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Abstract
This study contributes to the literature by highlighting the interaction between education and adoption of new agricultural
techniques, as well as the age threshold effect of the onion farmers in the North and Far North regions of Cameroon.
Since the empirical evidence concerning age effects on technical efficiency is still weak, this study further contributes to
the literature attempting to bridge this gap. Data collection was carried out in three phases over the course of an
agricultural year for the period August 2023-May 2024. The simultaneous estimation of a stochastic frontier and
technical inefficiency function is carried out on a sample of 309 onion farmers. The study unveiled an inverted U-shaped
relationship between age and technical efficiency. The interaction between education and adoption of agronomic
techniques has a significant and negative effect on the level of efficiency. The least efficient producer and the most
efficient producer in the sample must respectively increase their production by 62% and 5.28% using the same level of
inputs to be fully efficient. The support and development programme for the agricultural sector should therefore focus on

the appropriation of novel agronomic techniques by farmers with secondary education and above.

Keywords: age; education; technical efficiency; stochastic frontier

Journal of Agricultural Economics, Extension and Rural Development : ISSN-2360-798X Vol 13: (5):

1. INTRODUCTION

Agriculture in Africa, and specifically in Cameroon,
remains predominantly traditional, limiting its ability to
significantly reduce rural poverty. To address this, the
Malabo Declaration in June 2014 emphasised the need to
double agricultural productivity by 2025. In alignment with
this goal, Cameroon has implemented initiatives such as
the Support Project for the Development of Agricultural
Sectors (PDAS) through the International Fund for
Agricultural Development (IFAD) since 2014. One of the
major aims of the PDAS is to increase rice and onion
production (Sakatai et al., 2021). This programme targets
strategic crops, including rice and onion, to strengthen
rural livelihoods by boosting incomes, enhancing food
security, and promoting modern farming practices. It aims
at increasing production from 140,000 tonnes in 2013 to
over 200,000 tonnes by 2026 (Ministry of Agriculture and

Rural Development, 2020). The onion sector, which is
Cameroon’s leading vegetable crop, plays a vital role in
the fight against poverty and food insecurity in the
Northern region of Cameroon, as this region is the main
production area (Jacques et al., 2020). Despite efforts,
yields remain low in the rural area, averaging between 7.9
t/ha and 11 t/ha (Sakatai et al., 2021). To counter these
challenges, PDAS has provided smallholder farmers with
resilient seeds, efficient land and water management
techniques, and tools to reduce their reliance on rain-fed
agriculture and ensure sufficient and sustainable food
production. At least three conditions are to be met to
achieve these socio-economic objectives. Firstly, small-
scale farmers should optimally use the available
resources to overcome resource constraints in the
agricultural sector (Ghorbani et al., 2020). Secondly,
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farmers need to be skilled and equipped with knowledge
and principles of rational use of resources to raise
productivity. Finally, farmers need to be technically
efficient to maximise production at farm level.

In economics, the idea of efficiency is intricate and
multifaceted (Debertin, 2012). However, Farrell (1957)
established the foundation by differentiating between
technical and allocative efficiency. A producer is deemed
technically efficient when maximum output is achieved
from a given set of inputs. Allocative efficiency, on the
other hand, arises when inputs are used in minimum
proportions relative to their prices to generate a specific
amount of output. The combination of these two aspects
defines economic efficiency. Lampach et al. (2021) further
contextualise productive efficiency in microeconomic
theory as the maximum output achievable using a specific
set of inputs and technologies. It is typically measured as
the ratio of observed production to maximum potential
production or the ratio of observed inputs to the minimum
inputs needed to achieve a given output. Since the 1960s,
extensive research has been conducted on the gaps
between current and potential outputs and the factors
influencing these gaps. Human capital is very frequently
identified in the literature as a determinant of these gaps
(Biwas et al., 2021; Hoang-Khac, L., et al., 2022). Human
capital includes education, age, farming experience and
health of the farming household. But these findings
underscore the complex relationship between age,
education, and technical efficiency, shaped by local
contexts and access to resources. First, while extensive
research exists on the determinants of technical
efficiency, limited attention has been given to the age
threshold effect. Specifically, the literature on the effect of
age on technical efficiency is still unclear or divided.
Second, although younger farmers are generally more
receptive to adopting new technologies and leveraging
extension services, older farmers often are averse to
technological changes. Some studies (Audibert et al.,
1999; Kouamé et al., 2020; Diatta, 2023) suggest that age
positively influences technical efficiency, whereas others
(Battese and Coelli, 1993; Olivier and Sardan, 1995;
Chetto, 2020) argue that ageing impedes innovation
adoption within farming households. Additionally,
contrasting evidence exists regarding the significance of
age threshold effects, with some studies identifying a
notable impact (Audibert et al., 1999; Gwazani, 2022),
while others find no such influence (Krasachat, 2023). In
order to fill in these gaps, this study looks into the dual
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effects of the age threshold and the interaction between
education and the adoption of new production techniques
on technical efficiency.

