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Abstract: To this day, cotton is one of the main cash crops in
Benin, despite the emergence of certain crops that are considered
less constraining. In sub-Saharan African countries, agriculture
is essential for economic growth, which is necessary to reduce
poverty and food insecurity. In the cotton-growing areas, the
support given to farms in the framework of national actions or
bilateral/multilateral cooperation is not based on a typology of
farms to help identify what to do and measure what has been
achieved. Differences in land area per capita and land productivity
largely explained the variation in food security across sites. In
agriculture, such grouping of farms might help for a better
knowing and understanding of the structure and functioning of
each farm group as well as the problems, opportunities, and needs
in terms of policy intervention and support. This study aims to
draw up a typology of cotton production based on area size. The
present work aimed at establishing a typology of the cotton farms
used as a first discriminatory factor, which was the farm size,
measured by the size of land under cotton cultivation. This size
may also reflect the crop’s importance for farmers. Based on this
factor or criterion, a first discrimination of cotton farms has been
set, giving different groups of cotton farms. To this end, data were
collected from 140 cotton growers in Benin. Using discriminant
factors, a typology analysis based on farm size was carried out. The
results showed that farm size is determined by socio-economic and
demographic characteristics, as well as by access to production
factors. Agricultural policies aimed at increasing cotton
production can influence factors such as access to production
inputs.
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I. INTRODUCTION

In the first two decades of the 21st century, sub-Saharan

Africa (SSA) has changed rapidly for the better in many
ways, counter to many outdated narratives [1]. Widespread
rural poverty in Africa and the success of Asia’s Green
Revolution suggest that agriculture is a key sector for African
development [2]. In sub-Saharan Africa, agriculture is the
principal source of wealth and poverty reduction.
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In sub-Saharan African countries, agriculture is essential for
economic growth, which is necessary to reduce poverty and
food insecurity. Unfortunately, the performance of
agriculture in sub-Saharan Africa has not been up to
expectations and has been characterized over the decades by
ups and downs [13]. The rural population has been unable to
move out of poverty and food insecurity principally because
they have not been able to transform their basic economic
activity, which is agriculture [14]. Differences in land area
per capita and land productivity largely explained the
variation in food security across sites. Based on land size and
market orientation, four household types were distinguished
(subsistence, diversified, extensive, intensified), with
contrasting levels of food security and agricultural adaptation
strategies [3]. In Benin, the gross domestic product (GDP) per
capita, agricultural value added, and the human development
index have a long-run relationship [15].

The Sub-Saharan Africa (SSA) countries alone only
contribute to a limited share of world cotton production, but
when added to production from Francophone Africa
Countries, their share of world exports is very significant,
globally ranking second after the USA [4]. Countries [5]. A
strong and positive connection is found between cotton
export and economic growth, and a long-term relation
between human capital and economic growth in Benin [16].
A rapid human capital development will increase the quality
of the employment generation, and the country’s economy
will adjust upward [6]. In Benin, cotton has long been the core
cash crop of rural livelihood systems until the mid-2000s,
when multiple constraints, like the problem of input and seed,
led to the demise of cotton production [7].

Improving the management of goat in rural areas and
enhancing their ability to alleviate smallholder poverty
requires a better understanding of the existing production
systems [8]. In the cotton-growing areas of West and Central
Africa, the support given to farms in the framework of
national actions or bilateral/multilateral cooperation is not
based on a typology of farms to help identify what to do and
measure what has been achieved. Such a situation may result
from the lack of a typology or, more frequently, the lack of
actual and regular application of a typology [9]. It has been
found that only well-equipped farms make a positive profit if
we value family labour and organic manure. The other types
of farms, with the level of yield recorded, had difficulty
covering the costs involved
in seed cotton production. In
Benin, cotton farms in
North-Central adopt more
farming  practices and
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achieve better economic performance. Farms in the Centre
adopt fewer cultivation practices and perform very poorly
economically. Although the adoption score is low in the
North, the farms perform well due to their accumulated
experience and the efficient use of inputs, with very low
intermediate consumption [10].

