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Abstract: Recent years have seen an increasing awareness of the relative advantage of organic and
conventional agriculture. This study aims to analyze the environmental efficiency of organic and
conventional cotton in Benin. A Translog hyperbolic distance function which allows us to consider the
joint production of desirable and undesirable output is used to analyze the environmental efficiency
among organic and conventional cotton production farmers. The model includes factors that affect
environmental efficiency. Greenhouse gas (GHG) was used as an indicator of undesirable output.
Data were collected from 355 cotton producers (180 organics and 175 conventional) randomly selected
in the cotton belt of Northern Benin. The results show that although organic cotton producers
contribute less to GHG emission, they are environmentally inefficient compared to their conventional
counterparts. Producers could improve the quantity of cotton produced by 27% and 17% while
reducing emissions by 21% and 14% respectively for both organic and conventional cotton to achieve
better environmental performance. However, the analysis of the shadow price revealed that organic
cotton producers face lower opportunity cost than conventional producers. These results suggest that
there is a need for more technical support and environmental education to improve the environmental
efficiency of organic cotton in Benin.

Keywords: environmental efficiency; organic; conventional; cotton; shadow price; undesirable
output; Benin

1. Introduction

In recent decades, there has been a growing interest in the environmental performance of organic
and conventional farming across the world. The increased use of synthetic input (fertilizers and
pesticides) in conventional farming leads to an increase in agricultural productivity, but also it
contributes to environmental pressures [1] such as soil erosion, water and air pollution, emission
of greenhouses gases, loss of biodiversity and ecosystem services and impact on public health [2,3].
To overcome these challenges, organic farming is promoted. Organic agriculture is a production
method that excludes the use of agro-chemicals. It is a part of the green economy and aims to
combine the economy, the environment and social issues. It values ecosystem services and is based on
technologies that are compatible with the preservation of the environment. Organic agriculture is a
holistic production system which used the environmentally friendly practice to ensure environmental
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sustainability [4]. Then it contributes to soil health, water conservation, biodiversity preservation and
ecological health, carbon and natural resource management, energy efficiency and Greenhouse gas
mitigation [5–7].

To this end, organic farming is an environmentally friendly method which provides solutions
to resource use efficiency by contributing to nutrient management, energy use and water efficiency.
However, the main question is that does organic farming allow to achieve a high quantity of products
and less environmental pollution? One controversy of organic agriculture is its lower productivity
compared to conventional counterpart. Reference [4] reported that organics yield averaged 75% to 80%
of conventional farm yields. In addition, the excessive use of organic nutrients can cause environmental
impacts such as water pollution and greenhouse gas emission [6]. According to producers involved in
organic agriculture [8] are generally judged in terms of input choice and production technology, but not
in terms of their environmental performance. This can influence their economic performance. In this
context, it is important to assess the contribution of organic agriculture in environmental performance.

Various indicators such as productivity and nutrient use efficiency are used to estimate the
environmental performance of organic farming. According to Reference [3], environmental efficiency
is an environmental indicator which allows us to promote environmental management in agricultural
production. Many studies have treated nutrient use and pesticides risk as undesirable output or
environmental detrimental input to estimate the environmental efficiency of organic farming [6]. To our
knowledge, little attention has been given to the global warming potential of organic and conventional
farming especially in the cotton sector in West Africa.

Agriculture plays an important role in greenhouse gas emission and in climate change [9].
The agricultural sector is one of the most important sources of greenhouse gas (GHG) emission [10].
This sector is responsible for one-third of global GHGs through activities such as the production
and the use of fertilizer, pesticides, machinery, change in land use, rice production, livestock and
direct energy use [11]. NO2 emissions which are the main source of GHG emission in the agricultural
sector come from the use of nitrogen fertilizer [12]. According to Reference [13], quantifying the
environmental impact of GHGs poses various challenges because it’s difficult to deliver monetary
measures to these pollutions which are not priced in the market and their characteristics make it
difficult to inventory them.

This study aims to estimate the environmental efficiency of organic and conventional cotton
production in Benin and the factors that determine this efficiency. The contribution of this study is
twofold. First, it focused on the GHG emissions as an indicator of environmental impact in order to
estimate environmental efficiency of organic and conventional cotton, it fills the gap in the literature
on the assessment of environmental performance of these production practices. Secondly, the article
provides information to policymakers for the development of policies interventions that could reduce
environmental damages in cotton production and promote sustainable development.

This paper is organized as follows. The next section presents the literature on cotton sector
followed by the methodology used to collect data and the methods of data analysis. The results and
discussion are described in Section 4. The last section summarized the main findings and implications.

2. Literature Review of the Cotton Sector

Cotton production and cotton textile industries play an important role in economic growth across
the world. Harvested on 2.3% of the world’s arable land, cotton is the main crop produced after the
food crop [14]. More than 100 million farm families are involved in the cotton sector across 75 countries
which generate employment for more than 250 million people through the provision of inputs service,
production equipment [14]. The continent of Asia is the largest cotton producer in the world. In the
2018–2019 season, China is the world’s leading producer with a production of nearly six million
tons of cotton followed by India (5,879,000 tons) and United-State (4,004,000 tons). India was the
main cotton producer in 2015/2016 (5.7 million bales, followed by China (4.7 million bales) and the
United States (2.8 million bales). The main cotton producers in the world are also the main consumers.
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These are China, India, Pakistan, East Asia and then Europe. The largest industrial users of cotton
which are China, India, Pakistan, Turkey, Bangladesh, the United States and Indonesia, increased their
consumption. In terms of exports, the United States remains the world’s largest exporter of cotton,
accounting for nearly one-third of total exports. They are followed by India, which accounts for 18% of
total exports. The least developed countries (8%) and other parts of Saharan Africa (4%) are in third
place and account for 12% of world cotton exports. The European Union represents only 3% of world
cotton exports. Africa is now one of the farthest cotton suppliers from Asia. The main cotton importers
are China (26%), Bangladesh (11%), Turkey (11%), Indonesia (8%), Vietnam (8%) and Pakistan (6%).

