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Abstract: The enhancement of agrarian productivity through the use of improved
technologies such as fertilizer application is a critical avenue for increasing farm
income, minimizing poverty, and tackling soil nutrient mining. This study has
examined fertilizer adoption decisions using data collected from 226 smallholder
cocoa farm households in the Western region of Ghana. The Heckman's two-stage
model was employed to estimate the probability and the extent of fertilizer application in the Ghanaian cocoa farms. The result of the study indicated that the
likelihood of fertilizer adoption was influenced by factors such as farmers’ engagement in off-farm economic activities, extension contacts, farm size, hired and family
labour, and the value of productive farm assets. On the other hand, factors including household size, marital status, number of years working as a cocoa farmer
(experience), support received from Non-Governmental Organizations (NGOs), farm
size, and family labour significantly influence the extent of fertilizer adoption.
Therefore, improving extension services to farmers and encouraging the ownership
of farm assets could be useful for fertilizer adoption.
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Cocoa farming undoubtedly is the main source of
livelihood for thousands of Ghanaians and, also a
major contributor to Ghana’s GDP. The unstable
nature of Ghana’s cocoa production levels poses a
threat to it’s economic fortunes. As such,
COCOBOD introduced the cocoa HI-TECH programme to encourage among others the use of
fertilizer to boost yield. However, adoption levels
as reported by many studies have been low. It is,
therefore, imperative to identify factors explaining
the adoption decisions of farmers. Empirical evidence from the study showed that fertilizer
adoption was influenced by farmers’ demographic characteristics (e.g., age, sex), productive
farm assets (e.g., family labour, farm size, offfarm economic activities), and institutional/policy
variables (e.g., extension contacts, FBOs). The
study, therefore, recommends that farm-level
programmes oriented towards increasing the use
of fertilizer should consider improving extension
services, as well as, helping farmers to build their
asset through engagement in off-farm income
activities.
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1. Introduction
Cocoa has social, economic, and political significance in Ghana and other major producing countries
(Aidoo & Fromm, 2015; Anang, 2016). To the Ghanaian smallholder farmer, cocoa production serves
as a primary source of direct income and livelihood as it provides jobs for about 794,129 rural farm
households (Ghana Statistical Service [GSS], 2014). It is also believed to be a source of social prestige
for many rural farm households. Other activities of the cocoa sub-sector such as input delivery and
the output market (e.g., licensed cocoa buying companies) also provide a source of livelihood for
many people. In 2016, the Ghanaian cocoa industry contributed about 1.8% to Gross Domestic
Product (GSS, 2018). Ghana has also made a trademark in the global cocoa economy as the world’s
second-largest producer generating about USD 2 billion in export revenues (World Trade Organization
[WTO], 2014). The cocoa sector also plays a critical role in the development and establishment of
several projects in education, health, and other infrastructural projects. For instance, the COCOBOD
(the managing body of Ghana’s cocoa industry) scholarship is awarded to brilliant but needy children
from cocoa growing areas into Senior High Schools (Obuobisa-Darko, 2015). There is also the
construction of “cocoa” roads and hospitals in cocoa growing areas to facilitate transportation and
improving the healthcare of the rural smallholder farmers.
In spite of these massive contributions of Ghana’s cocoa industry to the economy, there has
been evidence of fluctuations in yield. For instance, in the 2010/2011 cocoa production year, the
cocoa sector attained a record output level of 1,024,600 tonnes, which decreased by approximately 14% to about 879,000 tonnes in 2011/2012. In the 2012/2013 season, cocoa output
declined further by 5% to about 835,000 tonnes (COCOBOD 2016). These fluctuations in cocoa
output over the years have been attributed to several challenges such as inadequate extension
services, inadequate access to finance, high incidence of pests and diseases, depletion of soil
nutrients, among others.
Among these challenges, low soil fertility has been cited as a crucial contributor to the low
productivity (Aneani, Anchirinah, Owusu-Ansah, & Asamoah, 2012; Danso-Abbeam & Baiyegunhi,
2017; Wessel & Quist-Wessel, 2015; World Cocoa Foundation [WCF] 2014). To reverse the increasing trend of soil nutrient mining and improve soil quality, fertilizer application must be taken
seriously. Fertilizer application had long been proven to have a significant positive impact on cocoa
productivity (Danso-Abbeam & Baiyegunhi, 2017). An on-farm experiment conducted in Ghana and
Cote d’Ivoire by Ruff and Bini (2012), reported that yields of cocoa were 1890 kg/ha after two years
of fertilizer application. However, without fertilizer application, yields were 765 kg/ha. Another
study conducted in Cote d’Ivoire by Assiri et al. (2012) found that in the third year of fertilizer
application, cocoa yield increased from 600 kg/ha to 1000 kg/ha.
In recognition of the potential benefit of fertilizer application to boost yield, there have been
several interventions by the Ghanaian government and other stakeholders to increase the application of fertilizer and other agrochemicals. One of such significant intervention is the introduction of
the Cocoa High Technology (Cocoa Hi-tech), which seeks to develop and disseminate cocoa
production technologies to accelerate the growth of the industry (COCOBOD, 2012). A critical
component of the project among many others was to enhance the intensive use of fertilizer. As
a result, the Cocoa Research Institute of Ghana (CRIG) has recommended two main fertilizer
formulations to be used by farmers. These include granular fertilizer—Asaasewura, Cocofeed, and
Nitrabor and Foliar fertilizer—Sildaco, Agricult, and Lifert A (COCOBOD, 2016).
Nevertheless, the adoption of fertilizer over the years by cocoa farmers has been very low.
For instance, Aneani et al. (2012) reported the adoption rate of fertilizer to be only 33%. Ruff
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and Bini (2012) also indicated that the intensity of fertilizer application is low even though
about 70% of Ghanaian cocoa farmers purchase fertilizer. They estimated that fertilizer use
was approximately 90,000 tonnes while the potential requirement was nearly 350,000 tonnes.
These have contributed to the huge gap between the potential and the reported yield of
cocoa in the country. Although there is a wide range of studies (Anang, 2016; Aneani et al.,
2012; Nunoo, Frimpong, & Frimpong, 2014) that have been conducted to examine the
determinants of productivity-enhancing technologies in Ghana, most of these studies focus
on the discrete (binary) decision, while farmers’ decision on the determinants of intensity of
fertilizer application has not been adequately explored. Thus, there is a dearth of empirical
evidence about the nature of the economic linkage between farmers’ demographic, farmspecific, and policy variables and farmers’ attitude towards the intensity of adoption of
fertilizer. Moreover, documenting the factors that contribute to the discrete decisions of
fertilizer application, as well as the extent of use, is a necessary first step in addressing the
constraints of adoption of agricultural technologies as adoption varies in forms, time, and
location. The study, therefore, seeks to understand whether a different set of factors influence farmers’ discrete decision to adopt and the extent of adoption of fertilizer.

