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A B S T R A C T

Access to agricultural services promotes agricultural production and livelihoods of smallholders in most devel-
oping countries. This study explores the factors affecting smallholders' access to agricultural services in northern
Ghana. The study relied on survey data for the analysis. We estimated a multivariate probit model to assess the
factors influencing access to agricultural services and a generalized Poisson regression model to evaluate the
factors affecting the degree of access to these services. The results indicated that farmers had varying degree of
access to different agricultural services. The most accessed service was agricultural extension (63% access) while
the least was farm credit (40% access). Access to services and the degree of access (number of services accessed)
were both influenced by household size, farming experience, household income, farmer group membership, and
geographical location. In addition, the number of services accessed by farmers was influenced by participation in
off-farm work. The paper proposed measures to enhance smallholders’ access to agricultural services to promote
agricultural production, food security and rural livelihoods.
1. Introduction

Government support to agriculture in the form of service provision is
vital to the growth and productivity of smallholder agriculture in
developing countries. Consequently, there are conscious attempts by
governments in developing countries to increase support to the agricul-
tural sector through the provision of essential agricultural support ser-
vices. These services include provision of irrigation, agricultural credit,
input subsidy, agricultural extension and mechanization (tractorization
services) to smallholders. The goal is to improve smallholders’ access to
these services in order to improve agricultural productivity and rural
livelihoods.

Notwithstanding the critical role of access to services in agricultural
production and productivity, many small-scale farmers in Ghana and
other developing countries have limited access to these services. Majority
of agricultural producers in developing countries are peasants who live in
remote communities with limited access to most agricultural services.
Poor road infrastructure, long distances to farms, and inaccessibility to
many service providers are constraints that hinder many smallholder
farmers from accessing agricultural services. Governments in developing
countries therefore need to improve road infrastructure, and offer
logistical support to service providers to enable them to reach farmers in
remote places. The critical challenge, therefore, is how to ensure that
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services are made accessible to farmers to enhance farm performance and
food security.

A major factor necessary to improve agricultural production in
developing countries is access to extension services (Anang et al., 2020).
In a recent study in Ghana, Anang et al. (2020) showed that access to
agricultural extension enhanced technology adoption and farm income of
peasant farmers. Access to agricultural extension improved technology
adoption by farm households (Wossen et al., 2017; Ghimire et al., 2015;
Asfaw et al., 2012) as well as household income (Danso-Abbeam et al.,
2018; Gebrehiwot, 2015; Davis et al., 2012). Agricultural extension
agents train farmers on modern production practices and introduce them
to innovative ways of farming to enhance productivity. Extension
workers also assist farmers to form groups and link these groups to credit
institutions and other stakeholders in the agricultural sector. However, as
indicated by McNamara et al. (2014), there is one extension worker to
1300 farmers in Ghana. The challenge of low accessibility to extension
services is therefore critical.

Ghana's agriculture is largely rainfed (Kuwornu and Owusu, 2012)
with just 3% of farmland under irrigation (Diao, 2010), leading to low
productivity (ISSER, 2006). Irrigation development is however a neces-
sary prerequisite for agricultural growth (van Koppen et al., 2005).
Empirical evidence shows that irrigation improves agricultural produc-
tivity (see Xie et al., 2014; You et al., 2014), food security and household
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income (Sellamuttu et al., 2013), and household consumption (Kuwornu
and Owusu, 2012; Dillon, 2008). Anang et al. (2017) also showed that
irrigation access improved technical efficiency of Ghanaian rice pro-
ducers. Irrigation enables intensification of production thereby
enhancing productivity. Irrigation technology extends the growing
period for crops, allowing multiple production to generate higher output
and income for farm households. During the long dry season in northern
Ghana, many smallholder farmers without access to irrigation seek
off-farm jobs as a means of income generation to support their families.
Expanding irrigation access to smallholders in rural areas is one of the
assured ways to eradicate rural poverty.

Farm subsidies have regained popularity in recent years in many
developing countries after a period of decline in subsidy support in
the 1980s and 1990s due to structural adjustment programs. Agri-
cultural input subsidies remain one of the popular social intervention
policies of governments in developing countries partly because of its
political attractiveness. In principle, subsidies on factors of production
reduce the cost of production and promote technology adoption
(Lunduka et al., 2013). Access to input subsidy increased productivity
and food security of producers in Malawi (Dorward and Chirwa,
2011). Morris et al. (2007) opined that productivity growth in African
agriculture is hinged on agricultural subsidies. Access to subsidy is
however not without challenges and concerns. Prominent among the
concerns are the cost and budgetary implications to national gov-
ernments and the fact that subsidies have the potential to distort
funding for agriculture (Jayne et al., 2013). Many farmers are
excluded from subsidy programs while distribution sometimes ends up
favoring large and influential farmers. In Ghana, access to input
subsidy (particularly inorganic fertilizer and improved seeds) has
improved in recent times among smallholders, but the challenge of
inaccessibility is still widespread.

