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Abstract

Background: As part of dynamic livelihood coping strategies, some farmers in Ghana's cocoa belt have diversified
away from traditional cocoa production to other high-value crops including vegetables, to the extent of diversifying
within vegetables. This study assessed the extent of diversification of vegetables among farmers in Ghana's cocoa
belt and determined the factors that explain the variability in the diversification indices. A small-sample-size formula
(http://www.surveysystem.com/sscalc.htm) that was based on an estimated population of the sample was used to
arrive at 621 farmer respondents from the Ashanti and Western Regions of Ghana. A combination of proportional and
random sampling was employed to select farmers for the interview.

Results: Marital status of the household head and total land endowment were the major determinants of
diversification.

Conclusions: Unlike most other studies found in the crop diversification literature, this study used econometric data
reduction procedures to select the appropriate diversification indices, and selected the most appropriate fractional
regression functional form from the four modelled. Vegetable diversification offers great potential for improving liveli-
hoods of cocoa-based farm households in the study area.

Keywords: Cocoa Fractional regression, Ghana, Vegetable diversification

Background

Vegetable production can enhance income of small-
holder producers through their high farmgate values per
unit land area and generate employment in rural areas
[5, 24, 33, 44]. Vegetables can also make important con-
tributions to food and nutritional security as they con-
tain essential micronutrients and confer other essential
health benefits. Aside of these, traditional African veg-
etables such as Amaranthus spp. in particular are consid-
ered very valuable because of their comparatively higher
micronutrient content in comparison with exotic veg-
etables and their ability to fit into year-round production
systems. Vegetables thus play an important socio-eco-
nomic role as well as in diversifying diets for improved
nutrition [29]. In Ghana, export of vegetables such as
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okra to the European Union generates considerable for-
eign exchange [3, 19].

Some studies have pointed to diversification of domi-
nant farm production systems with other commodities
such as vegetables in developing countries [1, 17, 23, 24,
43]. In agriculture, diversification may be viewed as a
three-stage process [8]. The first stage is considered at the
cropping level which involves a shift away from mono-
culture. At the second stage, farm households have more
than one enterprise and produce many crops that they
could potentially sell at different times of the year. The
final stage is mostly referred to as mixed farming where
there is a shift of production resources from one crop (or
livestock) to a larger mix of crops (or livestock) or mix of
crops and livestock. Within this context, vegetable diver-
sification is a sub-type of stage two, in which diversifica-
tion is within one group of crops, in this case vegetables.

Overall, diversification is a significant factor explain-
ing differences in the level and variability of farm income
between higher and lower performing small farms [35,
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39]. The benefits of crop diversification are threefold:
economic, social and agronomic. The economic benefits
include: seasonal stabilisation of farm income to meet
other basic household livelihood needs such as children’s
education; household subsistence, food and nutrition
needs; and a reduction of risk of overall farm returns by
selecting a mixture of activities whose net returns have a
low or negative correlation whilst lessening price fluctua-
tions [21, 40]. One social benefit is the seasonal employ-
ment for casual farm workers, whilst agronomic benefits
include conserving precious soil and water resources,
reduced disease and pest incidence, reduced soil erosion
and improved soil fertility alternatives as well as options
for increasing plant nutrition and crop yields [2, 7, 9, 18].
Cocoa (Theobroma cacao) is grown in most parts of the
humid tropics agroclimatic zone of several West Africa
countries, particularly, Cameroon, Cote D’Ivoire, Ghana,
Liberia and Nigeria on account of its endowed compara-
tive advantage. In Ghana, the bulk of cocoa, the country’s
main agricultural export emanates from the Western
and Ashanti regions in the humid tropics zone. How-
ever, owing to the diverse merits of diversification enu-
merated above, some farmers have diversified away from
cocoa to other crops including vegetables. Others have
gone beyond this to diversify within vegetables, produc-
ing different vegetables on the same plot of land or dif-
ferent plots of land. The main vegetables in contention
are tomato (Lycopersicon esculentum), hot pepper (Cap-
sicum annum), African eggplant (Solanum aethiopicum,
S. anguivi and S. macrocarpon) and okra (Abelmoschus
esculentus). The less popular ones are cabbage (Brassica
oleracia var capitata), cucumber (Cucumis sativa) and
carrot (Daucus carota). This study seeks to assess the
extent of diversification of vegetables among farmers in
Ghana’s cocoa belt and identify the factors that account
for the variability in the diversification index [13].
Although some studies have investigated diversified
production of vegetables in some developing countries
(17,23, 24, 43], Ali [1] seemed to be the first study to have
explicitly addressed the socio-economic determinants of
vegetable diversification in India. The study as could be
expected used the Simpson’s diversification index that
was modelled using a logistic regression a priori. Two
limitations are likely to have emerged from this study.
First, other diversification indices seemed not to have
been considered for superlative analysis. Second, the data
generation process (DGP) of the Simpson’s diversifica-
tion index is fractional therefore the logistic regression as
used is perhaps not very appropriate for obtaining robust
estimates. The present study estimated various diversifi-
cation indices including the Simpson’s index and selected
the best-bet alternative for the study based on statistical
procedures. Different functional forms of the fractional
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regression were estimated, and the most appropriate
selected based on a battery of tests. The data used were
drawn from vegetable farmers in the cocoa belt of the
Western and Ashanti Regions of Ghana.

