.o: American Journal of
s Biomedical Science & Research

Research Article

@www.biomedgrid.com

ISSN: 2642-1747

Copy Right@ Samuel Safo K Allotey

Impact of Fertilizer Subsidy Programme on Maize
Income in the Northern Region of Ghana

Samuel Safo K Allotey*, Adam Hamza and Hudu Zakaria

Department of Agricultural Extension, University for Development Studies, Ghana

*Corresponding author: : Samuel Safo K Allotey, Department of Agricultural Extension, Rural Development and Gender Studies,

University for Development Studies, Tamale, Ghana.

To Cite This Article: Samuel Safo K Allotey. Impact of Fertilizer Subsidy Programme on Maize Income in the Northern Region of Ghana . Am |
Biomed Sci & Res. 2019 - 6(2). AJBSR.MS.ID.001010. DOI: 10.34297 /A]JBSR.2019.06.001010.

Received: & October 30, 2019; Published: & November 12,2019

Abstract

This study principally assessed the impact of fertilizer subsidy programme on maize income in the Northern Region. Sample sizes 0of 400 respondents
were interviewed using questionnaires. Secondary data was also collected for the study and the results analyzed. Simple random sampling techniques
was used in selecting respondents. The data was analyzed using appropriate descriptive statistics and Propensity Score Matching (PSM). The study
revealed that majority of smallholder participated in the fertilizer subsidy programme. High level of participation in the fertilizer subsidy programme
among smallholder farmers can be partly due to high poverty level in Northern region of Ghana. In establishing the relationship between smallholder
farmers’ participation in fertilizer subsidy programme and maize income. The propensity scores matching results revealed a significant effect between
smallholder farmers’ participation in the fertilizer subsidy programme and maize income of participants. The study calls for more investment and
expansion of the subsidy Programme to other agricultural inputs such as improve seed, pesticides and insecticides as the subsidy have the ability of

increasing smallholder income levels.
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Introduction

The agricultural sector contributes nearly one-fifth of the
Ghana’s Gross Domestic Product (GDP) and provide employment
for almost half of the country’s labour force. More so, the sector
serves as a main source of livelihood for the poorest households
in the country [1,2]. Agricultural sector is expected to play a lead
role in the long-term sustainable growth and development of
Ghana economy. Notwithstanding the rapid increased in minerals,
oil and gas sector which affected the relative contribution of the
agricultural sector of Ghana GDP in recent times [3] agriculture
remains important in employment and income generation and
livelihood enhancement among the rural poor [4]. An estimated
figure of 45 percent of the national work force is been employed in
agricultural sector, exceeding any other sector of the economy [5].
The agriculture sector is essential to the livelihoods of the country’s
poorest households and as such play a role in poverty reduction.
Ghana’s agricultural sector is dominated by smallholder farmers
who hold small portion of lands scattered across rural areas in
Ghana [6].

These smallholder farmers cultivate on an average of 1.5
hector farmland size and characterized by low usage of advanced
agricultural technologies [7]. Most of these smallholder farmers,
farm yields are usually low as compared to achievable yields [8].
Lower fertilizer usage, couple with poor soil fertility management
results to poor crop yields. Unfortunately, most of these smallholder
farmers in Ghana barely survived on less than US$2 a day and so
are unable to afford the high prices of chemical fertilizer in right
quantities and qualities (MoFA, 2016). In providing for this short
fall, government and other development partners supported
farmers with inputs subsidies to boost smallholder farmers’
production [9]. Because of economic crisis and fiscal space concerns
across Africa in the late 1970s and early 1980s, the World Bank
(WB) and International Monetary Fund (IMF) initiated national
economic recovery and structural adjustment programme and
trade liberalization programme. This national economic recovery
and structural adjustment programme encouraged private sector

led development and deregulation of the fertilizer market.
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The aim of the national economic recovery and structural
adjustment programme was to forced government across Africa
in removing all agricultural subsidies on the continent [10-12].
The removal of fertilizer subsidies greatly affected crop yield
negatively and wellbeing of the rural poor [13,14]. In view of the
green revolution, fertilizer subsidy programmed raised the use of
chemical fertilizer by farmers and resulted in increased agricultural
productivity to about fifty percent (50%) of yield growth [15]. To
increase fertilizer usage among farmers, the first ever African
summit on chemical fertilizer policy which took in Abuja, Federal
Republic of Nigeria on the theme “Fertilizer for African Green
Revolution the Abuja Declaration”.

