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Abstract
The Growth Enhancement Scheme and e-voucher program, rolled out across Nigeria in 2011 by the federal government,
provided the institutional basis for private agro-dealers to engage in the distribution of subsidized fertilizer, improved seeds
and extension services to farmers. However, the impact of this policy on different modes of extension service delivery is still
missing in literature. We apply an Ordinary Least Squared and Difference-in-Difference methodology on the (2010 and 2012)
Living StandardMeasurement Study of theWorld Bank. The results suggest that extension visitations as well as public extension
services positively influence farm revenue. Furthermore, a substantial increase in fertilizer expenditure by farmers was observed,
due to the e-voucher program, which could have contributed to the improved agricultural output witnessed in Nigeria post-
Growth Enhancement Scheme era. Governments across Sub-Saharan Africa should implement policies that harness the economy
of scale and scope of the private sector as well as information and communication technologies in delivering on time and
adequate agricultural inputs to farmers.
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1 Introduction

Policymakers consider access to agricultural extension ser-
vices as pivotal to improved agricultural productivity and food
security (Balgah et al. 2010; Davis 2008; Geppert et al. 2002;
Krishnan and Patnam 2013). This is because access to exten-
sion services transmits valuable information that enhances the
knowledge base of farmers as well as inputs such as fertilizer
(Liverpool-Tasie et al. 2010). Several studies show significant
returns as well as spillover benefits from agricultural exten-
sion services (Evenson 2001; Benjamin et al. 2018). These
returns and spillover benefits manifest in the form of higher

farm yields and revenues, improved efficiency, and access to
credit among others (Davis 2008). Consequently, it is plausi-
ble to hypothesize that public investments in more effective
agricultural extension services and technology can further im-
prove farmer welfare (Anderson and Feder 2004).

Clearly, extension services influence the diffusion of infor-
mation about and the adoption of agricultural technology
(Aker 2011). The dissemination of information via extension
services shows substantial variation, however. In sub-Saharan
Africa, we can observe many types of measures, for instance
print media, videos, folklore, group discussions, exhibitions,
farm demonstrations as well as information and communica-
tion technology (Munyua 2000; Meinzen-Dick et al. 2011).
The marginal effect of extension services is more pronounced
in sub-Saharan Africa, where farming is an essential economic
mainstay for large segments of the population, albeit with a
decreasing share of the gross domestic product (GDP). A
number of these extension service channels also distribute
modern agricultural technology and inputs such as seeds.

In developing countries, Anderson and Feder (2004)
and Davis (2008) analysed two channels of extension ser-
vices: public extension services and private extension ser-
vices. They argue that differences in their structure and
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agency influence outcomes at the farm level with regard to
technology uptake and overall agricultural sector growth.
Historically, the delivery of extension services has been
under the purview of the public sector (Swanson 2008).
However, governmental fiscal concerns, the presumably
rather poor performance of public extension in fostering
technology adoption in the past have raised interest in
how public and/or private extension services can become
more effective. Private sector extension agents in our case
are private agro-dealers and/or for-profit non-governmen-
tal organizations (NGOs). Nigeria has the largest economy
in Africa and aims for food security to sustain her growing
population. A number of factors, among others, access to
quality inputs, e.g. fertilizer, technology and information
by farmers, are crucial for food security. Up until 2010,
public extension agents in Nigeria administered the exten-
sion services and the provision of inputs. A number of
challenges ranging from rent-seeking, outdated informa-
tion to lack of input delivery plagued the system. Major
reforms under the Growth Enhancement Scheme (GES),
implemented in the agricultural sector in 2010, have
witnessed private agro-dealers entering the extension ser-
vices and input distribution channels. This paper sets out to
investigate how agricultural extension services (public ver-
sus private) enhanced the economic situation of farmers as
well as the adoption of technology (inputs) in Nigeria.

Our investigation focuses specifically on fertilizer usage
because between 1996 and 2002, average fertilizer usage per
hectare in Nigeria was approximately 25 kg/ha and lower than
the developing countries average of 102 kg/ha in 2020 (Morris
et al. 2007; Liverpool-Tasie and Takeshimab 2013. Prior to
introducing the GES, fertilizers were primarily purchased and
distributed to farmers via government extension agencies.
Post GES, i.e. after 2011, private sector agro-agents – among
other service delivery channels – now provide extension ser-
vices and directly offer subsidized fertilizers to farmers (see
Ayansina et al. 2015 and the next section for a literature
review on the GES). Hence, we examine the role that private
extension service agents play in the distribution of fertilizer
under the GES in terms of their effectiveness and efficiency,
and how it has affected fertilizer uptake.

Past studies found that the GES improved fertilizer adop-
tion, farm revenues and raised general consumption expendi-
tures among poor farmers (Liverpool-Tasie 2012, 2014;
Wossen et al. 2017). However, these studies used cross-
sectional datasets which limits their ability to observe these
improvements over time. Similarly, Nwalieji et al. (2015)
found increased service delivery and a yearly increase in
farmers’ participation in the GES fertilizer e-voucher program
in southeastern Nigeria. These studies argue that the use of
panel data would draw firmer conclusions about the links
between the GES and its impact on farm profit and fertilizer
uptake.