Dittoh (2006) noted that the foremost need of farmers in northern
Ghana is access to credit. Farmers’ inability to access credit, particularly
formal credit, has been well documented (Anang et al., 2015; Boniphace
et al., 2015; UNCTAD 2015). Agricultural credit is important to Ghanaian
farmers because of high incidence of poverty among farmers, declining
soil fertility, and high cost of production. Farmers need credit to finance
important and urgent farm operations. When farmers do not get access to
finance at the time it is needed, this can lead to huge loss in farm output,
putting the livelihood of the farm family at risk. Farm credit has direct
bearing on farm output through its impact on input acquisition and farm
investment, and indirectly through its influence on risk behavior. For
example, due to credit constraints, farmers may opt for less productive
activities that have lower risk. Studies by Nkegbe (2018) and Abdallah
(2016) showed that access to credit improved technical efficiency of
Ghanaian maize farmers. Thus, farm credit enables smallholders to pro-
duce more efficiently by combining resources in a judicious manner to
increase productivity.

The provision of agricultural mechanization services is another
important service aiding smallholder agriculture in Ghana. Farm mech-
anization in the form of tractor services for land preparation is an
important activity in smallholder production. The use of tractors to plow
farm lands improves soil aeration and incorporates crop residue into the
soil. Access to tractor services also enhances speedy and improved land
preparation, which has been reported to improve agricultural production
and farm performance in general (Mehta et al., 2014; Obi and Chisango,
2011). Lack of access to mechanization services however remains a
challenge to many smallholder farmers as reported in some studies
(Clarke, 2000; Sims and Kienzle, 2016). Majority of smallholders in rural
areas cannot access or afford mechanization services, thus relying on less
efficient methods of land preparation. According to Houssou and Cha-
poto (2015) and Clarke (2000), farm mechanization enables farmers to
expand their crop land to meet the need for higher farm output. Authors
such as Clarke (2000) and Sims and Kienzle (2016) blame Africa's low
farm productivity on lack of access to mechanization services rather than
technical inefficiency. This calls for expansion in the provision of
2

mechanization services, which according to Diao et al. (2014) has an
increasing demand in Ghana.

Most of the earlier studies on access to agricultural services have
focused on access to agricultural extension services (Anang et al., 2020;
Danso-Abbeam et al., 2018; Wossen et al., 2017; Ghimire et al., 2015),
access to irrigation (Anang et al., 2017; Xie et al., 2014; You et al., 2014;
Kuwornu and Owusu, 2012), access to credit (Nkegbe, 2018; Abdallah,
2016; Anang et al., 2016), access to subsidy (Jayne et al., 2013; Dorward
and Chirwa, 2011), and access to farm mechanization (Anang, 2018;
Mehta et al., 2014; Obi and Chisango, 2011). These studies did not
involve access to multiple services and thus, do not provide a compre-
hensive discussion of the rate or degree of access to these services. A
holistic approach to analyzing farm household's access to agricultural
services with regards to both accessibility and the degree of access is
crucial as farmers require these services simultaneously to derive
maximum benefit from them due to the complementary synergies that
exist among such services. For instance, strong complementarity exists
between input subsidy and agricultural extension services, as well as
between farm credit, extension and irrigation. In general, the five ser-
vices under investigation complement each other, and have joint effect
on production.

In the light of the foregoing, this paper investigates the factors
affecting smallholders' access to agricultural services and in particular,
the number of services accessed. Empirical data on farmers’ access to key
agricultural services in developing countries is limited and this paper
seeks to contribute by providing such empirical evidence. Furthermore,
to the best of our knowledge this paper is among a few which examines
the simultaneous access to different agricultural services by smallholders.
The findings are expected to guide policymakers to formulate policies for
enhancing agricultural service provision to farmers particularly those in
remote areas where the country obtains most of its agricultural produce.
Furthermore, our findings will guide the targeting and implementation of
such services to enhance agricultural productivity in Ghana.

2. Overview of government support to agriculture through
agricultural service provision

The provision of agricultural support services to farmers is a statutory
government obligation. However, the discharge of this obligation is
subject to many factors, especially financial and budgetary constraints.
Major agricultural support services in Ghana include provision of agri-
cultural extension, subsidy, irrigation, credit and mechanization services.
These services are targeted at all crop farmers. There is also a mass
spraying exercise for the cocoa sector to control insect pests that destroy
cocoa farms which has been operational for several years.

Agricultural extension service is by far the commonest and most
widespread agricultural service provided to smallholders in Ghana in
terms of coverage and scale of operation. The Agricultural Extension unit
of the Department of Agriculture, now under theMunicipal, Metropolitan
and District Assemblies, carries out day-to-day extension service delivery
through its agricultural extension agents (AEAs). Agricultural extension
workers provide training to farmers in modern production practices and
disseminate agricultural information to farmers. They also help farmers
to form groups and access production inputs. These services enable
producers to enhance technology adoption, productivity and income
(Anang et al., 2020).

Access to public irrigation services is very limited in Ghana and many
developing countries. In spite of the existence of several sites suitable for
irrigation development in the country, land developed for irrigation
purposes remains woefully inadequate. Besides the public large-scale
irrigation dams, there are other forms of irrigation facilities that pro-
vide irrigation to farmers. Dug-outs, sprinkler irrigation, among other
systems are used to provide water for crop production during the dry
season. The Irrigation Development Authority (IDA) is in charge of irri-
gation development in Ghana. Day-to-day management of irrigation ca-
nals and farms at the irrigation sites is however entrusted to the irrigation
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water user associations, with supervision from the IDA. Recently, the
government of Ghana has introduced a One Village One Dam (1V1D)
initiative to provide every village with one dam for agricultural pro-
duction and other uses. In this study, access to irrigation is defined as the
use of irrigation from an irrigation scheme to farm.