This conference mandated African-Union Member States to
resolve in increasing farmers’ access to fertilizer on time as well
as increase fertilizer usage to about 50 kilogram per hector before
2015 [16]. To achieve this resolution, some measures were put
in place by member state, these measures included, the removal
of import levies and charges on chemical fertilizer and materials
used for manufacturing of chemical fertilizer. The reintroduction
of subsidized chemical fertilizer by member state, subsidization
of chemical fertilizer was to make it easily accessible and available
at all time for farming activities by smallholder farmers. Also, the
African leaders were required to continuously devote 10 percent
of their annual budget to invest in agriculture [16]. This was
to ensure increase fertilizer usage by smallholder farmers and
enhanced livelihood of her citizens [17]. The Abuja Declaration
aimed at increasing public investment in agriculture and increasing
farmers’ access to fertilizer for the green revolution of Africa have
been rectified and adopted by many countries and implemented
with some positive upward trends in fertilizer use in SSA [16].
Also, in June 2014 Heads of State from Africa met in Malabo,
Equatorial Guinea, with the emphasis on improving agricultural
productivity and food security through addressing the challenges
that hindered the growth of the agricultural sector. This resulted
in the Malabo Declaration on “Accelerated Agricultural Growth and
Transformation for Shared Prosperity and Improved Livelihoods”
[18].

Following this declaration, in July 2008 the government of
Ghana started a national wide voucher-based fertilizer program
on some types of chemical fertilizer, namely; urea, sulphate of
ammonia and NPK. The implementation of this programme was an
attempt in offsetting the rising energy and food prices at the time
(MoFA, 2009). This subsidized fertilizer programme was to address
a significant increase in the prices of food and fertilizer worldwide
(MoFA, 2008). Also, government identified low fertilizer usage
among farmers in Ghana as compared to other countries in Sub-
Sahara Africa, smallholder farmers’ uses an average of 8 kg/ha,
leading to poor crop yield, high prices of food as well as low income
level of farmers (MoFA, 2009). The subsidized fertilizer programme
was then seen as a key in addressing the several problems farmers
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faced in the country. This fertilizer subsidy programme directly
aim at achieving increasing application rate of fertilizer from
existing rate of 8kg to an average of 20 kg per hectare by farmers
[19]. When this objective is achieved, it will improve crop yields
and agricultural productivity among smallholder farmers as well
as raise the profitability of farm production and enhancing the
income level of farmers [20]. Maize is part of the crops supported
by fertilizer subsidy programme in Ghana, maize is a major staple
crop used as a substitute for other major cereals that are in short
supply during the lean season (MOFA, 2016). This has resulted in
an increase in demand of maize for both domestic and industrial
purposes [1]. The high demand of maize in Ghana for both
domestic and industrial purposes have led to a radical approach in
increasing production of maize through the provision of improved
technologies and subsidy policy [21]. Supporting farmers with
subsidized fertilizer can result in massive increase in maize yields
and ultimately bring improvement in crop income [22]. It is in this
light, that this study seeks to establish the influence of fertilizer
subsidy programme on maize income among smallholder maize
farmers in the Northern Region of Ghana.

Methodology

The study was carried out in the Northern Region of Ghana.
Primary data on the influence of fertilizer subsidy programme
on maize income in the Northern Region was collected using
questionnaire and key informant interviews (among maize farmers)
to 400 respondents. Secondary data was also obtained from records
of MOFA as well as reviews of journals and library materials. The
survey employed simple random sampling techniques in selecting
the sample for the study, in selecting the districts for the study,
simple random sampling techniques was employed and seven (7)
districts out of 17 districts in the Northern Region were selected.
From each sample district, simple random sampling techniques
was employed to select 57 respondents. Data was analysed using
frequencies, percentage and Propensity Score Matching (PSM).

Measuring Crop Income

Crop Income is computed below:

Y, = (Quantity of produced harvested per acre * Market price of

This study will limit farmers to an average income obtain within
farming calendar year, express in GHC.