Despite the positive outcomes realized from the GES, sev-
eral old problems and new ones limit the Scheme’s effective-
ness. Liverpool-Tasie and Takeshimab (2013) expressed con-
cerns regarding the quality and timely delivery of fertilizers.
Others include low awareness of the GES among farmers,
poor telephone network and little coverage in rural areas by
private agro-dealers. Fadairo et al. (2015) highlight long dis-
tances to input redemption centres for the agro-dealers as the
primary constraint restricting fertilizer uptake within the GES.
Alabi and Adams (2017) find elite capture issues, namely that
that the e-voucher program favours wealthier and more edu-
cated farmers. A 2017 report by the International Food Policy
Research Institute (IFPRI) argues for a robust evidence-based
analysis to support the policy efforts of the GES (IFPRI 2017).
Likewise, Takeshima and Liverpool-Tasie (2015) suggest that
a holistic evaluation of different aspects of agricultural pro-
duction is needed to fully understand the impact of GES.

We contribute to the growing literature by ascertaining
which types of extension services are most effective in im-
proving farm revenue over time in Nigeria. We use farm rev-
enue as a measure of performance of different types of exten-
sion services. Furthermore, we demonstrate to what extent
input and extension services delivery by certified private
agro-dealers under the GES increased fertilizer adoption over
time in Nigeria. Our study analyses the linkage between
farmers and private extension suppliers, and ascertains their
effect on fertilizer uptake and the growth of farm revenues.
We apply a panel ordinary least squared (OLS) regression and
a Difference-in-Difference (DID) methodology to a panel
dataset from Nigeria of the World Bank’s Living Standards
Measurement Study (LSMS) of 2010 and 2012. The OLS
regression analysis measures and provides insights into the
relationship between farm-level revenue and different types
of extension services. The DID reveals the impact of the
GES on fertilizer adoption after the introduction of the GES.

In Section 3, we provide a comprehensive literature review
of the institutional extension service arrangements within
which the Nigerian fertilizer sector is embedded. Section 4
outlines the theoretical analytical framework; it also provides
a description of the data and the model estimation.
Subsequently, the results of the empirical analysis as well as
implications for national agriculture policy are discussed in
Section 5. The paper then concludes in Section 6.

2 The fertilizer sector in Nigeria

Between 1976 and 1995, fertilizer was heavily subsidized,
procured, and distributed to farmers by federal and state gov-
ernments in Nigeria (Eboh et al. 2006). Nevertheless, public
agencies encountered their own problems, implying govern-
ment failure. They related among others to delayed delivery of
fertilizers, taking advantage of price differential across states
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(arbitrage), fiscal issues due to the subsidization of fertilizers,
rent seeking and corruption by public officials. These issues
forced the federal government to embark on a series of re-
forms (Morris et al. 2007). These reforms started in 1995,
when government transferred the responsibility of purchasing
and distributing fertilizers to the private sector, followed by a
complete phasing out of subsidies (Okoye 2003). These re-
forms were typical for structural adjustment programs recom-
mended by the World Bank or the International Monetary
Fund (IMF) to developing countries at the time (Riddell
1992). According to Nagy and Edun (2002), both reforms
failed because proper institutional and infrastructural frame-
works to facilitate private sector takeover of extension ser-
vices and input distribution was missing. In combination with
the subsidy removal, this drastically reduced fertilizer uptake
among farmers and possibly farm yields and thus revenues,
thus endangering Nigerian food security.

Subsequently, the federal and state governments reinstated
fertilizer subsidies under in the Federal Market Stabilisation
Program (FMSP) in 1999, albeit at lower rates (Nagy and
Edun 2002; Banful and Olayide 2010). Under the FMSP,
two market channels emerged (Takeshima and Nkonya
2014). In the first channel, government agencies procured
fertilizers from private sector importers and marketers and
distributed it to farmers at subsidized rates. In this channel
(and before liberalization in 1995), Nigerian states typically
distributed fertilizers via their agricultural ministries,
Agricultural Development Programs (ADPs), or through state
intermediaries. In the second channel, farmers purchased un-
subsidized fertilizers in the commercial market. An empirical
study by Takeshima and Nkonya (2014) revealed that farmers
were more likely to purchase fertilizer in the first channel than
the second channel. However, the first channel was rife with
corruption, political manipulations, rent seeking, and lacked
transparency (Takeshima and Nkonya 2014). Hence, farmers
often complained about non-delivery, untimely delivery of
fertilizers, and when delivered, poor quality of fertilizers,
resulting in low fertilizer use (Banful and Olayide 2010).
For instance, Druilhe and Barreiro-Hurlé (2012) observed that
from 2002 to 2009 the average Nitrogen (N), Phosphates
(P205), Potash (K20) fertilizer use in Nigeria was 5 kg (kg)
per hectare (ha), which was less than the sub-Saharan African
average of 7.1 kg per ha and far below that of certain Eastern
African countries of 30 kg per ha.