Recently, the government of Ghana has introduced an input sub-
sidy program that provides mineral fertilizers and improved seeds to
farmers at a subsidized price. The fertilizer subsidy program started in
2008, and has gone through some reforms in terms of operational
modalities. The main aim of the subsidy program is to increase fer-
tilizer application rates and adoption of improved seeds among Gha-
naian farmers, especially grain producers, to enhance productivity and
farm income.

Financial services, especially microcredit provision, remain one of
the most critical challenges facing Ghanaian farmers (Dittoh, 2006).
Smallholders usually lack access to formal credit due to several
challenges that include identifying eligible borrows, high transaction
costs, high lending risks, lack of collateral, poor repayment, among
others. As a result, many smallholders rely on informal financial
service providers, even where the interest rates are arbitrarily high.
Government's effort to alleviate the plight of farmers has come
through government social intervention measures that provide soft
loans to farmers. These programs are not widespread and do not
reach many farmers. Increasing number of farmers, especially those
with some level of education, rely on commercial sources such as the
Rural Banks to access credit for farming. Non-governmental organi-
zations working with farmers also provide agricultural credit to
farmers, with the mode of operation depending on the organization
involved. In some instances, farmers are provided with credit in kind
(in the form of farm inputs) to avoid fungibility. The mode of
repayment varies from cash repayment to repayment with harvested
crop. In this study, the credit market was not segregated. Both formal,
semi-formal and informal sector credit providers were included to
define the market for credit. This approach is commendable because
the credit market is liberalized and farmers typically do not rely on
one source of credit to farm.

Another agricultural service which is important to smallholders in
Ghana is mechanization (usually tractorization) services. Agricultural
mechanization centers have been established across the country to pro-
vide tractor services to farmers. Due to the limited number of these
centers, many farmers rely on private mechanization service providers.
The study did not differentiate between private and public service pro-
viders. Access to mechanization was taken to mean access to tractor
services to carry out land preparation.

3. Methodology

3.1. Study area and data collection

Northern Ghana covers approximately one-third of the country's
land area, and is predominantly agrarian. Smallholder farmers were
sampled from three districts in two regions in northern Ghana using
multi-stage sampling technique. The districts included Tolon-
Kumbungu district (now separated into Tolon and Kumbungu) in the
Northern Region, and Kassena-Nankana and Bongo districts located in
the Upper East Region. The choice of districts was influenced by the
presence of large-scale public irrigation facilities for agricultural pur-
poses. Hence, Tolon-Kumbungu in the Northern Region was selected
because of the Bontanga Irrigation Scheme, Kassena-Nankana was
selected because of the Tono Irrigation Scheme, while Bongo District
was selected because of the Vea Irrigation Scheme. Thereafter, five
communities were chosen at random from each of the selected dis-
tricts, after which 20 respondents were randomly chosen from each of
the selected communities to give a fairly representative sample of 300
farmers for the econometric analysis. Data collection was carried out
from January to March 2014.
3

3.2. The MVP model

The MVP model is a series of probit models that are estimated
together. The rationale behind the MVP model is that agricultural ser-
vices comprise a mix of services which are accessible to farmers. A farmer
may have access to any of the services with a different probability of
access to each of them. Access to one service does not exclude the farmers
from accessing other services. Access to the total number of services,
especially if they are perfectly complementary, is essential to promote
farm yield.

For the individual probit model, we can specify a linear function for
the latent continuous variable D*

i as follows.

D*
i ¼ βWi þ εi (1)

where β denotes unknown parameters, and Wi represents independent
variables. The observed dummy variable is defined as

D*
i ¼

(
1 if D*

i > 0 ðaccessÞ
0 if D*

i � 0 ðno accessÞ (2)

The probability that we obtain the outcome of interest is

PrðDi ¼ 1Þ¼Prðεi > � βWiÞ ¼ 1� Fð� βWiÞ (3)

where Fð:Þ represents the cumulative distributive function of εi.
The MVP model has the general form

D*
ik ¼Wikβk þ εi; Dik ¼ 1 if D*

ik > 0 and 0 otherwise: (4)

The empirical MVP model is presented as

D*
ik ¼ β0 þ

X11

i¼1
βikWik þ εi (5)

where Wik are the independent variables hypothesized to influence ac-
cess to services namely respondent's sex, education, household size,
farming experience, farm size, household income, participation in off-
farm employment, farmer group membership, degree of specialization
in farming, and location of the household. The choice of the variables was
based on the existing literature and a priori expectation.