2. Methodology
2.1. Study area, sampling and data collection procedure
The study was conducted in the Western region of Ghana, which is a major cocoa-producing region
commanding more than 50% of Ghana’s cocoa output (COCOBOD, 2016). The Region has about
75% of its vegetation within the high forest zone of Ghana with temperature ranging from 22°C to
34°C. It is the wettest part of Ghana with an average precipitation of 1,600 mm per annum. The
region also has a relatively high humidity, ranging from 70% to 90% annually. The major part of
the region has its soil type to be forest ochrosol which are suitable for wide range of crops
particularly, tree crops such as cocoa, coffee, citrus, and food crops like plantain, cocoyam, yam,
maize, among others (Asiamah et al., 2000). However, cocoa is a dominant cash crop and
contributes a significant proportion to household incomes.
Data for the study was collected through a cross-sectional survey using a well-structured
questionnaire. The unit of analysis was a cocoa-producing farm household. The study followed a
multi-stage random sampling technique to select 226 smallholder cocoa farm households for the
study. The regional and the district offices of Ghana COCOBOD assisted in the selection of districts
and communities, respectively. In the first stage, the simple random sampling technique was used
to select six (6) districts from the list of cocoa-producing districts in the region. From the list of
cocoa-producing communities obtained from the district office of COCOBOD, three communities
were chosen from each selected district. In the third stage, a stratified sampling technique was
used to identified adopters and non-adopters of fertilizer. In the final phase, 10–15 farm households were selected from each community.