With an area of 5 million hectares or 14% of the world’s cotton area, African cotton production is
essentially rainfed with rudimentary production methods poorly mechanized. Irrigated production is
practiced in Egypt and Sudan and occupies only 10% of the area cultivated. African cotton is mainly
produced in the Sahel regions of West Africa and secondarily in coastal countries such as Benin, Ghana,
Nigeria and Côte d’Ivoire. The four (04) main producers are Benin, Burkina Faso, Chad and Mali.

In Benin, cotton is the main exported crop and therefore plays a key role in the country’s
socio-economic development, thus contributing to the fight against poverty [15]. According to the
platform of civil society actors in Benin [16], cotton is Benin’s most important economic sector, with
major earnings for the country and an important contribution to the income of rural producers. Indeed,
in Benin, the cotton sector accounts for 40% of foreign exchange earnings, it contributes on average 13%
to the gross domestic product (GDP), represents about 60% of the national industrial tissue and 80% of
export earnings and provides an income to more than one third of the population [17]. In rural areas,
cotton generates more than 40% of jobs [18] and promotes the development of certain rural areas and
the productivity of the food crops associated with them. Moreover, at the farm level, this crop has been
at the origin of the dynamics of mechanization through animal traction, the use of inputs (fertilizers,
insecticides, herbicides) and the popularization of farming techniques. the various agricultural policies
of recent years have then promoted crop intensification as a means of improving production levels,
resulting in excessive use of chemicals [19].

The negative environmental externalities associated with conventional cotton have led to the
promotion of organic cotton in strategies to reduce environmental impacts in Benin. Organic cotton
production is not only aimed at preserving the environment but also contributes to reducing the costs
of agrochemical products. organic cotton production is based on the use of natural resources and
could lead to an increase in producers’ income through high selling prices [19]. Since its introduction
in Benin in 1996, the level of production, as well as the number of producers, has increased over the
years. Organic cotton production was increased from 9.5 tons in 1997–1998 to 699 tons of organic
cottonseed in 2016–2017. In agricultural season 2016–2017, 2715 producers were involved in organic
cotton on 3384 hectares of land. Despite the increased importance of organic production, there is
very little research on the environmental performance of cotton production methods in Benin. It is
important to know whether cotton production methods in Benin combine productivity and reduction
of environmental impacts.

3. Materials and Methods

3.1. Study Area and Sampling

The study was conducted in two departments named Borgou and Alibori, the largest cotton
production zone located in Northern Benin. According to Reference [20], these two departments
represent 51% of the cultivated area during the 2003–2004 season and 62% of cultivated area in
2017–2018 season. In addition, the rate of consumption of chemical fertilizers in this region is estimated
at 62% [20]. Four districts (Gogounou, Kandi and Banikoara in Alibori’s department and Sinende in
Borgou’s department) where organic cotton was introduced were selected to carry out this investigation.
In each district, three main criteria (the level of production of organic cotton, the number of households
involved in cotton production and the duration of organic cotton introduction (at least three (03) years
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which is the number of years necessary for organic certification) were used to select the villages. Data
were collected from 355 cotton-producing households (180 organic cotton producing households and
175 conventional cotton producers) randomly selected.

3.2. Analytical Framework of Environmental Efficiency

This study is based on the recent development of environmental performance analysis of
agricultural production farming by focusing on an estimate of the environmental efficiency of the
farming system. This measure considers the joint production of desirable output and undesirable
output (pollution). Theoretically, the study is based on the distance function developed by Shepherd
in 1970 to modelling multi-output production technologies. According to Reference [21], the distance
function does not require information on price, output aggregation and the behavior objectives (profit
maximization or cost minimization). However, the conventional output distance function treats
desirable and undesirable outputs symmetrically [22]. Indeed, the conventional output distance
function calculates the efficiency in terms of the proportional increase in output that can be achieved
while maintaining the input level constant while the input distance function calculates the efficiency
in terms of the proportional reduction of inputs while maintaining the output level constant. This is
not appropriate when the production technology produces both desirable and undesirable (pollution,
emission) outputs because the objective is to reduce undesirable outputs (rather than increase them)
and increase the desirable outputs rather than keep it constant.

In this context, a flexible distance function such as the directional distance function and hyperbolic
distance function allows us to increase desirable outputs and simultaneous decrease undesirable
outputs were developed respectively by References [23] and [24]. A nonparametric approach based on
a data envelopment analysis (DEA) was used by these authors to estimate these function. However,
according to Reference [25] when the objective is to measure the shadow price of undesirable output
and the substitution between desirable and undesirable outputs in addition to efficiency, the parametric
approach is more suitable. As the DEA is a deterministic approach, it is not suitable in stochastics
environment [26] such as agricultural production.

Reference [25] developed a parametric directional distance function which estimates the ability of
a production unit to improve environmental efficiency by simultaneously increasing desirable outputs
and reducing undesirable outputs. According to Reference [22], this model is deterministic and cannot
be estimated without bootstrapping. Reference [22] developed a Translog hyperbolic distance function
which is stochastic and an alternative to the directional and deterministic model of Reference [25].
Following Reference [22], this study used the Translog hyperbolic distance function to estimate the
environmental efficiency of cotton farms in Benin.