Notably, this research is among the first to explore
these effects comprehensively. Its significance is
underscored by the need to enhance agricultural
productivity in rural areas to boost employment and
alleviate poverty. In Cameroon, existing studies have
predominantly focused on measuring technical efficiency
and its determinants. However, little to no research has
explored onion production, a critical cash crop for farm
households and a strategic sector for poverty reduction.
Finally, measuring household technical efficiency in onion
production is of crucial importance because it helps in
identifying the determinants for generating information,
making an intervention and enhancing the existing level
of efficiency (Abdi et al., 2022).

The structure of the article is as follows: The materials
and procedures are described in Section 2, and the
results are shown and discussed in Section 3. Section 4
discusses sensitivity analyses, and Section 5 concludes
the study.

The rest of the article is organised, as follows: Section
2 reviews existing theoretical and empirical work; section
3 describes the methodology. The results are presented
and discussed in section 4. Section 5 addresses
sensitivity analysis, and section 6 concludes the paper.

2. LITERATURE REVIEW
2.1 - Theoretical Foundation of Efficiency

The neoclassical theory of production implicitly posits
that all production activities operate on the frontier of the
feasible production set, with minimal deviations attributed
to random errors. This framework assumes that
producers are rational economic agents who aim to
maximise profit or output or minimise production costs
(Kumbhakar et al., 2015). However, this assumption has
been challenged by numerous studies, which
demonstrate that inefficiencies are more common than
uncommon (Battese, 1992).

The concept of efficiency in economics is a complex
and difficult one (Debertin, 2012). But the seminal work of
Farrell (1957) tried to lay the groundwork for the definition
of efficiency in a relative sense and distinguished
allocative efficiency and technical efficiency. Efficiency is
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a departure from the best practices of a peer group of
producers that is indicative of the industry. Allocative
efficiency happens when resources are used in a way that
maximises producer earnings based on input prices. On
the other hand, a company is considered technically
efficient if it can produce the most with a specific set of

A

Quantity of input 12

inputs. In that way, technical efficiency is the ratio of
observed to maximum potential output obtainable from
the given inputs or the ratio of the minimum potential to
observed inputs required to produce the given output
(Sadoulet and Janvry, 1995). These two concepts are
explained in figure 1 below.

Quantity of faput 11

Figure 1. Input-orientated measure of Farrell’s efficiency indices
Source: modified from Farrel (1957)

On the basis of the above definition, farmers A,
located both on the isoquant and isocost; B and C, who
are located only on the isoquant, use the least amount of
inputs 11 and 12 to produce a unit of output and are said
to be technically efficient, but farmer D is not technically
efficient since he or she can reduce the used amount of
both inputs and still yield the same level of output or
commodity. The distance CD represents the technical
inefficiency of the farmer, which depicts the amount by
which all inputs could be lowered proportionately without
lowering input levels. That is, the technical efficiency of
the farmer is measured by the ratio, which accepts a
number in the range of 0 and 1. A farmer with a value of
one is considered totally technically efficient, whereas one

with a value of zero is considered fully technically
inefficient. According to Farrell (1957) and Kopp and
Diewert (1982), economic efficiency is the ability of a farm
to produce a specific amount of output at the lowest
possible cost for a given degree of technology. Economic
efficiency is demonstrated by the farmer at point A in
figure 1.

To measure efficiency, Farrell (1957) distinguishes
input-orientated measure (Figure 1 above) from output-
orientated measure, which is illustrated in Figure 2 below.
The output-orientated metric shows how much output
guantities can be increased proportionately without
changing the amounts of inputs used (Coelli et al., 2005).
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Figure 2. Output-orientated measure of Farrell’s efficiency indices

Source: modified from Farrell (1957)

The farmer uses one input to obtain two outputs, Y1
and Y2, in the case of constant return to scale. The unit
production possibility curve is depicted by qq’. A farmer
located at point A, below qq is inefficient. Technical
efficiency and allocative efficiencies are measured
respectively by the and the . The product of the two
indices is revenue efficiency.