As indicated by the extant literature, a number of factors affect
farmers' access to agricultural services in developing countries. These
factors include socio-economic, demographic, geographical and institu-
tional factors. Some of the influential factors include respondent's sex
(Dontsop-Nguezet et al., 2016; Kuwornu et al., 2017), education (Wossen
et al., 2017; Gebrehiwot, 2015), household size (Khonje et al., 2015;
Sodjinou et al., 2015), farming experience (Bidzakin et al., 2018; Dan-
so-Abbeam et al., 2018), farm size (Danso-Abbeam et al., 2018; Kuwornu
et al., 2017), household income (Anang et al., 2016), participation in
off-farm work (Awunyo-Vitor et al., 2014), farmer group membership
(Danso-Abbeam et al., 2018; Anang et al., 2017), degree of specialization
in farming (Anang, 2018), location of the household (Anang, 2018) and
wealth of farmer (Bidzakin et al., 2018).
3.3. The generalized Poisson regression model

Poisson regression is applied to model dependent variables that
consist of count data. The standard Poisson model assumes that there
is equidispersion of the data, implying that the mean and variance of
the regressand do not differ. However, most data are either over-
dispersed (the variance exceeds the mean) or underdispersed (the
mean exceeds the variance). Overdispersed count data cannot be
estimated consistently using Poisson regression. Other models such as
negative binomial regression, zero-inflated Poisson and zero-inflated
negative binomial models are suited for overdispersed count data.
On the other hand, few models exist that can be used to estimate
underdispersed count data. Whereas the standard Poisson model
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cannot account for underdispersed data, the generalized Poisson
model can account for both underdispersed and overdispersed data.
For the current study, the data displayed underdispersion, hence the
choice of the generalized Poisson model (Awuni et al., 2018; Harris
et al., 2012; Aker, 2011; Cui et al., 2006).

If we denote the response variable by Yi, then the probability mass
function (PMF) is given as

f ðyi; θi; δÞ¼ θiðθi þ δyiÞyi�1e�θi�δyi

yi!
; ðyi ¼ 0; 1; 2;…Þ (6)

where θi > 0, and maxð�1;�θi =4Þ < δ < 1: The generalized Poisson
model has mean ðμiÞ and variance (varðyiÞ) given as

μi ¼EðYiÞ ¼ θi
1� δ

; varðYiÞ ¼ θi
1� δ3

¼ θi
1� δ

EðYiÞ ¼ ϕEðYiÞ (7)

where the term φEðYiÞ serves as a dispersion factor. When δ ¼ 0, we
have equidispersion and the generalized Poisson reduces to the standard
Poisson model. The data shows overdispersion when δ > 0 and under-
dispersion when δ < 0.

The generalized Poisson model has the following log-likelihood
function

L ¼
Xn

i¼1

Lðθi; δ; yiÞ ¼
Xn

i¼1

lnLðθi; δ; yiÞ

¼
Xn

i¼1

flnθi þ ðyi � 1Þlnðθi þ δyiÞ � ðθi þ δyiÞ � lnyi!g
(8)

The study measured access to services as the number of services that
farmers were able to access for the cropping season, which is non-
negative, with a value of 0–5. The count data response variable is
regressed on a set of covariates. The covariates are introduced into the
regression model as follows (Consul and Famoye, 1992; Consul, 1989):

log
θi

1� δ
¼
Xp

r¼1
xirγr (9)

where xir denotes the ith observation of the rth covariate, p indicates the
number of covariates, and γr represents the rth parameter.

Empirically, the generalized Poisson regression model is represented
by the following equation

Yi ¼ γ0 þ
X11

r¼1
γrxir þ vi (10)

where xir are independent variables including respondent's sex, educa-
tion, household size, farming experience, farm size, household income,
participation in off-farm work, farmer group membership, degree of
specialization in farming, and location of the household. The choice of
the variables was based on the existing literature and a priori expectation
as previously explained.
Table 1. Description of the variables.

Variable Expected sig

Sex (1 ¼ male; 0 otherwise) þ
Education (years) þ
Household size (number) þ
Experience (years) þ
Farm size (hectare) þ
Off-farm work (1 ¼ if participant; 0 otherwise) þ
Region (1 ¼ Northern; 0 otherwise) þ/-

Specialization (proportion of land for rice) þ
Income (Ghana cedis) þ
Farmer group (1 ¼ member; 0 otherwise) þ

4

4. Results

4.1. Descriptive statistics of the sample

Most of the sampled farmers are males and possessed up to 4 years of
formal education with sufficient experience in farming (Table 1). Each
respondent had an additional 9 household members and cultivated less
than one hectare of farmland. Majority of the farmers participated in a
farmer group while a little below half of the respondents took part in off-
farm work. Household income averaged 2364 Ghana cedis. The re-
spondents devoted a little below half of their total farmland to rice
production, indicating that rice is an important crop in the area. Most of
the farmers were sampled from the Upper East Region.
4.2. Factors determining access to agricultural services

The agricultural services that producers were able to access are pre-
sented in Table 2. The most accessed service was agricultural mechani-
zation (65%), involving the hiring of tractor services for major land
preparation prior to cultivation. Agricultural extension service was
accessed by 63% of the respondents followed by agricultural input sub-
sidies (60%) and irrigation (50%). The least accessed agricultural service
was farm credit. This highlights the challenges smallholder farmers face
in accessing finance for crop production.