Consider a production technology that uses input vector xi = (x1; x2; . . . . . . .xk) ∈ RK to
produce desirable outputs vector yi = (y1; y2; . . . . . . .ym) ∈ RM and undesirable outputs vector
zi = (z1; z2; . . . . . . .zr) ∈ RR where i = (1, 2, 3, . . . , N) is a set of observed producer. The production
technology can be defined as follows:

T(x, z, y) =
{
(x, z, y) : x can produce (y; z)

}
. (1)

This set of production possibilities satisfies the production axioms demonstrated by [27] and can
be represented by hyperbolic distance function DH : RK

+ ×RM
+ ×RR

+ → R+U{+∞} defined by:

DH (x, y, z) = in f
{
θ > 0 :

(
x, θ−1y,θz

)
∈ T

}
. (2)

According to Reference [14], the hyperbolic distance function satisfies the following properties:

(1) It is homogenous: DH
(
x, θy,θ−1z

)
= θDHE (x, y, z), θ > 0.

(2) It is non-decreasing in desirable outputs: DH (x, ϕy, z) ≤ DH (x, y, z) 0 ≤ ϕ ≤ 1.
(3) It is non-increasing in undesirable outputs: DH (x, y,ϕz) ≤ DH (x, y, z) ϕ ≥ 1.
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(4) It is non-increasing in input: DH (x, y, z) ≤ DH (ϕx, y, z) ϕ ≥ 1.

The hyperbolic distance function is between 0 and 1: 0 < DH (x, y, z) ≤ 1. If DH(x, y, z) < 1 the
production unit is environmentally inefficient. It can improve its desirable output by θ and decrease
the undesirable by 1/θ. When DH(x, y, z) = 1 the production unit is efficient.

The Translog hyperbolic distance function is presented as follow:

LnDH (x, y, z) = α0 +
∑M

m=1
αmLnym +

1
2

∑M

m=1

∑M

n=1
αmnLnymLnyn +

∑K

k=1
βkLnxk+

1
2

∑K

k=1

∑K

l=1
βklLnxkLnxl +

∑R

r=1
δrLnzr +

1
2

∑R

r=1

∑R

s=1
δrsLnzrLnzs+∑M

m=1

∑K

k=1
γmkLnymLnxk +

∑M

m=1

∑R

r=1
ρmrLnymLnzr +

∑K

k=1

∑R

r=1
ϕkrLnxkLnzr.

(3)

Considering the homogeneity condition, the estimation of the function is done by transforming
the Translog hyperbolic distance function into a normalized function. If the normalized variable is an
arbitrary desirable output yM, then the translog hyperbolic distance function becomes:

Ln(DHi/yM) = α0 +
∑K

k=1
βkLnxk +

1
2

∑K

k=1

∑K

l=1
βklLnxkLnxl +

∑M−1

m=1
αmLny∗m+

1
2

∑M−1

m=1

∑M−1

n=1
αmnLny∗mLny∗n +

∑R

r=1
δrLnz∗r +

1
2

∑R

r=1

∑R

s=1
δrsLnz∗rLnz∗s+∑M−1

m=1

∑K

k=1
γmkLny∗mLnxk + Lnzr

∑K

k=1

∑R

r=1
ϕkrLnxkLnz∗r +

∑M−1

m=1

∑R

r=1
ρmrLny∗mLnz∗r,

y∗m = ym/yM et z∗r = zr × yM.

(4)

Replacing the right-hand side of the previous equation with TL (x; y∗; z∗;θ) with θ the parameters
to be estimated then we obtain:

− Lny∗M = TL (x; y∗; z∗;θ) − LnDH.

Consider LnDH = ui, the term of inefficiency and adding a random noise term vi, the stochastic
model is defined as:

− Lny∗M = TL (x; y∗; z∗;θ) + vi − ui.

The random noise component vi captures the effects that are not under the control of producers. It
is assumed to be independently and identically distributed as normal with mean zero and constant
variance σ2

v

[
ϑi ≈ iddN(O, σ2

v

]
. The one-sided component ui captures the producer’s inefficiency and is

assumed to follow a half-normal distribution N(u, σ2
u).

The maximum likelihood is used to estimate the model. The environmental efficiency is defined
by:

EEi = Exp Ln DH = exp(−ui).

The hyperbolic distance function is between 0 and 1: 0 < DH (x, y, z) ≤ 1 and measures the
environmental efficiency. If DH(x, y, z) < 1 the production unit is environmentally inefficient. It can
improve its desirable output by 1− EE and decrease the undesirable by 1/EE. When DH(x, y, z) = 1
the production unit is efficient.

3.3. Empirical Model

For the estimation of the model, one desirable output is considered, the cotton yield and one
undesirable output, the GHGs emission. Five (05) conventional inputs are considered. There are
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the cotton seed, chemical fertilizer, organic fertilizer, pesticides (organic or synthetic) and labor. The
empirical model is presented as follows:

−Lnyi = α0 +
∑5

k=1
βkLnxki +

1
2

∑5

k=1

∑5

l=1
βklLnxkiLnxli + δ1Lnzriyi+

δ11LnziyiLnziyi +
∑5

k=1
ϕkrLnxkiLnziyi + vi − ui.

(5)

yi : Cotton yield (kg per hectare) of producer i
x1 : Amount of cottonseed (kg per hectare)
x2 : Amount of chemical fertilizer (NPK and urea) (kg per hectare)
x3 : Amount of organic fertilizer (kg per hectare)
x4 : Amount of synthetic pesticides or organic pesticides (liter per hectare)
x5 : Amount of labor (man hour per hectare)
z : Amount of GHGs emitted (kg CO2e per hectare)

3.3.1. Production Elasticity

In this section, we calculated the elasticity of input and undesirable output. The elasticity of the
desired output with respect to a given input xk is the ratio of the proportionate change in output to the
proportionate change in input xk when all others inputs are assumed to be constant [26]. It is defined
as:

εH
(y; xk)

= ∂Lnyi/∂Lnxk = βk +
∑5

k=1
βklLn xl + ϕkr ln z∗. (6)