Random Utility Theory (RUT)

Following Random Utility Theory (RUT) a farmer’s decision to
participate fertilizer subsidy programme can be analyzed within
a random utility framework. The outcome variable (total crops
income per acre of the farmer) is considered as a linear function
of binary variable for fertilizer subsidy programme participation
along with a vector of some other explanatory variables (X):
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Where Y, is the outcome variable, V, is a binary variable for
participation in the fertilizer subsidy Programme, A and y are vectors
of parameters to be estimated and p is the error term. However,
from Equation 2, since y measures the impact of participation in
the fertilizer subsidy Programme (treatment variable) on total
crop income per acre (outcome variable), then, farmers should be
randomly assigned to the group of participants or non-participants.
However, the subsidy Programme is rarely randomly assigned.
Though, participation in the subsidy Programme usually leads
to self-selection based on intended benefits. In other words, it
translates the fact that in Equation 2, p is correlated with V or Z.
Equation 2 which does not consider the self-selection and might
lead to a biased estimation. The PSM is employed in this study in
order to deal with selection bias.

Propensity Score Matching (PSM)

In analyzing the impact of smallholder farmers’ participation
in fertilizer subsidy programme on crop income, the method of
matching based on propensity scores is applied. Analyzing the
impact of social interventions, it requires the establishment of
the requisite counterfactual that represents what would have
happened had their intervention not taken place or what otherwise
would been true [23].

The establishment of this counterfactual often poses problems
where before intervention situation remains missing. Under such
circumstances appropriate estimation of the counterfactual is
established by way of a comparative group that does not participate
in the intervention. In social interventions where participants
were selected purposively rather than at random, the problem
of “selection bias” is often encountered in evaluation of impact.
Therefore, analysis of the impact based on a “with and without”
approach yields inaccurate results [24] and any attempt to net out
actual intervention impact must factor in the underlying selection
process [12].

The case of fertilizer subsidy programme is universal in
nature. Based on the participation strategy in the fertilizer subsidy
programme, the PSM framework is used for estimating the impact
of the fertilizer subsidy programme on smallholder farmers’ crop
income. Impact through this outcome variable is obtained by
matching an ideal comparative groups (non-participants farmers)
to the treatment group (participants farmers) based on propensity
scores (P-scores) of X. X is the set of observable characteristics that
determine participation in fertilizer subsidy programme. By so
doing the selectivity bias is greatly eliminated.

To develop the PSM framework, let Y, be the outcome variable
of a smallholder farmer I, such thatY, , and Y, represent smallholder
farmer outcome with and without participation to fertilizer
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subsidy programme respectively. A dummy variable Ii represent
participation in fertilizer subsidy programme by smallholder
farmer I, where Ii = 1 if the smallholder farmer has participated
fertilizer subsidy programme and I, = 0, otherwise. The outcome
observed for smallholder farmer i, Yi is defined by the switching
regression (Quandt, 1972).

B 0 w6 e g b S 3)

The impact of fertilizer subsidy Programme on smallholder
farmers’ crop income is given by;

,ﬁ.}‘} :_I‘L.—

1

B eeeeees e (4)

Where AY, represents the change in the outcome variable of
smallholder farmer I, resulting from participation in fertilizer
subsidy Programme. A smallholder farmer cannot be both ways,
therefore, at any time, either Y,i (participant farmers) or Y, (non-
participant farmers) is observed for that smallholder farmer. This
gives rise to the selectivity bias problem [25]. The framework
assumes heterogeneity in impact of outcomes. The heterogeneity
assumption is important because, practically all households

This gives rise to the selectivity bias problem [25]. The
framework assumes heterogeneity in impacts of outcomes. The
heterogeneity assumption is important because, practically all
smallholder farmer who participate in fertilizer subsidy Programme
cannot benefit equally as a result of differing characteristics. The
most commonly used evaluation parameters are averages [25]. The
two means are common in the impact analysis framework effects,
(ATE) and the average treatment effect on treated (ATT). In the
case of fertilizer subsidy programme, ATE estimates the effects of
smallholder farmers’ participation fertilizer subsidy programme
on crop income of the whole population without regard to only
participants in fertilizer subsidy programme but the ATT estimated
smallholder farmers participation in fertilizer subsidy programme
effects conditional on smallholder farmers’ participation in
fertilizer subsidy programme. It is the latter which this study seeks
to estimate, and it is represented as:

ATT =[ E(A,|7, =1)]= E[ %, - %, |2 =1] = E[%,|7, =1]- E[%, |7 =1].