Table 3 presents the tetrachoric correlation estimates of agricultural
services. The results indicate that all the tetrachoric correlation co-
efficients are below 0.5 (r< 0.50). According to Sharma et al. (2011) and
Mensah-Bonsu et al. (2017), correlation coefficients above 0.5 are clas-
sified as high, while values between 0.25 and 0.5 are considered to be
medium. Correlation coefficients below 0.25 are deemed to be low.
Positive and significantly correlated coefficients indicate that the two
services are accessed simultaneously by farmers, while a negative and
significant correlation coefficient shows that the two services are mutu-
ally exclusive (Sharma et al., 2011).

Agricultural extension is moderately and positively correlated with
farm credit but minimally correlated with access to irrigation and sub-
sidy. Also, access to subsidy has a minimal and positive correlation with
farm credit. On the other hand, farm credit and agricultural mechani-
zation exhibited a minor and negative correlation suggesting that the two
services are aligned towards mutual exclusiveness.

The positive correlation between credit and extension means that
these services are complementary or linked hence, they are accessed
jointly or simultaneously by profit maximizing farmers (Smith, 2004).
Access to extension services facilitates farmer group membership, hence
increases the likelihood to access farm credit because of the collective
bargaining power and strong social capital of farmer groups (Asante et
al., 2011). Farmers’ decision to use these services either jointly or
separately is influenced by several factors including cost, farming ob-
jectives and profit maximizing behavior of the farmer. Profit maximizing
n Mean Std. Dev.

0.783 0.413

3.933 5.350

9.650 7.204

20.60 12.24

0.857 0.682

0.440 0.497

0.333 0.472

45.37 25.11

2364 2030

0.667 0.475



Table 2. Agricultural services accessed by farmers.

Agricultural services Frequency (No. of farmers who had access) Percent

Credit 121 40.3

Irrigation 150 50

Mechanization 195 65

Subsidy 180 60

Extension 190 63.3

Table 3. Tetrachoric correlation estimates of agricultural services accessed by farmers.

Agricultural Service Credit Irrigation Mechanization Subsidy Extension

Credit 1.00

Irrigation -0.086 1.00

Mechanization -0.217** -0.003 1.00

Subsidy 0.206** 0.091 0.133 1.00

Extension 0.311*** 0.234** 0.015 0.203** 1.00

*p < 0.1; **p < 0.05; ***p < 0.01.
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farmers are expected to have a higher likelihood of adopting comple-
mentary technologies to maximize profit. The weak correlation between
credit and mechanization is surprising because farm credit is an essential
prerequisite for assessing agricultural mechanization especially within
the context of resource-poor or smallholder farming in Ghana. Farmers
require credit to meet the cost of adopting agricultural mechanization.
However, the weak correlation between credit and mechanization could
also be attributed to the type and scale of mechanization required. This is
because the cost associated with mechanization may be such that farmers
are able to internalize this cost in their production process and hence do
not require credit to adopt same.

Table 4 presents the multivariate probit model estimates of the de-
terminants of smallholders’ access to agricultural services. The services
were accessed simultaneously by the respondents, hence the choice of the
MVP model. The Chi square test was significant at 1% level suggesting
that the MVP model adequately represents the data and the regressors
included in the MVP model jointly explained access to agricultural ser-
vices in the northern regions of Ghana. From the MVP model estimates,
access to farm credit increased with farming experience, household in-
come and farmer group membership. Also, the likelihood of female
farmers accessing credit was higher than that of male farmers. In
Table 4. MVP model estimates of the determinants of smallholders’ access to agricul

Variable Farm Credit Irrigation M

Coef. SE Coef. SE Co

Sex -0.669*** 0.216 0.212 0.215 0.

Farm size -0.189 0.333 -0.695 0.500 -0

Farm size sq. 0.037 0.090 0.323* 0.188 0.

Household size -0.016 0.014 0.005 0.017 -0

Experience 0.014** 0.007 -0.002 0.007 0.

Education 0.012 0.016 -0.025 0.016 -0

Off-farm work -0.147 0.170 -0.478*** 0.175 -0

Region 0.727*** 0.199 -0.231 0.206 1.

Specialization -0.004 0.003 0.014*** 0.003 0.

Income 0.328*** 0.113 0.359*** 0.107 0.

Farmer group 0.337** 0.168 0.529*** 0.169 0.

Constant -0.351 0.327 -0.871** 0.381 -0

Likelihood ratio test of rho21¼ rho31 ¼ rho41¼ rho51¼ rho32 ¼ rho42¼ rho52 ¼ r
**p < 0.05; ***p < 0.01.
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addition, farm households located in the Northern Region had higher
likelihood of accessing credit relative to producers in the Upper East
Region.