The elasticity of the desired output with respect to the undesirable output z∗ is the ratio of the
proportionate change in desirable output to the proportionate change in undesirable output z∗. It
measures the rate of transformation between the desirable and undesirable outputs [22]. It is defined
as:

εH
(y,z) = ∂Lnyi/∂Lnz∗ = δ1 + δ11Ln z∗ +

∑5

k=1
ϕkrLn xk. (7)

3.3.2. Shadow Price of Undesirable Output

According to Reference [13] the shadow price can be defined as the marginal abatement cost of
the undesirable output. Based on Reference [28], the shadow price of the undesirable output can be
represented as follows:

q = p.
(
∂DH(x, y, z)/∂z
∂DH(x, y, z)/∂y

)
. (8)

Determinants of Environmental Inefficiency
In addition to the inefficiency index, it is important to assess factors that influence the level

of inefficiency for a better policy orientation. The two-step approach is the most commonly used
and consists of estimating inefficiency indices and then regressing exogenous variables influencing
inefficiency levels [29]. As mentioned by References [30] and [31], this approach is biased because the
parameters estimated in the first step may be inconsistent and therefore lead to a mis-estimation of the
inefficiency. The inefficient factors are then directly introduced into the stochastic model under the
assumption that the random error term u follow a truncated normal distribution (u ∼ N+

(
µ , σ2

u

)
).

The mean of inefficiency u is defined by:

µ = β0 +
∑

βmsm (9)

where sm represents the producers and farm characteristics. The variables are:
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Age and experience of cotton farmer: farmer’s age is associated with knowledge accumulation [32]
and shows that older farmers have accumulated managerial skills over the year, so they are more
efficient. Therefore, age is supposed to have a positive effect on efficiency.

Gender of cotton farmer: agricultural production especially, the cotton sector, is dominated by men.
Women have less access to education and information which decrease their level of efficiency [33]. This
variable is assumed to affect positively the efficiency.

Year of schooling: Education improves farmer’s knowledge and access to information and increases
their management skills [33]. A farmer with a higher level of education can better understand the
technical aspects of agricultural technologies, allocate resources efficiently and then be environmentally
efficient. This variable is assumed to have a positive influence on environmental efficient.

Contact with extension service: Extension services contribute to dissemination of agricultural
technologies. According to Reference [34], agricultural extension is the most important sources of
information and dissemination of agricultural production practices. They also contribute to access to
the input for cotton production. Contact with extension service is expected to have a positive effect on
environmental efficiency.

Access to agricultural credit: this is introduced in the model to reflect the relative influence of
agricultural financing in agricultural production. Reference [26] argued that access to credit can
increase the farmer’s ability to use quality input, services and then increase efficiency. Access to credit
is supposed to have a positive effect on environmental efficiency.

Access to information on the effect of cotton practices and participation to agricultural training: These
variables are expected to have a positive effect on environmental efficiency. Indeed, training and
information improve farmer’s awareness on the environmental effect of the agricultural practices. They
provide useful knowledge that may contribute to the efficient use of environmental detrimental inputs.

Soil fertility level assessment: Soil fertility reflects the availability of nutrients in the soil. Therefore,
the more fertile the soil is, the less the producers will use chemical fertilizers to improve crop
productivity. Thus, this variable is assumed to have a positive effect on environmental efficiency.
Table 1 presents the variables introduced into the determinant model.

Table 1. Variables introduced in the model with an expected sign on the efficiency factor.

Variables Type Modality Sign

Age Continuous +
Gender Binary 0 = Female, 1 = Male +
Year of schooling Continuous +
Experience in cotton production Continuous +
Contact with extension services Binary 0 = No, 1 = Yes +
Access to agricultural credit Binary 0 = No, 1 = Yes +
Access to information on environmental
effects of cotton practices Binary 0 = No, 1 = Yes +

Training on agricultural practices Binary 0 = No, 1 = Yes +
Soil fertility level assessment Binary 0 = Poor, 1 = Fertile +

3.3.3. Estimation of the Undesirable Output

As mentioned, greenhouse gas emissions of cotton farms are considered an undesirable output.
The estimation of GHG emission is based on the GHG potential of all input used in cotton production
that is obtained by using the information on the emission factor corresponding to each input. Table 2
presents the GHGs emission coefficient of agricultural input.
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Table 2. Greenhouse Gas (GHG) emission coefficient of agricultural inputs.

Input Unit
g/Unit (kg/Unit)

SourceCO2 N2O CH4 CO2e

Machinery Mj 71 - - 0.071 [35]

Diesel fuel l 3560 0.7 5.2 3.8862 [36]
Gasoline l 3393 3.393 [37]
Organic fertilizer kg 126 - - 0.126 [38]

N kg 3970 3.97 [37]
P kg 1000 0.02 1.8 1.3 [37]
K kg 700 0.01 1 0.710 [37]
N_urea kg 1595.6 1.5956 [39] *
Direct emission (N) kg 15.7 0.3768 [39] *
Volatilization (N) kg 1.96 0.0470 [39] *
Runoff (N) kg 3.53 0.0847 [39] *

Herbicide 2960 29.6 [40]
Insecticide kg 2139 - - 21.39 [40]
Potential kg 1 24 310 [41]

* Calculate from the reference.

3.4. Data Collection

Data used in this study were collected through face-to-face structured interviews during May and
June 2017 and were related to the agricultural season 2015–2016. The data included the characteristics
of farming and the socio-economic characteristics of farmers. The farm characteristics concern farm
type and farm area cultivated, input quantity (synthetic and organic fertilizer, seed, pesticides, labor
and fuel used in cotton production). For pesticides, in addition to the quantities used, information
on the different active ingredients and their concentrations were also collected. The socio-economic
characteristics included farmers age, gender, experience in cotton production, instruction level, access
to credit and extension service and information on the environmental effect of agricultural practices,
participation in agricultural training and their appreciation of soil fertility.

