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Abstract: The study assessed the effect of hybrid cocoa varieties on land productivity of 366 randomly selected
cocoa farmers in the Ashanti Region of Ghana. The results confirm the expectation about the effect of improved
technologies on the performance of cropping systems. Land productivity is shown to be significantly higher
for adopters of hybrid varieties. Correcting for endogeneity with instrumental variable regression procedure,
land productivity is expected to increase by 1.84 units and 3.71 units if a farmer decides to adopt and use hybrid
varieties respectively. With the exception of land resource, productivity is shown to be positively affected by
labour resource, age and household size, nativity, extension contacts, participation in cocoa programs and
engagement in secondary income activities. On the other hand, less than 50 percent of the farmers allocate
about 25 percent of their cocoa land to hybrid varieties. Strategies to improve the productivity of the cocoa
farmers in the region and Ghana as a whole should ensure well targeted promotion of available and proven
technologies to minimize the existing adoption gap. The promotional activities should be targeted at young
farmers with smaller household sizes and are also natives. Farmers who are members of farmer based
organisations with access to extension service, credit facilities, social amenities and fertilizer are to be targeted
during the promotions. Also farmers who have many cocoa plots and have replanted their cocoa farms are to
be targeted. These must not come alone but with appropriate training in good cocoa management practices
through extension and existing cocoa based organisations. In addition to secondary income, efforts should be
focused on facilitation of access to credit as a means of financing cocoa production activities.
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INTRODUCTION agro-chemicals. Farmers are also encouraged to replant

The cocoa sector plays a major role in the Certainly, the introduction of improved technologies
development of the economy of Ghana. The sector results in disequilibrium in behaviours which is set back
contributes over 37 percent of the overall foreign earnings to equilibrium via a decision making process. The
and also has the potential of reducing poverty and income behavioural and decision making processes are further
insecurity in the country [1, 2]. The production of cocoa translated to high levels of productivity [6].
is largely dominated by smallholders who operate at very According to Rogers [7], different attributes of
low levels of productivity [2]. Diseases and pests attacks, innovators or early adopters and late adopters or non-
declining soil fertility, poor agronomic practices, use of adopters affect adoption. Asante [5] classified these
low yielding varieties, limited access to credit as well as attributes as socioeconomic, institutional and technical.
inadequate infrastructure constitute major sources of Some of the socioeconomic attributes include age, gender,
constraints to productivity [3, 4]. educational level, experience, income, farm size and labour

Earlier efforts to improve the performance of the availability. Credit availability, input supply and land
cocoa sector focused on land area expansion instead of tenure arrangements are some of the institutional factors
intensification. In the past two decades, the focus has that influence adoption. The technical factors include the
shifted to the promotion of improved cocoa technologies, relative benefits associated with the technology, the
including the use of hybrid varieties, fertilizer and other compatibility  of the innovation,  complexities  associated

their old farms and ensure appropriate shading [5].
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with the use of the innovation, triability and the observed W  = f(H ) I=1,2......N; k=1,2.......K (1)
benefits [4, 5, 8].

In Ghana, evidence of behavioural processes is
mostly related to arable crop production systems.
Adoption and productivity are also usually considered
separately [9-11]. Literature on the interactions between
improved technologies and performance or wellbeing
provides contrasting results [12-15]. Hossain et al. [14]
explained that the adoption of improved rice varieties has
positive effect on wealthy households but negatively
affect poor households in Bangladesh. Mendola [13] and
Kijima et al. [12] also identified a positive relationship
between the adoption of improved crop varieties and
wellbeing. Similarly, Bourdillon et al. [16] observed that
the adoption of improved maize varieties increased the
crop incomes of adopters in Zimbabwe.

The contribution of this paper is to provide empirical
assessment of the relation between improved
technologies and productivity of cocoa farmers in
Ashanti Region of Ghana. It compares the effects of
instantaneous decision to adopt hybrid cocoa varieties
and the extent of cultivation of hybrid cocoa varieties on
land productivity. Section 2 presents the methodology of
the study by describing the conceptual framework of
technology adoption and productivity. It follows with a
description of the empirical approach employed for the
assessing the decision making processes and the
productivity of cocoa farmers in Ashanti region. Also in
Section 2 is a description of the data and characteristics
of the surveyed farmers. In Section 3 the results of the
study are discussed while Section 4 presents the
conclusion with some recommendations.