This study aims to analyse the typology of cotton farms
based on their size. For this, data on cotton production were
collected in Benin.

The rest of this paper is presented as follows. The next
section is dedicated to the theoretical framework. The
following section presents the materials and methods. The
latest sections present the results and conclusion.

Il. THEORETICAL FRAMEWORK

The typology refers to the determination of a small number
of classes — groups with significant differences regarding
some given interests, characteristics, and behaviours
(Benedict et al., 1944). In agriculture, such grouping of farms
might help for a better knowing and understanding of the
structure and functioning of each farm group as well as the
problems, opportunities, and needs in terms of policy
intervention and support. A farm typology aims at: (i)
classifying various farms in the same region within a limited
number of relatively homogeneous categories, (ii) explaining
the differences between farms to perform policy interventions
designed for a particular type of farm [11]. That is, farm
typology is a useful tool of agricultural extension and
forecasting. To date, establishing a farm typology has become
a common tool while addressing development actions or
interventions that should take into account the socio-
economic and demographic context of farms in rural areas.
Moreover, farm typology is also used for the understanding
of the dynamics and changes of a regional agriculture [12].
Based on a modelling of the farms - cotton farms - size, this
work suggests a typology for understanding the current
characteristics of cotton farms in the North-Western region of
Benin.

I11. MATERIALS AND METHODS

A. Study zone and data

The study zone is situated in the Northwestern region of
Benin, a western tropical African country. In this region, two
municipalities well known in cotton production have been
selected. It is about Kouandé (10°19'54" North latitude and
1°41'29" East longitude) and Kérou (10°49'30" North latitude
and 2°6'34" East longitude) (Figure 1). In both municipalities,
the climate is soudano-guinean (Afrique Conseil, 200643;
2006b). In each municipality, two villages (Firou and Kérou
Centre in Kérou, Niékénébansou and Becket in Kouandé)
have been selected according to their importance in cotton
production.
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The primary data of this study were collected by a sample
of 140 cotton farms — the interviewee is the farm’s head —
randomly carried out, after a census of all cotton farms in the
selected villages. Data related to socio-economic and
demographic characteristics of farm heads — most of the time
the household’s head — and the access to production factors
such as land, fertilisers, insecticides, and herbicides were
collected. The data collection took place as a field study,
using an individual survey enquiry questionnaire, structured
and semi-structured interview guides. Some focus groups
were also organised to collect data at the village level. The
data analysis was performed by using the software Excel and
STATA through tools such as the Lorenz curve, the Gini
coefficient, some descriptive statistics (frequency, mean, and
standard deviation), and a simultaneous modelling.

IV. METHODS

A. Criteria of Typology

To carry out a typology, the choice of classification criteria
may include a limited number of variables (i) deduced from
experience, (ii) selected "a dires d'expert", or (iii) based on a
wide range of structure and functioning variables drawn from
survey questionnaires. The present work aimed at
establishing a typology of the cotton farms, using a first
discriminatory factor that was the farm size, measured by the
size of land under cotton
cultivation. This size may
also reflect the crop’s
importance  for  farmers.
Based on this factor or
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criterion, a first discrimination of cotton farms has been set, Moreover, this system can be expressed more
giving different groups of cotton farms. Subsequently, a  parsimoniously using matrix notation:
simultaneous modelling of the obtained groups has been

performed. Yol (X 0 = 0 18] e
. Yiz 0 Xy = 0 []6 €i2
B. Modelling of the Farm’s Size =] : : N T A R )
Let’s assume that the probability for a farmer to be in one : : : | : H :
of the farm groups is somehow correlated with the probability Yim 0 0 - Xindléim €im

of being in another group. For modelling, such an assumption o
implies a set of equations that may be related not because they ~ C. Specification of the model