4.2.1. Access to farm credit
Access to credit depends on the credit worthiness of the borrower,

socioeconomic, technical, institutional and sometimes cultural factors.
Rural financial institutions are unwilling to lend to farmers largely due to
the inherent risks associated with agricultural production. The abilities of
the farmer to pay back the borrowed money is the most crucial factor
determining access to farm credit. The credit worthiness of farmers de-
pends on their worth measured as value of assets legally owned by the
farmer, payment history, savings history, social capital and other socio-
economic factors (Chandio et al., 2020; Asante-Addo et al., 2017;
Abdul-Jalil, 2015). Income is normally used as proxy for worth in
econometric models. Access to credit is expected to be higher for farmers
with higher incomes because of their credit worthiness. Moreover,
financial institutions also consider worth indicators when appraising the
credit worthiness of applicants. The influence of income on access to
credit is therefore not surprising at all. The empirical relationship be-
tween access to credit and income has been well researched and
tural services.

echanization Input Subsidy Extension

ef. SE Coef. SE Coef. SE

298 0.211 0.169 0.205 -0.260 0.233

.062 0.390 -0.199 0.326 -0.676* 0.409

147 0.127 0.032 0.091 0.301** 0.132

.063*** 0.016 -0.017 0.013 -0.028* 0.016

012* 0.007 0.017** 0.007 0.021*** 0.007

.018 0.016 0.003 0.015 0.008 0.017

.190 0.176 -0.040 0.164 0.108 0.180

061*** 0.230 0.337* 0.199 -0.949*** 0.218

003 0.003 -0.003 0.003 -0.001 0.003

027 0.113 0.184* 0.107 -0.066 0.114

319* 0.171 -0.015 0.163 1.122*** 0.183

.100 0.358 -0.071 0.320 0.255 0.368

ho43 ¼ rho53¼ rho54 ¼ 0: chi2(10) ¼ 33.8045, Prob> chi2 ¼ 0.0002. *p< 0.1;
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documented in development economic literature especially for devel-
oping countries. Due to the risks associated with farming especially in the
northern regions, farmers are often reluctant to access formal credit fa-
cilities because of fear of potential default. Risk and uncertainties in
agriculture makes farm credit very risky for smallholders. Risk aversion is
a common behavior among smallholders. Experienced farmers have
lower risk aversion and therefore likely to take the risk to access farm
credit. Experienced farmers have better understanding of the inherent
agricultural systems and therefore likely to have a better appreciation of
the underlying risks and uncertainties involved in using formal credit in
agriculture. Hence, the positive association between credit access and
farmers’ experience was expected. Surprisingly, women had a higher
likelihood to access credit. This finding is surprising because in most
regions of Ghana men rather than women own and control productive
resources. Women in most regions of Ghana have little access to and
control over resources as a result of sociocultural constraints and there-
fore have limited access to credit because they are unable to meet the
eligibility requirements for formal credit. Without the guarantee,
approval or support of their husbands, it is very difficult for female
spouses to secure formal loans for agricultural production. However, in
the credit literature, women are described as good or honest borrowers;
when they access credit, they pay their loans in time and have lower
default rates compared to their male counterparts (Weber and Musshoff,
2012). This could explain why rural financial institutions in the northern
regions were likely to lend to women in agriculture.

4.2.2. Access to irrigation
Access to irrigation was positively influenced by household income,

degree of specialization in farming and farmer group membership. Irri-
gation access however decreased with land area and engagement in off-
farm employment. The second order land area variable returned a posi-
tively significant value indicating that as farms become larger, the
probability of access to irrigation increases. Ghana's agriculture is pre-
dominantly rain fed. Less than 5% of arable land is under irrigation.
Scarcity of irrigation water especially during the minor seasons means
that majority of farmers require irrigation water to embark on farming
throughout the year in northern Ghana. Access to irrigation is affected by
the cost and availability of alternative sources of irrigation water, irri-
gation water needs of the farmer, scale of production, type of cropping
system, geographical location, household income, household size, envi-
ronmental factors and other socioeconomic factors. The northern parts of
the country experience unimodal rainfall. The scarcity of water for crop
irrigation especially during the minor season means that majority of
farmers may want to consider alternative sources of water for year-round
farming but the cost of irrigation water is a major constraint to small-
holders' access to irrigation. Households having large land holdings have
a higher likelihood to meet the cost component of modern irrigation
facilities and use same for agricultural production. The positive influence
of income on access to irrigation aligns with previous studies (Abdulai
et al., 2011; Bacha et al., 2011). Off-farm income had negative influence
on access to irrigation because farmers who are engaged in the non-farm
sector are less dependent on farm income, especially if the off-farm job is
more lucrative and competitive than farming. The farming objectives and
profit-maximizing behavior of farmers with diversified sources of income
is completely different from farmers whose livelihoods are solely reliant
on farm income. Farm households reliant on the farm sector for their
livelihoods are expected to have a higher likelihood to adopt irrigation in
order to enhance production, expand farm income and smooth con-
sumption (Sikwela, 2008; Postel et al., 2001). The negative relationship
between access to irrigation and farm size implies that smallholders have
limited access to irrigation. The quadratic term for land area is positive
indicating that producers having large farm holdings have a higher
likelihood to access irrigation relative to farmers with small land hold-
ings. Farmers with large farm holdings may also adopt irrigation because
of economics of scale. The overhead cost of operating an irrigation fa-
cility on large farms may be comparatively lower than for small farms.
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Modern irrigation facilities are suitable and efficient for commercial
farming. The positive influence of farm size on access to irrigation could
also mean that the irrigation needs of large scale or commercial farming
is higher than small scale farming and the willingness to access irrigation
water could be higher for farmers having large farm holdings as opposed
to producers with small farm holdings. Smallholders are more likely to
rely on rainfall water for irrigation due to cost constraint, unless the
irrigation comes at no explicit cost to the farmer. Commercial farming is
associated with high degree of specialization. Mono cropping is pre-
dominant in the northern parts of the country. It is therefore not sur-
prising that farmers with high degree of specialization had access to
irrigation. Large farms under irrigation are mostly mono cropped as
commercial farming is not synonymous with mixed farming system.
Farmer groups act as social networks in the agriculture sector. Members
of FBOs are more connected and have better access to agricultural ser-
vices than farmers who are not members of any farmer group, hence the
positive influence of FBO membership on access to irrigation. Members
of farmer groups may adopt irrigation facilities as a group in which case
the overhead cost and risk of investment is spread among group mem-
bers. The investment risk of adopting modern irrigation facilities is
higher for individual farmers than those in groups.