Correcting some of the challenges experienced before
and after 1995 set the stage for the nationwide introduction
of the voucher program (first paper vouchers, later e-
vouchers) under the GES, which replaced the FMSP in
2010/11 (Nwajiuba 2012). According to the Nigerian
Federal Ministry of Agriculture and Rural Development
(FMARD 2016), the GES aimed to create self-sustaining
farms and agribusinesses as well as to center private sector
agents in the agricultural sector. One of its main policy

moves was to reorganize the access to fertilizers by farmers
and, in the same line, improve business opportunities for the
private upstream market as regards the supply of fertilizers
and other inputs. The GES enlists farmers in a national reg-
istry, connects them to certified private sector agro-dealers,
and disseminates technical advice and extension services
using Information Communications Technology such as
mobile phones (FMARD 2016). The Scheme, initially
piloted in four Nigerian states between 2004 and 2009, dis-
pensed subsidized seeds and fertilizer paper vouchers (later
e-vouchers) that farmers could redeemwith certified private
sector agro-dealers (Adebayo et al. 2016). The structure of
GES bypassed state ministries and intermediaries as the
mentioned agro-dealers now could sell inputs directly to
farmers and provide extension services (FMARD 2016).
Under the GES, farmers are entitled to 100 kg (two bags)
of subsidized fertilizer per planting season, independent of
farm size. The total subsidy then depends on the actual
amount of fertilizer demanded and effectively supplied
(Liverpool-Tasie and Takeshimab 2013). The cost of two
50 kg bags of unsubsidized fertilizer was -N-5000 ($34)
while a subsidy of -N-2000 ($13.6) was provided through
the GES (Liverpool-Tasie and Takeshimab 2013).

While participation in the GES is voluntary and open to all
farmers, Liverpool-Tasie (2014) argues that variables such as
education, wealth, and social capital (e.g., social networks)
may affect a farmer’s ability to join the Scheme. This implies
that participation in the GES is not random pointing to selec-
tion bias. However, our goal is to evaluate the impact of GES
on fertilizer purchase among farmers participating in diverse
models of extension services over time, selection bias, al-
though important, is controlled in this study through the ap-
plied methodology.

Within the LSMS World Bank (2010 and 2012) data for
Nigeria, 1327 farmers had received agricultural extension ser-
vices by the public sector, but also increasingly from private
agencies (see Table 1). This finding is in line with Munyua
(2000). For simplicity, we classify all providers of extension
services that are different from the governmental agricultural
extension service as private. Table 1 demonstrates the diver-
sity and complexity of agricultural extension service models
in Nigeria. However, it is important to note that in reality the
source of extension services and the tools are not mutually
exclusive.

3 Materials and methods

In this section, we introduce the analytical framework, which
is based on straightforward production theory, modelled using
OLS regression and the DID regression. Furthermore, the data
are described in detail.
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3.1 Analytical framework

To analyse the relationship between farm revenue and the
relevant independent variables such as inputs, i.e. fertilizer,
public and private extension services, etc. over the two periods
(2010 & 2012) we apply a linear panel OLS regression. The
(fixed-effect) equation is as follows:

Y it ¼ αi þ βX it þ uit i ¼ 1; 2;…; n and t ¼ 0; 1ð Þ ð1Þ
Where Yit is the log total revenue generated from agricultural
produce for an individual farmer. The subscript i represents
the total n numbers of farmers at certain (two) points in time t.
The explanatory variables of interest, X, comprise the number
of extension service visitations as well as the different models
of extension service provision, which could vary across
farmers and time. Furthermore, individual farmers display cer-
tain observable and unobservable characteristics, which may
influence their explanatory variables and which render
farmers with similar predictors (within-cluster) substantially
different. This means each intercept, α i, is unique
(Wooldridge 2013). Thus, the intercept can be denoted as
h(Ui)), where Ui represents a vector of latent time-invariant
confounders and h(∙) is a random and unknown function (Imai
and Kim 2016). The presence of these characteristics motivate
several sources of bias notably, self-selection bias from
farmers self-selecting into the treatment and omitted variables,
which ensures that individual farmers’ error terms and their

predictor variables are correlated, thus producing biased coef-
ficients. To obtain unbiased coefficients, we apply the fixed
effects estimator. The fixed effects estimator assumes that in-
dividual characteristics might affect the dependent or indepen-
dent variables and in estimating the relationship between the
dependent and independent variable of interest, removes the
effect of time-invariant characteristics. This provides a net
coefficient estimate of the relationship between the dependent
and independent variable. The application of the fixed effect
methodology allows the unique intercept to vary for each in-
dividual to control for the effects of the (un)observable char-
acteristics associated with each individual (Baltagi 2008;
Wooldridge 2013). This approach gives an unbiased net effect
of the independent variable on the dependent variable. Before
opting for the fixed effect methodology, it is also important to
ascertain that the unique time-invariant characteristics of indi-
vidual farmers are uncorrelated with the unique characteristics
of other farmers using the Hausman test.