An investor would typically invest stocks or unit(s)
of investment to maximise returns. If the investor knew
the extent of future returns with certainty, he/she would
invest in only one security out of the lot, namely the one
with the highest future return. If several investment units
had the same, highest, future return, then the investor
would be indifferent between any of these, or any com-
bination of these [27]. For this reason, the investor will
not diversify the combinations or portfolio of investment
units. Certainly, the future returns of all investment units
are unknown. Therefore, to reduce uncertainty, the inves-
tor diversifies by picking up a lot more of other invest-
ment units. The underlying motive is to ensure that whilst
some units do not generate the expected return on invest-
ment, others will. The vegetable farmer may be considered
as an investor with his/her vegetable produce/crops being
regarded as investment units. Malton and Fafchamps [26]
noted that crop diversification is a risk-minimising strat-
egy to the extent that individual crop yields are not closely
correlated with diverse weather conditions, pests and dis-
ease attack. See [4, 15, 25, 28] for a comprehensive review
of the theoretical literature on multiple cropping systems
and crop diversification. Diversification certainly is moti-
vated by uncertainty for the vegetable farmer: climate
change, prices and other factors. Vegetable farmers ulti-
mately seek not only the expected income but food and
nutritional security as well [22, 29, 44].

As noted earlier and to the best of our knowledge, Ali
[1] is the only study that specifically addressed the fac-
tors determining vegetable diversification. Indeed, in
the diversification of non-vegetable crops the situation
is not different; Shaxon and Tauer [41] seemed to be the
only relevant study. These two are briefly discussed. Ali
[1] analysed the factors affecting adoption of crop diver-
sification as a risk management strategy in vegetable
production with data collected from 556 farmers drawn
from eight districts in Uttar Pradesh, India. The mean age
of farmer respondents for this study was 40.33 years. The
highest category of educational level was secondary with
higher secondary constituting about 33.0% of the total
sample. The average land area was 1.75 ha (4.38 acres).
About 80% of vegetable growers adopted crop diversifica-
tion with a mean Simpson diversification index (SDI) of
0.80. Results from an estimated logistic regression model
showed that, comparatively younger, socially under-
served farmers with lower income were more likely to
adopt diversification as a risk mitigating strategy. Use of
high-yielding seed, temperature volatility, high marketed
surplus ratio, market demand, clustering of organised
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buyers and adoption of recommended processing tech-
niques were most likely to influence adoption of vegeta-
ble diversification.

The work of Shaxon and Tauer [41] is probably one
of the earliest known published empirical studies on
crop diversification in Africa. Examining the effects of
socio-economic variables on diversified crops computed
using the Simpson diversification index (SDI) and Shan-
non entropy index (SEI), the authors found that nei-
ther the SDI nor the SEI was better than the other. The
total land endowment of households was incorporated
into the model as straight values and as squared of the
straight values. Household type did not statistically influ-
ence crop diversification. Land endowment was posi-
tively related to diversification. Age was hypothesised to
positively influence crop diversity. The rationale was the
age of the principal operator will be linked to knowledge
of the minutiae or intricacies of the farm system, of the
micro-environment and the suitability of different crops
to different areas. However, they found a mix of nega-
tively and positively signed coefficients but without any
statistical significance. In the case of education, field crop
agriculture was taught in most primary and secondary
schools with concentration on cash crops in pure stands
with the use of fertilisers and pesticides. Therefore, the
coefficient of education of the principal was hypothesised
to be negative. The consistent negative sign of the coef-
ficient pointed to a weak correlation between education
and the diversity indices. However, the magnitudes of the
coefficients were not statistically significant.