2.2. Analytical framework
The study examines the drivers of the probability and the extent of fertilizer use among smallholder cocoa farmers in the Western region of Ghana. The adoption rate was computed as a ratio
of the number of sampled farm households who used fertilizer to the total sample size. However,
the fertilizer users may have different intensities (extent of application) measured as the quantity
of fertilizer applied per hectare. One of the main characteristics of farm technology that explains
the rates and intensities of adoption is the degree to which farmers perceive the improved
technology as a better alternative to the existing one (Toborn, 2011). Following previous researchers such as Khonje, Manda, Alene, and Kassie (2015) and Becerril and Abdulai (2010), the observed
outcome of fertilizer adoption can be modelled under the framework of a random utility function.
Consider the ith cocoa farm household facing a decision on whether or not to adopt cocoa fertilizer.
Let P denote the difference between the benefit the farm household derives from adopting the

Page 3 of 10

Ali et al., Cogent Food & Agriculture (2018), 4: 1538589
https://doi.org/10.1080/23311932.2018.1538589

fertilizer ðUiA Þ and the benefit from non-adoption of fertilizer ðUiO Þ. Considering the axiom of
rationality and profit maximization, the farm household will adopt the fertilizer if P ¼ UiA  Uio > 0
The net benefit P is unobservable and can be expressed as a function of observed characteristics ðZi Þ and error term ðεi Þ as follows:
Pi  ¼ Zi β þ εi ; Pi ¼ 1 if Pi > 0 and Pi ¼ 0, otherwise
Where P is a dummy variable representing fertilizer adoption decision; P ¼ 1, if fertilizer is
adopted and P ¼ 0, if otherwise. Zi is a vector denoting household, farm-specific, and other
institutional or policy variables, β is a vector of parameters to be estimated, and εi is an error
term. It is expected that not all cocoa farm households will apply fertilizer on their farms. In
such a situation, the fundamental econometric problem that is most likely to arise is the sample
selection bias. This is very necessary in the adoption variable but it is not observed for the
sample as a whole. By excluding individuals who are non-adopters means the dependent
variable is censored and the residuals may not satisfy the condition that the sum of residuals
must be equal to zero (Maddala, 1977, 1983). In this study, the problem of sample selection
bias was resolved by the use of Heckman two-step estimation procedure (Heckman, 1979).
Thus, adoption of fertilizer involves a two-stage process: the first stage has to do with the
probability of adoption using the Probit maximum likelihood function. The second stage takes
into consideration the extent (intensity) to which a farmer adopts the fertilizer and this is done
by means of Ordinary Least Square (OLS) estimator. Because the later decision largely depends
on that taken in the former, it is likely that the procedure in the second stage is not random
thereby creating selectivity bias. This is because only those who are positively affected by the
determinants of adoption will adopt the technology. Hence, the use of the Heckman’s two-stage
model to correct for the sample selection bias (Heckman, 1979). The first step of the Heckman’s
model (selection equation) is given by:
Ai  ¼ β0 þ β1 Xi þ εi

(1)

Where A is an unobserved latent variable representing household adoption decision, Xi is a vector
of explanatory variables, β is a vector of parameters to be estimated, and εi is an error term
distributed with mean 0 and variance 1. The observed binary variable can be expressed as:
A ¼ 1 if Ai > 0 ðFor adoptersÞ

(2)

A ¼ 0 if Ai  0 ðFor non  adoptersÞ

(3)

The substantive equation (the second step) which is usually estimated by an Ordinary Least Square
(OLS) estimator is given as:
Yi ¼ α0 þ α1 Zi þ μi

(4)

It should be noted that Equation (4) is a sub-sample of Equation (1) and is only estimated for
fertilizer adopters. To correct for self-selection biases in the substantive equation (Equation (4)), we
add an Inverse Mills Ratio (IMR) denoted by the symbol λ as an additional explanatory variable. The
computed IMR provides OLS selection corrected estimates (Greene, 2003). The IMR is estimated as
the ratio of the ordinate of a standard normal to the tail area of the distribution (Greene, 2003).
Refusing to add the IMR will render the results from the Equation (4) bias (Heckman, 1979). Adding
IMR translates Equation (4) into Equation (5) as:
Yi ¼ α0 þ αi Xi þ δi λi þ μi

(5)

Where δi is the coefficient of the IMR (λi ). If lambda ðλÞ is statistically significant, sample selection
bias is a problem and, therefore, Heckman’s two-stage model is appropriate for the estimation
(Marchenko & Genton, 2012). The formulation process of IMR is given by:
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λi ¼

φðXi αÞ
ΦðXi αÞ

(6)

Where φ and Φ are normal probability density function and cumulative density function, respectively of the standard normal distribution, and Φ;ðωi χÞ. μi is a two-sided error term with Nð0; σ2v Þ:
The rest are as defined earlier. Equation (6) is obtained by an extrapolation process of Equation (1)
with the substantive equation defined by Equation (4) and then integrate it into the equation
defined by Equation (5).