Secondary data were also used and included fertilizer values used in cotton production and the
greenhouse gas emission factors. The fertilizing values of chemical fertilizers are derived from the
formulation of these fertilizers while those of organic fertilizers are obtained in the literature.

4. Results

4.1. Socio-economics Characteristics of Producer

Table 3 presents the socio-economic characteristics of cotton producers. On average, cotton
producers are 43 years old with 18 years of experience in cotton production. The intra-analysis
shows that organic cotton producers are less old than conventional cotton producers (42 years against
44 years). The gender analysis reveals that more women are involved in organic cotton (25%) than
conventional (only 1%). Compared to conventional producers, organic cotton producers are less
educated (2 years against 4 years for the conventional cotton producer). Access to agricultural credit is
higher for conventional cotton producers than organic cotton producers (31% against 3.9%). In contrast,
organic cotton producers have more access to extension services (28% against 21%). The same is also
observed with regard to access to information on the environmental effects of agricultural practices
and producers’ participation in agricultural training.
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Table 3. Socio-economic characteristics of organic and conventional cotton producers.

Socio-economics Characteristics Organic Conventional Total Statistic Test

Age of producer 42.16 (10.76) 44.14 (12.12) 43.14 (11.48) 1.63 *
Formal education 2.45 (4.19) 3.96 (4.82) 3.19 (4.57) 3.15 ***
Experience in cotton production 12.36 (9.42) 18.7 (9.9) 15.48 (10.15) 6.18 ***
Gender of producer (% male) 75 99.4 87 46.94 ***
Access to Credit (%) 3.9 30.9 17.2 45.34 ***
soil fertility (%) 32.6 22.2 27.3 4.78 **
Contact with extension agent (%) 28.3 20.6 24.5 2.88 *
Access to information on the
environmental effect of cotton
practices (%)

41.7 17.8 29.6 40.44 ***

Training on agricultural practice
(%) 14.4 9.1 11.8 2.39

() standard deviation; * signification at 10%; ** signification at 5% and *** signification at 1%.

4.2. Farm Characteristics

The cotton area is on average 5.17 hectares per producer with on average 1.29 hectares for organic
cotton against 8.52 hectares for conventional cotton. The amount of seed used is on average 28 kg/ha
and varies very little between the two (02) types of cotton (Table 4). The average amount of chemical
fertilizer is 212 kg per hectare. The average amount of organic fertilizer used by organic cotton
producers was higher than that of conventional cotton (2228 kg per hectare against 466 kg per hectare).

A total of 8.19 liter per hectare of chemical pesticide which includes 5 liters per hectare for
insecticides and 4 liter per hectare for herbicides is used for growing conventional cotton. The amount
of organic pesticides used in organic cotton is 21.54 liter per hectare. These bio-pesticides are
manufactured using local resources including Neem leaves, chilli, garlic, local soap and cow urine in
some cases. On average the quantity of labor used in conventional cotton is higher than that of organic
cotton (888 man-hours per hectare against 777 man-hours per hectare).

The average cotton yield is 1127 kg per hectare, with about 1230.47 kg per hectare for conventional
cotton and 924.27 kg per hectare for organic cotton. Thus, the yield of conventional cotton is significantly
higher (1.38 times) than that of organic cotton.

The quantity of GHGs emitted by cotton farms is an average of 669.40 kg CO2e per hectare.
Indeed, the quantity of GHGs emitted by conventional cotton is 882.06 kg CO2e per hectare compared
to 462.65 kg CO2e per hectare for organic cotton. Thus, organic cotton emits about 42% less GHG than
conventional cotton.

Table 4. Input quantity used in organic and conventional cotton farms.

Inputs Organic Conventional Total t-Student

cotton area (Hectare) 1.29 (1.06) 8.52 (10.06) 4.85 (7.96) 9.57 ***
Seed (kg/ha) 29.75 (11.29) 29.23 (10.80) 29.49 (11.04) 0.44

chemical fertilizer (kg/ha) 0 211.55 (71.29) 104.29 (117.12) 39.81 ***
organic fertilizer (kg/ha) 2227.55 (3977.71) 465.94 (1134.71) 1359.15 (3067.77) 5.64 ***
chemical pesticides (l/ha) 0 8.19 (4.08) 8.19 (4.04) 3.5 ***

organic pesticide (l/ha) 21.54 (50.24) 0 21.54 (36.46) 3.5 ***
human labor (man hour/ha) 777.40 (929.05) 887.90 (1128.08) 831.87 (1031.99) 1

cotton yield (kg/ha) 924.27 (326.30) 1230.47 (297.79) 1075.21 (347.75) 9.22 ***
GHG (kg CO2e/ha) 462.65 (580.74) 882.06 (357.98) 669.40 (526.89) 8.16 ***

() standard deviation; * signification at 10%; ** signification at 5% and *** signification at 1%.
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4.3. Environmental Efficiency and Shadow Price of Cotton Farming

The results of the Translog hyperbolic distance function model estimated using the maximum
likelihood method are presented in Table 5. The different results are used to test the validity of the
model and the presence of inefficiency. Thus, a pre-test on the residues of the ordinary least square (the
asymmetry statistic (skewness)) was used to test the presence of asymmetry at the distribution level.
The asymmetry coefficient is negative (−0.43) and the sktest test with the noadj option in the statistical
software Stata confirms that the coefficient is significant. The null hypothesis of no asymmetry can be
rejected. Therefore, the stochastic parametric model can be used to estimate the production function.
In addition, the likelihood ratio test was also performed to test the presence of inefficiency in the
sample. For this purpose, the values of the log likelihood function of the Ordinary Least Square (OLS)
models and the stochastic boundary were considered. The value of the likelihood ratio (16.69) is higher
than the critical value of 5.41 obtained from Table 1 of Reference [42] at a 1% degree of significance.
Thus, the null hypothesis of no environmental inefficiency is rejected.