Methods

Study area

The study area is located in the cocoa belt of the Ashanti
and Western Regions (WRs) of Ghana. The Ashanti
Region is centrally located in the middle belt of Ghana.
Located within longitudes 0.15°W and 2.25°W and lati-
tudes 5.50°N and 7.46°N, the Ashanti region shares
boundaries with four of the ten administrative regions.
The WR covers an area of 23,921 km?, representing about
10% of Ghana’s total land surface. Located in the south-
western part of Ghana, WR is bordered by Cote d’voire
on the West, Central Region on the East, Ashanti and
Brong-Ahafo Regions on the North and on the South by
192 km of coastline of the Atlantic Ocean. Agriculture is
the predominant occupation of the economically active
population in the region, accounting for about 60% of the
regional GDP, and employs about 57% of the total labour
force. WR is currently the leading producer of cocoa
beans in Ghana.!

! This section draws from: http://www.ghanadistricts.com.
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Data collection procedure

Sample sizes were determined based on the population of
vegetable farmers identified in the cocoa-growing areas
in each Region. A small sample formula for sample size
determination (http://www.surveysystem.com/sscalc.
htm) was applied to the estimated population of farmers
in each district to determine appropriate sample sizes for
the study (Table 1). Proportional sampling was employed
to determine the sample size from each community. The
sample elements were then selected randomly from a
population list of vegetable farmers earlier generated.

Diversification index

Varied diversification indices are available in the litera-
ture. These include composite entropy, entropy index,
modified entropy index, weighted entropy, Herfind-
ahl index, index of maximum proportion, Ogive index,
Shannon index and Simpson index. Brummer et al.
[6] and Ogundari [31] for example used the Herfindahl
and Ogive indices to study crop diversification in Nige-
ria, whilst Ogbanje and Nweze [30] used entropy and
weighted entropy to investigate off-farm diversification
also in Nigeria. In the present study, the Simpson, Herfin-
dahl and entropy indices were employed and a best-bet
index selected based on statistical procedures. The Simp-
son diversification index (SDI) is specified as:

K
SDI=1— ZP,% (1)
k

where P, is the proportion of farm area devoted to a type
of vegetable k. The value of SDI always falls between 0
and 1. P, = 1, for single vegetable therefore, SDI = 0. As

Table 1 Description of variables

Variable Definition

Age of household head  Age measured in years from birth

Gender of respondent Gender of vegetable farmers; male =1,

female =0
Cocoa cultivation Cocoa cultivation = 1, and 0 otherwise
Household type Male headed = 1, female headed = 2, absen-
tee husband =3
Marital status of house- ~ Married = 1, unmarried = 2

hold head

Formal education status
of household head

Never = 0, primary dropped = 1, primary
completed = 2, MSLC/JHS = 3, secondary
dropped = 4, secondary completed =5,
tertiary =6

Household size Number of household members

Utilisation of vegetable Seed = 1; 0 otherwise

produce

Land endowment Own land = 1 and 0 otherwise

Total vegetable area Land area in hectares
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the number of vegetable types increase, the shares (P))
decline, as does the sum of the squared shares, so that
SDI approaches 1. If there are k vegetables, then SDI falls
between zero and 1 — 1/k. Farmers with most diversi-
fied vegetable farm will have the largest SDI, and those
with least diversified vegetable farm are associated with
the smallest SDI. For least diversified vegetable farmers
(i.e., those cultivating a single vegetable) SDI takes on its
minimum value of 0.
The Herfindahl index can be expressed as:

J 3
HDI:Z( Y

J
j=1 >=1Y)

where Y, represents the area share of the jth vegetable
cultivated in total area Y. J is the total number of vegeta-
bles cultivated on total land area. The HDI ranges from 0,
reflecting complete diversification (i.e., an infinite number
of vegetables in equal proportion), to 1, reflecting com-
plete specialisation. It can be shown that this index attains
a minimum value equal to 1/J. HDI can be transformed as
1 — HDI in order to have an interpretation similar to SDL
In this way, transformed HDI of 1 reflects perfect diversi-
fication, whilst O reflects perfect specialisation.