3. Results and discussion
3.1. Descriptive statistics of socioeconomic variables
Descriptive statistics for all the independent variables are summarized in Table 1. Of the 226
respondents interviewed, about 149 farm households representing 66% applied fertilizer to their
cocoa farms. This is similar to the 68% rate reported by Danso-Abbeam and Baiyegunhi (2017).
However, it is lower than figures reported by Nunoo et al. (2014).
Many studies (Akudugu, Guo, & Dadzie, 2012; Asfaw, Kassie, Simtowe, & Leslie, 2012; Nmadu,
Sallawu, & Omojeso, 2015) have used farmer-specific characteristics such as age, sex, household
size, marital status, among others to explain adoption decisions of agricultural technologies. The

Table 1. Descriptive statistics of socioeconomic variables
Adopters
Variable definition

Mean

Non-adopters

SD

Mean

SD

t-test

Household Characteristics
Sex of the Household head
(male = 1, 0 otherwise)
Age of the household head (years)
Marital status (married = 1, 0
otherwise)
Number of years in cocoa farming
(years)

0.73
46.51

0.71
13.06

0.81

46.39

0.72
15.15

0.80

0.06
0.85

18.57

9.54

20.12

9.88

1.13

6.22

3.06

6.43

3.13

0.49

Household asset
Active family labour (count)
Farm size (hectares)

6.95

4.99

8.28

6.06

1.77

Value of farm asset (GH¢)

547.37

606.40

482.51

749.40

−0.70

Off-farm income (GH¢)

503.87

530.45

4.29E+02

2.58E+02

1.29

15.61

8.39

16.51

Farm-specific characteristics
Age of the cocoa farm (years)

7.71

0.78

Institutional factors
Contact with extension services
(yes = 1, 0 otherwise)

0.67

0.5

0.01

Received other agricultural related
training (yes = 1, 0 otherwise)

0.29

0.24

Membership of FBO (yes = 1, 0
otherwise)

0.25

0.13

4.06

Received incentives from NGOs
(yes = 1, 0 otherwise)

0.22

0.21

0.03

0.42

0.37

Other factors
Distance to farm plot (kilometres)