2.2 Previous Empirical Studies

Studies carried out to determine the size of the gaps
between current output and maximum output and the
factors determining these gaps have been justified in the
literature since the 1960s. Three kinds of variables are
used to identify the elements that affect technical
efficiency. These include sociodemographic traits like
age, education, training, and agricultural extension , as
well as unique traits of farmers (Biwas et al., 2021).

Concerning age, which can act as a stand-in for prior
farming experience, there is controversy surrounding its
effect on technical efficiency. While Khan et al. (2022)
reported that age had a negative significant effect on
efficiency, the positive effect of age on technical efficiency
has been found by Balete (2020) and Abdi etl. (2022),
who showed that the age of the household heads has a
positive effect on technical efficiency. That is, older
farmers increase the vyield close to the frontier by
improving the efficiency.

As for the education variable, while some authors like
Gwazani et al. (2022) discovered that farmers' technical
efficiency is unaffected by education, others discovered
that it has a notable and beneficial impact. The effect of
education on production efficiency is dual, as shown by
Ngom et al. (2018). Indeed, according to the authors,
education increases the probability of adopting new
technologies through the assimilation of new knowledge.
It also enables farmers to make an effective and efficient
allocation of the available resources. This is why the use
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of agronomic techniques positively affects technical
efficiency. These results align with findings by Ali et al.
(2022), who unveiled that education had a significant and
positive influence on technical efficiency. These findings
were also reported by Karimov (2023) and Islam et al.
(2023), who demonstrated that farmers with greater
education levels made better use of inputs and that
technical inefficiency decreases with school years and
rises with farmer age.

These previous studies highlight the indeterminate
role of education and age in technical efficiency. For some
studies, education and age contribute to increasing
farmers' technical efficiency, while for others, when these
contributions are not negative, they don't affect their
technical efficiency. None of these studies has vyet
examined the interaction between education and the
adoption of agronomic techniques, and few have
highlighted the long-run effect of age on productivity in
general and specifically on technical efficiency.

3. METHODOLOGY
3.1 — Data Sources

Both primary and secondary data are used in this
investigation. Seven locations were used to gather
primary data: Pitta, Touboro and Lopéré in the North; and
Domayo, Mesquin, Mowo, Salak and Ziling in the Far
North. In each locality, information was collected on
farming techniques, inputs, infrastructure, land use
patterns, and the difficulties and constraints faced by
producers in the study area. In addition, data collection
was carried out in three phases over the course of an
agricultural year for the period August 2023-May 2024.
The first survey phase was carried out in August 2023
during the nursery setting. The second phase involved
collecting information during October 2023 corresponding
to the transplanting period. Finally, the third phase
covered the harvesting period from February to March
2024. As for the secondary data, they allow us to take into
account the demographics of onion farmers in the study
area and set the survey quotas. Three multiple sampling
methods were used, namely purposive sampling; using
both random and cluster sampling, a representative
sample is obtained. Following Norman et al.(2023) and on
the basis of 31902 households benefiting from PADFA |l

(PADFA, 2019), Yamane's (1967) formula was used to
determine the sample size using the formula below:

N
") @

N is the sample size, N is the population size and the
margin of error equal to 0.05. The sample then contains
395 onion producers, 199 from the North and 196 from
the Far North. Processing outliers led to the removal of 86
outlier households. These outliers declared zero or very
low yields, or production costs beyond vyield, resulting in
negative net farm incomes. In addition, farmers who
overestimated or underestimated the distance between
the farm and the main road were excluded. Finally, those
who gave high acreages were also excluded. Data
processing was carried out using SPSS software, with
some additional Excel calculations. In the end, 309 onion
producers in the research region were chosen.

2.2. Measuring Technical Efficiency

Methods for estimating the production frontier and
analysing producers' efficiency levels have been
extensively developed over the last fifty years. The
literature identifies two types of approaches for measuring
productive efficiency: non-parametric and parametric.

