs / Total number of eggs counted) x 100

g) Comparative hatching rate
Adult female mouths were checked for eggs
every seven days. The fertilized eggs were collected

© 2014 Global Journals Inc. (US)

from the female mouths and kept in the incubation jars
for hatching. Hatching period was 65-72 hours. About
10000 eggs were placed in each hatching tray. After



hatching, the number of hatchlings within each batch
was carefully counted and the hatching rate was

calculated using the following equation according
Adebayo (2006).

Hatching Rate = (Number of eggs hatched / Total number of eggs in a batch) x 100

h) Comparalive larval survival rate study
The hatchlings from two different strains of
tilapia were kept in six different nursery hapas and were

observed for 21 days to count the larval survival rate.
Survival rate was estimated by following equation
(Adebayo, 2006).

Survival Rate = (Number of hatchlings alive upto larvae stage / Total number of hatchings) x 100

/) Comparative larval growth observation

Larval growth was observed for 28 days in order
to measure the length and weight. 30 different larvae
were randomly sampled from each treatment.

) Sex determination study

Finally the rate of male obtained from these
comparative treatments and replications were observed.
This determination was done by using two techniques:

Aceto-carmine technique: Microscopic examination on
the gonads was performed by staining the gonad of the
fish. 30 females were randomly sampled and sacrificed
for collecting gonad. Collected gonads were mounted
on a glass slide and few drops of aceto-carmine stain
are added.

The gonad mounts are examined under a
compound microscope. The male gonad is composed
of fine granular like structure of spermatogonia and the

sorted out by finding a single opening where the female
was sorted by finding two separate openings. The

accuracy of this method ranges from 80% to 90%
(Penman and McAndrew, 2000).

I1I.  RESULTS AND DISCUSSION

a) Average Total length observation

Average total lengthwas measured by using
scale and gauge. The highest average length was found
in YY male than XY male and XX female at three months-
May (22.1+2.60 cm), June (23.5+3.18 cm) and July
(25.6+0.322 cm) (Fig. 2). It was found from three
different replications for each month that the total length
were increased with the time (from May to July,
2012).The highest length of YY male, XY male and XX
female were found in July (25.6+0.322 cm, 25.4+0.73
cm and 23.7+2.63 cm respectively) and lowest in May

female is characterized with the structure of circular 52?'1;05'(;?) cm, 185+036 cm and 17.8x1.45
oogonia. The technique proved to be efficient. pectively).
Manual sexing. This technique is based on the number
of opening in the urinogenital papillae. The male were
30
25
T 20
.‘:.;“ 15 ——XY
= 10 == XX
5 @YY
o _
May June July
Months

Figure 2 :Monthly variation in length of XX, XY and YY tilapia

Legend to Figure 2 : The highest average length
was found in YY male than XY male and XX female
during whole rearing periods (from May to July).

b) Average welght observation

Average total weightwas measured by using
electrical balance. The highest average weight was
found in YY male than XY male and XX female at three
months-May (105.7 g), June (115.4 g) and July (129.6 Q)
(Fig. 3). As like as the length, the total weight of these

fishes were increased with the time (from May to July,
2012).The highest weight of YY male, XY male and XX
female were found in July (129.6 g, 110.2 gand 1154 ¢
respectively) and lowest in May (105.7 g, 75.2 g and
70.3 g respectively). Khan et al. (2014) reported that
mono sex (YY) group achieved significantly higher
weight gain and length than mixed-sex (XX/XY) strain of
tilapia under both treatments 35% and 40% CP level.
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Figure 3 - Monthly variation in weight of XX, XY and YY tilapia

Legend to Figure 3: The highest average weight
was found in YY male than XY male and XX female
during whole rearing periods (from May to July).

c) Gonad weight and fecundity in GIFT fermale
Approximately, 752.7 eggs were counted when
the gonad weight was 3.45 gram in average from the R1
replication. During the R2 replication approximately
769.8 eggs were counted and the gonad weight was
3.57 in average. In R3 replication the average numbers
of eggs were 801.7 and the gonad weight was 3.61
gram in average (Table 2). It was found that the

fecundity of XX female increases with the increasing
weight of the gonad. Highest eggs production was seen
during July with the higher weight of the gonads.
Velasco (2003) reported that the fecundity fluctuates
widely from a few hundred to several thousand eggs,
depending on the size and age of the female. It is
reported that as the weight of GIFT strain
Oreochromisniloticus increases to a range of 180-498 g,
the number of eggs decreases. It means that absolute
fecundity in this species is inversely correlated with the
weight of sexually mature females.

Table 2 . Relationship between gonad weight and fecundity in GIFT tilapia

No. R1 R2 R3
Gonad weight Number Gonad weight Number Gonad weight Number of
)] of eggs )] of eggs )] €9gs
1. 3.25 735 3.48 791 3.45 775
2. 3.75 810 3.25 718 3.39 759
3. 3.15 710 3.09 675 3.54 785
4. 3.38 723 3.20 712 3.48 754
5. 3.50 794 3.78 823 3.75 851
6. 3.98 834 3.53 797 3.68 791
7. 3.91 825 3.42 784 3.78 868
8. 3.34 710 4.03 820 3.43 765
9. 3.05 685 3.99 798 3.52 791
10. 3.18 701 3.93 780 412 878
Average 3.45 752.7 3.57 769.8 3.61 801.7

d) Comparative eqq fertilization rate observation

The higher average egg fertilization rate (83%)
was found in YY crossed GIFT tilapia. On the other
hand, the average estimated egg fertilization rate in XY
crossed GIFT tilapia was 77% (Table 3). According to
Dey (2000), the GIFT strain showed about 15 - 25%
higher vyield than the genetically superior existing
strains introduced in 1978 and 1988, the hybrid strain
of China, and the Chitralada strain of Thailand
respectively.
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Table 3 : Comparative egg fertilization rate in GIFT tilapia crossed by XY male and YY male

Treatment Category R1 R2 R3 Average
T1 (XY male) 78% 75% 77% 77%
T2 (YY male) 82% 81% 85% 83%

e) Comparative haltching rate observation

The higher averagehatching rate was found in
eggs of YY male crossed GIFT tilapia (47.66%)than XY
male crossed GIFT tilapia (46%)(Table 4).Edwin and
Ronald (1988) suggested that greater mechanical stress
on the egg membrane may result in premature hatching.
Therefore, it seems possible that the observed egg
mortality was likely to have been associated with
mechanical injuries making the eggs susceptible to
bacterial or fungal infection. One of the main
advantages which artificial incubation offers is the

possibility of reducing egg losses compared with
maternal incubation (Shamsuddinet al., 2012). However,
in nature, oral incubation is a gentle and delicate
process. Eventually, in this study, the eggs were kept in
continuous circulation in artificial incubation. Although
the incubators provide a somewhat smooth and gentle
surface, this agitation could cause mechanical stress on
the eggs which could result in physical damage to the
eggs. Hatching jar was used for the hatching of the

eggs.