The Shannon entropy index of diversification is speci-
fied as:

J
1
EDI = — E Sjlog (S,) 3)
J

where §; is the proportion of area under vegetable, / is the
total number of vegetables and EDI is the entropy index.

Two approaches were useful in selecting the most appro-
priate computed diversification indices. First, select one
index from the four using factor analysis [20]. The sec-
ond involves modelling each of the indices, testing each of
them through inspection of model properties and rigorous
tests such as P test, in order to first select the most appro-
priate functional form for each index, and then choose the
best model from among the four selected models as the
most appropriate model [10, 36]. The effort involved in the
latter which provides the same results as the former makes
the former appear more efficient than the latter; hence, the
former approach was selected for this study.

2
> 0<HDI<1 )

Modelling of vegetable diversification index (VDI)
In order to investigate determinants of vegetable diversi-
fication, the following equation was estimated:

VDI = f (Zm) “)

where VDI is the selected diversification index and Z are
m socio-economic variables listed in Table 1.
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Fractional regression modelling

The indices outlined above indicated a fractional DGP.
Therefore, the use of ordinary least squares (OLS) and
Tobit regression estimation procedures as proposed
by Brummer et al. [6], Ogundari [31] and Ogbanje and
Nweze [30] are likely to be inappropriate in the context
of our study. Indeed, the use of OLS does not guaran-
tee that predicted values will fall between zero and one.
A logit transformation of the dependent variable would
have been more appropriate in this context as was done
by Ali [1]. However, fractional regression is certainly
more appropriate since it utilises the set of numbers
within the unit interval rather than only 0 and 1 bound-
ary values as logit does. Consequently, the fractional
regression approach proposed by Papke and Wooldridge
[34] is appropriately employed in the context of this

study.
Let y be VDI, then
EWlZ) =2 3)

And the marginal effect of a unit change in Z,, on VDI
score is given as
DEGIZ)

3z

% (6)
Then, the fractional regression may be specified as:
E(y|Z) = G(20) @)

where G(e) is some nonlinear function satisfying
0<Gl(e) <1.

We follow Ramalho et al. [36] by testing four functional
forms in order to select one (best-bet) for discussion.

Let G(e) be specified as any cumulative distribution
function: logit, probit, loglog and cloglog.

Logit:
oZ0
G(Z6) = —— 8
Probit:
G(Z0) = (Z6) )
Loglog:
G(z0) =~ (10)
Cloglog:
Gzo) =1—e " (11)
with partial effect for all specifications given as
IEGIZ)
= 0,g(20) 12
oz, O (12)

This varies with g(Z6) unlike in Eq. 7.
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In this study, FRM is specified as:

E(y|Z) = G(Z0) (13)

where Z is vector of covariates; G(e) is estimated as logit,
probit, loglog and cloglog.

Since the data covered two administrative regions,
it was important to consider controlling for regional
effects. A log likelihood ratio (LR) test was performed
to establish the appropriate course of action. The null
hypothesis required the exclusion of the regional dummy
with the alternative hypothesis supporting the inclusion
of the regional dummy. The LR test was computed as
LR = 2(H; — H,). The LR test statistics has a Chi-square
distribution; hence, the Chi-square table was used to
decide on which model was appropriate using the LR
test. Prior to testing, the models were estimated by maxi-
mum likelihood procedures.

Specification tests

Two tests were employed to assess the functional forms
in their own right, and also as a basis for selecting the
most appropriate one. The generalised goodness-of-
functional form (GGOFF) test [36, 37] and P test [10]
were accordingly employed. The estimation was accom-
plished using the STATA module developed by Ramalho
[37]. The GGOFF test performs functions similar to the
RESET test [38]. Whilst RESET tests assigns arbitrary
number of powers of the fitted index, the GGOFF test
checks the significance of the two simple functions of the
fitted index. Consequently, the GGOFF is used in place of
the RESET test in this study. For an exposition of details
on GGOFF, see for example [36, 37].

Results

Summary statistics

Summary statistics of the scale variables show that the
youngest vegetable farmer is aged 18 years (Table 2).

On average, six people constituted a household. In
terms of land area, the lowest land area is 0.08 ha (0.2
acres) and the largest is 28.34 ha (70 acres). The mean
farm size of 1.21 ha (3.0 acres) clearly shows that the
maximum of 28.34 ha is an outlier.