MATERIAL AND METHODS

Concept of Technology Adoption: Cocoa farmers are
constantly making decisions given the availability of
information on production resources, agronomic practices
and expected benefits. The decisions results in different
combinations of resources for different benefits [17]. In
order to attain the highest possible yields, the farmers are
encouraged to adopt and use available technologies such
as hybrid cocoa varieties. They are therefore faced with
two mutually exclusive choices, W  = 1 if a farmer decidesA,i

to adopt the hybrid cocoa varieties and W  = 0, otherwise.A,i

The decision to adopt or reject hybrid cocoa varieties is
based on a set of factors (H ) including socioeconomic,h,i

institutional and technical factors [4] and can be
expressed as;

A,i h,i

In addition to the binary measure of adoption, the
area allocated to hybrid cocoa varieties also measures the
extent of adoption. Both measures suggest a certain
probability of adoption and use of technology.
Econometric methods such as Probit and Tobit regression
methods have proven useful for identification of adoption
models [18].

Concept of Productivity: The performance of a production
system can be measured by computed productivity
indices [6]. Productivity is simply defined as the output
per unit input. Given that a farmer uses a set of k different
inputs to produce a certain quantity of cocoa, two
productivity indices can be derived. The ratio of the value
of cocoa produced to the total value of inputs used
represents the total factor productivity (TFP) of the
production system. Partial factor productivity (PFP) on
the other hand is the ratio of the quantity of the cocoa
produced to the quantity of a particular input used [6].
Equations 2.0 and 3.0 represent TFP and PFP respectively.

(2)

(3)

The choice of a particular productivity index is
determined by the nature and the type of analysis to be
conducted and the availability of information and
standards of measurements [16]. In imperfect markets, the
construction of TFP can be erroneous and subject to
criticisms. Researchers who employ TFP index argue that
it accounts for the overall effect of the inputs in the
production process and allows for subsequent
decomposition by components [16, 19].

If careful constructed, PFP can stand as a legitimate
measure of variations in output attributable to variations
in factors of production [20]. Factor prices are actually not
true reflection of market conditions in the cocoa based
production system. This paper therefore estimates land
productivity (P ) which is expressed as a function of Xland,i k,i

inputs:
P  = f(X ) (4)land,i k,i
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Estimation  Procedure:  In  an  imperfect  market  with
price  distortions  PFP  provides  a  plausible  description
of   performance    of    the    cocoa    production   system.
By derivation, the model for land productivity can be
expressed as relationship between cocoa output and the
proportions of inputs used per unit area.

(5)

The coefficients ( s) in the productivity model
represent the marginal effects of inputs used on
productivity. Introducing variables to capture
idiosyncratic management ability (H ) and technologyh,i

(W ), land productivity is re-expressed as,w,i

Secondary income (%) 55.34 63.13 58.74

(6)

Equation 6 suggests positive relationships between
productivity and all the right hand side variables except
land. The use of improved technology is expected to
positively affect productivity. The models features
adoption separately as a binary and a continuous variable
to enable the description of the effects of a decision to
adopt on one hand and the proportion of cocoa land
allocated to hybrid varieties on the other hand, on land
productivity. Adoption and use of hybrid varieties are not
purely exogenous in the two models. Instrumental variable
regression and two stage least square methods regression
procedures are available for correcting possible
endogeneity associated with technology.

Data: The study is based on data from 366 randomly
selected cocoa farmers across Ashanti Region. Overall,
43.72 percent of the farmers are adopters of hybrid cocoa
varieties. Some of the farmers use insecticides, fungicides,
fertilizer, termicide and weedicides. Others have also
replanted their old cocoa fields (Table 1 and Table 2).

Males dominate the list of sampled cocoa farmers
who have an average age of about 57 years. Out of every
10 of the sampled farmers, 9 are married. The typical
household includes an average of about 10 persons.
There are as much native farmers as non-natives. The
smallholder farmers have reasonable levels of exposure to
conditions that enhance access to  information  on  cocoa.