Table 4 : Comparative hatching rate in GIFT tilapia crossed by XY male and YY male

Treatment Replication Number of Hatchedegg  Hatching Average
fertilized eggs rate Hatching rate

T1 (XY male) R1 20350 9768 48%

R2 21211 9548 45% 46%

R3 22127 9957 45%
T2 (YY male) R1 22800 10944 48%

R2 23666 10649 45% 47.66%

R3 24100 11568 48%

7)) Comparative larval survival rate observation

The higher averagelarval survival rate was found
in YY male derived larva (85%) rather than XY male
derived larva (72.3%) tilapia (Table 5).

Table 5 . Comparative larval survival rate in GIFT tilapia crossed by XY male and YY male

Treatment Replication = Hatchedegg  Survived larva up Survival Average
to 21 days rate Survival rate

T1 (XY male) R1 9768 7326 75%

R2 9548 6684 70% 72.3%

R3 9957 7169 72%
T2 (YY male) R1 10944 9302 85%

R2 10649 9318 87.5% 85%

R3 11568 9486 82%

g) Comparative larval growth observation

It was found the growth of YY male derived
larvae were higher than XY male derived larvae. The
average length of YY male derived larvae in 3rd, 15th
and 28th days were 1.4, 3.69 and 11.6 mm respectively
which were higher than XY male derived larvae (1.033,
3.01 and 9.7 mm respectively) (Fig. 4). The average
weight of YY male derived larvae in 3rd, 15th and 28th
days were 0.0126, 0.53 and 1.03 g respectively which
were higher than XY male derived larvae (0.0116,
0.327and 0.59 g respectively) (Fig. 5).
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Figure 4 : Comparative length rate of XY and YY male derived larvae

Legend to Figure 4. The average length of YY
male derived larvae in 3rd, 15th and 28th days were
higher than the length of XY male derived larvae.

1.2

1 4

o
o

0.6 o

Weight (g)

3 15

Days

3 @l lBrvas

={==YY male larvae

28

Figure 5 - Comparative weight rate of XY and YY male derived larvae

Legend to Figure 5. The average weight of YY
male derived larvae in 3rd, 15th and 28th days were
higher than the weight of XY male derived larvae.

h) Percent (%) of male tilapia

Aceto-carmine squash method was used to
carry the sex determination study along with manual
sexing technique. In the present study, 100% male
population was obtained from the YY male crossed GIFT
tilapia whereas only 50% male population was obtained
from the XY male crossed GIFT tilapia.

[V. CONCLUSION

Farming of the tilapia has a great potential in
Bangladesh and it will be a prime culture species in the
near future for freshwater and brackish water
ecosystems. The way tilapia aquaculture is expanding at
small, medium to commercial scale; it will not be long
before the tilapia contributes to the bulk of aquaculture
production. It will also be a major source of
employment. It can be confidently said that in the near
future Bangladesh will be one of the leading countries in
Asia in tilapia production.

© 2014 Global Journals Inc. (US)
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Effects of Water Stress on Morpho-Phenological
Changes in Wheat Genotypes

Md. Mahfuz Bazzaz *, Abullah-Al-Mahmud ° & Md. Shawquat Ali Khan ?

Absiract- The experiment was conducted with eleven wheat
genotyps at the research field of Agronomy Department of the
Bangabandhu Sheikh Mujibur Rahman Agricultural University
from November 2011 to March 2012 to know the morpho-
phenological changes in wheat and to identify water stress
tolerant wheat genotypes. The experiment was carried out in a
split-plot design comprising two water regimes in main plot
and eleven wheat genotypes (BARI Wheat 25, BARI Wheat 26,
Sourav, BAW 1157, BAW 1158, BAW 1159, BAW 1161, BAW
1165, BAW 1167, BAW 1169 and BAW 1170) were placed
randomly in sub-plot with three replications. Water deficit
condition caused an overall reduction in morphological and
phenological attributes. The maximum reduction in plant
height, peduncle length, flag leaf length and flag leaf area was
by 25, 39, 27 and 57% in the genotypes BAW 1167, BAW
1167, BAW 1157 and BAW 1170, respectively under water
deficit condition. The highest reduction in root volume and root
dry weight was recorded in the genotype BAW 1167, while the
lowest in BARI Wheat 26 and BAW 1169. The highest decrease
in days to heading, days to physiological maturity and grain
filling duration was noted in BAW 1167 and the lowest in BAW
1169, Sourav and BARI Wheat 26. The maximum number of
days for grain filling was recorded in the genotype BARI Wheat
26, Sourav and BAW 1169, while the minimum in BAW 1167.
From this experiment, it was concluded that the genotypes
BARI Wheat 26 and BAW 1169 are water deficit tolerant and
BAW 1167 is susceptible.

Keywords: wheat genolypes,
changes, water stress.

morpho-phenological

L. [NTRODUCTION

heat, next to rice is the staple food of the
Wpeople in Bangladesh grown over an area of

3.74 million hectare with an annual production
of about 1 million metric tons with an average of 2.60 t
ha™ (Anonymous, 2011). This production is less than
that of other countries because about one third of the
total area under wheat in Bangladesh falls in the rainfed
regions where water stress can limit plant growth and
productivity either because of unexpected dry periods or
due to very low or no rainfall (Khaliq et a/., 1999). Every
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year Bangladesh experiences a dry period of seven
months from November to May when rainfall is normally
low. During this period about 2.7 million hectares of land
in Bangladesh is vulnerable to annual drought. Water
having paramount importance in the plants, is
essentially required at every stages of plant growth from
seed germination to plant maturation. Crop plants
require adequate water to grow at an optimum rate.
Cultivated crops can'’t show its full genetic potential for
yield due to certain environmental limitations especially
water stress.

Water deficit inhibits cell enlargement more than
cell division and reduces plant growth. Drought reduces
leaf expansion (Alves and Setter, 2004), accelerates leaf
senescence (de Souza et al,, 1997) and leads to death
of leaf tissue. Water deficit may influence the phenology
of the plant, for instance, it may push forward the
flowering in wheat or delay the flowering in rice (Parchin
et al, 2011). Kilic and Yagbasanlar (2010) observed that
drought stress accelerated all the phenological growth
stages, the normal growth and development periods,
dry matter production and final yield.

Monsoon  rains  provide 80%  annual
precipitation in Bangladesh, and when this is reduced,
water deficit becomes a significant problem. Most of the
farmers in Bangladesh grow wheat with irrigation due to
scarcity of water. Moreover, it is well known that the
ground water table in Bangladesh is declining day by
day. As a result wheat faces water deficit at later stages
that reduces grain yield drastically. Research on plant
response to water stress is becoming increasingly
important, as most climate change scenarios suggest
an increase in aridity in many areas of the globe (Petit ef
al, 1999). Drought tolerant genotypes may only partially
solve this problem. Little studies have been done in
Bangladesh on these to identify wheat, which may act
as supporting aspect for increasing wheat production in
the country. Therefore, the present study was
undertaken to know the morpho-phenological changes
in wheat and to identify water stress tolerant wheat
genotypes.