Table 2 Summary statistics of scale measured variables

Age (years) Household size Total land
(counts) endowment (ha)
N 621 621 621
Minimum 18 1 0.08
Maximum 80 28 28.00
Mean 418 5.7 1.20
SD 113 32 1.52
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Vegetable diversification index

Table 3 shows the results of the factor analysis conducted.
The first panel contains communalities and the compo-
nent matrix. One minus the communalities expresses the
uniqueness: the variance that is ‘unique’ to the variable
and not shared with other variables.

The high communalities show that the indices share
variances; hence, the uniqueness or variances not shared
is minuscule. Despite the small uniqueness generally, EDI
has the highest uniqueness. Since the higher the unique-
ness the lower the relevance of the variable in the factor
model, the highest uniqueness of EDI makes it less rel-
evant in the factor model. On the contrary, the SDI and
HDI are more relevant in the factor model.

Turning to the next panel, factor 1 has total eigenvalue
of 2.983 whilst the other two factors have values <0.01.
Using the Kaiser Criterion, factor one is retained. Since
SDI and HDI load on factor 1, these are the variables that
constitute factor 1. By construction, the transformation
of HDI equals SDI and HDI is negatively and perfectly
correlated with SDI. Thus, SDI can be used in place of
HDI.

The minimum SDI of 0 was recorded by vegetable
farmers in both the Ashanti and WRs (Table 4). However,
farmers in the WR recorded higher maximum SDI (0.80)
than those in the Ashanti Region (0.75). The means are
fairly similar, 0.37 and 0.41, respectively. The null hypoth-
esis that implies indifferent means is upheld. Thus, the
observed difference may well be by chance.

The results in the first panel of Table 5 show that
the null hypothesis which underscores that there is
no regional effect is accepted. This confirms the ear-
lier test of the difference in the means of SDI from the
two regions. Consequently, regional effect was not
accounted for in the four functional forms of the FRM
estimates. The second panel of Table 5 shows the results
of the GGOFF test. For all four functional forms, the null
hypothesis that the functional forms are mis-specified is
rejected. Therefore, the FRM for all functional forms are
well specified.

Functional form selection

All four functional forms of the FRM are well specified;
therefore, selecting one for discussion is not trivial. Since
the functional forms are not nested forms of each other,
the nested log likelihood ratio test does not apply in this
case. The Davidson and MacKinnon [10] P test for non-
nested models is thus applicable. Using logit as the null
hypothesis and testing against the other three as alterna-
tives, the logit function is rejected in favour of the loglog
functional form. Using probit as the null hypothesis and
the others as alternative hypotheses, probit is rejected
in favour of loglog and cloglog functional forms. Using
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Table 3 Results of factor analysis of measured variables

Communalities Component matrix

Initial Extraction
Simpson diversification 1.000 0.997 0.999
index
Herfindahl index 1.000 0.997 0.999
Entropy index 1.000 0.989 0.994
Components 1 2 3
Total variance explained
Initial Eigenvalues
Total 2983 0017 —1.767E-17
% of variance 99.429 0.571 —5.891E—-16
Cumulative% 99.429 100.000 100.000
Total variance explained
Total 2983 - -
% of variance 99429 - -
Cumulative% 99429 - -

Extraction method: principal component analysis

Table 4 Descriptive statistics of Simpson diversification
index
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loglog as null hypothesis and testing against the others as
alternative hypotheses, loglog is rejected in favour of clo-
glog and logit.

A closer examination of the statistics shows that for
cloglog 4.552 is higher than 3.814 for logit although both
are statistically significant. The statistical significance
of the logit statistic is particularly interesting since the
loglog was accepted in favour of the logit with a statistic
of 7.259 at 1% level of significance. The ideal way out is to
compare the magnitude of the statistics provided they are
statistically significant. In that respect, loglog should be
preferred to the logit functional form. Moreover, the sta-
tistics for loglog as alternative hypothesis is statistically
significant at a stronger level of 1% than that of logit as
alternative hypothesis at 5%.

Turning to the last column of the third panel of Table 5
with cloglog as null hypothesis and other functional
forms as alternative hypotheses, the cloglog is rejected
in all cases. Although all statistics are statistically signifi-
cant, the magnitude for loglog is the highest among the
three. Therefore, this is ranked first among the others. It
is important to note, that, for all four functional forms,
loglog is only rejected once, that is, when loglog was the
null hypothesis.