1.02

2.01

2.01

5.87

1.87

Source: Field survey (December, 2016).
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present study draws its model specification from these studies. Considering the difficult nature of
cocoa production coupled with the fact that Ghanaian women are resource-constrained regarding
access to land and other assets, Matata, Ajay, Oduol, and Agumya (2010) reported that sex is a
significant factor explaining the adoption decision of many agricultural technologies. The study,
therefore, hypothesized that male farmers would have a higher probability of adopting fertilizer
than their female counterparts. Age of household head has been used extensively in many
adoption studies, but its effect in many instances has been indeterminate. For instance,
Simtowe, Asfaw, and Abate (2016) reported that older farmers were more likely to adopt innovation because of the wealth of experience accumulated over years of farming. However, Tiamiyu,
Akintola, and Rahji (2009) asserted that older farmers were more conservative and this negatively
impacts on adoption while young farmers tend to be more innovative. The study, therefore,
hypothesized age of farmer to be indeterminate. As indicated in Table 1, adopters are marginally
older than non-adopters. Marital status is one of the variables postulated to influence fertilizer
adoption decisions of farm households positively. This variable is measured as a dummy. Thus, 1 if
a cocoa farmer is married and 0 if otherwise. It is expected that cocoa farmers who are married
should be better placed to have relatively larger family sizes and hence be labour sufficient than
their unmarried counterparts. The mean cocoa farming experience of fertilizer adopters are lower
(18.56 years) than that of the non-adopters (20.12 years). However, the study expects a positive
correlation between fertilizer adoption and cocoa farming experience.
Farm household assets such as family labour, farm size, the value of productive farm assets, and
off-farm income are all postulated to have a direct relationship with adoption as documented by
previous studies (e.g., Diiro, 2013; Helder, Edward, & Ralph, 2005). On the average, the number of
persons who are actively involved in cocoa farming operations is approximately six per household
for both adopters and non-adopters. Regarding the farmland allocated to cocoa production, the
mean farm size of the adopters is significantly lower than the non-adopters. However, the value of
productive farm assets of adopters is higher than that of the non-adopters. Moreover, the amount
of Ghana Cedis (GH¢) generated from adopters’ engagement in off-farm income (alternative offfarm sources of employment such as salaried employment) is higher than that of the nonadopters.
Similar to other studies such as Djokoto, Owusu, and Awunyo-Vitor (2016) and Kassie, Jaleta,
Shiferaw, Mmbando, and Mekuria (2013), institutional factors such as contact with extension
services, agricultural-related training (e.g., farm financial management, farm as a business, etc.),
FBO membership and incentives from NGOs (e.g., input or cash credit, free cocoa seeds, etc.) are
critical in explaining adoption and adoption intensities. Table 1 shows that about 67% of fertilizer
adopters received extension services while about half (50%) of the non-adopters had received
extension services. Also, 29% of the adopters had received other agricultural-related training while
24% of the non-adopters did benefit from the training. Though only few farmers (25% of adopters
and 13% of non-adopters) belonged to a farmer-based organization, there is a large disparity
between the two sample groups as indicated in Table 1. However, there is no much difference
between the two sample groups regarding the variable of whether or not respondents received
incentives from NGOs. About 22% and 21% of the adopters and non-adopters benefited from
NGOs, respectively. Distance to farm plots is hypothesized to have a negative effect on adoption of
fertilizer. This is because farmers whose farms are far away from their communities usually face
financial difficulties transporting the inputs to the farms, hence, likely to negatively influence
agricultural technology adoption. The mean distance from farmers’ homes to their farms for
adopters is significantly different from the non-adopters. Adopters recorded about 1 km while
non-adopters recorded about 2 km.

3.2. Determinants of adoption and intensity of adoption of fertilizer
Empirical results obtained from the Heckman two-stage model is presented in Table 2. The Wald
chi-square is highly significant at 1% (Prob >Chi2 = 0.0000) indicating that the explanatory variables
jointly contribute in explaining the variations in cocoa farmers’ decision to adopt fertilizer. Lambda
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Table 2. Results from the Heckman two-stage model

Variable

Heckman: Stage one

Heckman: Stage two

Coeff.

Coeff.

SE

SE

Household Characteristics
Sex of the household head

−0.3220

0.2339

−0.0011

0.0007

Age of the household head

0.0045

0.0102

−0.0018

0.0014

Marital status
Number of years in cocoa farming

0.0021

0.0008***

0.0002

3.80E-05***

0.0014

0.0189

0.0014

0.0008***

−0.0023

0.0006***
8.60E-05***

Household asset
Active family labour

−0.0718

0.0228***

−0.0005

Value of farm asset

0.2214

0.0812***

0.0004

0.0003

Off-farm income

0.0004

0.0002**

1.90E-07

1.50E-07

Farm size

Farm-specific characteristics
Age of the cocoa farm

−0.0222

0.0169

Institutional factors
Contact with extension services
Received other agric. Related
training
Membership of FBO

0.4441

0.2215**

−0.3546

0.2789

0.4107

0.2982

Received incentives from NGOs

−0.0001

0.0007

0.5405

0.2240**

0.0019

0.0006***

0.0178

0.0056

Other factors
Distance to farm plot

−0.031

0.0262

Constant
Wald chi2 (12)