Table 5. Result of parameters estimation and t statistic.

Variables Coefficients t-Test p Value

Seed 0.950 (0.770) 1.23 0.218
Chemical fertilizer −1.196 (0.149) *** −8.01 0.000
Organic fertilizer −0.244 (0.080) *** −3.03 0.002

Pesticide 0.379 (0.223) * 1.70 0.089
Labor −0.666 (0.217) *** −3.06 0.002
GHGs 0.891 (0.315) *** 2.83 0.005
Seed2 −0.350 (0.180) ** −1.94 0.052

Chemical fertilizer 2 −0.191 (0.029) *** −6.49 0.000
Organic fertilizer 2 −0.042 (0.006) *** −7.10 0.000

Pesticide 2 0.015 (0.021) 0.69 0.493
Labor 2 −0.016 (0.019) −0.79 0.431
GHGs 2 −0.068 (0.025) *** −2.70 0.007

Seed * Chemical fertilizer 0.020 (0.021) 0.97 0.330
Seed * Organic fertilizer 0.004 (0.012) 0.30 0.761

Seed * Pesticide 0.087 (0.041) ** 2.14 0.032
Seed * Main d’œuvre 0.050 (0.041) 1.23 0.220

Seed * GES −0.029 (0.048) −0.61 0.539
Chemical fertilizer *Engrais organique −0.006 (0.002) ** −2.49 0.013

Chemical fertilizer * Pesticide 0.005 (0.012) 0.46 0.648
Chemical fertilizer * Labor −0.002 (0.008) −0.22 0.827
Chemical fertilizer * GES 0.117 (0.013) *** 9.18 0.000

Organic fertilizer * Pesticide 0.004 (0.007) 0.52 0.601
Organic fertilizer * Labor −0.005 (0.005) −1.03 0.302
Organic fertilizer * GES 0.029 (0.007) *** 4.26 0.000

Pesticide * Labor −0.024 (0.018) −1.37 0.170
Pesticide * GES −0.043 (0.015) *** −2.88 0.004

Labor * GES 0.049 (0.015) *** 3.23 0.001
Constant 1.091 (2.460) 0.44 0.657
Sigmau_2 0.075 (0.014) *** 5.31
Sigmav_2 0.017 (0.003) *** 4.44

LR test 16.69 ***
Inefficiency factors Marginal effect

Age 0.026 (0.012) ** 2.23 0.003
Year of schooling 0.023 (0.024) 0.97 0.003

Gender of cotton farmer (Male) −0.208 (0.313) −0.66 −0.023
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Table 5. Cont.

Variables Coefficients t-Test p Value

Contact with extension services −0.440 (0.243) * −1.81 −0.049
Access to agricultural credit −0.854 (0.319) *** −2.67 −0.09

Training on agricultural practice 0.251 (0.313) −0.80 −0.028
Access to information on environmental effect

of cotton practices −0.445 (0.158) *** −2.27 −0.049

Soil fertility −1.863 (0.821) −2.81 −0.207
Experience in cotton production −0.028 (0.01) ** −1.99 −0.003

constant −0.161 (1.019) −0.16

() standard errors; * signification at 10%; ** signification at 5% and *** signification at 1%.

The parameters’ analysis shows that the model is globally significant at 1%. Thus, the estimated
parameters and coefficients of the different variables are statistically valid. These differences are used
to determine the effect of input and output on the distance function. The coefficients of the seed and
pesticide variables are positive, showing that any increase in these inputs would lead to an increase in
the distance to the production boundary. However, the signs of the chemical and organic fertilizer and
labor inputs are negative, in contrast to the expected sign, this means that the distance to the frontier
has been reduced by an increase in these inputs. The t-test statistics are significant for all variables
except seed. In addition, the sign of the undesirable output, the GHG emission, is positive, that is in
line with expectations. Thus, any increase in the level of production is associated with an increase in
GHG emissions.

Input elasticity results show that pesticides and bio-pesticides, as well as labor, contribute more
to cotton yield (Table 6). The intra-analysis of elasticities index reveals that in organic cotton, the
elasticities with regard to seeds, organic fertilizers and labor are negative while those of bio-pesticides
are positive. Indeed, the 1% increase in the amount of bio-pesticide results in a 0.07% increase in cotton
yield. For conventional cotton, the results of the table show that the increase in organic fertilizers,
chemical pesticides and labor by 1% increases the quantity produced by 0.02%, 0.019% and 0.066%
respectively, while seed and chemical fertilizers reduce the yield by 0.012% and 0.48% respectively.

Table 6. Input elasticity and undesirable output elasticity.

Input Elasticity Organic Conventional Total t-Test

Seed −0.079 (0.149) −0.012 (0.127) −0.463 (0.142) 4.49 ***
Chemical fertilizer −0.488 (0.003)
Organic fertilizer −0.114 (0.106) 0.022 (0.124) −0.468 (0.1341) 11.13 ***
Pesticides (Bio) 0.075 (0.047) 0.019 (0.031) 0.048 (0.048) −13.11 **
Human labor −0.021 (0.030) 0.062 (0.030) 0.083 (0.0735 16.65 ***

GHGs 0.314 (0.091) 0.769 (0.10) 0.538 (0.247) 44.72 ***

() standard deviation; ** signification at 5% and *** signification at 1%.

The results of elasticity and substitution rate between desirable and undesirable output showed a
complementary relationship between the two outputs. Indeed, in the survey sample, the elasticity of
the desired output in relation to the undesirable is 0.53. Thus, the 1% increase in undesirable output
leads to a 0.53% improvement in efficiency and vice versa. Cotton production is not possible without
GHG emissions. This rate is lower for organic cotton (0.31%) compared to conventional cotton (0.77%).
A reduction in the current amount of GHGs of 4.63 kg would result in a reduction in the current yield
of organic cotton of 2.87 kg.