From equation (5), E [Y,,/ [=1] is the missing data representing
the outcomes of smallholder farmers’ participation in fertilizer
subsidy programme in the absence of the subsidy. One way to
estimate the missing data is to use outcomes of a non-participant
group. By using the outcomes of a non-participation farmers, (5)
can be rewritten as:

[E(a L =1)]_ E[ |5 =1]— E[ X, |L, =1 eereernrisinennns (6)

Without controlling for the unobservable heterogeneity, (6) can
be shown to consist of a bias in addition to the impact estimate.
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Subtracting and adding E [Y,, / 1=1] to the right-hand side of (6)
gives;

= E[ %l =1])-E[ %5, |1, =0] - E[ ¥y l: = 1]+ E[ X |7, = 1],

............. (7)
=E[ %~ Y |1, =1] + E[ ¥, |1,=1] -E[¥,|7,=0]
Bias
Rearranging (7) gives;
:E[‘Q‘JI‘I;ZIJ'F{E[IL;H:1}_5[};.—|I|:0:|} ............................... (8)

Thus, a bias of the magnitude shown in (8) results when non-
participant farmers are selected for comparison with participant
farmers, without controlling for the non-random fertilizer subsidy
programme assignment [26]. The PSM method takes care of the
bias, so that estimated participation impact is largely consistent.
The method identifies and matches smallholder farmers within the
smallholder farmers’ participation that are similar in observable
characteristics’ X, to those of non-participants farmers. This done
by deriving propensity scores from a binary logit estimation of
fertilizer subsidy programme participation model [27]. A binary
logit model can be represented as;

Pr(Z, =1 ) = e = PE(X ) v ©)
l+e

Where X is a vector of explanatory variable including farmers’
demographic characteristics which are deemed to influence
participation in fertilizer subsidy programme; Pr (X) is the

propensity scores.

Based on the propensity scores of participants and non-
participants farmers, the nearest neighbor matching and Kernel
matching methods are used to select the best non- participants
farmers for the subsidy programme. [28] noted that, since
exact matching is rarely possible, an issue of closeness must
be considered. Matching therefore uses the expected outcomes
of the participants’ farmers (participation in fertilizer subsidy
programme), conditional on the propensity scores to estimate the
expected counterfactual of the non- participants’ farmers [26].
Thus, the relation holds, only when the assumption of closeness of
propensity scores is valid (common support assumption).

{E[%]. 4 =1.X, =x} ={E[,]. 1, =0.X, ~x}

The “conditional independence” or “exogeneity” assumption
must hold for this relation be true. [26] revealed that once
appropriate common support is established the conditional
impendence assumption becomes valid. They proved that,
if outcomes without participation (Y,) are independent of
participation in fertilizer subsidy programme (1) given X, = x, the
participants are also independent of participation (1) given their
propensity scores [P(X)]. In PSM fertilizer subsidy participation
characteristics are used to estimate a single value (P-score) which
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serve as the basis of comparison rather than the characteristics
themselves. The latter could be very laborious; hence PSM solves
the “curse of dimensionality”. Once common support is established
for the participants, the heterogeneity impact (ATT) of the fertilizer
subsidy programme on crop income can then be estimated using
(10).

ATT =[E(A 1, =1)] =1 S (%ol = 7 AL,

Nearest Neighbor Matching (NNM)

A case in the control group is matched to treated case based on
the closest propensity score. Each person in the treatment group
choose individual(s) with the closest propensity score to them.
The radius matching is using not only the closest nearest neighbor
within each caliper, but all the individuals in the control group
within the caliper [29-30].

Kernel Based Matching (KBM)

The KBM uses weight averages of all cases in the control group
to estimate counterfactual outcomes. The weight s calculated by the
propensity score distance between a treatment case and all control
cases. The closest control cases are given the greatest weight. Each
farmer in the treatment group is matched to a weighted sum of
individuals who have similar propensity with greatest weight being

given to farmers with closer scores.
Results and Discussion

Maize Farmer’s Participation in the Fertilizer Subsidy
Programme

Under this study participation is when a farmer buys the
fertilizer at a subsidized price, non-participation is when a farmer
buys at commercial market price. However, in the case of the
subsidy programme, it is universal in nature and every farmer has
the chance of participating or not. From table 1, the results revealed
that, those who participated in the fertiliser at the subsidised rate
among farmers constitute 259 (64.8%) while the remaining 141
(35.3%) did not participate in subsidised fertiliser rate. The high
level of participation among farmers can partly be due to the lower
cost involves in securing subsidized fertilizer as compared to
commercial rates. According [8], farmers in developing countries
usually preferred agricultural input to be subsidized for easy
accessibility, due to their poor economic status (Table 1).