interact, but because their error terms are related. Following, The endogenous variable to analyse is the farms’ size
this led to the formulation: grouped based on the land area under cotton cultivation. To
identify the farm size determinants, two types of variables as

yij = Oixy; + e .. (1 been considered: the socio-demographic characteristics and
Withi=1,2,..,nandj=1,2,..,m the access to the production factors (Table). Naming X a

vector of socio-demographic characteristics and Z a vector of
In this equation, yj stands for the j™ farm group of the i""  production factors to which farmers have access, the system
farm. As a result, we have m equations, each of which hasa  [4] becomes:
set of explanatory variables x;j, not necessarily the same, with

xij a kjx1 vector, and &; a kjx1 vector of parameters. Therefore, V1 =Y1Z1 +8:X; e
we have a set of m linear models such as: V2 =Ya2ly +8:;X; + &y
’ (6)
Where: Yn = YnZn + 8:Xy + €4
Y = (Y13, Y2p > Yni)s X = (Xqi, Xz, -, Xpi), and e = . .
( =0y yz]) y“])g i = Gy e ) ) Following the same transformation from [4] to [5], the
€1j, €2j, - €nj) - (3) equation [6] becomeS'
Bringing equations [2] and [3], one comes up with the [5:] [ o ” ﬂ [Xél x(-) - g Hg?l]
following system of equations: %z +] : i alzl
B 1 - Jhl |l 0o - X, J|[ ]
Yi1 = 8i1Xi1 + eil Y1m 0 0 Zlm Y1m 0 0 Xim 8im
Viz = 812Xai + €52 e-2
: 4) il @
m = OimXim + €im €im

Such equation system can be estimated using the
“Seemingly Unrelated Regression” (SURE) method.

Table-1: Explanatory Variables Including in the Model

Variables | Codes | Types @ | Modalities | Expected Signs
Socio-economic and demographic characteristics (Z)
Municipality MUN D Kouandé=0 ; Kérou=1 +
Age AGE C - +
Sex SEX D 0=Female ; 1=Male +
Schooling SCH D No=0;VYes=1 +
Literacy LIT D No=0;Yes=1 +
Side activity (ies) SACT D No=0;Yes=1 +
Household’s size HSIZ C - +
Contact with extension EXT D No=0;VYes=1 +
Access to the production factors (X)
Access to land TERR No=0;Yes=1 +
Length of land use EXPL C - +
Access to cotton fertilisers ENCT D No=0;VYes=1 +
Access to cotton insecticides INSE D No=0;VYes=1 +
Access to herbicides HERB D No=0;Yes=1 +
Access to maize fertilisers ENGM D No=0;Yes=1 +
Access to credit CREDI D No=0;VYes=1 +
aTypes : D = Discontinuous variables ; C = Continuous variables
Source: Field study data, 2020
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V. RESULTS

A. Socio-Economic and Demographic Characteristics
From the descriptive statistics summarized in Table 2,
cotton production in the study area is mainly a men’s activity.
Household heads involved are aged about 37 2020s on
average, all married, and the majority have a side activity.
The levels of schooling (formal education) and literacy are
relatively low, while the household sizes are relatively large.
Moreover, all farmers are in contact with extension services.

Table-11: Socio-Economic and Demographic Characteristics

However, respectively 90%, 55%, and 10.7% of the sampled
farmers have access to herbicides, maize fertilisers, and
agricultural credit. The access to herbicides is a farmer’s
strategic choice, considering the quantity of labor available.
The specific maize fertilizers allow farmers to use the normal
dose of cotton fertilizers, without having to apply the same
cotton fertilizers for other crops (maize for instance). Finally,
access to capital through agricultural credit is still limited
because of the current cotton path problems that have led to
the farmers’ discouragement and loss of interest in producing
the crop.