[I.  MATERIALS AND METHODS

a) Experimental Site, Soil and Climate

The experiment was carried out at the research
field of the Bangabandhu Sheikh Mujibur Rahman
Agricultural University (BSMRAU), Salna, Gazipur from
November, 2011 to March, 2012 on an upland soil. It is
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located at the center of Madhupur Tract (240 05’ North
latitude and 90016’ East longitude) at an elevation of 8.4
m above the sea level. The soil of the experimental field
belongs to Salna series of Shallow Red-Brown Terrace
soil type (AEZ 28) with silty clay texture in surface and
silty clay loam in sub-surface region of the soil
(Brammer, 1971), (Shaheed, 1984). The experimental
site is situated in the sub-tropical region characterized
by heawy rainfall during the months from July to
September and scanty or no rainfall in the rest of the
year.

b) TestCrop

Eleven wheat genotypes including most of the
popular varieties, some advanced lines and some lines
from abroad collected from Wheat Research Centre of
Bangladesh Agricultural Research Institute, Nashipur,
Dinajpur, Bangladesh were used in the present study.

c) Land Preparation

The land was well prepared by repeated
ploughing and cross-ploughing with a power tiller
followed by laddering for breaking the clods, leveling the
lands and collecting the stubbles. The individual plots
were prepared by making ridges (8-10 cm high) around
the each plot to restrict the lateral run off of fertilizer with
irrigation water.

d) Experimental Design And Treatrments

The experiment was carried out in a split-plot
design comprising two water regimes in main plot and
11 wheat genotypes selected from previous experiment
were placed randomly in sub-plot with three replications.
The water regimes were (1) Non-stress (four irrigations
were applied at crown root initiation, booting, anthesis
and grain filling stages), and (2) Water stress (irrigation
was stopped after crown root initiation stage i.e. 20 days
after sowing and the crop was protected from rainfall by
rainout shelter). The nine water deficit tolerance (BARI
Gom 26, Sourav, BAW 1157, BAW 1158, BAW 11509,
BAW 1161, BAW 1165, BAW 1169 and BAW 1170) and
two susceptible (BARI Gom 25 and BAW 1167) wheat
genotypes based on yield reduction were selected for
the present experiment. The unit plot size was consisted
of 6 rows each of 25 m long having a row to row
distance of 20 cm.

e) Sowing of Seeds,
Intercultural Operation
Wheat seeds at the rate of 120 kg ha™' were

sown in line by hand on November 24, 2011. Seeds
were placed continuously in lines by making narrow and
shallow furrows with iron rod and covered with soil by
hand. After sowing of seeds light irrigation was given to
ensure uniform germination of seeds. Fertilizers were
applied @ 100-60-40-20-1 kg ha™' N-P,0,-K,0-S in the
form of urea, triple super phosphate, muriate of potash
and gypsum, respectively. Two-third of urea and total
amount of other fertilizers were applied during final land

Fertilizer Application and
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preparation. The rest amount of urea was top dressed at
crown root initiation stage (20 days after sowing)
followed by first irrigation. Intercultural operations were
done uniformly in each plot to ensure normal growth of
the crop. Weeding and mulching were done
simultaneously in the experimental plot for two times,
firstly at 15 days after sowing (DAS) and secondly, at 35
DAS. Thinning was also done at 14 DAS.

1) Data Collection

The data related to morphological and
phenological parameters were recorded as described
below.

q) Morphological Parameters

Plant height was recorded from the average of
ten selected plants at maturity stage. Plant height (cm)
was measured by a meter scale from soil surface to the
tip of the spike excluding awns and averaged. Leaf area
of the fully expanded flag leaf was collected from five
selected plants at anthesis stage and measured in
square centimeters using a calibrated automatic leaf
area meter (Delta-T Devices Ltd., Burwell Cambs, UK).
Then the measured data were expressed as means of
three replications. The peduncle length of five main
tillers was recorded by meter scale from the top joint up
to the base of the spike in cm.

At harvest, three replicated plants per treatment
were used to measure the root volume and root dry
weight. The roots were collected from a depth of 0-20
cm and carefully cleaned with running tap water. The
root volume was determined volumetrically with the help
of a 100 ml measuring cylinder. The cylinder was filled
up with 50 ml of tap water and then the total roots of a
plant immersed into the water. The raised level of water
due to immersion of the roots was recorded. The
difference between final and initial volume was
considered as root volume. Finally the root dry weight
was measured after the samples were oven dried at
700C for 72 hours.

h)  Phenological Attributes

Days to heading was recorded by counting the
number of days from the date of sowing till when 80%
heads (eye estimation) were found completely visible in
each row of the plot. Days to physiological maturity were
calculated from sowing to the day when the peduncle
and the spike on the tagged main stem became
completely yellow. Grain filling duration was calculated
by the number of days from heading to physiological
maturity during the growing season for each genotype.

/) Slatistical Analysis

The data were analyzed by MSTAT-C statistical
package program. The difference between the
treatments means were compared by least significant
difference (LSD) test (Gomez and Gomez, 1983).
Functional relationships among different parameters as
affected by water deficit stress were established through



correlation and regression analysis by using Excel
program.

[11. RESULTS AND DISCUSSIONS

a) Morphological Changes In Wheat Genotypes

i. Plant Height

Different morphological characters such as
plant height, flag leaf length and peduncle length were
affected due to water deficit (Table 1). The plant height
ranged from 76.31 to 90.27 cm and from 62.00 to 81.52
cm under control and water deficit, respectively. The
tallest plant was obtained in the genotype BAW 1167
and the shortest in BAW 1158 under non-stress
condition. The plant height was reduced under water
deficit and the reduction was highest in BAW 1167
(25%) followed by BAW 1161 (22%) and BAW 1157
(21%) and the lowest reduction was recorded in the
genotype Sourav (8%) followed by that in BAW 1159
(8%) and BARI Gom 26 (9%). The decrease in plant
height might be due to decrease in relative turgidity and
dehydration of protoplasm which is associated with a
loss of turgor and reduced expansion of cell and cell
division. Manivannan ef a/., (2007) also mentioned that
the reduction in plant height could be attributed to
decline in the cell enlargement and more leaf
senescence in the plant under water stress. The plant
height in wheat reduced from 77 cm to 61.66 cm when
irrigation was skipped at tillering stage of crop growth
(Mushtaq et a/, 2011). These results are in agreement
with the findings of Bayoumi ef a., (2008) who observed
that drought caused reduction in plant height by 14.7
percent.

ii. Flag LeafLength
The length of the flag leaf in different wheat
genotypes was significantly affected by variable water
regimes. The flag leaf length ranged from 22.00 to 28.28

cm and from 15.99 to 20.65 cm under control and water
stress condition, respectively (Table 1). The maximum
flag leaf length was recorded in the genotype BAW 1167
and the minimum in BAW 1158 in irrigated condition,
while the maximum and minimum flag leaf length was
recorded in the genotype BAW 1161 and BAW 1165,
respectively under water stress condition. The highest
reduction in flag leaf length was observed in the
genotype BAW 1167 (39%), while the least reduction
was obtained in the genotype BAW 1158 (11%) due to
water stress. These results are in agreement with the
findings of Sangtarash (2010) who found that flag leaf
length was significantly affected by water stress in
wheat.

iii. Peduncle Length

The peduncle length was also significantly
affected by variable water regimes. The peduncle length
ranged from 14.98 to 21.15 cm and from 12.17 to 13.35
cm under irrigated and water stress condition,
respectively (Table 1). However, the longest peduncle
was measured in the genotype BAW 1159 and the
shortest in BAW 1161 under non-stress condition, while
under water stress condition the longest peduncle was
observed in BAW 1170 and the shortest in BAW 1167.
The highest reduction in peduncle length was found in
the genotype BAW 1157 (27%), while the minimum
reduction was obtained in the genotype BARI Gom 25
(13%) due to water stress. These results are in harmony
with the findings of Sangtarash (2010) who found that
water stress in wheat significantly reduced the peduncle
length. Kazmi et al,, (2003) reported similar result that
water stress imposed to wheat significantly reduced the
peduncle length (36%). The highest (30.04 cm) and the
lowest (17.04 cm) peduncle length produced in well
watered and severe water stress respectively were
reported by Moghaddam et a/., (2012).