Ashanti  Western  Total  Difference test (2) Thus, the focus of the model selection should then be
N 374 47 621 - between loglog and cloglog. The magnitude of the sta-
Minimum 0 0 0 ~ tistic for loglog as alternative hypothesis and cloglog as
Masirnum 075 0.0 0.0 - null hypothesis is 12.270 anc‘l significant at 1% whilst that
Miean 037 041 039 08899 for loglog as null hypothe51§ and cloglog as alterna‘t{ve
D 027 026 097 B hypothesis is 4.552 and significant at the 5% probability
level. Loglog rejects cloglog stronger than cloglog rejects
Table 5 Hypothesis tests
Logit Probit Loglog Cloglog
Log likelihood test for inclusion of regional variable
Log likelihood Moy regional efect —3092177 —309.5058 —308.1408 —310.1935
Log likelihood Higegionai effect —309.2149 —309.5038 —308.1404 —310.2888
Log likelihood ratio statistics {2(LLH, — LLH)} 0.0056 0.0040 0.0008 0.0094
Probability of Chi square 1.0000 1.0000 1.0000 1.0000
Decision Accept Accept Accept Accept
Ramalho [37] generalised test for functional form mis-specification
GGOFF 15.437%** 16.015%** 4.409** 7.826%**
Davidson and MacKinnon [10] test for non-nested models
P test
HiLogi - 1758 3814% 8.125%
Hiproni 0655 - 1327 8.904*#*
H, Loglog 7.259%% 4.972%* - 12.270%**
Hiloglog 1679 3.947% 4552% -

*®, *% *%% Corresponds to statistical significance at 10, 5 and 1%, respectively
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Table 6 Estimated loglog fractional regression model

SDI Coefficients Marginal effects
(robust standard (6-method
error) standard error)

Age of household head —0.0008285 —0.0002986
(0.0029871) 0.0010765

Gender of respondent 0.12707 0.0457965
(0.0881692) (0.0316826)

Cocoa cultivation —0.1991718*** —0.0717823***
(0.0639408) (0.0228391)

Household type —0.0051693 —0.001863
(0.0640316) (0.0230775)

Marital status of household —0.0464377*% —0.0167363*

head (0.0267983) (0.0096363)

Formal education status of ~ 0.0086599 0.0031211

household head (0.0163397) (0.0058834)

Size of household —0.0020069 —0.0007233
(0.0097044) (0.003497)

Utilisation of vegetable 0.076607 0.0276095

produce (0.1004792) (0.0362132)

Land endowment —0.0941501 —0.0339321
(0.0624716) (0.0224696)

Total vegetable area 0.0615846** 0.0221953**
(0.0255087) (0.009041)

Constant 0.1106814 -

(0.273918)

Number of observations 621

Log pseudolikelihood —308.1408

R>-type measure 0.085

loglog. Thus, loglog functional form is selected for fur-
ther consideration and further discussion.

Determinants of vegetable diversification

Out of the ten factor determinants investigated, seven
are statistically insignificant whilst three are statistically
significant (Table 6). The statistically insignificant param-
eters mainly relate to some household socio-economic
characteristics such as age, gender, household type and
level of formal education of head of household. Other
variables include household size, utilisation of vegetable
produce and total land endowment. The statistically sig-
nificant parameters relate to cocoa cultivation, marital
status of household head and total land endowment of
the household.

Cocoa cultivation was measured as a dummy variable.
Thus, the negative sign of the coefficients and marginal
effects suggest that vegetable farmers who cultivate cocoa
are more likely to diversify vegetable production. Finally,
cocoa farmers do cultivate other crops on cocoa plots at
the early stages of the cocoa plants. Indeed, a number
of vegetable farmers noted this in their responses dur-
ing the field survey. Marital status of the household head
is a dummy variable designated 1 if the head is married
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and lives with spouse. The other extreme (designated as
0) is ‘never married. It would be recalled from Table 2
that more than 80% of the surveyed households had
married household heads living with spouse. This could
be a reflection of the married spouse’s responsibility for
providing for household nutritional needs for the entire
family that would warrant the need for own produced
vegetables as part of household production decisions.
The coeflicients and marginal effect for total land area are
statistically significant and positively related to vegeta-
ble diversification. The parameter estimates of total land
endowment are negative and statistically insignificant.