The Data Envelopment Analysis (DEA) method is
employed in the non-parametric approach. This
methodology is a linear or quadratic programming
technique that calculates an efficiency frontier by
optimising the weight ratio of outputs/inputs for each
production unit under the constraint that this ratio is at
most equal to unity (Kpenavoun et al., 2017b). One of the
major drawbacks of using this method is that it assumes
the absence of random errors (Kpenavoun et al., 2017a).
From this perspective, any measurement error is
attributed solely to the inefficiency of the producer. This
assumption is inconsistent with the reality of agricultural
production, where some factors affecting efficiency are
beyond producers' control. These may include the effects
of climate change, variations in the market prices of
agricultural products and inputs, plant diseases,
psychological factors on the part of the producer, etc. This
is how this assumption is relaxed in the parametric
approach: using the stochastic frontier to take into
account random effects on farmers’ productivity.
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In the parametric approach, a functional form of the
production function must be specified to estimate the
model parameters. The functional form can be the Cobb-
Douglas CES, translog, quadratic, normalised quadratic,
generalised Leontief, or linear type. This approach
distinguishes the deterministic production frontier from
the stochastic production frontier. The deterministic
method was used by Aigner and Chu (1968) with a Cobb-
Douglas specification. In this method, the sole
explanation for the error term, a non-negative random
variable, is the producer's or farm's technical inefficiency.
This method suffers from the same criticisms as the DEA
method.

Conversely, the development of a stochastic or
compound error production frontier was independently
carried out in the work of Lovell and Schmidt (1977) and
Meeusen and Van den Broek (1997). Later, this model
was adjusted by Jondrow et al. (1982) to introduce the
calculation of the technical efficiency index specific to
each farm or producer. The method for estimating the
stochastic production frontier considers two kinds of
errors: one caused by the producer's inefficiency and
another random error that comes from unpredictable
events outside the producer's control, like weather issues,
floods, market price changes, the producer's mindset, and
other statistical mistakes. This method can thus
distinguish between producer-controlled and
uncontrollable factors.

The preference for the stochastic parametric
approach in this study is based on several arguments.
First, the parametric approach is appropriate for
processes producing one output from several inputs,
unlike the DEA method, which is suitable for cases where
the producer uses several inputs to produce several
outputs (Kpenavoun et al., 2017b). In this study, the
smallholder only produces onions from several inputs.
Secondly, unlike the DEA method, which attributes any
departure from the border of production solely to the
producer's inefficiency, the stochastic production frontier
method has the advantage of highlighting the effect of the
producer's technical inefficiency and other factors linked
to the climatic and biological risks that characterise
agriculture and statistical errors, etc. The parametric
approach also allows statistical analysis and testing.
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2.3. Technical Efficiency: Stochastic Production
Frontier Approach

This model is based on the work of Aigner, Lovelle
and Schmidt (1977); and Meeusen and Van den Broeck
(1977). Its mathematical form is as follows:

InY, = f(Xi; 8)+u - )
Yi is the farmer's output 1 , Xi is the column vector of

format inputs Kx1, g is a vector of unknown

parameters; A; is a non-negative random error

attributed to the producer's technical inefficiencyi , M is

the producer's inefficiency I . The observed output will
always be equal to or less than the technically efficient

output. Given that [ 2 0, each producer must be on or
below its frontier [ f(x;8)+v ]

According to Kumbhakar and Wang (2015), such a
gap is the result of factors that the producer or firm
controls such as technical, and economic efficiency, a
defective or damaged product, the producer's and his
staff's determination and hard work. The frontier can also
vary from one farmer to another. In this case, the frontier
is stochastic due to the symmetrical random error due to
favourable or unfavourable factors that are out of control
of the farmers and which are likely to influence his
productivity. This symmetrical random error can be less
than, equal to or greater than zero. In this framework, the
measure of technical inefficiency is the ratio between
production assuming technical efficiency and technically
inefficient production. The production-based technical
efficiency index is calculated by

TE Y, _ eXp(Xitﬂ_'_Ui _ﬂi)
exp(XfﬁJrui)

- exp(X{B+y,)

_ _ _ (3

It is the ratio between observed production and the
production corresponding to the stochastic frontier with
the same vector of inputs. Its value varies between 0 and

L= eXp(_ﬂi)
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1. This index compares the producer's actual output to
what a fully efficient producer could achieve with the same
input vector. Equation (3) shows the need to estimate the
parameters of equation (2). Thus, the calculation of this
index is conditional on the estimation of the parameters of
the stochastic frontier model (2). The assumptions on the
error terms are formulated as follows:

Hi- U; is distributed independently of 4
Hz- The two errors U; et L are not correlated with the

explanatory variables Xi .
Hs-

E(v)=0,E(v}7),E(v;)=0,i = j,E(4)=constant

' E(,Ui)io et E(,ui,uj):Oforall B
Ha- E(,ui)io car 4 20,

The estimation method used is the maximum
likelihood method. This method, proposed by Aigner et al
(1977), is based on two important assumptions about the
two error terms:

Hs-0, 7 iidN (0,07) -

distributed variable that is independently and identically
distributed. On both sides of the production frontier, it is
thought to be dispersed.

the error U; is a normally

He- 24 [1 11AN™ (O, O'fl) :the error 44 is arandom variable

assumed to be distributed on only one side of the
production frontier and is therefore semi-normally,
independently and identically distributed with a scale

parameter of G;' That said, the probability density

function of each error ; is a truncated version of a

. . . 2
normal random variable with mean zero and variance GH.
Thus, the parameters of the semi-normal model are
2 2 2
o =0,+0, 4)
et
2 27 2

A =0,lo,20 (5)
A measures the share of technical inefficiency in the
total variation observed between farmers on the

production frontier and survey observations. Thus, a zero

value of A means that there is no effect of technical
inefficiency, and that the only error is due to statistical
errors.

The absence of inefficiency is verified by the teston A :

Hyo:4=0 - .
The test statistic is
H :4>0
A i . .
z=——-[0N (0,1), with A the maximum likelihood

se(/I)

estimator of A4

2.4. Empirical Specification

Following some authors (Gwazani et al, 2022;
Muzeza et al, 2023; Rodrigues et al, 2023), we adopt a
Cobb-Douglas type specification. This specification does
not suffer from the severity of multicollinearity or a low
degree of freedom (Rahman et al.,, 2012). Moreover,
Kopp and Smith (1980) and Ahmad and Bravo-Ureta
(1996) show that functional form has no significant impact
on estimated technical efficiency. Moreover, for Taylor et
al. (1986), the Cobb-Douglas function is an appropriate
representation of production technology. It is formulated
as follows:

4
LnY, :ﬂ0+2ﬂj In Xj + 5D+ B v — 1,

j=1
(6)

ﬂi is the vector of parameters to be estimated and
represents the elasticities of production with respect to

production factors. Yi is onion production in kilograms.

X represents the factors of production used by the
producer such as land measured by the area cultivated in
hectares; labor measured by the total working time of
family and hired labor required for cultivation and
harvesting operations in man-days; and capital measured
by both the quantity of fertilizer used in kilograms and the

quantity of seed used in kilograms, D represents the
adoption of agronomic techniques. If the producer
accepts it, the value of this binary variable is 1, and if not,
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itis 0. Z is the use of the bullock plow, a binary variable inefficiency; Ageiz is the square of the producer's age
that, if used by the producer, returns 1; else, it returns O.

The producer's technical inefficiency model is and is expected to positively influence the technical

inefficiency; Cash credit (Boateng et al., 2022 ; Fidelis et

_ . . al. 20@} is access to cash credit, a dummy variable
1 =6, +6,Age, +6,Distan ce, + 6,Education; + 6,Educatigii A gg(ﬂpén\llcjﬁghpg%e producer has had cash
+0, Agef +6,Cashcredit, + ¢, credit and O otherwise ; and the associated coefficient is
) expected to be negatively influence technical inefficiency.

where Age is the age (Baruwa & Omodara, 2019-; Biswas (90,91, 92,(93,194, (96 and 97 are the parameters to be
et al., 2021-; Djomo et al., 2023) of the head of the farm
household whose expected coefficient sign is negative, is
measured in years. Distance is the distance from the plot
to the main road access in kilometers and is expected to
positively influence inefficiency (Tabe-Ojong and Molua,
2017); Education_(Khatiwad et al., 2022 ; Kodua et al.,
2022) is the level of education in years of schooling and
is expected to negatively influence the technical

estimated.

4. Results and Discussion
4.1. Descriptive Statistics of the Variables Used

Table 1 outlines the socio-economic variables of
households involved in onion production in the study area.