Quialitative Variable Frequenc Percentage .
S auency g Table-111: Access to Production Factors
ex - -
Female 02 1.40 Qualitative Variables Frequency Percentage
Male 138 98.6
Side activity 116 82.9 Access to land 140 100
Schooling 29 20.70 Access to cotton fertilisers 140 100
Literacy 49 35 Access to cotton 140 100
Contact with extension 140 100 |nsect|C|de.s. 126 90
— . — Access to herbicides 77 55
Quantitative Variables Mean Standard deviation . .
Access to maize fertilisers 15 10,7
Age 36.93 11.75 Access to credit
Household’s size 15.22 10.01 Quantitative Variables Mean Standard-deviation
. Length of |
Source: Field study data, 2020 ength of land 9.78 8.02
Farm’s size (Land under 3.05 412
B. Access to the Production Factors cotton) ' '

Some production factors are accessible for all farms while
others are not (Table 3). The cotton farms have full access to
land, cotton fertilizers, and cotton insecticides. The average
area under cotton per farm is 3.05 ha, with an average using
length of about 10 2020s. In addition, all producers assumed
the land availability. Full access to cotton fertilizers and
insecticides is due to the fact that cotton producers belong to
farmers’ associations (GVPCL1). This membership entitles
access to cotton inputs such as fertilizers and insecticides.

Source: Field study data, 2020

C. Typology of the Cotton Farms
i. Distribution of the Cotton Farms’ Size

The Lorenz curve and the Gini coefficient (Figure 2 provide
a first view of the distribution of the farms’ size within the
sample. It comes out that 10% of the farms hold 40% of the
total area under cotton within the sample.
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[Fig.2: Lorenz Curve and Gini Coefficient Showing the Distribution of the Cotton Farms’ Size]

Source: Field Study Data, 2020
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This unequal distribution of farms’ size implies different
farms’ structures, needs, and later on different policy
intervention.

D. Discrimination of Cotton Farms Regarding Their Size

As the Lorenz curve and the Gini coefficient, the Figure 3
shows a high inequality in farms size distribution. Moreover,
there are many small size farms with very few large size
farms. The farm’s size (area of land under cotton cultivation)
has been used as a first criterion of discrimination. The
purpose of this first discrimination is to set up relatively
homogeneous classes of farms.
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T T T T
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[Fig.3: Lorenz Curve and the Gini Coefficient]
Source: Field study data, 2020

Considering the farm’s size distribution, three groups of
farms have been set up: the small farms, the medium farms,
and le large farms (Table 4).

Table-1V: Classification of the Cotton Farms According

to Their Size
Farms Type | Size (under cotton cultivation) in hectare
1 Small farms S<35
2 Medium 35<S<10
farms
3 Large farms S>10

Source: Field study data, 2020

That is, all three groups as been used as endogenous
variables in the next steps of the study.

E. Modelling the farms’ size

While modelling the farms’ size, variables such as contact
with extension, access to land, cotton fertilisers, and cotton
insecticides have been dropped because they were constant
with no variability within the sample. With the remaining
variables, the Seemingly Unrelated Regression estimation
gave the results summarized in Tables 5 and 6. The
correlation matrix of the residuals (Table 5) shows negative
correlations, highly significant at 1%. This result suggests
that the smaller the error to characterize a group of farms with
certain criteria, is smaller; more the error to characterize the
other groups of farms with the same criteria is. This trend
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reveals differences in the main characteristics that describe
the best of each farm group.

Table-V: Correlation Matrix of Residuals

Small Medium Large
Farms Farms Farms
Small Farms 1.00 - -
Medium -0.56 1.00 -
Farms
Large Farms -0.24 -0.18 1.00
Breusch-Pagan test of independence: chi2(3) 58.739,00 ;
Probability 0.000

Source: Field study data, 2020

The variability of the socio-economic and demographic
characteristics and the access to given inputs included in the
regression explain 17.79%, 31.35%, and 16.14% of the
variability observed in the small, medium, and large farms,
respectively. The remaining part of the unexplained
variability might be due to factors not included in the model,
such as farmers’ experience in cotton production, soil quality,
etc. The medium farms equation in the system is the best
explained (highest R-squared and highest number of
significant parameters). Moreover, both equations of the
system are significant at 1%, and all the constants are non-
significant. The model seems to be quite appropriate for the
prospective analysis.