Table 7 Plant height, flag leaf length and peduncle length in wheat genotypes under water stress condition

Plant height % Flag leaf % Peduncle %
Genotypes (cm) decrease| Length (cm) decrease length(cm) decrease
Non- Non- Non-
stress Stress stress Stress stress Stress
BARI Gom 25 87.60 71.37 19 25.43 17.9 30 17.75 15.38 13
BARI Gom 26 87.63 79.40 26.95 19.32 28 18.09 15.61 14
Sourav 88.27 81.52 25.25 18.57 26 20.91 17.34 17
BAW 1157 78.35 62.00 21 23.73 17.22 27 17.61 12.89 27
BAW 1158 76.31 64.73 15 22.00 19.62 11 18.39 15.61 15
BAW 1159 82.67 76.03 8 24.75 20.65 17 21.15 17.21 19
BAW 1161 80.45 63.00 22 24.33 15.99 34 14.98 12.31 18
BAW 1165 79.65 69.13 13 23.83 18.94 21 19.39 16.17 17
BAW 1167 90.27 68.07 25 28.28 17.35 39 16.25 1217 25
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BAW 1169 89.93  77.10 14 22.93 18.5 19 1819 1557 14
BAW 1170 77.21 68.40 11 25.7 17.22 33 2033  17.38 15
LSD (5%) 3.94 1.71 1.31

CV (%) 434 6.78 6.67

iv. Flag LeafArea

The flag leaf area in wheat varied markedly
among genotypes under variable water regimes (Fig. 1).
Under control condition, the maximum flag leaf area was
exhibited by the genotype BARI Gom 25 (46.87 cm?)
and the lowest in BAW 1169 (28.61 cm?). But, the flag
leaf area drastically reduced in all genotypes due to
water stress stress which ranged from 53 to 30 cm?.
However, the genotype BAW 1167 exhibited the
maximum reduction in flag leaf area which was followed

by the genotypes BARI Gom 25 and BAW 1157 and the
minimum reduction was in BAW 1158 which was
followed by those in BARI Gom 26 and BAW 1169.
These results are in harmony with those reported by El-
Danasory (2005), Kazmi et a/., (2003) and Khakwani, ef
al, (2012) who concluded that the flag leaf area was
significantly reduced by water stress. Alves and Setter
(2004) showed that both cell expansion and production
of cells contributed to a loss in leaf area depending on
the developmental stage at which the leaf was stressed.
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Figure 7 Flag leaf area in wheat genotypes under non-stress and water stress conditions. Vertical bars indicate LSD
at 5% level of significance

v. Root Volurme and Dry Weight

The present study showed a significant
difference in root dry weight and root volume among the
genotypes under water stress condition (Fig. 2 and 3).
The root volume ranged from 0.46 to 0.61 mm and from
0.37 to 0.52 mm plant’ under non-stress and water
stress condition, respectively. The highest root volume
was obtained in the genotype BARI Gom 26 (0.52 mm
plant™), while the lowest in BAW 1167 (0.37 mm plant™).
However, the highest reduction in root volume was
recorded in genotype BAW 1167 (33.93%), whereas the

© 2014 Global Journals Inc. (US)

lowest in BARI Gom 26 (7.14%). The root dry weight in
11 wheat genotypes followed the similar trend observed
in root volume, and varied from 2.27 to 3.10 g plant-1
and from 1.81 to 2.81 g plant’ under non-stress and
water stress conditions, respectively. The higher root dry
weight was recorded in the genotype BAW 1159 (2.81 g
plant’) and the lowest in BAW 1167 (1.81 g plant™).
Similar results were also reported by Gesimba et al,
(2004) who found that the drought tolerant genotypes
had significantly more roots in the crown region, while
the susceptible genotypes had fewer roots. Reduction in



root volume under osmotic stress originates not only  as reported in wheat (Benlaribi ef a/, 1990; Ali Dib and
from growth inhibition but also from a loss of turgidity, =~ Monneveux, 1992).
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Figure 3 Root volume in wheat genotypes under non-stress and water stress conditions. Vertical bars indicate LSD
at 5% level of significance

b)  Phenological Parameters

i. Days fo Heading, Physiological Maturity and Grain
Filling Duration

The phenological traits such as Days to
heading, days to physiological maturity and days to
grain filling duration were reduced significantly under
water stress condition (Table 2). The number of days to
heading ranged from 66 to 70 and from 59 to 69 under
non-stress and water stress conditions, respectively. But
the heading was 7 days earlier in the genotypes BAW
1158 and BAW 1170, whereas 1 to 3 days earlier in the
genotypes BAW 1169, BARI Gom 26 and Sourav over
control. The physiological maturity ranged from 106 to
111 and from 91 to 106 days under water stress and
water stress condition, respectively. However, the higher
earliness for physiological maturity was observed in the
genotype BAW 1167 (18 days), whereas only 4 to 6 days
earlier for physiological maturity was observed in BAW

1169, BARI Gom 26 and Sourav as compared to control.
The most important phenological trait, days to grain
filling, varied significantly and ranged from 37 to 41 and
from 28 to 38 days under non-stress and water stress
conditions, respectively. The maximum number of days
for grain filling was recorded in the genotype BARI Gom
26 (38 days), while the minimum period for grain filling
was observed in the genotype BAW 1167 (28 days).
Similar results were also reported by various researchers
that drought reduced the number of days to heading
(Kilic and Yagbasanlar, 2010; Bayoumi et al., 2008; Sial
et al, 2009; Khakwani et al, 2012; Kilig et al., 1999),
days to maturity (Kilic and Yagbasanlar, 2010; Saleem ef
al., 2007) and grain filling period (Kilig and Yagbasanlar,
2010; Sial ef al, 2009). Drought decreases the seed-
filling duration, leading to smaller seed size (Frederick ef
al, 1991; de Souza et al., 1997).