The underlying assumption of the DID model adopted here
is that if the GES (i.e., the active participation of the private
extension service sector in input supply and information dis-
semination) had not been implemented after 2010, unobserv-
able differences between farmers receiving public and other
types of private extension services would remain the same
over time. Thus, using cross-sectional data of post interven-
tion alone might yield biased estimates as it neglects the
“normal” difference between farmers that receive extension
services including inputs from public (control group) and pri-
vate (treatment group) extension sources. The DID therefore
illustrates the change of fertilizer use over time due to the
implementation of the GES. The mean of fertilizer purchased
by farmers i in the treatment group (1) and farmers in the
control group (0) at the pre-intervention period (t = 0) and
post-intervention period (t = 1), is denoted as μit. The differ-
ence in mean between treatment and control group for pre-
and post-intervention can be denoted as:

ΔFi ¼ ΔFi1−ΔFi0 ¼ μ11−μ10ð Þ− μ01−μ00ð Þ ð2Þ
Where change in overall fertilizer purchase is denoted as ΔF.
The first term (that is ΔFi1) on the right hand side in Eq. (3) is
the change in fertilizer purchase for farmers engaging the ser-
vices of private extension services and the second term (that is
ΔFi0) is the change in purchase by farmers using public ex-
tension services. We limit our sample to farm households for
whom data is available for both, the period of pre-intervention
fertilizer usage and the period for post-intervention fertilizer
usage. We revert to available data on the total amount of
fertilizer purchases in Nigeria currency naira (-N-) by farmers
for the periods under consideration 2010 (t = 0) and 2012 (t =
1). Following Wooldridge (2007), the model for this regres-
sion is therefore denoted as:

Table 1 Sources of extension services and extension tools in Nigeria

Sources of extension servicesa Frequency Percent

Public source

Governmental agricultural extension service 172 12.96

Private sources

Private agricultural extension service 80 6.03

Agricultural cooperative/farmer association 25 1.88

Non-governmental organization (NGO) 5 0.38

Extension measures (tools)b

Peer farmer (neighbour/relative) 394 29.69

Electronic media (TV, radio, etc.) 428 32.25

Village agricultural extension meeting 86 6.48

Lead farmers 58 4.37

Agricultural extension course 4 0.30

Others 73 5.50

Observations 1325 100.00

Source: Adapted from World Bank LSMS (2010 and 2012)

n = 2 observations missing. aWe dropped paper media (handouts/flyers)
from our analysis due to its small representation in the sample. b These
extension measures could be used by both, the public or private extension
service
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Fit ¼ α0 þ β1X it þ β2Zi þ β3Tt þ β4Zi*T t þ uit i ¼ 0; 1 and t ¼ 0; 1ð Þ
ð3Þ

Where Fit denotes log form of overall fertilizer purchase over
time in Naira. The amount of fertilizer purchased by each
farmer at different intervention periods serves as measure
of Fit. α0 is the intercept. The term Xit represents key explan-
atory variables of individual farmers that are vital to fertilizer
adoption namely education, farm size, age, distance to market,
road, and urban area (Doss 2006). Zi is a dummy variable that
indicates whether farmers are in the control (0) or treatment
(1) group. Another dummy variable is the time variable, Tt,
which take the value of zero (t = 0; pre GES) and one (t = 1;
post GES). β1, β2 and β3 are the coefficients of Xit, Zi and Tt.
β4 is the coefficient of interaction term, Zi ∗ Tt that is equiva-
lent to the DID.

The use of a panel dataset and fixed effects estimator elim-
inates large variations in observable characteristics that are
hypothesized to motivate selection bias while the DID estima-
tor accounts for the differences between a treatment and con-
trol group due to the introduction of an intervention also elim-
inates selection bias.

3.2 Data

The World Bank administers the Living Standards
Measurement Study (LSMS) in a number of developing coun-
tries, including Nigeria (World Bank 2017). In Nigeria, LSMS
surveys were conducted in 2010, 2012 and 2015. While there
are similarities between the questionnaires in both, the 2010
and 2012 survey, only certain questions in the 2015 survey
retained the same format. Hence, we had to exclude the 2015
survey from our analysis, unfortunately.

The surveys encompassed household, agriculture, and
community variables relating to post-planting and harvest pa-
rameters. For this study, the relevant data are found in the
post-planting datasets. We merged household, agriculture,
and community variables for 2010 and 2012 using household
identification numbers for those involved in agricultural activ-
ities. The rationale behind this is that fertilizers and advisory
services are typically demanded during and after planting sea-
sons. Furthermore, we assume a time lag since the impact of
the second phase (upscaling) of the GES would only be felt
after 2010. We had an unbalanced panel dataset given that
some farmers interviewed in 2010 were not captured in 2012
and vice versa.

The LSMS surveys cover all the six geo-political zones in
Nigeria, see Table 2. Oseni and Winters (2009) argue that
farm-related activities are concentrated in the northern zones,
where more revenue is derived from agriculture as compared
to the southern zones. In the southern zones, non-farm activ-
ities are more pronounced. Farms in the dataset are mostly

located (over 50%) in the northern zones, which is implying
a representative sample of the agricultural sector in Nigeria.
For the purpose of this analysis, we only considered farmers
older than 18 years (n=1327 in total) who stated they had
received either public or other types of extension services in
all the six geo-political zones of Nigeria in 2010 and/or 2012.