Table 1: Frequency distribution of Participation in the Fertilizer Subsidy
Programme.

Participation Frequency Percentage (%)
Participant 259 64.8
Non-participant 141 35.3
Total 400 100

Source: Field Survey Data, 2019
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Estimation of Treatment Effect: Matching Algorithms

In other to assess the causal effect of smallholder farmers
participation in fertilizer subsidy programme on crop income,
one outcome variable was used; thus, crop income. Here the ATT
was estimated using the nearest neighbor and kernel matching
algorithms. Table 2 presents results from the PSM model that
was estimated for comparison purposes with the treatment effect
model results. The propensity scores matching results indicates
that smallholder farmers participation in the fertilizer programme
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had a significant impact on crop income among participants.
Participants’ crop income is found to between GHC 1468.89 and
GH( 1469.63 more than non-participants based on the matching
method used. Here two matching indicators, the nearest neighbor
and the kernel based matching algorithms were used as robustness
checks (Table 2). The Nearest Neighbor matching method identified
143 comparable control smallholder farmers, while the Kernel
matching method identified 145 control smallholder farmers from
the non-participants.

Table 2: Matching methods to measure Impact of participation in fertilizer subsidy Programme on crop income.
3 Total Crop Income
Matc_hmg Number of Number of Standard Error t-stat
Algorithms Treated Control Matched treated | Matched Control ATT
Nearest 245 143 1468.89 1366.72 102.17 99.74 1.02%*
Neighbor
Kernel matching 247 145 1469.63 1405.13 64.49 93.33 0.69**

Note: *** significant at 1%, ** significant at 5% and * significant at 10% of significance levels.

Source: Field Survey Data, 2019

The average income estimated using the Kernel matching
algorithms is slightly higher than that of the Nearest Neighbor
matching algorithms, indicating that the Kernel matching
algorithms is somewhat conservative. Thus, both matching methods
indicate that smallholder farmers’ participation in fertilizer subsidy
programme play an important role in increasing crop income in the

area. Comparing the results across the different matching methods

indicate that the estimated fertilizer subsidy impact is robust. The
results imply that participants get between GH(¢ 1468.89 and GH(
1469.63 more than the non- participants’ farmers depending on the
matching method used. This is consistent with the findings of [20].
This indicates that participation in fertilizer subsidy programme
has led to significant increase in crop income. As smallholder
farmers will have extra income if their crops are sold.
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Figure 1: Density Distribution of Propensity Scores Using Nearest Neighbor.
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Figure 2: Density Distribution of Propensity Scores Using Kerel Matching.
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Figure 1and 2 showavisual presentation of density distributions
of the estimated propensity scores for the two groups. These
histograms illustrate the number of smallholder farmers’ who are
on fertilizer subsidy programme support and those off support. The
common support condition is satisfied. There is an overlap in the
distribution of the propensity score of both participants (treated)
group and non- participants (untreated) group. The upper halves
of the histograms show the propensity score distribution for the
participants while the bottom halves refer to that of the non-
participants [31-33] (Figure 1&2).

Conclusion

The fertilizer subsidy programme in Ghana is universal and
open to all smallholder farmers have option to either participate or
not. However, as a result high cost of fertilizer in the country, most
smallholder farmers prefers to patronize subsidized fertilizer than
fertilizer from open market. Itis evident that majority of smallholder
in the study area participated in the fertilizer subsidy programme.
The high level of participation in the fertilizer subsidy programme
among smallholder farmers can partly be due to high poverty level
in Northern region of Ghana. Thus, this is not surprising that a lot
of smallholder farmers in the area participated in the programme.
In establishing the relationship between smallholder farmers’
participation in fertilizer subsidy programme and maize income.
The propensity scores matching results revealed a significant
effect between smallholder farmers’ participation in the fertilizer
programme and maize income of participants. Smallholder farmers
who participated in the fertilizer subsidy programme had’ an
average income of GHC 1468.89 and GHC 1469.63 more than
non-participants as indicated by the propensity scores matching.
Based on these finding, this study calls for more investment and
expansion of the subsidy programme to other agricultural inputs
such as improve seed, pesticides and insecticides. Since, the subsidy
programme has the ability of increasing smallholder income levels.
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