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Abstract:

Chickpea as being alternate of cereal is considered an important pulse
crop. Bio fertilizer can increase yield of chickpea through nodulation &
enabled it to resist with the periods of drought. The present study was
conducted in district Bahawalpur to analyze the economic comparison
of experimental (N=10) treatment and control (N=40) for same types on
field surveys. The primary data were collected during rabbi season
2016-17 through a well-structured and comprehensive questionnaire.
The Logit regression analysis was employed to check the dependence of
bio fertilizers for the growth promotion of chickpea. The results
indicated that more access to education, wealthy and young farmers may
likely increases the adoption rate of bio fertilizer. The results of
economic analysis described that the gross margins & revenue of
chickpea was significantly higher in case of bio fertilizer users as per
one acre production of chickpea. Hence effective policy to use of bio
fertilizer should be made to encourage more farming community.

Keywords: Chickpea, bio fertilizer, Logit model and economic analysis

I. Introduction

Chickpea (Cicer arietinum L.) is worldwide vital pulse crop stand third ranking
after dry beans and dry peas with 11.6 million tons of production. India ranks at 1% being
largest producer of chickpea about 75 percent in total World. Pulses are edible seeds of
legumes. The main pulses produced or consumed in Pakistan are chickpeas, mung beans,
mash beans and lentils (Harrison et al. 2017a). These products are international traded, and
are substitutes in production and consumption with wheat, rice, sugarcane, cotton and other
cereals. Like these substitutes, pulses are a storable commodity. Two desirable
characteristics of legumes are that they fix nitrogen (production benefit) and are high in
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protein (consumption benefit) compared with other vegetable crops (Harrison et al.
2017a,b).

The cultivation area of chickpea in Pakistan was 1050,000 hectares. The total
production of chickpea became 300,000 tons to 500,000 tons by using its full potential.
The production of about 5000,000 tons got by growing on 95000 hectares (GOP, 2019).
Highest production was recorded about 868,000 tons in cropping season of 2004-2005. In
2018-19 the cost of RS.68.27 billion imposed when 977 millions of pulses imported
according to the Pakistan Bureau of statistics. The export earnings of wheat at cost of RS
20.12bn, raw cotton at cost of RS 2708bn, sugar at the cost of RS 32.147bn in 2018-19 the
imported bills of pulses became high(Rashid ,2020).

The Cholistan is the part of the world’s seventh largest desert. It has been extended
along the south border province Punjab (Hameed et al., 1989). Due to lack of irrigation
water in cholistan it changed into desert in spite has fertile soil. Due to deficiency of food
death ratio is very high in cholistan. The major reason is that due to heavy and frequent
stress the production became very low. Plants had been adversely effected due to lack of
sufficient water that is much necessary for growth. So the yield is not enough to supply
food for all people (Monclus et al., 2006; Arshad et al., 2008).the water short term supply
can cause the low production of the all crops in Cholistan (Ashraf and Mahmood, 1990).

Through Different schemes and interest free loans provided to small farmers for
the purpose to continue their production without any problem. For this purpose the different
commercial banks (PFIs) (ZTBL and -NBP and institutions (Telenor Micro Finance Bank,
NRSP and Akhuwat Islamic Microfinance). provide loans without any interest. The major
goal behind all this scenario to overcome the situation of food shortage. A farmer that
possessed land up to 12.5 acre had to pay 30,000 for Rabi crop per acre and Rs 40,000 for
Kharif crop per acre (GoPb, 2021).

There are many factors that are responsible for the low production in cholistan.
The gap that lies between the actual and potential production is due to many socioeconomic
factors. Small and poor farmer has not sufficient knowledge about new techniques from
which production can be increased. These factors are less ability of crop to compete with
weeds, number of irrigations, ploughing time, climatic conditions, sowing time and many
more. A small farmer can’t afford expensive fertilizer to protect his crop from the attack of
weeds and pests. The solution of this problem is that to use the bio fertilizer or organic
matter to increase crop production. Chickpea’s production also low due to many factors.
Rain on require and suitable time is very effective for the chickpea production. (Aziz,
1983).