Table 2 : Days to heading, days to physiological maturity and grain filling duration in wheat genotypes under non-
stress and water stress conditions

Days to heading Days to phy§|olog|cal Grain filling duration
maturity
Genotypes Non- Water Earliness Non- Water Earliness Non- Water Earliness
stress | stress over stress | stress over stress | stress over
control control control
BARI Gom 25 69 63 6 109 94 15 40 31 9
BARI Gom 26 69 66 3 109 104 5 40 38 2
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Sourav 70 67 3 110 104 6 40 37 3
BAW 1157 69 63 6 106 91 15 37 28 9
BAW 1158 66 59 7 106 92 14 40 33 7
BAW 1159 69 64 5 109 99 10 40 35 5
BAW 1161 69 63 6 109 94 15 40 31 9
BAW 1165 70 65 5 109 98 11 39 33 6
BAW 1167 70 65 5 111 93 18 41 28 13
BAW 1169 70 69 1 110 106 4 40 37 3
BAW 1170 68 61 7 106 93 13 38 32 6

LSD (5%) 2.20 1.54 222

CV (%) 2.82 1.28 5.25

ii. Correlation Between VYield and Phenological
Traits
The correlation between yield and phenological
traits such as days to heading, days to physiological
maturity and days to grain filling showed a marked
variation under water stress as shown in Table 3. A
significant positive correlation was found between grain
yield under water stress condition and days to heading
(P<0.05), days to physiological maturity (P<0.01) as
well as days to grain filling period (P<0.01). But under
non-stress condition, no significant correlation was
found between grain yield and above traits. Moreover,
among the phenological traits, the days to physiological
maturity showed very strong and positive correlation
with grain yield which was followed by that in days to
grain filling period and days to heading. The relationship
between grain yield and days to heading indicates that
the yield can vary by 71% due to the variation in days to

heading. On the other hand, the relationship between
grain yield and days to physiological maturity as well as
days to grain filling suggests that the yield can vary by
89% and 86% due to the variation in days to
physiological maturity and days to grain filling periods,
respectively. The days to heading also showed a
significant positive correlation with days to physiological
maturity (P<0.01) and days to grain filling period
(P<0.05). Similarly, the days to physiological maturity
showed a significant positive correlation with days to
grain filling period ((P<0.01). A positive and significant
correlation was observed between grain yield and grain
filling period, while a negative and significant correlation
was observed between grain yield and number of days
to heading as reported by Kilic and Yagbasanlar (2010).
Likewise, the negative correlation between yield under
stress and flow—ering date has frequently been found
(Dodig et al., 2010).

Table 3 Correlation between grain yield and days to heading, days to physiological maturity and grain filling
duration in wheat under non-stress and water stress conditions

. Headin Physiological Grain fillin
Trais Yp Ys (days)g mat}llJrity (gays) period (day%)
Yp 1.00
Ys 0.23 1.00
Heading (days) 0.29 0.714~ 1.00
Physiological maturity (days) 0.24 0.893** 0.84** 1.00
Grain filling period (days) 0.17 0.862** 0.61* 0.95%* 1.00

p* < 0.05 p**< 0.01, Ypo= grain yield under control, and Ys=

[V. CONCLUSION

The results of this study indicated that all the
parameters in morpho-phenology of eleven wheat
genotypes reduced remarkably under water stress
condition. The highest reduction in plant height,
peduncle length, flag leaf length and flag leaf area was
by 25% in BAW 1167, 39% in BAW 1167, 27% in BAW
1157 and 57% in BAW 1170 and the lowest reduction

grain yield under water deficit

was by 8% in Sourav, respectively under water stress
condition. The highest reduction in root volume and root
dry weight under water deficit was recorded in the
genotype BAW 1167, while the lowest in BARI Gom 26
and BAW 1169. The maximum number of days for grain
filling under water stress condition was recorded in the
genotype BARI Gom 26 which was at par with Sourav
and BAW 1169, while the minimum in the genotype BAW
1167. From this experiment, it was concluded that the
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genotypes BARI Gom 26 and BAW 1169 are water
stress tolerant and BAW 1167 is susceptible.
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Tuber Yield, Tuber Quality and Plant Water
Status of Potato under Drought and Well
Watered Condition

Abullah-Al-Mahmud®, Mohammad Hossain °, Md. Mahfuz Bazzaz °, Md. Shawquat Ali Khan @
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Abstract-  Four CIP potato clones with one check variety
Asterix were grown during 2010-11 and 2011-12 at horticulture
research farm of Bangabandhu Sheikh Mujibur Rahman
Agricultural University to observe the effect of water stress on
yield and tuber quality of potato. The present study revealed
that the tuber yields of all the genotypes were reduced by
different degrees of drought. Genotype CIP 393371.58 and
CIP 396244.12 performed better in severe drought condition
produced higher yield per plant. The highest percent of small
sized and deformed tuber was found in the CIP 391004.18 and
Asterix under severe drought condition, whereas the normal
sized tuber was found in CIP 396244.12 and CIP 393371.58.
These two genotypes also maintained more relative water
content (RWC) with higher xylem exudation rate under water
stress condition than the susceptible genotypes. On the basis
of tuber yield and plant water status under drought condition,
the genotypes CIP 393371.58 and CIP 396244.12 could be
drought tolerant.

Keywords.: drought susceptibility index, relative water
content, xylem exudation rate and spad value.

[. [NTRODUCTION

tato is a cool loving crop, needs regular water
supply for its normal growth and development.
Potatoes grown all over the world are
characterized as drought sensitive (Deblonde & Ladent,
2001; Lahlou et al., 2003; Onder et al., 2005 and
Hassanpanah, 2009). RWC is a measure of plant water
status, which represents also variation in water potential,
turgor potential and osmotic adjustment. RWC is closely
related with cell volume; it may more closely reflect the
balance between water supply to the leaf and
transpiration rate (Schonfeld et al., 1988). This
influences the ability of plant to recover from the stress
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and consequently affects yield and yield stability (Lilley
and Ludlow, 1996). Relative water content (RWC) is an
integrative indicator (Parsons and Howe, 1984), and was
used effectively to detect drought resistance in French
bean (Choudhury, 2009), wheat (Sarker et al., 1999),
and mustard (Kumar and Singh, 1998). Xylem exudation
rate is known as the flow of sap out of the cut end of a
stem against the gravitational force. Thus, the exudation
rate can be used as an indicator to measure the severity
of water deficit. Water stressed plants showed a marked
reduction in xylem exudation rate compared to well-
watered condition (Aziz, 2003; Chowdhury, 2009). Water
deficit is a common phenomenon for potato production,
which leads to reduction in tuber quality and yield.
Because of the wulnerability of potato to drought
(Hassanpanh et al., 2008) arranging adequate water is
very important for improving potato quality and
increasing quantity. Interrupted water supply leads poor
plant growth and reduced tuber number (Hassanpanah
et al., 2008) and can decrease tuber yield up to 69%
subject to the periods and strength of the stress
(Schafleitner et al., 2007).

A well-watered crop is more capable of giving
higher yields. Deficit water in irrigation reduces potato
yield. The percent of reduction in potato yield may also
vary from genotype to genotype. According to some
authors, to obtain maximum yields soil moisture should
not drop below 50% of crop available water in the sail,
although it may vary 25 to 75%. These differences can
be explained by climatic, plant and soil characteristics
(Van loon, 1981). As water stress in potato is a common
phenomenon and its effect has a good impact on
growth & development, it is essential to find out how
much a tolerant or a susceptible variety can withstand
water stress for prolonged period and what is the impact
on the water status in plant system. Therefore, the
present study was under taken to determine effects of
severe and moderate drought on plant water status and
tuber yield of potato.

II.  MATERIALS AND METHODS

a) Site and Season of the Experiment

e The experiment was conducted at the Horticultural
Research Farm, BSMRAU, Gazipur, Bangladesh
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during winter season of 2010-11 and 2011-2012.
The experimental site is situated in a sub- tropical
climate zone and characterized by no rainfall during
December to March and plenty during the rest of the
year and this area is moderately drought prone, and

face drought both winter and late winter season
(Ramamasy and Baas, 2007). Air temperature and
humidity, precipitation, evaporation, soil
temperature and ground water table were recorded
throughout the crop period (Table 1).