4.2.3. Access to mechanization
Access to mechanization services increased with farming experience

and farmer group membership but decreased with household size. Also,
respondents in the Upper East Region had a lower probability of
accessing mechanization services. A positive influence of farming
experience on access to mechanization is not surprising because expe-
rience increases farmers’ understanding of the prevailing farming sys-
tem making them more likely to appreciate the compatibility of
mechanization with existing practices according to Rogers diffusion of
innovation theory (Rogers, 2003). Also, experience farmers have better
understanding of the cost implications of mechanization (Kuwornu
et al., 2017; Benin, 2015; Julius, 2014). The risks and uncertainties
involved in adopting modern agricultural technologies and practices
are minimized for experience farmers. In the same vein, members of
FBOs have better access to agricultural services because they are well
connected to agricultural service providers through social networks
(Houssou and Chapoto, 2014). The food security needs of smaller
households are relatively lower compared to large households (Hous-
sou & Chapoto, 2014, 2015; Houssou et al., 2013). Large households
are more likely to depend on family labor to expand agricultural pro-
duction hence the negative influence of household size on access to
mechanization. Households in Upper East region were less likely to
have access to mechanization indicating that there are geographical
specific and ecological barriers to access to mechanization in the
northern parts of the country (Julius, 2014). This could also mean that
mechanization services are not evenly distributed across the northern
regions of Ghana. The irrigation water needs and farming system in
Upper East could be slightly different from the rest of the northern
regions hence the negative influence of the regional dummy on access
to mechanization.

4.2.4. Access to input subsidies

Access to input subsidy was positively influenced by farming
experience and household income while farm households in the Upper
East Region had a lower likelihood to access subsidy. Input subsidies
are packages of agricultural technologies. Factors influencing agri-
cultural technology adoption are expected to affect access to input
subsidies. The positive influence of farming experience and income on
input subsidies is therefore not surprising because progressive farmers
who are experience with high incomes have a higher likelihood to
adopt improved technologies (Fisher and Kandiwa, 2014; Bezu et al.,
2014; Ogada et al., 2010). It is noteworthy to stress that access to
input subsidies is a two-hurdle process. First, farmers have to demand
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the inputs before they can receive subsidies. Hence farmers with ac-
cess to input subsidies have high demand for inputs. Again, farmers in
Upper East Region have lower probability to access input subsidies
reemphasizing the fact that there are geographical specific factors
influencing access to services in northern Ghana.

4.2.5. Access to agricultural extension services
Access to agricultural extension services was positively related to

farming experience and farmer group membership but negatively asso-
ciated with farm size and number of household members. Also, farm
households in the Northern Region had lower access to extension ser-
vices. The second order term of the farm size variable assumed a posi-
tively significant value implying that as farm size increases, the
probability to access agricultural extension increases. Extension is meant
to complement other agricultural services. The role of extension agents
among other things is to assist farmers in the use of modern agricultural
technologies and practices. Highly experienced producers participating
in farmer groups are anticipated to have higher demand for agricultural
extension services because they are likely to use improved agricultural
technologies and seek agricultural information on how to use these
technologies (Mugunieri and Omiti, 2007). The Northern Region has a
wide geographical spread and low population density. The large
geographical spread is expected to lead to low extension worker to
farmer ratio and difficulty in reaching farmers in remote farming com-
munities. Extension coverage is thus lower in the Northern Region and
this could explain why farm households in that region had lower access to
extension services. The quadratic term for farm size was positive because
progressive farmers who cultivate large acreages have a higher pro-
pensity to use modern agricultural technologies and seek extension
advice (Abdallah and Abdul-Rahaman, 2016).
4.3. Factors determining the degree of access to agricultural services

Next, we examine the extent (or degree) to which farm households
were able to access agricultural services. The findings indicate that
14.3% of farm households had access to just one service, 16.7% accessed
two services while 35% were able to access three services (Table 5).
Twenty-four (24) percent of the respondents had access to four out of the
five agricultural services. The results further indicate that 65% of farmers
had access to not less than three services while 31% had access to not
more than two services. Only 4% of the farmers interviewed could not
access any of the five types of agricultural services whereas 6% were able
to access all the services.