Cholistan with lack of irrigation water droughts due to which people faced severe
hunger. They have to mover nearby areas for survive. The climatic conditions of
Bahawalpur is not suitable much for crop production. Dry and hot climate prevent the
proper crop growth and other livestock. Water deficiency, frequent droughts results
migration of people to different areas. Chickpea is a drought resistant crop .it contributes
20% of world pulses production. Chickpea is the better source of protein than other pulses.
It contains 22-25% protein and 2-3% iron and zinc. Through symbiosis relationship with
rhizobium bacteria chickpea does not require much nitrogenous fertilizer. Due to which
chickpea cope with the drought conditions.one important thing that is very beneficial for
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society is bio fertilizer because not very much resources in it. Environmental hazards
become lowered and social benefits can be achieved. (Kizilkaya, 2008). The purpose of
this studies how bio fertilizers can increase the cultivation of chickpea in the cholistan.
Beside this to enforce the small farmers for adoption of the bio fertilizer that is
economically very beneficial for them.

I1. Review of Literature

Chickpea is very important crop from the leguminous family. This crop is
cultivated in dry areas where water is not sufficient.75%of total world production is
subcontinent obtained from desert areas. Nutrionally chickpea is the full source of vitamin
and protein. But the major hindrance that limit the cultivation of chickpea is lack of
irrigation water in Cholistan. Small farmer has not sufficient knowledge and awareness
about the efficient cultivation of this crop.

A. Effect of Water Shortage on Crop Production:

In cholistan drought is the major determinant that limit the growth of major crops
.As the environmental conditions here are very hot and dry due to which severe deficiency
of water in future can be face. (Backlund et al., 2008). Through the better knowledge
relating to the effects of water shortage and proper management practices can changed
their lives (Ryan et al., 2008). The water deficiency or water stress is very dangerous for
crop growth. Due to which plant does not expand in size. Water is very much important for
the ionic movement into and out of the cells Enzymes require water as medium for the
proper secretion (Hessini et al., 2009). In the absence of water the accumulation of solute
and salts takes place which damage the plant (Ramachandra et al., 2004; Suzuki et al.,
2008; Ahmed et al., 2009). Water deficiency must be overcome in this region for the better
agriculture. Proper knowledge and awareness can help to improve this lives and remover
the hunger in this dry region.

B. Use of Bio Fertilizer to Improve the Crop Production under the Water Drought

Plant growth is very sensitive for the availability of the water. In drought
conditions and lack of irrigation water plant must be resistant. VVarious measures has been
taken for the survival of plants with this dry conditions such as bio fertilizer that help the
plant to grow in this stress conditions. In cholistan rainfall is very low which effect the crop
productivity. A small farmer has not enough resources to prevent his crop against this
climatic condition. With the help of bio fertilizer plant face maximum area of expansion
and absorb much water from the soil in the dry condition. In bio fertilizers most of the
beneficial bacteria are present that fix the nitrogen in the roots due to which plant promote
its growth. Many bacteria break down the complex substances into simpler ones so they
available for plants. Water play a major role in the movement and absorption of this
substances into different part of plants. Bio fertilizers also help the plant in excretion of
phytohormones that are very necessary for the proper plant growth.

The presence of sufficient moisture and nutrients are necessary for healthy plant
development (Chen, 2008). However the crop productivity may limit due to shortage of
moisture in low rain fed areas, likewise in Cholistan, Pakistan. Due to deficiency of surface
water as well as brakish ground water, the availability of moisture remained a major
challenge in these type of areas (Mohammadi et al., 2005). Though under drought
conditions, inoculation of bio fertilizers may minimize such encounter by increased root
surface area for soil to moisture more water as well as increased water use efficiency (Vlek
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and Vielhauer, 1994). Furthermore, microorganisms used in bio fertilizers are multiple in
functions by producing phyto-hormones which helps to enhance plant growth under
stressed conditions. These growth promotion may be due to its functions of nitrogen (N)
fixers, potassium (K) & phosphorus (P) solubilizer and mycorhaizal associates. Most bio
fertilizers provide nutrients, and moisture to the plant with symbiotic association to plant
roots (Dobbelaere et al., 2001). Organic acids could be available for plants by secretions
from the phosphate solubilizing bacteria on phosphatic complexes which are insoluble
(O’Callaghan et al., 2001; Gupta, 2004).