Table 1: Demographic Characteristics
Characteristics Non-Adopters Adopters Overall
Sample (N/%) 206 (56.28) 160 (43.72) 366 (100)
Female (%) 17.96 13.75 16.12
Male (%) 82.04 86.25 83.88
Age (years) 56.48 56.67 56.56
Single (%) 0.49 1.88 1.09
Married (%) 90.78 93.75 92.08
Divorced (%) 3.88 3.13 3.55
Widow (%) 2.91 0.63 1.91
Widower (%) 1.94 0.63 1.37
Household size (N) 10.22 10.14 10.19
Native (%) 40.78 60.62 49.45
Education (%) 77.18 86.25 81.15
Experience (years) 31.55 32.51 31.98
Membership association (%) 74.76 86.88 80.05
Extension (%) 64.56 81.88 72.13
Extension contact (%) 3.2 7.825 5.22
Cocoa information (%) 92.23 96.88 94.26
Cocoa program (%) 60.68 63.13 61.75

Credit (%) 28.16 20.63 24.86
Amenity (%) 78.16 99.38 87.43
Distance of amenity (km) 3.9 5.93 4.79
Proportion of cocoa income (%) 34.19 35.59 34.8
Source: Computations from GSCCS Survey Database, 2005.

Table 2: Resources and Technology Use
Characteristics Non-Adopters Adopters Overall
Plot owner (%) 67.48 81.88 73.77
Cocoa size (ha) 1.73 4.94 2.98
Total labour (man-`days) 214.26 236.04 223.78
Proportion of family labour (%) 0.6 0.55 0.58
Proportion of hired labour (%) 0.3 0.28 0.29
Proportion of communal and 0.1 0.17 0.13
caretaker labour (%)
Replant (%) 25.24 56.88 39.07
Proportion of cocoa 0.0 0.25 0.11
land with hybrid
Fertilizer use (%) 2.91 13.13 7.38
Quantity of fertilizer (bags) 0.17 2.17 1.05
Insecticide use (%) 10.68 23.13 16.12
Quantity of insecticide (bottle) 0.95 3.7 2.15
Fungicide use (%) 6.31 12.5 9.02
Quantity of fungicide (bottle) 2.11 17.68 8.91
Weedicide use 0 0.63 0.27
Quantity of weedicide 0 0.01 0.01
Termicide use 0 2.5 1.09
Quantity of termicide 0 0.25 0.11
Source: Computations from GSCCS Survey Database, 2005.

Apart  from  the  high  rate  of   education   (about  81%)
the average farmer has spent more than half of his/her life
time in cocoa production. Around 80 percent of the
farmers are members of farmer based organisations.
Access  to  extension and information on cocoa is intense.
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More than half of the farmers are involved in secondary
income generating activities. Unlike credit which is limited
to about 25 percent of the farmers, over 80 percent of the
farmers travel at an average distance of 4.79 km to access
other social amenities (Table 1).

On the whole, about 74 percent of the farmers are
owners of an average of 2.98 ha of cocoa land and have
access to about 224 man-days of labour. Family labour
contributes about 58 percent of the total labour resources
available to the farmer. The farmers also have access to
hired, communal and caretaker labour resources. In
addition to the use of the agro-chemicals mentioned
earlier, about 39 percent of the farmers have also replanted
old cocoa farms. Hybrid cocoa varieties occupy an
average of 11 percent of their cocoa land area (Table 2).

RESULTS AND DISCUSSION

Determinants of Adoption and Use of Hybrid Cocoa
Varieties: The probability of adoption and extent of use
of hybrid cocoa varieties are assessed with Probit and
Tobit models respectively. In the two models, nativity,
membership of association, extension, access to credit
and amenities, replanting, fertilizer use, number of cocoa
plots and yield in 2002 are shown to have significant
effect on adoption. In addition to these variables, age and
household size are also shown to significantly affect the
extent of adoption. Gender, education, access to
information on cocoa and labour are shown to be
insignificant in the adoption models (Table 3).