Table 3 gives an overview of the summary statistics for all
sampled farmers disaggregated by the type and measures of
extension services i.e. treatment for private extension services
and control for public extension services. Agricultural land in
the sample was recorded in different units (heaps, ridges,
stands, plots and acres). We used existing literature, e.g.
Adebooye et al. (2006) in converting these units to hectares.
The farm size in our sample, thus, ranges between 0 ha (lower
bound) and 1761 ha (upper bound). The average farm size for
the treatment group is estimated to be 7.57 ha (due to outliers),
implying a substantial number of farms in Nigeria are rather
medium-scale in terms of cultivated land. This somewhat
aligns with Liverpool-Tasie (2012) findings that the average
farm size cultivated by framers in Nigeria was between 3.5
and 4 ha. The control group are farmers with average farm size
of 74 ha implying large-scale agricultural system. These con-
trol group farmers on average spend less on fertilizer and seed
inputs compared to the treatment group. The control group
farmers comprises more male farmers (52%) while treatment
group has more female farmers (60%). Since more than half of
the treatment group farmers in our sample were women, this
may explain the zero farm size above as women respondents
that use the land of their husbands or partners may not con-
sider the land belonging to them but to their partners. The
number of farmers in the treatment group that did not have
formal education was higher (62%) compared to those in the
control group (36%).

In terms of intake of food variety, which could be a proxy
for food security, over 60% of the treatment group farmers
indicated that they consumed different varieties of food every
day – also see aggregated data in Table 4. Only 0.59% of
farmers in the control group reported that they were consum-
ing the same type of food in the last 7 days. One percent of

Table 2 Geo-political zones in Nigeria and farmer sub-samples

Zone Frequency Percentage

North Central 248 18.69

North East 105 7.91

North West 615 46.35

South East 261 19.67

South South 42 3.17

South West 56 4.22

Total 1327 100.00

Source: Adapted from World Bank LSMS (2010 and 2012)
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treatment group farmers have used a saving facilities offered
by a cooperative, saving association, or microfinance interme-
diary in the past compared to 5 % among the control group
farmers.

4 Results

For our OLS regression, we first ran a Hausmann test to de-
termine whether to regress with fixed or random effect. The
Hausman test result supports the use of a fixed effect regres-
sion model. As stated earlier, a fixed effect regression would

help control for the unique characteristics of each individual
farmer. These unique characteristics give rise to a distinct
constant and to error terms uncorrelated with that of other
farmers. Table 5 depicts the OLS model results. Due to miss-
ing data for some of the control variables, we had a further
reduction in the number of observations to 250, depending on
the regression model. We regress the log of farm revenues,
i.e., sales revenues of crops on certain core variables in the
first model. The results show that the conventional assumption
is weakly satisfied as inputs, e.g. fertilizers, result in higher
output (statistical insignificance). However, increasing the
size of land would not necessarily lead to higher farm revenue
or income. We also found a positive and statistically signifi-
cant correlation between the number of extension service vis-
itations and farm revenue. Given that we did not collect the
data, it is impossible to attribute this visitation strictly to public
extension services. On average, increasing the number of vis-
itations from extension services results in a marginal increase
in farm revenue. This result is consistent with the conventional
wisdom on the relationship between farmers’welfare and their
access to agricultural extension services (see Anderson and
Feder 2004). The second model was estimated to establish
the consistency of our basic model by controlling for the effect
of education, gender, and proximity to urban centers on farm
revenue. Greater distance to urban centers appears to have a
negative impact on farm revenues as it is statistical significant
and the results of the core model (1) remains unchanged. In
model 3, the results also suggest that the further a farm is from
an urban center with a population greater than 20,000

Table 3 Summary statistics of farmers

Treatment Control

Variable Mean SD Min Max Mean SD Min Max

Log farm revenue-crop sales (-N-)a 9.58 1.66 5.70 16.58 10.19 2.20 5.19 12.42

Farm size (ha) 7.57 34.18 0 400 74 348 0.01 1761

Fertilizer costs (-N-) 7439 16,460 0 400,000 3102 8963 0 67,500

Seed costs (-N-) 294.3 970.8 0 10,000 138.25 519 0 4000

Gender (1 =male, 2 = female) 1.60 0.48 1 2 1.48 0.5 1 2

Distance to urban center in km (pop. >20,000) 25.4 19.3 0.2 98.8 23.75 23.7 0.6 98.9

Distance in km to tarred motor road 14.4 19.8 0.1 100.2 18.6 24.3 0.2 102.1

Age (in years) 41.5 17.3 19 100 45 16 19 98

Formal education (1 = yes, 2 = no) 1.62 0.48 1 2 1.36 0.48 1 2

Days food variety was unavailable 0.61 1.27 0 7 1.07 1.10 0 6

Savings with cooperatives etc. (1 = yes, 2 = no) 1.99 0.09 1 2 1.95 0.19 1 2

Number of extension visitation per season 1.29 2.15 0 15 1.81 1.23 0 5

Types and measure of extension services 10 2.8 2 14 1 0 1 1

N 1155 172

Source: Adapted from World Bank LSMS (2010 and 2012)
a The exchange rate of US dollar ($) to -N- from 2010 to 2012 was relatively stable at $1 = -N- 153.5 (CBN 2017)