161.88

Prob>chi2

0.000

Lambda

−0.0365

Number of observations

0.0017

226

***, **, * respectively indicate significance level at 1%, 5%, and 10%.
Source: Field survey (December, 2016).

(λ) is significant at 5% suggesting that the intensity of fertilizer adoption depends on the discrete
decision to adopt. From the study, the set of factors that affect households’ discrete decision to
adopt fertilizer may differ from the factors influencing the intensity of adoption. In some cases,
same factors may have different effects on the probability and the intensity of adoption.
Among the set of household characteristic variables, marital status exhibited a significant
positive effect on the intensity of fertilizer adoption. Thus, an intensity of fertilizer used is increased
by households with spouses than those with no spouses. A plausible explanation for such a result
is that farming in Ghana depends largely on human capital (labour) which is very expensive to
employ. As such, farmers with spouses are more likely to have larger family sizes which may
translate into more access to family labour. When this happens, these households can reduce
labour cost and hence spend more on fertilizer application. Farming experience plays a vital role in
the adoption of agricultural technology practices. Previous adoption studies have documented the
effect of experience (measured as the number of years in cocoa farming) on the adoption of farm
technologies (Hattam & Holloway, 2005). Farmers with longer years in farming had acquired more
knowledge about the success and failure of a particular technology, hence, may either stick to their
old practices or try new techniques. The positive and statistically significant coefficient of experience variable suggests that longer experience in cocoa farming leads to higher intensity of
fertilizer adoption. Contrary to the results of this study, Djokoto et al. (2016) reported a negative
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correlation between farming experience and agricultural technology adoption. They argued that
farmers with longer experience tend to learn multiple ways of overcoming challenges, hence, they
tend to stick to old technologies rather than move to other technologies which they have little or
no idea about. However, the experience of repeated failures in the past may also motivate farmers
to try modern improved technologies.
The coefficient of active family labour is significant and positive indicating that cocoa farmers
who rely more on family labour for their farming activities are more likely to adopt and intensify
the use of fertilizer. Previous studies such as Beshir (2014) and Danso-Abbeam and Baiyegunhi
(2017) have reported similar findings. In the Ghanaian rural economy, ownership of farmland is
considered as a great asset. The results indicate that farmers with large cocoa farms have a higher
probability of adoption and intensification of fertilizer application. Similar results have been
reported elsewhere (Danso-Abbeam, Edinam, & Ansah, 2014). Similarly, the value of productive
farm asset had a significant and direct influence on the probability of fertilizer adoption but did not
affect the intensity of adoption. Extant literature such as Nasir (2014), Danso-Abbeam and
Baiyegunhi (2017) have documented the positive effects of off-farm employment on agricultural
technology adoption. These studies argue that engagement in off-farm economic activities helped
farmers to overcome financial constraints regarding the purchase of inputs.
Consistent with other agricultural adoption studies (Diiro & Sam, 2015; Mmbando & Baiyegunhi,
2016; Sisay, Jema, Degye, & Abdi-Khalil, 2015), institutional factors positively and significantly
explain adoption decisions of cocoa farmers. Estimates from the first stage of the Heckman model
(Table 2) indicates that farmers who had contact with cocoa extension agents are more likely to
adopt fertilizer than their counterparts who did not. Similarly, membership of farmer-based
organizations (FBOs) increases the intensity of fertilizer application. A study by Simtowe et al.
(2016) concluded that social capital and network variables such as FBO membership are significant
in explaining farmers’ adoption decisions. This is because membership of farmers’ group increases
access to information on productivity-enhancing technologies, and serve as a driving force for
positive adoption decisions. The results of the present study further indicate that farmers who had
some incentives from cocoa-related NGOs had greater adoption intensities than those who did not.
This could partly be attributed to the fact that farmers associated with these NGOs gain access to
credit, vital information on production technologies, and market information which may significantly influence their decision on the quantities of fertilizer to apply per unit area.

4. Conclusions and recommendations
The use of fertilizer in Ghana’s cocoa industry is very important for increasing output. Consequently, the
Cocoa High Technology (Cocoa Hi-tech) programme was established to promote the use of cocoa
technologies such as fertilizer. The present study, therefore, sought to identify the determinants of
adoption and the extent of adoption of fertilizer among cocoa farm households in the Western region
of Ghana. Using Heckman’s two-step estimation procedure, it was found that the quantity of fertilizer
applied per area is conditioned on the discrete decision to adopt fertilizer. The results further indicated
that household characteristics such as marital status and experience in cocoa farming do not significantly affect the discrete decision to adopt fertilizer. However, it significantly influenced the extent of
adoption. Value of productive farm assets and off-farm income affect fertilizer adoption positively. Thus,
it is recommended that farmers should be supported through training programmes on off-farm income
generating activities which could help build their asset base. Farmers’ contact with extension agents and
membership of FBOs influenced farmers’ decision to adopt fertilizer. Thus, the government of Ghana and
other stakeholders should make effort to improve the farmer-extension agents’ contact by improving the
farmer-extension agent ratio as well as the provision of logistics.
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