Respondent uses for vegetables included: for consump-
tion, income from sales and seed production. Close to
88% of respondents use vegetables as a source of income.
By comparison 11% use vegetables for consumption and
1% use vegetables produced as seed. Table 6 shows that
variations in household type and household size do not
significantly influence vegetable diversification. Indeed,
along the continuum of these variables, the consumption,
income and importance of vegetable for seed purposes
are equally important.

Discussion

The mean age of 41.8 years is close to the 40.33 years
found by Ali [1]. The mean of 1.21 ha is slightly lower
than the 1.77 ha (4.38 acres) reported by Ali [1]. The as
much as 30% of the farmers who have never had formal
education poses challenge for agricultural extension as
training content and pedagogy would have to be tailored
to the needs of these farmers so as to achieve maximum
learning and ensure training impact. Ali [1] found that
the largest category of vegetable farmers had secondary
and/or higher secondary qualifications, inconsistent with
the findings of the present study.

Vegetable diversification index

The mean SDI (0.39) obtained for our Ghanaian study
locale is far lower than the 0.80 reported by Ali [1] for
eight districts in Uttar Pradesh, India. Yet, vegetables are
high-value crops and provide diverse nutrients necessary
for income and nutritional food security in most parts of
sub-Saharan Africa, including Ghana. In the light of these
and the low levels of vegetable diversification, growing
and diversification of vegetables should be encouraged
among farmers in Ghana’s cocoa belt. Our study results
show rather low levels of diversification into vegeta-
bles within the cocoa belt of the study locale, a fact that
buttresses the findings of Ganry [16], who found that in
Ghana, only 49% of the 200 g per capita per day of the
World Health Organisation recommended vegetable
consumption is consumed on the average.
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Functional form selection

The selection of loglog in this study departs from those
found in the FRM agricultural economics literature and
is a point of departure for this paper. Specifically, Souza
and Gomes [42] specified probit. Whilst Ogundari [32]
specified logit a priori, Djokoto [11] selected logit and
Ramalho et al. [36] selected clolog based on a battery of
tests. Djokoto and Gidiglo [12] and Djokoto et al. [14],
however, selected loglog functional form.

Determinants of vegetable diversification

Four reasons may account for the statistically significant
negative coefficient for the cocoa cultivation variable.
First, those who cultivate cocoa have access to adequate
land, either owned or rented. In the case of rented land,
diversification ensures that the farmer is able to earn
sufficient income and pay for land rent. In the case of
share-cropping tenancy arrangements, where the land-
lord receives part of the produce (usually a third, locally
called abusa system), higher returns are only guaranteed
with more output. In the case of owned land, this is a
great resource to the farmer as a major cost of produc-
tion in the seasonal production gross margin computa-
tion is practically not factored in the equation. Second,
given that cocoa yield and proceeds are seasonal, farmers
are motivated to diversify their production from cocoa to
other crops such as vegetables more so, diversifying also
within vegetable production. Third, resources obtained
from cocoa production are usually invested in off-farm
income ventures that can be used to support vegeta-
ble production. Fourth, barring any price-taking perfect
competitive tendencies in markets caused by external
factors, farmers usually exercise some level of control in
vegetable pricing, particularly during off-season periods
unlike the case of cocoa beans, where prices are fixed and
guaranteed by the Ghana Government at the commence-
ment of each production season.

Aside of the optimal use of land resources by cocoa
farmers who diversify into vegetables, it affords them the
opportunity to earn diversified income when the main
crop is not yet ready for harvest, particularly at the early
stages (first 2—-3 years) of cocoa establishment, when
some vegetables can be used as shade crop for young
cocoa plants. This is particularly essential for large farm
households given that some leafy vegetables such as
Amaranthus spp. can mature in as early as 3 weeks from
planting. Cocoa farmers should therefore be encouraged
to consider selecting some vegetable crops for cultivation
in cocoa farms at the early stages of cocoa establishment
in addition to traditional cocoa-shade crops such as plan-
tain and cassava. Vegetable farmers without cocoa plots
may consider cultivating cocoa as well. Where this is not
possible, vegetable farmers can consider arrangements
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that will give them access to cocoa farms at the early
stages of the cocoa crop; the vegetable farmer plants
(diversified vegetable) during the period until the canopy
of cocoa disallows such activities. Cocoa farmers may
share the vegetable proceeds accordingly.