7able 7 : Climatological data of 2019 11 and 2014 12 crop season

. Month e Air Temperature (°C) . Soil Temperature (°C),Depth o Humidity (%)| ¢ Rain Fall
e (mm)
o Max. e Min. e Ave. . 10cm | e 20cm. | e« 30cm
e 2010-11
e November e 26.60 o 2243 o 2452 26.03 o 2657 o 2693 o 8047 . 8.44
e December e 19.90 e 1545 o 17.68 20.81 . 21.26 e 21.61 e 89.05 . 0.00
. January e 1520 e 1158 e 13.39 16.90 . 17.33 o 17.72 e 90.80 . 0.00
. February e 2385 e 10.08 o 2147 20.85 . 21.30 e 21.66 e 89.89 . 8.43
D March o 31.16 e 26.09 o 2862 22.71 o 2322 e 2359 e 7670 o 2984
e 2011-12
. November e 2776 e 2376 e 2576 26.55 . 26.91 e 2733 e 8566 . 0.00
. December e 2480 e 16.58 e 20.69 22.72 . 23.17 e 2356 e 90.70 . 5.19
. January o 2232 e 1153 e 16.93 18.85 . 19.34 e 1084 e 89.81 . 0.00
. February o 27.31 e 1324 e 2028 20.08 . 20.45 e 2083 e 87.66 . 0.00
. March e 3258 e 20.68 e 26.63 23.53 . 23.97 o 2442 e 8394 . 3.10

b) Panting materials, date
managerment

Four CIP clones (CIP 391004.18, CIP
393371.58, CIP 396031.119 and CIP 396244.12) and
high vyielding variety Asterix were used in this
experiment. Apparently diseases free, uniform (28-40
mm) sized well sprouted potato were selected as
planting material for the experiment. Seed tubers were
planted on 25" November, 2010 and 17" November,
2011. Plant spacing was 60 x 25cm. Fertilizers were
applied @ 160-44-132-15 kg ha' of N, P, K and S,
respectively. Full amount of P, K and S and 50% of N
were applied as basal and the remaining amount of urea
was top dressed at 30 days after planting. Intercultural
operations such as weeding, earthing up were done
manually. Effective crop protection measures were taken
according to Dey et al,, (2007).

of planting and Crop

c) Design and treatrments of the experiment

The experiment was laid out in the field
following strip plot design with three replications. Three
drought treatments were applied (T1= severe drought
and T2=moderate drought and T3= well-irrigated
control). In severe drought plots, only one irrigation was
applied at 30 DAP for good crop stand, but no irrigation
was applied thereafter until harvest. In moderate drought
plot, irrigation was applied twice at 30 and 45 DAP, but
no water was applied thereafter till harvest. The control
plot was irrigated four times at 30, 45, 60 and 75 DAP.

© 2014 Global Journals Inc. (US)

d) Harvesting and data collection

Selected plants were harvested at 90 DAP. Data
were collected on i) Tuber yield (g/plant), i) % tuber
grades (by number) from randomly selected 10 plants.

e) Measurement of plant waler status

Relative water content of leaves for each
genotype was measured at 60 DAP at 8:00 am. Fully
developed 4th and 5th leaf from the top were used for
RWC measurement. Relative water content was
calculated according to Kumar and Singh (1998). Xylem
exudation rate was measured at 60 DAP stage 8:00 am
in the morning 5cm above stem base. At first, dry cotton
was weighed. A slanting cut on stem was made with a
sharp knife. Then the weighed cotton was placed on the
cut surface. The exudation of sap was collected from the
stem for 1 h at normal temperature. The final weight of
the cotton with sap was taken. The exudation rate was
calculated by deducting cotton weight from the sap
containing cotton weight and expressed per h basis as
follows-

(Weight of cotton + sap) - (Weight of cotton)

Xylem exudation rate = " :
Time (h.)

7 Statistical analysis

Data on different attributes recorded for two
years were analyzed by ‘CROSTAT 7.2° statistical
package. Appropriate standard errors (S.E.) of the
means were also calculated.



I11. RESULTS AND DISCUSSIONS

a) Tuber yield per plant

The main effect of drought, genotype and
drought-genotype interaction effect for tuber yield per
plant was varied significantly (Table 2). Tuber yield of
different potato genotypes under different drought
conditions were ranged from 169.13 to 488.60 g plant’
in 2010-11 and 155.50 to 357.88 g plant-1in 2011-12. In
severe drought condition, the highest vyield was
observed in CIP 396244.12 (219.73 g and 203.50 g with
a mean of 211.62 g) which was similar to CIP 393371.58
(215.80 g and 160.38 g with a mean of 188.09 g) and
the lowest from CIP 391004.18 (169.13 g and 155.50
with a mean of 162.32 ). In moderate drought
condition, no significant difference was observed among
the genotypes in 2010-11. It might be due to rainfall at

CIP 396031.119 produced the lowest yield (242.61 g)
per plant. Tuber vyield significantly increased in all
genotypes in well watered control condition and ranged
from 386.90 g to 488.60 g in 2010-11 and 327.38 to
357.88 g in 2011-12. Among the genotypes, CIP
396244.12 produced the highest mean tuber yield in the
year 2010-11 and Asterix in 2011-12. In severe drought
and moderate drought conditions, mean yield reduction
were 54.80% and 20.49% in 2010-11 and 50.70% and
19.33% in 2011-12, respectively. Under severe stress
conditions CIP 396244.12 and CIP 393371.58 performed
better, but in moderate stress condition Asterix gave the
highest vyield followed by CIP 396244.12 and CIP
393371.58. Therefore, CIP 39337158 and CIP
396244.12 have good yield potentials under both stress
conditions. The present findings are in agreement with
the findings of Struik and Voorst, 1986; Deblonde and

later stage of growth (Table 1). Asterix produced Ladent, 2001; Heuer and Nadler, 1998 and
significantly the highest tuber yield (315.88 g) in 2011-12  Hassanpanh, 2010. Deblonde et al., (1999) also
which was similar to CIP 396244.12 (283.38 g), CIP  reported that severe drought treatment adversely
393371.58 (274.94 g) and CIP 391004.18 (261.66 g). affected tuber yield.
Table 2 . Interaction effects of drought and genotype on tuber yield/plant
. Genotype e Yield (g plant-1)
. 2010-11 . 2011-2012
. T . T2 . T3 Mean . ™ . T2 . T3 . Mean
. CIP 391004.18 . 169.13 . 316.90 . 386.90 290.98 . 155.50 . 261.66 . 346.72 . 254.63
. CIP 393371.58 . 215.80 . 363.56 . 419.10 332.82 . 160.38 . 274.94 . 327.38 . 254.23
. CIP 396031.119 . 175.33 . 318.40 . 393.00 295.58 . 158.94 . 242.61 . 331.33 . 244.29
. CIP 396244.12 . 219.73 . 361.73 . 483.43 354.96 . 203.50 . 283.38 . 345.33 . 277.40
. Asterix . 201.33 . 365.70 . 488.60 351.88 . 164.02 . 315.88 . 357.88 . 279.26
. Mean . 196.26 . 345.26 . 434.21 . 168.47 . 275.69 . 341.73 .
. Statistics . LSD0.05 e SEm = . LSD0.05 . S.Em =
. Drought (T) . 2317 e« 773 . 25.45 . 8.49
. Genotype (G) . 29.92 e 908 . 32.86 . 10.96
. TxG . 51.82 e 1728 . 56.91 . 18.98
T1= Severe drought, T2=Moderate drought and 13= Well watered contro/
b) Drought susceptibility index 3 | -
Drought susceptibility —index (DSl) was | 3% 105 102 107 106 e i
calculated for all the genotypes and presented in the | 100 | ] %% g 0% ]
(Fig. 1). The DSl for tuber yield per plant was the lowest £ 0.0 0.72
in CIP 396244.12 (0.92) followed by CIP 393371.58 % 6
(0.94) in the severe drought condition. The highest DSI g
for yield per plant was recorded in Asterix (1.07), g 240
followed by CIP 391004.18 (1.05).Similarly, under g““
o 0.00