Although not necessary when a farmer is deciding on
adoption, age as a proxy for the experience of farmers is
shown to be an important determinant of the proportion
of land allocated to hybrid varieties. Households with
younger heads are more likely to allocate large
proportions of their cocoa area to hybrid varieties. As
farmers grow older they tend to be cautious of the extent
to which they allocate resources to new technologies.
They are less energetic and may be unable to manage
effectively larger areas of land. Younger farmers, who are
vibrant, energetic and innovative, have the capacity for
effective management of hybrid cocoa varieties [8].

Large households of food crop production systems
are shown to be more likely to adopt improved
technologies [9]. However cocoa as a cash crop competes
with food and arable crops for land and labour resources.
Considering   their    food    needs,   large  household
rather  allocate  less proportion of their farm lands to
hybrid  cocoa   varieties   which  also  implies  less  labour

Table 3: Adoption Decision Models

Probit Tobit
------------------------- -----------------------

Variable Coefficient P>z Coefficient P>z

Male 0.019439 0.823 -0.016570 0.728
Age -0.001030 0.726 -0.002780 0.065
Household size -0.009700 0.131 -0.006990 0.039
Native 0.193833 0.001 0.102575 0.002
Education 0.089007 0.313 0.047620 0.359
Extension 0.185302 0.005 0.068051 0.092
Membership of association 0.133493 0.065 0.142049 0.001
Information on cocoa -0.088840 0.543 -0.064480 0.430
Access to amenity 0.471354 0.000 0.530570 0.000
Access to credit -0.185170 0.006 -0.071700 0.080
Secondary income activities -0.129280 0.072 -0.083350 0.022
Replant 0.183733 0.004 0.066989 0.049
Fertilizer use 0.361831 0.001
Quantity of fertilizer 0.005151 0.047
Total labour 0.000217 0.148 0.000123 0.128
No. of cocoa plots 0.083861 0.011 0.110205 0.000
Yield in 2002 0.051107 0.066 0.046161 0.002

Source: Computations from GSCCS Survey Database, 2005.

requirements. The excess family labour can then be
allocated to arable crop production. Therefore for a cash
crop production system household size is shown to
indirectly affect the extent of adoption of hybrid cocoa
varieties.

Farmers who are natives of their communities are
likely to adopt hybrid cocoa varieties as well as allocate
large proportions of their cocoa lands to hybrid. Natives
have easy access to land and other social resources
which provides some form of security for investment into
improved technologies. None natives on the other hand
have temporal ownership of land with less security. They
are therefore not likely to make long term investments,
which is a characteristic of the cocoa based production
system.

Extension serves as a source of information and
exposure to improved technologies. Additional
information on the benefits associated with the improved
technologies is obtained through the extension system [9]
As with extension, community based organisations are
also important source of exposure and information on
improved technologies. Farmers have better appreciation
and confidence in their fellow farmers who expose them to
the technology. Observing the outcomes on a fellow
farmer`s field also serves as motivation for allocating more
resources (land) to hybrid cocoa varieties. These factors
separately influence both the decision and extent of
adoption.
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Access to social amenities including road,
communication facilities, input shops and information
centres positively affect the decision and extent of
adoption. These facilitate timely access to the necessary
inputs required for the management of hybrid varieties.
Moreover, the presence of roads for instance guarantees
easy access to market for their produce. There is thus
some security if a farmer with adequate access to social
amenities decides to adopt and allocate resources to
hybrid cocoa varieties with the expectant high yields.

Contrary to findings by Gockowski and Ndoumbe [8],
credit is shown to negatively affect adoption and use of
hybrid cocoa technologies. This indicates that credit in
the cocoa based production system have alternate uses
as it is important for the finance of other operational
activities. Moreover, engagement in secondary income
activities does not motivate further investment in hybrid
cocoa varieties. Earnings from such economic activities
are not incorporated into cocoa operations.

The results further show that farmers who replanted
their old cocoa farms and do not only use but also
allocate large proportion of their land to hybrid varieties.
Given the high expectation about the yield represented by
yield in 2002, the farmers are likely to adopt and allocate
more resources to the hybrid varieties.