C. Socio-Economic Factors

The Australian Centre for International Agricultural Research, in collaboration
with the Pakistani government, is currently funding research into improving productivity
and marketing of pulses, as well as conducting evidence-based economic analysis of
policies that impact pulse production and trade in Pakistan. This paper is one of a number
produced from the research. The aim of this paper is to provide an overview of the pulse
sector in Pakistan, and to review government policies affecting pulses production,
consumption and trade. This information provides a background for economic modelling
work that considers the economic welfare impacts of current and potential Government
policies affecting pulses (Vanzetti et al. 2018).

Abbas et al., 2017 reviewed the economics of the pulses sector and pulses-related
policies. The results of the regression model in study of empirical investigation of its yield
determinants in low intensity zone of Punjab, Pakistan indicated that farming experience,
seed cost, ploughing and harvesting cost show significant effect on chickpea yield. The
study further concluded that use of improved and high yielding seed along with better
management practices like proper land preparation, weeding, etc. can help increase the per
acre yield of chickpea in low intensity zone

I11. Materials and Methods

The Novel strains of Rhizobium has been used to develop Bio fertilizer for
promoting rhizobacteria against drought and promoting growth of Chickpea. Pre-tested
questionnaire was developed to survey the awareness level of bio fertilizer use for
cultivation of chickpea crop in Cholistan area. The particular related to demographics,
Economic as well as econometric study were included in the comprehensive guestionnaire
to get information from the target farms. For this purpose, a comparative study was
indented with the farmers who were using the bio fertilizers with their counterpart, who
were not using bio fertilizers in the Cholistan area of district Bahawalpur, Pakistan. A
preliminary survey was though conducted. Random data technique was used to interview
the 51 farmers in the study area. One of the study objective is analyzing the factors of
adoption for the use of bio fertilizers. The present study is divided into following two
components i.e. field experiments and field surveys as discussed below:

A. Field Experiments

For rabbi season 2015-16, field experiments were conducted at farmer’s fields at
10 sites at experimental sites which were laid for demonstration as well as experimental
purposes. At these sites, the cultivation of chickpea crop was carried as treatment; by using
bio fertilizer application namely Rhizogold and counterpart control; without bio fertilizer
use. The management practices were same at both comparative experimental plots like
cultivating, leveling (planking), method of sowing, fertilizer & irrigation application and
harvesting.
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B. Field Surveys

Another field survey was carried out at 20 chickpea grower sits who were using
bio fertilizer for rabbi season 2016-17 which identified by Agricultural College, Islamia
University, Bahawalpur (IUB). For interrogating their socioeconomic characteristics, a
comprehensive questionnaire/form was employed. In these areas, fingschu as bio fertilizer
(by Tiens Pvt. Limtd.) was used for seed treatment. Similarly, other 20 farmers without
using bio fertilizers were interviewed from the same villages in vicinity of the above stated
category to assure the soil type, soil fertility, main roads distance, calibration in topography
and markets information.

C. Data Analysis
The following techniques were used to analysis the collected data:

Descriptive Statistics

Descriptive Statistics (Frequencies & Percentages) was employed by using SPSS
for the purpose of characteristics of farmers and study also showed different factors for bio
fertilizer users and those who cultivated chickpea without bio fertilizer application.