Table 1. Descriptive statistics on the variables used

Continuous Variable Obs Mean Std.Dev. Min Max

Age of the head of the 309 39.55 8.834 20 65
household (years)

Fertilizers (kg) 309 665.34 129.8 400 980
Distance from farm plot to main 309 2.28 1.83 0.5 8
access road (Km)

Improved Seeds (Kg) 309 7.49 3.50 1 24.5
Labor (Mandays) 309 42.02 21.93 12 144
Area of cultivation (Acres) 309 3.35 1.48 2 10
Total production (kg) 309 8745.63 4147.72 2500 22500
Categorical variable Freq. Percent Cum.

Agronomic technique

0 88 28.48 28.48
1 221 71.52 100
Education

llliterate 31 10.03 10.03
Primary 137 44.34 54.37
Scondary and above 86 27.83 82.20
Koranic 55 17.80 100.00
Loan structure

0 129 41.75 41.75
1 180 58.25 100
Study area 38 12.30 12.30

Domayo
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Loppéré 29
Meskin 59
Pitoa 50
Salak 50
Touboro 20
Zilling 13
Mowo 44
Doyang 6
Plough or animal traction

0 205
1 104

Source: authors based on survey data

9.39
10.09
16.18
16.18
6.47
4.21
14.24
1.94

66.34
33.66

The results reveal that onion farming is predominantly

conducted by men and adherents of the Muslim faith.
Farmers' ages range from 20 to 65 years, with an average
age of 39.55 years, suggesting that adult farmers, with
substantial experience, dominate onion production.
Fertiliser and improved seed usage average at 664.5 kg
and 7.49 kg, respectively, across an average farm area of
3.35 hectares, yielding an average onion production of
8,745.63 kg, with total production ranging between 2,500
and 22,500 kg. The variability in fertiliser usage stems
from farmers' limited purchasing power, which

21.68
40.78
56.96
73.14
79.61
83.82
98.06
100.00

66.34
100

agronomic practices such as mulching, irrigation, and
weeding are adopted by 71.52% of farmers, whereas
28.48% still rely on traditional methods due to financial
constraints. Additionally, 41.75% of producers lack
access to agricultural credit, 33.66% use animal traction,
and 79.29% rely on wells for irrigation. These factors likely
contribute to the low average onion production. However,
71.52% of farmers have contact with agricultural
extension services, 44.34% possess primary education,
27.83% have secondary education or higher, 10.03% are
illiterate, and 17.80% have only received Koranic

significantly affects onion production levels. Modern education.
Table 2. Matrix of correlations
Age Distance Fexp InF InL InLd InSd InY
Age 1.0000
Distance -0.2423* 1.0000
Expe
rience  0.6393* -0.2874*  1.0000
InF 0.1059** -0.0008 -0.0167 1.0000
InL 0.1434* -0.0478  0.2444* 0.0231 1.0000
InLd 0.0103 -0.0128 -0.0570  0.1434** 0.2209* 1.0000
InSd 0.3256* -0.2158* 0.5441* -0.0683 0.2340* 0.0205 1.0000
InY 0.4687* -0.3404* 0.7115* -0.1041*** 0.3089* -0.0382 0.7060* 1.000

Source: authors based on survey data

*: significance at 1%; **significance at 5%; *** significance at 10%
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Table 2 indicates that variables such as labor, seed,
farm area, and fertilizer are positively and significantly

correlated with total

onion production at the 5%

significance level.

Additionally,
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fertilizer usage is

significantly correlated with labor, seed, and farm area.

Table 3. Results of the VIF multi- colinearity test

Variable VIF 1/VIF
Experience 2.27 0.440718
Age 1.75 0.572232
InSd 1.46 0.683229
InL 1.15 0.871608
Distance 1.11 0.904420
InLd 1.09 0.915004
InF 1.05 0.953338
Mean VIF 1.41

Source: authors based on survey data

A Variance Inflation Factor (VIF) test (Table 3)
confirms the absence of multicollinearity, with a VIF value
of 1.71, well below the critical threshold of 3.

4.2. Estimating the Stochastic Production Frontier

and Technical Inefficiency

The stochastic production frontier was estimated
using the maximum likelihood method. Table 4 shows that

the model is globally significant, with the Wald statistic
rejecting the null hypothesis that, at the 1% level, all
variables are jointly insignificant.