The results on the opportunity costs of GHG emission are presented in Table 6. The estimated
average cost is 94 Franc CFA per kg CO2e (0.16$ per kg). This cost is lower for organic cotton producers
(74 Franc CFA per kg CO2e (0.13 $ per kg) compared to 115 Franc CFA per kg CO2e (0.20$ per
kg) for conventional cotton). Considering the farm’s size, Table 7 shows that small organic cotton
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farmers have higher opportunity costs than large organic cotton farmers farms. In conventional cotton,
medium-sized farms have the highest costs, followed by small and large farms.

Table 7. Shadow price of GHGs (Franc CFA/kg, 1$ = 585 Franc cfa; 1£ = 661 Franc cfa).

Farm Type Organic Conventional Total

Small 84.64 (6.24) 113.94 (8.20) 110.03 (12.93)
Medium 74.47 (17.78) 115.18 (8.28) 93.77 (24.75)

Large 69.02 (14.90) 111.53 (8.83) 90.28 (24.73)
Total 74.10 (17.51) 114.76 (8.34) 94.14 (24.57)

() standard deviation.

The environmental efficiency of cotton producers varies from 0.31 to 0.97 with an average of 0.82
(Table 8). The indices are 0.79 and 0.85 respectively for organic and conventional cotton. Organic
cotton and conventional cotton producers produce 79% and 85% of the maximum quantity of cotton
respectively, i.e., about 21% and 15% of the quantity of seed cotton is lost due to environmental
inefficiency. However, the inefficiency indices are 0.26 and 0.16 for organic and conventional cotton
respectively (Table 8). To this end, organic cotton producers are less environmentally efficient than
conventional cotton producers.

Table 8. Environmental efficiency of organic and conventional cotton.

Efficiency Index Organic Conventional Total t-Test

Inefficiency 0.263 (0.207) 0.164 (0.088) 0.214 (0.197) −5.79 ***
Environemental efficiency 0.786 (0.137) 0.854 (0.068) 0.819 (0.114) 17.24 ***

() standard deviation; ** signification at 5% and *** signification at 1%.

Analysis by farm size based on cotton area revealed that medium organics farms are more efficient
(0.79) than small (0.66) and large (0.72) farms (Table 9). On the other hand, in the conventional system,
large farms are the most environmentally efficient (0.88 compared to.0.80 and 0.85 respectively for
small and medium-sized farms).

Table 9. Environmental efficiency of organic and conventional cotton by farm size.

Farm Size Organic Conventional Total

Small 0.66 (0.32) 0.80 (0.11) 0.78 (0.14)
Medium 0.79 (0.13) 0.85 (0.06) 0.82 (0.11)

Large 0.72 (0.16) 0.88 (0.04) 0.80 (0.13)
Total 0.78 (0.14) 0.85 (0.06) 0.81 (0.11)

() standard deviation.

It should be noted that more than 80% of conventional cotton producers have an efficiency score
higher than 80% (Figure 1). On the other hand, 56% of organic cotton producers have an efficiency
index higher than 80%. About 8% of organic cotton producers have an efficiency between 40% and 60%
compared to 1% for conventional producers. In addition, 2% of organic cotton producers are between
20% and 40%.

The effect of socio-economic factors that influence the level of inefficiency of cotton producers
is determined using the stochastic frontier model (Table 5). The results show that age contributed
to inefficiency while contact with extension, access to credit, access to information on the effect of
agricultural practices and the number of years of experience in cotton production significantly influence
positively the level of farm inefficiency.
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Figure 1. Distribution of environmental efficiency index.

5. Discussion

The characteristics of cotton farms showed that organic cotton producers are characterized by a
small area of land. This limitation in the areas is explained by the requirement induced by the technical
clauses related to the specifications for the production of organic cotton. This is mainly due to the
difficulty of mobilizing organic inputs, particularly fertilizers and bio-pesticides, in addition to the
low yields achieved. Indeed, the yield of organic cotton is 27% lower than those of conventional
cotton. These findings are also reported by the work of Reference [43], and [44]. They are therefore in
line with the results of Reference [4] which showed that organic farm yields averaged 75% to 80% of
conventional farm yields. The lower yield of an organic farm could be explained by the lower quantity
of organic fertilizer used associated with their quality which lead to a lower nutrient available, the
poorer pest management, the difficulty to improve the nutrients of infertile soils and the long process
of releasing nutrients from these organic materials [45,46], The yield of conventional cotton obtained is
substantially equal to that obtained by [47] under the system characterized by a high level of chemical
fertilizer use (1400 kg/ha) in 2014 and lower than that of 2015 (2400 kg/ha of seed cotton). the main
constrains on organic cotton production must be addressed to improve the productivity of these farms.

The results of input elasticity show that in organic cotton, the elasticities with regard to seeds,
organic fertilizers and labor are negative while those of bio-pesticides is positive. For conventional
cotton, the increase in organic fertilizers, synthetic chemical pesticides and labor increase the quantity
produced, while seed and chemical fertilizers reduce yields. Pesticides contribute more to the
productivity of cotton. Indeed, pest control plays a key role in the development of cotton cultivation.
The reasoned use of these inputs leads to better productivity. Producers in their efforts to increase the
level of production are excessively using fertilizers. At a given level, the opposite effect is observed at
the production level.