moderate drought condition, the lowest DSI was found
in CIP 393371.58 (0.72) followed by Asterix (0.98). The
highest DSI was found in CIP 396031.119 (1.13)
followed by CIP 396244.12 (1.11)  High vyielding
genotype Asterix showed high DSI under severe drought
condition as well as very much sensitive to water stress
condition. On the other hand, clone CIP 393371.58
showed minimum DSI for yield both in severe (0.94) and
moderate (0.72) drought condition.

ClP 391004.18
CIP 39337158
CIP 396244.12
Asterix
CIF 39100418
CIP 39337158
CIP 396244,12 |
Asterix

CIP 396031.119
CIP 396031.119 |

Severe drought Modertae drought

Figure 7 . Drought susceptibility index of potato genotypes
under severe and moderate drought condition (Mean of
2010-11 and 2011-12)
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c) Tuber grade (% by number)

Tubers of all the treatment combinations were
graded into four different groups according to tuber
diameter viz. under size (<28mm), Grade- A (28-
40mm), Grade-B (40-55mm) and Over size (>55mm).
Marked variation on tuber grade (% by no.) was
observed among the all treatment combinations (Table-
3). In severe drought treatment, CIP 391004.18
produced the highest proportion of under sized tuber
(48.48%) followed by CIP 396031.119 (43.69 %) and
Asterix (35.66%). The maximum A-grade tuber was
produced by CIP 393371.58 (59.35%) followed by CIP
396244.12 (49.68%), Asterix (49.74%) and CIP
391004.18 (48.34%), while CIP 396031.119 produced
lowest (39.42%). However, in B-grade tuber, large
variation observed which ranged from 2.78 to 33.95 %,
CIP 391004.18 produced the lowest, and CIP 396244.12
produced the highest. No oversized (>55mm) tubers
were found in severe drought treatment. In moderate
drought treatment CIP 396031.119 produced the highest
proportion of under sized tuber (28.30%) followed by
CIP 391004.18 (27.80 %) and Asterix (27.11%). CIP

396244.12 (12.84%) was the lowest. The highest
proportion of A-grade tubers were produced in CIP
391004.18 (61.01%) followed by Asterix (56.78%), and

CIP 393371.58 (52.75%) while CIP 396244.12 produced

the lowest (45.48%). Larger variation was observed in B-
grade tuber which ranged from 11.19 to 38.01% where
CIP 391004.18 produced the lowest and CIP 396244.12
produced the highest. CIP 393371.58 and CIP
396244.12 produced 1.97 and 3.67 % over sized tuber,
respectively but none were found in CIP 391004.18, CIP
396031.119 and Asterix. In well watered control
treatment, % under sized and A-grade tubers
decreased, but B-grade and oversized tubers increased.
The highest B-grade tubers were found in CIP
39624412 (44.87%), followed by CIP 393371.58
(88.67%), CIP 396031.119 (33.39%) and Asterix
(80.21%), where the lowest was found in CIP 391004.18
(24.50%). The highest oversized tubers were produced
by Asterix (10.20%) followed by CIP 396244.12 (6.33%),
CIP 396031.119 (5.67%) and CIP 393371.58 (5.33%),
and the lowest (2.39 %) was in CIP 391004.18.

7able 3 Tuber grade (% by number) of five potato genotypes under different drought conditions

% under size % seed size % over size
A-Grade B-Grade

Treatment Genotype <28 mm (28-55 mm) 4(10-55 mrr: =S5 mm
CIP 391004.18 48.88 48.34 278 0.00
Severe drought CIP 393371.58 22,12 59.35 18.53 0.00
CIP 396031.119 43.69 39.42 16.89 0.00
CIP 396244.12 16.37 49.68 33.95 0.00
Asterix 35.66 49.74 14.61 0.00
CIP 391004.18 27.80 61.01 11.19 0.00
Moderate drought CIP 393371 .58 1433 52.75 30.95 197
CIP 396031.119 28.30 47.17 24.53 0.00
CIP 396244.12 12.84 45.48 38.01 3.67
Asterix 27.11 56.78 16.12 0.00
Well watered CIP 391004.18 30.37 42.74 24.59 239
condition CIP 39337158 15.74 40.25 38.67 5.33
CIP 396031.119 24.31 36.64 33.39 5.67
CIP 396244.12 17.91 30.89 44.87 6.33
Asterix 2226 37.33 30.21 10.20

a) Plant water status

i. HRelative water content

Relative water content (RWC) of leaves of five
potato genotypes varied significantly due to treatment
effects (Figure 2). The lowest RWC of leaves was
observed in severe drought condition (75.08%) followed
by moderate drought (85.86%). In severe drought
condition, the RWC of leaves among the genotypes

© 2014 Global Journals Inc. (US)

varied from 72.09 to 77.06%. The lowest was found in
CIP 391004.18 and the highest was in CIP 396244.12
followed by CIP 393371.58 (75.11%). In moderate
drought condition, the RWC of leaves varied from 83.58
to 87.16 % where the lowest was found in CIP
391004.18 and the highest was in CIP 396244.12
followed by CIP 393371.58 (86.52%). In well watered
condition, the RWC of leaves varied from 89.30 to 91.20



% where the lowest was found in CIP 391004.18 and the
highest was in Asterix followed by CIP 396031.119

than the rest three in severe and moderate drought
conditions. Similar findings were reported by Begum
and Paul, 1993, Paul and Aman, 2000 and Omae et al.,
2005, Chandrasekar et al., 2000 and Choudhury, 2009.