Logistic Regression Model

A binary logistic approach (Logit model) was employed to delineate the factors
contributing in the adoption of bio fertilizer for chickpea production. The Maximum
Likelihood Estimation approach belongings to efficiency was best approach rather than
classical linear regression model (Herath and Takeya, 2007). The dependent variable
(dummy variable) in Logit regression, 1 denotes bio fertilizer users and 0 non adopters.
Other independent variables includes demographic age of farmers, education (formal or
non-formal), occupational status, land ownership and experience of chickpea growing.
Following is the empirical Logit model:

PO =1X)=PF=1| X1, X2r0rr ey Xi)

Where P - Probability function; Y - dependent variable; X is the set of independent
variables as discussed above.

Economic Analysis (Cost of Production Estimates)

The procedure adopted by Chaudhry et al. 1992 for calculating the cost of
production on acre basis is followed in the present study. Total Variable Cost (TVC)
includes cultivating, leveling (planking), method of sowing, fertilizer & irrigation
application, labor cost, harvesting & threshing, and markup on variable costs is also used
for compensating the factor of markup which depicts the value of interest rate for farmers
that may need to borrow money for the purchase of inputs. Abiana also taken into account
in the study as fixed water charges and the variable tube well charges is irrigation cost. The
above calculations are economic analysis.

Gross Margin

Gross margins (with & without land rent) were calculated for the purpose of
economic comparisons for both farms categories, adopters and non-adopters of bio
fertilizers. Land rent (fixed cost item) is considered as an opportunity cost. In the present
study, land rent is the total fixed cost. The gross margins is calculated by following
formula:

(Gross Margin) = (Total Revenue) — (Total Variable Cost)
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Here, GM = Gross Margin, TR = Total Revenue, TVC = Total Variable Cost

IV. Results and Discussions
A. Descriptive Statistics
Socioeconomic Characteristics

The households were divided in to users and non-users of bio fertilizer.
Descriptive statistics in Table 1 shows that the users were younger than non-users, as mean
ages were 32 and 43 years respectively. Bio fertilizer users had higher level of education
than their counter parts. Moreover, users of bio fertilizers were blessed with large cultivated
area of about 20 acres as compared to non-users who had 13 acres of cultivated area.
However, the experience of growing chickpea average showed that there is no difference
between the both groups.

Table 1: Socioeconomic Features

Item Units/Value Adopters (Users) Non Adopters (Non-Users) All

Age Years 32 43 38

Education Years 10 6 8

Land Holding Acres 20 13 16
Chickpea Growing Experience  Years 9 9 9

Source: Author’s own calculations

Determinants Description for Bio Fertilizer Users

Variable of farmer’s education was added in the model as a numbers of years in
schooling to assess the level of farmer’s inspiration towards the adoption of new
technologies. The coefficient was positively significant representing that education plays a
pivotal role in the adoption of any invention i.e. use of bio fertilizer in chickpea production
for present study. Furthermore, as education level increases farmers tend to become more
determined and innovative towards the efficient use of resources (Fakoya et al., 2007).

Farmer’s age was included as number of years, and results show that the
coefficient is negatively significant, specifying that youngster had lenient behavior towards
the use of bio fertilizer compared to old aged farmers. These results were in-line with Asfaq
etal. (2008), who estimated that education and farming experience had direct relation with
farm diversification. Abrha (2015) concluded that above mentioned two variables, had
direct relation with production in birr. The tenancy status (1 - owner & 0 - tenant)
coefficient was significant and positive sign. The total number of land acres were included
as a proxy for the size of farmer’s land holding in the model. Result showed that farm size
coefficient was positive but insignificant.