Table 4 Reduced variety
of food consumption
(insecurity) in the last
7 days

Days food
variety was
unavailable

Frequency Percentage

0 931 70.37

1 125 9.45

2 141 10.66

3 74 5.59

4 23 1.74

5 17 1.28

6 3 0.23

7 9 0.68

Total 1323 100.00

Source: adapted from World Bank LSMS
(2010 and 2012)
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inhabitants as well as a tarred road, the lower are the farm
revenues generated. We also found that farmers who have
some level of formal education tend to have lower farm rev-
enues. Overall, the effect of the number of extension service
visitations remains positive and statistically significant. The
more pertinent question is, however, which source of exten-
sion service is more effective in increasing farmers’ revenues.
Thus, in model 3 we compare the effect of public extension

services (baseline) to private extension services to identify
their contribution to farm income.

4.1 Effect of extension services on farm revenues

From our results, we observed that private extension services,
e.g. those offered by NGOs, may not be effective in increasing
farm revenues as compared to public extension services. We

Table 5 Effect of extension services on farm revenues from crop sales

(1) (2) (3)
Model 1 Model 2 Model 3

Farm & socioeconomic control variables
Farm size (ha) −0.00191*** −0.00200*** −0.00288*

(1.54e-05) (2.25e-05) (0.000364)
Fertilizer cost (-N-) 7.14e-05** 4.21e-05 2.61e-05

(5.35e-06) (1.16e-05) (2.56e-05)
Seed costs (-N-) 4.56e-05 0.000258 0.000243

(6.05e-05) (4.45e-05) (0.000145)
Gender (1 =male, 2 = female) −0.245 −0.406

(0.200) (0.112)
Distance to urban centre in km (population > 20,000) −0.112** −0.102*

(0.00680) (0.0113)
Distance in km to tarred motor road −0.289**

(0.0198)
Age (in years) −0.0137

(0.00424)
Formal education (1 = yes, 2 = no) −1.092 −1.029*

(0.328) (0.127)
Limitation of food variety consumption (days) 0.156

(0.0949)
Savings with microfinance banks and
cooperatives (1 = yes, 2 = no)

0.222
(0.0966)

Number of extension visitations 0.157** 0.187** 0.272**
(0.00433) (0.00742) (0.00500)

Private sources of extension services
Private agricultural extension service −0.820

(0.194)
Agricultural cooperative/farmer association −4.191***

(0.0615)
NGO

Extension measuresa

Peer farmer (neighbor/relative) −0.318*
(0.0491)

Electronic media (TV, radio, etc.) −0.543**
(0.0411)

Village agricultural extension meeting −3.308**
(0.145)

Lead farmers −1.269
(0.265)

Agricultural extension course −3.237***
(0.00950)

Others −0.820
(0.166)

Constant 10.91*** 16.75** 28.65***
(0.126) (0.272) (0.220)

Observations 257 256 251
R-squared 0.195 0.313 0.519
Number of ea 55 55 51

Merged World Bank LSMS (2010 & 2012) based on household identification number

The dependent variable is farm revenue crops sales in -N-. Robust standard errors in parentheses. Significance levels are indicated as *** p < 0.01, **
p < 0.05, * p < 0.10. a These extension measures could be used by both, the public and private extension service
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however refrain from interpreting this result given the low num-
ber of farmers that had actually used extension services provided
by NGOs and the possibility that only the poorest of the poor
farmers participate in this type of extension services schemes
(Benjamin and Blum 2015).

4.2 Impact of the GES on fertilizer adoption

In order to better understand the impact of the GES on farm
productivity and revenue in Nigeria, we look at the distribu-
tion and purchase of fertilizer among farmers participating in
private extension services after the introduction of the GES
(see Table 6). We do this by estimating eq. [4]. However, we
use the log of expenditures (in –N-) on fertilizer to normalize
the dataset and allow for simple interpretation of the results.

Our results indicate that the formal education level does
play a role in the purchase of fertilizer. However, we found
that women farmers were more likely to acquire fertilizer
compared to their male counterparts. Akramov (2009) and
Chianu and Tsujii (2005) support these findings. According
to our results, the likelihood of acquiring fertilizer is low for
farmers located in more remote areas with poor infrastructure.
This is in line with the study by Fadairo et al. (2015) who
discovered long distance to input centers restricted fertilizer
uptake under the GES.

From the DID regression, on the one hand, we find that there
was an increase in the purchase of subsidized fertilizers among
farmers. On the other hand, we also observed a reduction in the
amount spent on fertilizer by all farmers after the introduction of
the GES relative to the FMSP. This finding was statistically sig-
nificant at the 1% level.We assume that streamlining andmerging
the distribution channels into one channel controlled by the private
sector mitigated transaction costs for farmers associated with the
old distribution system. The old distribution system was plagued
with rent seeking, arbitrage and use of intermediaries making fer-
tilizer unavailable and expensive (market rate). Another explana-
tion could be that farmers participating in the e-voucher program
are moving away from the old system, thereby reducing spending
on this type of so-called “subsidized” fertilizer. The wider signif-
icance of this finding increases when we consider that the interac-
tion (DID) shows that farmers receiving private agricultural exten-
sion services spent more on fertilizers after the introduction of the
GES. This result seems to point at an increased participation of
farmers in the GES. We tested different model specifications to
ascertain the robustness of our coefficients. The coefficients were
stable across three different model specifications (see Appendix in
the supplementary file for more details).