(90.9%). It was observed that the genotype CIP
396244.12 and CIP 393371.58 maintained more RWC
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Figure 2 .- RWC of five potato genotypes at different drought treatment (Mean of 2010-11and 2011-12).Bar represent
mean =+ S.E. of 3 replications

ii. Xylem exuoation rate

Xylem exudation rates of five potato genotypes
measured in the morning (9:00am) at 60 DAP stages
varied significantly due to treatment effects (Figure 3).
The lowest rate was observed in severe drought

treatment followed by moderate drought treatment in all
genotypes. In severe drought condition, the xylem

exudation rate varied from 37 to 117 mg hr' where, the
lowest was found in CIP 391004.18 and the highest was
in CIP 396244.12. In moderate drought condition, it

varied from 92 to 207 mg hr' where the lowest was
found in CIP 391004.18 and the highest was in CIP

396244.12. Again in well watered condition it varied from
199 to 316 mg hr-1 where the lowest was found in CIP
391004.18 and the highest was in Asterix followed by
CIP 396244.12 (298 mg hr-1.). Both in severe and
moderate drought conditions, the higher xylem
exudation rate was observed in CIP 396244.12 and CIP
393371.58 Similar results in different crops were
reported by Islam, 2008 in mungbean and Choudhury,
2009 in French bean.
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Figure 3 Xylem exudation rate of five potato genotypes
at different drought treatment (Mean of 2010-11and 201+
12). Bar represent mean + S.E. of 3 replications

ii. SPAD value

SPAD (Soil-Plant Analysis Development) value
was measured at 60 DAP and found significant variation
among the treatments. Mean values of SPAD in severe
drought, moderate drought, and well watered conditions
were 39.89, 43.58, and 50.98. In severe drought
condition, the SPAD values of the genotypes varied from
37.66 to 45.90 where the lowest was in CIP 391004.18
and the highest was in CIP 396244.12. In moderate
drought condition, the SPAD values varied from 35.43 to
48.06 where the lowest was in CIP 391004.18 and the
highest was in CIP 396244.12. In well watered condition,
the values varied from 45.86 to 53.60 where the lowest
was in CIP 391004.18 and the highest was in Asterix.
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Figure 4 : SPAD value of five potato genotypes at
different drought treatment (Mean of 20104 1and 2011
-12). Bar represent mean + S.E. of 3 replications

IV.  DISCUSSIONS

Potato vyield greatly depends on its canopy
structure as well as on yield contributing attributes like
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tuber number per plant, average tuber size and tuber
yield per plant. All these attributes affected by deficit
irrigation during the production period which ultimately
lowered the yield. Growth and yield of potato grown
under water stress conditions reduced as a result of

stress induced changes of physiological and bio-
chemical process (Huffacker et al., 1970). It was clear

that drought cause leaf area reduction with leaf fall. Leaf
falling and leaf area reduction under drought condition
causes reduction of photosynthetic area of the potato
plants (Mahmud, 2012) which lowering the rate of
photosynthesis. The number of shoots per plant is
determined by the size of the tuber (Wurr, 1974), soil
condition and soil moisture at planting, although
pathogens (black scurf) and pests may have an effect. It
may also be influenced by the length and conditions of
the pre sprouting period (Allen, 1978). Haverkort et al.
(1990) reported that the later dry period does not affect
the number of stolons and tubers. Potato plants are
especially sensitive to water stress during stolonization
and tuberization stages (Steckel and Gray, 1979). The
main cause of tuber reduction in water stress condition
was the reduction of the number of stolons per plant,
and not through a reduction of the number of tubers per
stolon (Haverkort et al.,, 1990). Once stolons are
initiated, they vyield tubers regardless of a subsequent
water stress period. Similar results were reported by
Deblonde and Ladent, 2001 and Schafleitner et al.,
2007. It was clear from the results that deficit water
supply during tuber formation stage reduced the tuber
number and size. Irrigated condition favored larger sized
tuber formation (Mackerron and Jefferies, 1988; Struik
and Voorst, 1986 and Onder et al., 2005).

Genotypes with high DSI were high yielder as
well as very much sensitive to water stress. But,
oppositely genotypes with low DSI were low yielder and
tolerant to water stress. So, potato genotypes with
comparatively low DSI and moderate to high yield for
better productivity under water stress situation might be
selected. Tera’n and Singh (2002) reported that water
stress resistant lines had relatively low DSI while the
water stress susceptible lines had high DSI values.

RWC in severe and moderate drought
conditions which is a good indicator of drought
tolerance. Reasons might be the cause of more xylem
exudations and production of high amount of osmo-
regulatory compounds like proline, sugar etc. Higher
exudation rates under drought condition indicated that
plants have deep root system and can uptake more
water and can tolerate drought condition. It is directly
associated with the flow of transpiration stream. Lower
SPAD values indicated the reduction of chlorophyll in
the leaf due to drought imposition. Leaf chlorophyll
content is well correlated with leaf nitrogen status, and
photosynthetic capacity. Therefore, the productivity of a
crop can be predicted by examining the SPAD values.

© 2014 Global Journals Inc. (US)

V. CONCLUSION

Tuber yield and grades were seriously affected
by drought. The lowest reduction in tuber yield was
found in genotypes (CIP 396244.12 and CIP 393371.58).
Small sized and deformed tubers were higher under
severe drought condition in the genotypes CIP
391004.18 and Asterix, whereas the highest percent of
normal sized tubers was found in the genotypes CIP
396244.12 and CIP 393371.58. These two genotypes
maintained more RWC with higher xylem exudation rate
and higher SPAD values under water stress condition
than others which indicated the capacity of the
genotypes to thrive well in the water deficit environment.
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can also be helpful for the concerned faculty members.

After nomination of your institution as “Institutional Fellow” and constantly
functioning successfully for one year, we can consider giving recognition to your
ﬁ. meminstitute to function as Regional/Zonal office on our behalf.
“F®The board can also take up the additional allied activities for betterment after our
consultation.

The following entitlements are applicable to individual Fellows:

Open Association of Research Society, U.S.A (OARS) By-laws states that an individual
Fellow may use the designations as applicable, or the corresponding initials. The
Credentials of individual Fellow and Associate designations signify that the individual
has gained knowledge of the fundamental concepts. One is magnanimous and - .
proficient in an expertise course covering the professional code of conduct, and """'::Jff;f}“
follows recoenized standards of practice.
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ALt i anni= brofessional membership organizations. Achieving our individual Fellow or Associate
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passed on to researcher, 15 % benefit towards remuneration should be given to a |
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Other:

The individual Fellow and Associate designations accredited by Open Association of Research
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

The Fellow can organize symposium/seminar/conference on behalf of Global Journals
Incorporation (USA) and he/she can also attend the same organized by other institutes on
behalf of Global Journals.

The Fellow can become member of Editorial Board Member after completing 3yrs.

The Fellow can earn 60% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper.

Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and
can also get an opportunity to join as member of the Editorial Board of Global Journals
Incorporation (USA)

e This individual has learned the basic methods of applying those concepts and techniques to
common challenging situations. This individual has further demonstrated an in—depth
understanding of the application of suitable techniques to a particular area of research
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In case, the chairperson needs to be replaced then consent of 2/3rd board members are required
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In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
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PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29.Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

®  Reason of the study - theory, overall issue, purpose

®  Fundamental goal

®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
¢  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

e  Explain the value (significance) of the study

®  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.

e Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

®  To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e |f well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

e |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

e  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  |leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

®  Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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Conflicting - 9
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N
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P

Palatability - 94
Pathogens - 173
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H

Harvesting - 82, 166
Horticultural - 35, 164

Impediments - 68
Imperfections - 55
Implications - 132
Inadequate - 59, 88
Increasingly - 150
Incubation. - 144
Inefficiencies - 74, 84
Insoluble - 123, 124

S

Saturated - 4, 9
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