To gain insight into the factors affecting producers’ access to
agricultural services, this section investigates the factors determining
the degree of access to these services. First, we discuss the choice of
the generalized Poisson (GP) model for the estimation. Usually, a test
of overdispersion is needed to choose between the Poisson regression
and other count models. A close examination of the data indicates
that there are not many zeros for the dependent variable (number of
Table 5. Degree of access to agricultural services by farm households.

Number of services accessed

0

1

2

3

4

5

Total

Mean

Variance

7

services accessed by farmers); hence the data is not expected to show
overdispersion. The zero-inflated Poisson (ZIP) and zero-inflated
negative binomial (ZINB) models were deemed unsuitable for the
analysis since they apply to data with several zeros. We however
tested the adequacy of the standard Poisson against the negative
binomial. The likelihood ratio test of overdispersion led to rejection
of the negative binomial regression model in favor of the Poisson
model. However, since examination of the data signaled the likeli-
hood of underdispersion, we tested the adequacy of the GP against
the standard Poisson. The mean and variance of the dependent vari-
able (Table 5) show that the data displays underdispersion supporting
the choice of the GP regression model. Furthermore, the test of hy-
pothesis regarding the choice of the GP over the standard Poisson
enabled us to reject the null hypothesis of equidispersion since the
dispersion parameter is less than zero as indicated in Table 6. Hence,
the data is underdispersed and the generalized Poisson model is
preferred.

The generalized Poisson model estimates are shown in Table 6.
The Chi square test is significant at 1% probability level implying that
this model adequately represents the data and the regressors jointly
explained the degree of access to agricultural services in the northern
regions of Ghana. The factors influencing the degree of access to
agricultural services were not very different from the factors influ-
encing access to the individual services. With the exception of sex and
degree of specialization, almost the same set of factors influenced
both access and the degree of access to services. Farm income, farmer
group membership, farming experience and the quadratic term for
farm size were positive determinants of degree of access to agricul-
tural services. Off-farm income and number of household members
were negative factors affecting the degree of access to agricultural
services. Farmers cultivating large farm holdings have a higher pro-
pensity to adopt modern production technologies and other comple-
mentary services (Nederlof et al., 2011; Wennink et al., 2007;
Stringfellow et al., 1997).

The degree of access is an indication of the degree of comple-
mentarity between the agricultural services. Commercial agriculture is
associated with high degree of access to agricultural services due to
agricultural intensification. The degree of access to agricultural ser-
vices increases with degree of agricultural intensification. Highly
experienced farmers have a higher probability to adopt modern
agricultural technologies as well as demand more agricultural services
to complement other farm inputs. Wealthy households with high in-
comes are expected to demand more agricultural services because
they have the financial muscles to meet the costs of agricultural
service provision especially in rural areas. Farmers who have diver-
sified and additional sources of income are less dependent on the
farm sector for livelihood and therefore have low willingness to
expand agricultural production through improved access to agricul-
tural services. Farm households whose livelihoods depend solely on
the farm sector have a higher likelihood to access agricultural services
Frequency Percent

12 4.0

43 14.3

50 16.7

105 35.0

72 24.0

18 6.0

300 100

2.79

1.54



Table 6. Factors determining the degree of access to agricultural services.

Variable Generalized Poisson model Standard Poisson model

Coefficient Std. Error Coefficient Std. Error

Sex -0.032 0.061 -0.009 0.927

Farm size -0.085 0.087 -0.106 0.450

Farm size squared 0.039* 0.022 0.048 0.170

Household size -0.010*** 0.004 -0.013** 0.029

Experience 0.007*** 0.002 0.007** 0.013

Education -0.002 0.004 -0.003 0.719

Off-farm work -0.099** 0.048 -0.089 0.252

Region 0.098* 0.055 0.103 0.253

Specialization 0.001 0.001 0.001 0.403

Income 0.085*** 0.030 0.096** 0.034

Farmer group membership 0.264*** 0.048 0.298*** 0.000

Constant 0.719*** 0.090 0.688*** 0.000

Diagnostic statistics

LR Chi2 (11) 72.92 38.11

Prob > Chi2 0.000 0.000

Pseudo R2 0.074 0.037

Log-likelihood -453.7 -497.9

Dispersion -0.569 -

LR test of delta ¼ 0: Chi2 (1) 88.59*** -

*p < 0.1; **p < 0.05; ***p < 0.01.
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to increase agricultural productivity and expand income. This how-
ever depends on the stability or reliability of off-farm income.

5. Concluding remarks

Access to agricultural services is a prerequisite for agricultural
modernization in Ghana. The extent to which agricultural trans-
formation agenda will be achieved will depend on the degree to
which smallholders have access to modern agricultural services such
as extension, inputs, credit, irrigation and mechanization. This paper
assessed factors influencing access and degree of access to agricultural
services in the northern regions of Ghana using the multivariate
probit and generalized Poisson regression models respectively.
Household income, off-farm income, number of household members
and land area were the main determinants of both access and degree
of access to agricultural services in the northern regions of Ghana.
There were regional differences in access to agricultural services;
while households in the Upper East Region had lower access to irri-
gation water, those in the Northern Region had lower access to
extension services. Policy makers are therefore encouraged to take
cognizance of these factors in the design of agricultural service pol-
icies and interventions in the northern regions of Ghana.
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