Moreover, the variable of experience was also insignificant, which means that
experience of cultivating chickpeas had no relationship with the use of bio fertilizers. All
above variable results were according to the results of studies like Hussain et al., (2020) &
Bakhsh et al. (2020), where it is mentioned that farmers who were young, having good
resource base, and having access of education facilities (formal or informal), were more
plausible to embrace new innovations and more likely to incorporate in agricultural
practices. Furthermore, availability of skilled operator, professional contacts and non-
occurrence of financial affairs increases the chances of innovation adoption. The R? value
indicates that 57% chances of using bio fertilizers in the cultivation of chickpeas was
explained due to the indicators included in the model.
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Table 2: Logit Model Coefficients

Item Coefficient SE z-(Statistic) P
Age -0.068 0.043 -1.594 0.101
Education 0.308 0.137 2.238 0.025
Land Holding 0.018 0.039 0.468 0.640
Tenancy Status 2.257 0.859 2.628 0.009
Chickpea Growing Experience -0.003 0.131 -0.020 0.984
Constant -1.322 1.996 -0.663 0.508
McFadden R-squared 0.570
Log likelihood -11.830

Source: Author’s own calculations

B. Econometric Analysis of Farmer Survey

Table 3 showed the econometric analysis of users and non-users of bio fertilizers
for producing chickpea crop in the area of one acre, for cropping season 2016-17. The total
cost of production was high in adopters i.e. Rs. 28,886 as compared to the non-adopters
i.e. Rs. 25,657. This was due to the additional cost of fertilizer (< Rs. 1,481) incurred by
using the bio fertilizers. In addition, users were also subject to opportunity cost of land rent,
in spite of having 80% of their own land. The average land rent that users were paying was
more than non-users, which increased total fixed cost and ultimately the total cost.

Table 3 further highlighted that both the users and non-users of bio fertilizers were
at advantage of producing chickpeas in one acre of land, as the total revenue and gross
margins were profitable in both cases. Total revenue in case of users was Rs. 48,981 that
was higher than non-users i.e. Rs. 43,944 for <2.25 yield of chickpea. Gross margins for
users of bio fertilizer with and without Land Rent (LR) by utilizing the equation 5 and 6
were estimated as Rs. 20,094 and Rs. 34,761 respectively. GM for non-adopters with and
without LR were calculated as Rs. 18,287 and Rs. 30,970 respectively. These figures
demonstrated the absolute advantages for the users of bio fertilizer as compared to non-
users.

Table 3: Per acre chickpea production-Economic analysis: (Farmer survey, N=40)

Activity Adopters (Users) Non Adopters (Non- users)
TVCin Rs. 14,220.0 12,975.0
Preparation of Land 1,211.0 1,157.0
Seed 2,167.0 2,131.0
Fertilizer 3,755.0 2,274.0
Sprays/plant protection 517.0 614.0
Manual Labor Charges 2,317.0 2,701.0
Harvesting/cutting 1,896.0 1,850.0
Threshing/ Padding 2,162.0 2,081.0
Abiana 51.0 51.0
Mark Up (at 4% i) 154.0 124.0
TFC with LR in Rs. 14,668.0 12,684.0
Total Cost (Rs.) 28,887.0 25,658.0
Total Revenue (Rs.) 48,982.0 43,945.0
Yield (mounds) 23.1 20.9
Selling Price (Rs./mound) 2,217.0 2,214.0
Gross Margin without LR (Rs.) 34,762.0 30,971.0
Gross Margin with LR (Rs.) 20,095.0 18,288.0

Source: Author’s own calculations
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C. Econometric Analysis of Experimental Sites

Table 4 depicted econometric calculations by employing two groups, i.e. treated
(seed with bio fertilizer treatment) and control (seed without bio fertilizer treatment) on
one acre of chickpea production, for cropping season 2016-17. The total production cost
was less for the users of bio fertilizer than their counterparts, and revenues as well as gross
margins were reported high. However, the management practices and costs of inputs (e.g.
land preparation, plant protection, seed sowing, fixed water charges, manual labor charges,
harvesting and threshing) were same in both groups.