Table 4. Maximum likelihood estimates of the stochastic frontier and technical inefficiency functions

Variables Estimate Z

Frontier

InSd 0.4276* 10.19

InLd -0.0657** -1.7

InL 0.0513* 1.79

InF -0.0964 -1.48

Agro_tech 0.1276* 2.56

Plough 0.0736** 2.56
_cons 8.8040* 20.06

Mu : technical inefficiency



FINAL

wsot

"‘“"Nl‘l. exve
ISSN-23860-798X

Journal of Agricultural Economics, Extension and Rural Development
Abbreviated Key Title: J. Agric. Econs. Extens. Rural Dev.
ISSN-2360-798X (Print) & Open Access
Vol 13: (5): Pp.: 86-106

96 J. Agric. Econs. Extens. Rural Dev

Age
Distance
Education
EduAgrotech
Age2
credit
_cons
Usigma
_cons
Vsigma
_cons
sigma_u

sigma_v

Log likelihood = 31.1625
Number of obs = 309
Wald chi2(7) = 186.14
Prob > chi2 = 0.0000

Stoc. frontier normal/tnormal model

-0.0400** -2.31
0.0215** 2.07
-0.0630* -1.7
0.0791* 2.73
0.0104*** 1.85
-0.5773** -2.2
1.3099* 4.05
-4.0942* -6.86
-3.2207* -23.8
0.1291* 3.35
0.1998* 14.78

Source: authors based on survey data

Parameter significance levels are:* significant at 1%; ** significant at 5%; *** significant at 10%.

Table 5. Descriptive statistics on technical efficiencies

Variable Obs Mean

Std. Dev. Min Max

309
0.9741881

Technical efficiency

Source: authors based on survey data

All variables significantly influence onion production
except fertiliser, whose non-significant effect can be
attributed to small-scale farmers' limited financial capacity
to acquire quality fertilisers.

Education significantly reduces technical inefficiency,
with a 10% increase in education level reducing
inefficiency by 0.63%. This aligns with findings by Nana
and Atangana (2012) and Norman et al. (2023), which
emphasise that educated farmers are better equipped to
adopt efficient practices (Kitila & Alemu, 2014). Age also

0.8024427

0.177373 0.379038

exhibits a nuanced effect: it initially reduces technical
inefficiency but becomes detrimental beyond a certain
threshold. Older farmers' inefficiency may stem from
physical limitations and a reduced capacity to adopt
modern technologies (Bempomaa & Acquah, 2014;
Belete, 2020; Biswas et al., 2021; and Djomo et al., 2023).
These findings corroborate earlier studies, including
those by Audibert et al. (1999) and Coelli and Battese
(1996), for whom heads of household who are very often
illiterate behave in ways that are not conducive to
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efficiency and tend to muzzle young people, who are
relatively more educated and enlightened. Zhout al.
(2021) justify inefficiency at older ages by the fact that in
the context of urbanisation and mechanisation, older
farmers may have physical handicaps that hinder
productivity improvement and access to modern
agricultural technologies. In the same vein, Coelli and
Battese (1996) and Malinga et al.(2015) in India found
that age contributes significantly to the decrease in
technical inefficiency in the two villages Aurepalle and
Kanzara. On the other hand, for farmers in the Shirapur
village, age rather increases the technical inefficiency of
farmers, as in the work of Deme et al. (2015) and Norman
etl. (2023). Additional research, like those by Audibert
(1997), has even shown that age has no discernible
impact on a farmer's technical inefficiency. While a
positive effect of the interaction between education and
agronomic techniques on technical efficiency was
anticipated, the results indicate the contrary. The
interaction significantly reduces the degree of technical
efficiency among growers. However, Ngom et al. (2016)
demonstrated in the case of rice farmers in Senegal that
education enhances the probability of adopting new
technologies by facilitating the assimilation of new
knowledge and enabling an efficient allocation of
resources. The observed negative effect may be logically
explained by Audibert et al. (2003), who found that the
most efficient farmers are often those with lower levels of
literacy. This phenomenon could stem, first, from the
individualism and overconfidence of educated farmers,
which make them less open to advice on new agronomic
techniques. Second, educated farmers may redirect their
efforts toward other income-generating activities, thereby
reducing their focus on agriculture. Krasachat (2023)
corroborates this, suggesting that diversification into non-
agricultural activities often reduces technical efficiency by
maximising utility.