From the results of the model, the farms’ size is determined
by both socio-economic and demographic characteristics, as
well as access to the production factors. However, from one
farm group to another, the determinants are different.
Therefore, one might characterize the farms using different
criteria. In this way, the small farms are mainly determined
by the level of literacy of the farm head, his household’s size,
and access to herbicides and credit. The level of literacy and
literacy and access to herbicides have positive and significant
effects on small farms at 1% and 5% levels, respectively. The
household’s size and the access to credit have negative and
significant effects on small farms at 1% and 10%
respectively.

The medium farms are mainly determined by the
municipality view as demographic criterion (positive and
significant at 1%), the age of the head (positive and
significant at 5%), his level of schooling (negative and
significant at 5% level), his household’s size (positive and
significant at 1%), and the access to credit. (positive and
significant at 5%).

The large farms are mainly determined by socio-
demographic characteristics such as: the age of the farmer
(negative and significant at 1%), the level of schooling
(positive and significant at 1%), and the household’s size
(positive and significant at 5%).

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.


http://doi.org/10.54105/ijfte.B2420.05010525
http://www.ijfte.latticescipub.com/

A Farm Typology Based on a Modelling of Their Size on a Global Level

Table-VI: Results of the Seemingly Unrelated Regression Model

Variables Small farms |  Medium farms | Large farms
Coefficient P>z Coefficient | P>z Coefficient | P>z
Socio-economic and demographic characteristics
Municipality -0.013 (0.197) 0.945 1.211*** (0.424) 0.004 0.872 (0.841) 0.299
Sex -0.264 (0.643) 0.681 0.691 (1.385) 0.618 0.229 (2.744) 0.933
Age .0.001 (0.001) 0.919 0.035** (0.015) 0.023 0((())%533;* 0.006
. 2.419%**
Schooling -0.085 (0.195) 0.659 -1.058 **(0.420) 0.012 (0.832) 0.004
Literacy 0.640*** (0.167 0.000 -0.360 (0.360) 0.317 0.437 (0.713) 0.540
Household’s size -0.023*** (0.008) 0.009 0.061*** (0.019) 0.001 0.081** (0.038) 0.034
Side activity 0.121 (0.208) 0.559 -0.158 (0.449) 0.724 0.5309966 0.551
Access to the production factors
Length of land use 0.001 (0,011) 0.917 -0.019 (0.023) 0.424 0.037 (0.047) 0.428
Maize fertilisers 0.091 (0.172) 0.596 -0.402 (0.370) 0.278 -0.707 (0.734) 0.335
Herbicides 0.553** (0.280) 0.048 -0.073 (0.603) 0.903 -0.612 (1.196) 0.609
Credit -0.448* (0.246) 0.091 1.751*** (0.570) 0.002 -0.943 (1.129) 0.403
Resume of the model
Constant 0.960 (0.701) [ 0171 | -1.73 (1.511) | 0252 [ 1.657(2.993) [ 0.580
Observations 140 140 140
Parameters 11 11 11
R-square 0.1779 0.3135 0.1614
Chi2 30.30*** 63.95*** 26.95***
Probability 0.0014 0.0000 0.0047

NB: The values in bracket are the standard-errors
*, ** **% gignificant at 10%, 5%, and 1%, respectively

Source: Field study data, 2020

F. Characterisation of the Cotton Farms

From the previous results, Table 7 presents a typology of
the cotton farms in the study area. Small farms are likely to
be held by small-sized households without access to credit.
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