In addition hybrid cocoa varieties, fertilizer was also
identified with the farmers. The results show that fertilizer
has positive effect on the decision and extent of adoption
of hybrid varieties. Given the high response of hybrids to
fertilizer treatments [2], farmers with access to fertilizer
have to cultivate hybrid varieties to obtain high yields.
Another important technical factor, number of cocoa
plots, is shown to be positively related to adoption.
Farmers with many cocoa plots are motivated to allocate
large proportions of their lands to hybrid varieties.

The expectation of farmers about returns to
investment in cocoa, as measured by yield in 2002, has a
positive effect on adoption. High expectation about
investment increases the probability of adoption and the
extent of cultivation of hybrid cocoa varieties.

Effect  of   Hybrid  Cocoa  Varieties  on  Productivity:
Farm level productivity of cocoa production in Ashanti
region saw a general increase from 0.71 Ton/ha to 1.32
Ton/ha between 2001 and 2003. Over the period, estimated
productivity of adopters of improved cocoa technologies
(including hybrids) has been consistently higher. In 2003
for instance, adopters of improved cocoa technologies
recorded an extra yield gain of 0.53 Ton/ha. Similarly, the
adopters of hybrid cocoa varieties gained an additional
yield of 0.32 Ton/ha (Table 3).

Table 4: Cocoa Yield by Adoption

Category Yield 2001 Yield 2002 Yield 2003

All technologies
Non-Adopters 0.54 0.8 0.98
Adopters 0.8 1.13 1.50
Difference 0.25* 0.33* 0.53*

Hybrid
Non-Adopters 0.6 0.88 1.17
Adopters 0.84 1.19 1.5
Difference 0.23* 0.31* 0.32*
Overall 0.71 1.01 1.32

Source: Computations from GSCCS Survey Database, 2005.
*95 percent level of significance.

Table 5: Effect of Hybrid Varieties on Land Productivity

Use of Hybrid Extent of Use
---------------------------- ----------------------

Variable Coefficient P>z Coefficient P>z

Hybrid Use 1.838782 0.000
Percent area under hybrid 3.706788 0.000
Total labour 0.0008094 0.029 0.001094 0.001
Cocoa Area -0.0385434 0.000 -0.03633 0.000
Male -0.0759845 0.717 0.019724 0.917
Age 0.0130872 0.061 0.016116 0.012
Household size 0.0362842 0.009 0.020695 0.105
Native -0.48749 0.002 -0.36408 0.007
Education -0.0144011 0.948 0.037896 0.85
Membership of association -0.2712351 0.189 -0.21828 0.224
Extension contacts 0.0054383 0.204 0.006948 0.069
Cocoa programs 0.2644759 0.077 0.309892 0.021
Credit 0.3014278 0.104 0.140719 0.372
Access to amenities -0.2106243 0.534 0.124848 0.621
Secondary income 0.5813132 0.000 0.74651 0.000

Source: Computations from GSCCS Survey Database, 2005.

In order to capture the contribution of hybrid cocoa
varieties to the recorded increases in land productivity
two models were generated. In the first model, adoption is
introduced as a discrete variable to assess the effect of
the decision to adopt on productivity. Again adoption is
introduced as a continuous variable to assess the effect
of the extent of adoption on productivity. Adoption was
shown to be endogenous with insignificant effect on
productivity when fitted to an ordinary least square
regression model (Appendix). Instrumental variable
regression procedure was used to correct for the
endogeneity related to adoption and use of hybrid cocoa
varieties (Table 4).

In addition to adoption and use hybrid cocoa
varieties, land size, labour, age, nativity, participation in
cocoa programs and engagement in secondary income
activities  are shown to be significant determinant of land
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productivity in the two models. Household size is shown regarding good agricultural practices. With these
to be significant when adoption is introduced as a choice knowledge farmers are able to undertake appropriate
variable. When adoption is introduced as the proportion practices to enhance their productivity.
of land allocated to cocoa hybrid, the number of extension Agricultural finance is very crucial in farm business
contacts is shown to be significant. Gender, education, operation. However, credit, an important source of
membership of farmer based organizations, credit and agricultural finance is shown to have no effect on
social amenities do not significantly affect land productivity. Rather, access to secondary income has
productivity in the cocoa based production  system positive effect on productivity. Farmers rely on earnings
(Table 4). from secondary income to finance the purchase of