Generally, marital status creates a more likely opportu-
nity for increased household expenditure. This increased
expenditure will have to be met by higher income. Aside
of this, household heads who are predominately male,
have a cultural and social responsibility to cater for
the monetary needs of their families and households.
Households would thus have to diversify into high-value
vegetables crops per unit land to earn higher net year-
round income for the household rather than traditionally
depending solely on the seasonal income accruing from
cocoa or only one vegetable. In addition, there is a higher
chance of improving and ultimately ensuring household
nutrition security by way of the availability and likely
intake of diverse vegetables required for ensuring a bal-
anced diet.

As noted earlier, access to land is necessary for veg-
etable production as in the case of many agricultural
endeavours. A larger land size implies more access to
a major resource for vegetable cultivation. More land
also means opportunity to cultivate different vegetables.
The findings from the study call for efforts that would
improve access to land as well as increased land area.
Certainly, land fragmentation due to inheritance among
others should be discouraged.

Whilst the negative sign suggest some influence of
owned land over vegetable diversification this may be
purely by chance. Indeed, owned or rented land influ-
ences vegetable diversification equally, at least from the
statistical analysis view point. This result implies that the
most critical determinant with respect to land use is land
access (user rights) rather than owning land per se. This
is underscored by the findings of Ali [1].

The statistical insignificance of utilisation of vegetable
produce implies a strong role for (own) seed and con-
sumption uses of vegetables just as income despite the
disproportional percentage. These further buttress the
nutritional and food security role of vegetables as noted
earlier. Also, given the spatial and time gaps in the veg-
etable seed supply and distribution system in general, the
importance of own-saved seeds as sources of planting
materials for subsequent production seasons is a common
phenomenon among vegetable farmers in the study locale.

The statistical insignificance of household type and
household size implies diverse household types and sizes
should be equally targeted with vegetable diversification
efforts. The positive and statistically insignificant param-
eters of the education variable suggest that, although for-
mal education may be useful in general, it is not essential
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in particular for vegetable diversification. Indeed, the
large majority of farmers with no formal education or
little formal education have diversified vegetables as
much as the highly educated vegetable farmers did. Two
reasons can be adduced. There are agricultural exten-
sion services and possible accumulation of experience
in vegetable farming. Therefore, although formal educa-
tion may be important, experience and extension support
would be useful in promoting vegetable diversification
for income, seed and consumption.

The statistically insignificance for gender parameter
means that males diversify vegetables as much as females
do. Indeed, gender disparity that might necessitate
affirmative action in vegetable diversification may not be
warranted. Since this study did not explicitly investigate
gender division of labour, further research is required
in this area. Vegetable diversification is also age-neutral.
Thus, farmers of all ages tended to fairly diversify vegeta-
bles production. The sign of the parameters is consistent
with the finding of Ali [1], but the statistically insignifi-
cant magnitude diverges with Ali [1].

Conclusions and recommendations

This study assessed the extent of diversification of vegeta-
bles among farmers in Ghana’s cocoa belt and identified
the factors that explain the variability in the diversifi-
cation indices. Unlike other studies found in the crop
diversification literature, this study used economet-
ric data reduction procedures to select the appropriate
diversification index, and not only estimated the frac-
tional regression model but selected the most appropri-
ate functional form from the four modelled. The results
show a low extent of vegetable diversification. The major
determinants of vegetable diversification are cultivation
of cocoa, marital status of household head and total land
endowment.

There is the need to intensify integration of vegetables
within cocoa-based systems among farmers in Ghana’s
cocoa belt. Households would thus have to diversify into
high-value vegetables crops per unit land to earn higher
net year-round income for the household rather than tra-
ditionally depending solely on the seasonal income accru-
ing from cocoa or only one vegetable. In addition, there
is a higher chance of improving and ultimately ensuring
that household nutrition security by way of the availability
and likely intake of diverse vegetables required for ensur-
ing a balanced diet. Cocoa farmers should therefore be
encouraged to consider selecting some vegetable crops
for cultivation in cocoa farms at the early stages of cocoa
establishment in addition to traditional cocoa-shade crops
such as plantain and cassava. Vegetable farmers without
cocoa plots may consider cultivating cocoa as well. Alter-
natively, vegetable farmers can consider arrangements that
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will give them access to cocoa farms at the early stages of
the cocoa crop; the vegetable farmer plants (diversified
vegetable) during the period until the canopy of cocoa dis-
allows such activities. Cocoa farmers may share the veg-
etable proceeds accordingly. This result implies that the
most critical determinant with respect to land use is land
access (user rights) rather than owning land per se.
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