Table 4: Per Acre Land Chickpea-Econometric analysis (Experimental station, N=10)

Activity Adopters (Users) Non Adopters (Non- users)
Total Variable Cost (Rs.) 11,584.0 11,849.0
Land Preparation 1,026.0 1,026.0
Seed 2,052.0 2,052.0
Fertilizer 2,123.0 2,382.0
Plant Protection 561.0 561.0
Manual Labor Charges 1,351.0 1,351.0
Harvesting 2,791.0 2,791.0
Threshing 1,521.0 1,521.0
Abiana 51.0 51.0
Mark Up (at 4% i) 116.0 122.0
Fixed Costs (Land rent) Rs. 14,668.0 14,668.0
Total Cost (Rs.) 26,251.0 26,516.0
Total Revenue (Rs.) 52,443.0 44,542.0
Yield (mounds) 24.8 21.5
Selling Price (Rs./mound) 2,206.0 2,206.0
Gross Margin without LR (Rs.) 40,860.0 33,303.0
Gross Margin with LR (Rs.) 26,194.0 18,636.0

Source: Author’s own calculations

It was examined that the fertilizer application was the only difference in the total
cost of production. The adopters though incurred more cost of bio fertilizer application, but
they were reported with less cost of total fertilizer application on the other side (i.e. > about
Rs. 260), and this is because of less use of urea and DAP amounts. Moreover, the results
highlighted that the total revenue and gross margins for producing chickpea on one-acre of
land was higher significantly in case of D-plots (with bio fertilizers). This is because,
higher yield of chickpea i.e. 22.78 mounds were possible with the use of bio fertilizer on
treated plots. Whereas on the other side, with no use of bio fertilizer on control plots the
yield was 20.48 mounds i.e. less than treated ones. Extra gross margins were remained
same with and without land rent (LR) and estimated as Rs. 7,557. Our econometric findings
augmented the biological results of Togay et al. (2008) and Ahmad et al. (2013) studies,
which showed that the inoculation of bio fertilizer containing Rhizobia and Plant Growth
Promoting Rhizobacteria (PGPR) helped significantly to improve the nodulation of
chickpea and ultimately increases the yield as well as farmer’s income.

V. Conclusions and Policy Recommendations

Logit model was used in the present study to determine the role of factors in the
adoption of bio fertilizer use for cropping season 2016-17. In this model, six explanatory
variables were selected to analyze their impact on the adoption of bio fertilizers. Out of
these six indicators, three were insignificant and remaining were statistically significant,
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explaining farmer’s behavior regarding the adoption of bio fertilizers. The results indicated
that less aged (young) and more educated respondents had more risk taking ability for any
new intervention. The average age of adopters was 32 years which was less than non-
adopters i.e. 43 years. Similarly, the average schooling was high in case of adopters.
Moreover, the coefficient of occupancy status was significant statistically i.e. about 80%
of the adopters had their own land. More access to education facilities and land ownership
provided to the young farmers may increase bio fertilizer adoption chances in the farming
community.

The concept these bio fertilizers is still need to be strengthen, because most
farmers in Pakistan don’t know about bio fertilizer techniques. To spread more awareness,
government may have pivotal role by introducing training programs to create knowledge
among the farming community especially young farmers which are more likely to attract.
There is a need of time that government must provide efficient extension services to
familiarize the farmers from this real concept and how to apply these methods.

This more yield of chickpea in case of adopters was because of the bio fertilizer
application. Our findings from field experiments (demonstration plots) explained the same
trend. Users gained more chickpea yield i.e. about 22 mounds as compared to counterparts
i.e. about 20 mounds. Extra gross margins were same i.e. Rs. 7,557 for bio fertilizer users
with and without LR (due to same LR).

The findings also indicated income from per acre of land increases with increase
in the size of farm. This was because of the reason that large farmers with own tractors
ownership to plough fields and able to sow timely. They had enough resources to spend
more on inputs. Chickpea yield is more responsive towards these inputs and it increases
with input usage. For the timely and efficiently usage of these inputs (both in terms of
quality and quantity), study purposes two solutions. First, it is ensured by the authorities
that these inputs will be available at low and affordable cost. Moreover, access towards
these expensive inputs should be made possible on borrowing or installments by lending
agencies. Second, it must be assured that the credit availability should be easy, cheaply and
timely by the banks or other organizations.
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