The negative sign of labor shows that there is a surplus of labor in organic cotton production.
Organic cotton is labor-intensive. The high share of family labor, as well as the quality of this labor,
could explain the low labor productivity in this production mode. The negative sign of labor elasticity
is also found [6] in their study on the environmental efficiency of non-certified organic paddy rice
farms in China, as well as [48] on conventional arable crops in Spain. For Reference [49], excessive use
of labor can lead to very low levels of marginal labor productivity and therefore to a negative value in
some cases. The negative sign observed at the seed level implies an excessive use of the seed by some
producers. In this case, there will be more plants per bunch and when the dismantling is not carried
out, there may be a decrease in yield. These results encourage the rational use of inputs to improve the
production level of the cotton sector. The results of elasticity and substitution rate between desirable
and undesirable outputs demonstrate that organic cotton could contribute to environmental pollution
reduction and the promotion of sustainable agriculture.

In regards to GHGs shadow price, large farms have the lowest opportunity costs. These results
corroborate those of Reference [13] who showed that the opportunity cost of CO2 emissions is higher
on small Dutch dairy farms. In addition, the opportunity cost obtained for the conventional system is
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close to that found by Reference [13] (0.19£/ kgCO2e) and [50] in 2010 (0.22£/ kg CO2e) (1$ = 585 Franc
cfa, 1£ = 661 Franc cfa).

The environmental efficiency score of 0.79 for organic cotton means that a producer can improve
their performance level by increasing the quantity of cotton by 27% (1/0.786 = 1.27) while reducing the
quantity of CO2 emitted by 21.4% (1 − 0.786 = 21.4%). The yield of organic cotton would then increase
from 924.27 kg/ha to 1173.82 kg/ha while the quantity of CO2 would in turn decrease from 462.65 kg/ha
to 365.49 kg/ha. For conventional cotton, the yield could be improved by 17% (1/0.854 = 1.17) and the
amount of CO2 reduced by 14.6% (1 − 0.854). This would increase the cotton yield from 1230.47 kg/ha
to 1439.64 kg/ha and the amount of CO2 from 886.06 kg/ha to 757.27 kg/ha. These various increases in
production and reduction of environmental pollution could contribute to a reduction in production
costs and therefore to an increase in profit.

These results are in contrast with those of Reference [8] who consider the nitrogen surplus and
pesticide toxicity index as undesirable inputs in a DEA model with the bootstrap technique and showed
that organic wine-growers in arid lands are more environmentally efficient than conventional ones
(0.85 versus 0.71 for conventional farms). The same results are obtained by Reference [51] in their study
on the analysis of the environmental and economic efficiency of agri-environmental programs. Their
results show that those participating in the organic production scheme, have a better environmental
efficiency index than those not participating in the various schemes (0.79 compared to 0.53). It should
be noted that their efficiency score is approximately equal to that found in this study. The better
environmental performance of organic farms is explained by their productive performance (they
produce more output than conventional farms for the same level of undesirable input and output) and
by the relatively small size of organic farms in the sample (30 farms compared to 53 for conventional
farms). The low environmental efficiency of organic producers in Benin could be explained by the
low yield of organic cotton compared to conventional cotton. The low capacity of producers in
organic production technologies (bio-pesticides and organic manures), poor access to inputs as well as
difficulties in the management of organic production technical processes could be a constraint to the
productive performance of organic producers. There are opportunities to improve the performance
of organic cotton. More agricultural research is needed to remove the various constraints to organic
cotton production and implement more productive sustainable practices.

6. Conclusions

This study estimates the environmental efficiency of organic and conventional cotton production
methods in Benin as well as the factors affecting the level of environmental inefficiency on farms.
The Translog hyperbolic distance function, that treats joint production of cotton yield and GHGs
emission is used. In this study, the GHGs emission of cotton farming has been incorporating in the
model as undesirable output. In addition, the elasticities of desirable output with respect to inputs on
the one hand and with respect to the undesirable product on the other hand, and the shadow price of
undesirable output, were also estimated.

The results showed that cotton producers in Benin are environmentally inefficient. Inefficiency
is even higher with organic production methods. Indeed, the environmental efficiency levels are
85% and 78% for conventional and organic cotton respectively. Although organic cotton contributes
to a reduction in GHG emissions, the low level of environmental efficiency reflects inefficiency in
productive resource management. Further efforts on organic practices could contribute to increasing
yields through better soil fertility and pest management. The different results of the model on the
substitution between desirable and undesirable output showed the potential of organic cotton as an
alternative for conventional cotton.

The opportunity cost of GHG emissions is estimated at 74 Franc CFA/kg (0.12$/kg) and 115 Franc
CFA/kg (0.20$/kg) for organic and conventional cotton respectively. Thus, conventional cotton
producers would face higher opportunity costs than organic cotton producers. In addition, the
opportunity cost of emissions is higher at the level of small and medium-sized farms for organic cotton
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and conventional cotton respectively. Considering the determinants of inefficiency, the results show
that contact with extension, access to credit, access to information on the environmental effects of
cotton production practices and experience in cotton production reduce the level of environmental
inefficiency of producers while the age of producers has an opposite effect.

These various results lead to political interventions in support of both the organic and conventional
sectors in order to support producers in adopting sustainable practices that are more environmentally
friendly while improving their level of productivity. These policies must focus their actions on
small farms, particularly in the organic sector, to improve their level of environmental efficiency
and competitiveness, since they face the highest opportunity costs. These political actions could
involve raising producers’ awareness of the importance of taking the environment into account in
their production decisions. They would also require the technical support of producers through
strong extension services to provide information on the different practices that can reduce the level
of environmental pollution and improve productivity and environmental efficiency with a view to
promoting sustainable intensification of cotton production in Benin.

Specifically, for organic cotton, there are additional agronomic challenges. Agricultural research in
Benin could focus their action on organic practices methods in order to increase the productivity and the
production of organic farms. Therefore, support for research institutes is required for in-depth research
on sustainable soil fertility and pest management technologies. Furthermore, the main constraints that
limit the productivity of organic cotton production must be documented in order to better understand
the production environment and to enhance the performance of the sector.
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