In line with expectation from literature, the decision to required inputs and also pay for hired labour. In effect,
adopt and use hybrid cocoa varieties translates into high farm operations are undertaken in a timely manner further
levels of productivity. Productivity is expected to increase translating into high levels of productivity.
by about 1.84 units if a farmer adopts hybrid cocoa Land productivity increases when non-natives decide
varieties. A unit increase in the proportion of cocoa land to adopt and allocate resources to hybrid cocoa varieties.
allocated to hybrid cocoa is also expected to increase Land productivity increases by 0.49 units and 0.36 units
productivity by about 3.71 units. The results confirm the if a non-native farmer decides to adopt and use hybrid
findings of Wu [6] who identified a positive relationship varieties respectively.
between productivity and improved technology.

Labour is also shown to positively affect CONCLUSION AND RECOMMENDATIONS
productivity. Access to adequate labour resources
ensures timely execution of operations on cocoa fields The results from the study confirm the expectation
that further translates into high levels of productivity. On about the effect of improved technologies on the
the other hand, household size which signifies the performance of cropping systems. The decision to use
availability of family labour only affects productivity improved technologies and the proportion of cocoa land
when the farmer just decides to adopt hybrid cocoa allocated to cocoa production are all significant
varieties. All things being equal, an increase in land area determinants of increased productivity. Productivity is
limits the effective distribution of resources which further shown to be affected by adoption, land size, labour, age,
results in a decline in productivity. Thus, increasing land nativity and participation in cocoa programs, engagement
area by a unit results in 0.039 units and 0.036 units decline in secondary income activities, household size and
in productivity if a farmer decides to adopt and use hybrid number of extension contacts.
cocoa varieties, respectively. The results reveal an adoption gap of over 50

Additional year of experience in cocoa production as percent. Strategies to improve the productivity of the
represented by age increases productivity by 0.061 units cocoa farmers in the Ashanti region and Ghana as a whole
if the farmer decides to adopt and 0.012 if the farmer should ensure well targeted promotion of available and
allocates an extra proportion of cocoa land to hybrid proven technologies to minimize the existing adoption
varieties. As farmers grow older they accumulate gap. The promotional activities should be targeted at
experience and knowledge in the management of cocoa young farmers with smaller household sizes and are also
production activities. They adopt and apply sound natives. Farmers who are members of farmer based
measures to ensure high levels of productivity. organisations with access to extension service, credit

Access to information is further enhanced through facilities, social amenities and fertilizer are to be targeted
extension and participation in cocoa related programs. during the promotions. Also farmers who have many
The results from the models reveal that extension visits cocoa plots and have replanted their cocoa farms are to be
only affects productivity when farmers decide to allocate targeted.
land resources to hybrid cocoa. Participation in cocoa These must not come alone but with appropriate
related programs is on the other hand expected to increase training in good cocoa management practices through
cocoa productivity by 0.26 units and 0.31 units when extension and existing cocoa based organisations. In
adoption is treated as a choice variable and as addition to secondary income, efforts should be focused
proportions of land allocated to cocoa. In deed cocoa on facilitation of access to credit as a means of financing
related programs provide avenues for information cocoa production activities.
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APPENDIX
Use of Hybrid Extent of Use
----------------------------------------------------

Variable Coefficient Coefficient Coefficient P>z
Hybrid Use 0.1333064 0.305
Percent area under hybrid 0.548017 0.113
Cocoa Area -0.0350748 0.000 -0.03503 0.000
Total labour 0.0009428 0.002 0.000974 0.002
Male 0.0000946 1.000 0.008064 0.963
Age 0.0099205 0.087 0.010626 0.068
Household size 0.0321479 0.005 0.030179 0.009
Native -0.2109023 0.084 -0.21513 0.075
Education 0.1122493 0.543 0.109693 0.551
Membership of association 0.0891206 0.568 0.067677 0.666
Extension contacts 0.0092737 0.008 0.009185 0.008
Cocoa programs 0.3821706 0.002 0.379324 0.002
Credit 0.0240217 0.868 0.022797 0.873
Access to amenities 0.7099426 0.001 0.684758 0.001
Secondary income 0.4559887 0.001 0.490592 0.000