5 Discussion

The results of our analysis show that as access to and number of
visitations (contacts) from extension services increases, so does

farm revenues in Nigeria. This implies that farmers having con-
tact with extension services could improve overall farm revenue
in Nigeria. Given the growing involvement and role of private
sector esp. agro-dealers in extension services, aside the more
established public extension services, in Nigeria it is important
assess their impact on farm income. Our data analysis suggests
that the farm revenues of farmer who have participated in private
extension services may have decreased as compared to public
extension services. Despite struggling with corruption, Omotayo
et al. (2001) report that in the two decades between 1975 and
1995, public extension services in Nigeria performed relatively
well due to the effect of the immense financial support from the
World Bank while the potential of NGOs as one private player in
the sector, was not fully harnessed. Akramov (2009) state that the
public agricultural services have positively influenced the adop-
tion of inputs among farmers in Nigeria, which in turn, would
have a positive impact on revenue. Akramov (2009) and
Omotesho et al. (2016) find that in parts of Nigeria, total annual
income, farm size, access to credit, and training are factors that
influenced farmer participation in public agricultural extension
services. Farmers that do not participate in farmer-groups or in
public agricultural extension arrangements often reverse to spe-
cial agricultural development schemes or agricultural extension
linked to NGOs (Omotesho et al. 2016). Our results not only
suggest that the implementation of different types of private ex-
tension services in Nigeria may not contribute positively to farm
revenue but the means of delivering these services need to be
revisited. Akinnagbe and Ajayi (2010) state that the implemen-
tation of different types of extension services in Nigeria could
lead to increased farm productivity among farmers, thus, higher
revenue. Our results do not necessarily support this argument.
Moreover, compared to public agricultural extension services,
private agricultural extension services for the time of analysis
(2010 & 2012) were in the early development stage in Nigeria
and their activities are sometimes constrained by scarce resources
due to inconsistent donor funding and economic cycle (Adejo
et al. 2012). Adejo et al. (2012) argue that the recent increase in
the number of NGOs participating in extension services in
Nigeria presents a challenge, as it could lead to the use of exten-
sion services as a competition mechanism for development aid
rather than focusing on how to improve farmer’s livelihood.

The effects of the post-intervention period of the GES (post-
2011) suggest there was an increase in spending on subsidized
fertilizer by farmers, which may reflect the increase in enrol-
ment in the e-voucher program by farmers and the rising num-
ber of certified private agro-dealers. Although availability of
subsidized fertilizer did not increase, the probability that
farmers will participate in the private agro-dealer market went
up. Liverpool-Tasie (2012) found that farmers participating in
the private agro-dealer market in Nigeria spent more on fertil-
izer. Akramov (2009) and IFDA (2017) also discover that the
e-voucher program in parts of Nigeria resulted in a substantial
number (above 30,000) of farmers who were registered just in
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the second year of the program and who had access to season-
ally maximum quantity of subsidized fertilizer (i.e., 100 kg)
and extension services from the private agro-dealers.
Furthermore, IFDA (2017) observes that the use of mobile
phones has made the e-voucher program accessible to over
30,000 farmers. Liverpool-Tasie and Takeshimab (2013) in
their empirical analysis of the voucher program find that par-
ticipants in the GES receivedmore bags of subsidized fertilizer
than non-participants. Our results suggest that farmers partici-
pating in the e-voucher program were able to access the max-
imum quantity of 3–4 bags of subsidized fertilizer à 50 kg over
the two years (2010–2012) period confirming the findings of
Liverpool-Tasie and Takeshimab (2013) and Wossen et al.
(2017). As expected, participants of the e-voucher program
pay a much lower price for the first two bags of fertilizer
totaling 100 kg compared to those who purchased at market
rates (Liverpool-Tasie and Takeshimab 2013). The decline in
the amount spent by farmers on non-subsidized fertilizer

(similar to the findings of Takeshima and Nkonya 2014) from
private (certified as well as not certified) agro-dealers may
signify a crowding out effect of the GES, especially if poor
farmers are not targeted. This trend has been witnessed in
government fertilizer subsidy programs across sub-Saharan
Africa (see Takeshima et al. 2012; Jayne and Rashid 2013).

Based on the above discussion, there is a need to enact pol-
icies that target soft and hard infrastructure development. Soft
infrastructure relates to smartphones and better access to the
internet. This would reduce the transaction costs on the side of
the government (e.g. for certification of private partners), the
private extension service providers and agro-dealers (e.g. for
registering and settling accounts with the government and
farmers), and on the side of the farmers (e.g. for taking advan-
tage of present and future e-programs of the government).

Obviously, hard infrastructure, such as road infrastructure is
also important for economic development (IMF 2015), not the
least for the effective supply of inputs such as fertilizer under the

Table 6 DID regression of
sampled farmers using the LSMS
for 2010 & 2012

(1) (2) (3) (4)
Log expenditure on fertilizer Model 1 Model 2 Model 3 Model 4

Formal education (1 = yes, 2 = no) 0.227* 0.227* 0.251** 0.249**

(0.122) (0.122) (0.126) (0.126)

Age (in years) 0.003 0.003 0.004 0.005

(0.004) (0.004) (0.004) (0.004)

Gender (1 =male, 2 = female) 0.268** 0.273** 0.266** 0.255**

(0.107) (0.107) (0.111) (0.111)

Savings with microfinance
banks and cooperatives

−0.342 −0.313 −0.301

(0.544) (0.553) (0.563)

Farm size −0.000** −0.000**
(0.000) (0.000)

Farm revenue 0.000***

(0.000)

Distance to urban center in km
(population > 20,000)

0.004 0.004 0.003 0.004

(0.003) (0.003) (0.003) (0.003)

Distance in km to tarred motor road −0.005** −0.005** −0.005** −0.005**
(0.002) (0.002) (0.002) (0.002)

Treatment (1 = farmers receiving
private extension, # = else)

−0.028 −0.018 −0.057 −0.077

(0.135) (0.134) (0.162) (0.160)

After reform (post GES) −2.763*** −2.755*** −2.793*** −2.782***
(0.125) (0.124) (0.138) (0.137)

Interaction (DiD) 3.302*** 3.295*** 3.331*** 3.333***

(0.157) (0.157) (0.168) (0.168)

Constant 7.660*** 8.327*** 8.255*** 8.233***

(0.312) (1.091) (1.111) (1.130)

Observations 628 628 619 619

R-squared 0.101 0.102 0.103 0.121

Merged World Bank LSMS (2010 & 2012) based on household identification number

Robust standard errors in parentheses. Significance levels are indicated as *** p < 0.01, ** p < 0.05, * p < 0.1
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GES. It is worthwhile tomention that the road infrastructuremust
be all-weather and all-year but not necessarily tarmac roads
(Heidhues and Schrieder 1993). The agricultural policy of the
Nigerian Government should be designed to also deepen public
and private sector partnership, not only for fertilizer distribution
but also for local fertilizer production. A stronger partnership
allows the private sector to leverage the structural and institution-
al infrastructure possessed by the public sector. Policies that
would improve the business environment for private agro-
dealers should be encouraged. This could be in form of a tax
break as well as the expansion of subsidies to other products
(improved farm implements) and research and development
(R&D) offered by private extension services.

Given the finding that revenues among the farmers increase
due to (effective) access to extension services, one could hy-
pothesize that this will raise also tax revenues from the agri-
cultural sector on the side of the Nigerian Government (in the
medium and long run). Therefore, government spending on
infrastructure and economic development go hand in hand.

This study is unique given that it uses a panel data to eval-
uate the GES and different models of extension services in
Nigeria. Future research would benefit from utilizing a pro-
pensity score matching (PSM) technique to account for certain
covariates, i.e. independent variables that predict farmers re-
ceiving certain types of extension services, alternatively, a
randomized experiment. Both approaches would immensely
reduce certain biases relating to confounding variables, which
may also have been prevalent in our study.

6 Conclusion

The agricultural extension services in Nigeria have been under-
going substantial transformation since the introduction of the
GES in 2011. The Scheme, piloted from the mid-2000s and
scaled-up from 2011, uses an e-voucher program to provide
subsidized fertilizer to farmers through private agro-dealers, up
to a maximum of 100 kg per season. The GES was started to
overcome irregularities within the public extension services and
enhance agriculture development, i.e. improve farm revenue
(productivity) and usage of inorganic fertilizer among farmers
in Nigeria, because fertilizer use had been lagging behind the
sub-Saharan African average. The questions that arise are:
Which types of extension services are most effective in improv-
ing farmer revenue over time in Nigeria? Was the invitation of
certified private agro-dealers in conjunction with extension ser-
vices able to increase fertilizer adoption over time in Nigeria?

We used the World Bank LSMS dataset for the years 2010
and 2012 to answer these questions. Our results suggest that
public (government) performed relatively well compared to pri-
vate extension services in improving farm revenues among
farmers in Nigeria. The former may be attributed to the immense
structural advantages public extension services have over private

extension services due to financial and technical support extend-
ed to the government extension services by theWorldBank up to
the 1990s. This could also be due to self-selection by elite
farmers into public extension services. Our results do show that
the involvement of the private sector in the GES, after the pilot
phase, was able to increase fertilizer adoption (spending) among
farmers in Nigeria. This implies that public-private programs and
initiatives such as the GES may be an effective policy tool to
attract private sector participation in the agricultural sector in
Nigeria and the other sub-Saharan African countries.

Since the dataset was not specifically designed to address the
research questions considered in this study, our analysis comes
with a few limitations. For example, there was difficulty finding
credible instrumental variables that would have allowed for more
robust econometric analysis, conducting a more robust DiD par-
allel trends test or identifying variables that fully capture omitted
variables or are suitable proxies for issues wewanted tomeasure.
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