The analysis further identified additional determinants
of technical efficiency within the study area. Notably,
distance from farm plots to access roads and financing
availability have a big impact on efficiency levels. Farm
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distance from the main access road was found to reduce
the technical efficiency of small-scale farmers by 5%.
Farmers operating farther from access roads face
increased logistical challenges, which limits their
productivity. Similar findings were reported by Binam et
al. (2004) for shifting cultivation areas in Cameroon,
emphasising the critical role of infrastructure in
agricultural development.

Access to credit emerged as another significant
determinant of technical efficiency, with a 10% increase
in credit access reducing technical inefficiency by
approximately 5.77%. Credit access enables farmers to
overcome financial constraints, acquire necessary inputs,
and make more efficient production decisions. These
results align with findings by Khandker and Koolwal
(2016), Afrin et al. (2017), Freitas et al. (2020), Boateng
et al. (2022), and Fidelis et al. (2023), all of whom
highlighted the role of credit in enhancing producers'
technical efficiency. Binam et al. (2004) also noted that
credit facilitates resource acquisition for poor households
by allowing them to optimise agricultural inputs. However,
contrary findings by Rodrigues et al. (2022) suggest that
access to credit may, in some instances, reduce technical
efficiency, possibly due to inefficient resource allocation
or credit mismanagement.

4.3. Descriptive Statistics on Technical Efficiency
Estimates and Model Diaghostic Tests

The third and fourth parts of the analysis show how
much of the error is due to the producer's technical
inefficiency (Usigma) and how much is due to random
errors (Vsigma), which are factors outside the farmer's
control that can impact productivity. At the 1%
significance level, the maximum likelihood of lambda
shows that technical inefficiency accounts for 64.61% of
the total difference between the highest possible
production and the actual production recorded in the
survey data (Table 4).
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Table 5. Descriptive statistics on technical efficiencies

Varlable

Mean

Std Dev.

Technical efficiency ‘ 309 0.8024427 0.177373 0.379038 0.9741881

Source: authors based on survey data

Table 5 reveals that, on average, small onion farmers
produce approximately 19.75% below their maximum
potential output. This conclusion implies that each farmer,
on average, would need to increase production by
19.75%, using the same quantity of inputs, to achieve full
efficiency. Furthermore, the least efficient farmer
operates at approximately 62% below the maximum
production potential, while the most efficient farmer
achieves levels just 5.28% below the potential maximum
in the northern region of Cameroon.

To assess the relevance of the stochastic frontier
model after specifying a one-sided error term
representing technical inefficiency, two tests were
employed: (i) the classical test on and (ii) the generalised
likelihood ratio (LR) test of inefficiency as proposed by
Kumbhakar et al. (2015). Calculations based on the
values of u sigma and v (Table 4) indicate that technical
inefficiency accounts for approximately 29.45% of the
variation in onion production in northern Cameroon.
These results support the appropriateness of the
stochastic frontier model for parameter estimation.

However, Kumbhakar et al. (2015) caution against
relying solely on the classical test for rejecting the null
hypothesis of no technical inefficiency. UnliUnlike the LR
test, the classical test does not incorporate information
derived from the distribution functions of the random
error.sequently, we applied the LR test, which indicated
that the test statistic exceeded 5.412, the critical value at

the 1% significance level (Kodde and Palm, 1986). Thus,
the null hypothesis that there was no technological
inefficiency was disproved, confirming the stochastic
frontier model's relevance in capturing the technical
efficiency of small onion farmers in the study area.

4.4. Analysis of the Distribution of the Technical
Efficiency Index

The spatial distribution of farmers' technical efficiency
is needed to estimate the differences in food crop yields
between farmers' actual and potential yields in order to
identify productive areas (Zhou et al., 2021).

The technical efficiency index is calculated using the

formula of the ratio between yi observed production and

*
the production corresponding to yi the stochastic frontier

with the same input vector

y.
exp(—p) =~ ®)
Yi
Figure 3 below illustrates the geographical distribution

of average technical efficiency among small-scale onion
farmers.
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Figure 3. Geographical distribution of technical efficiency index

Source : authors based on the survey data

The findings reveal that farmers in Meskin exhibit the
highest levels of technical efficiency, followed by those in
Salak, Zilling, Domayo, Pitoa, Doyang, Mowo, Loppéré,
and Touboro. These variations in efficiency can be
attributed to the determinants of technical inefficiency
identified in Table 4. The disparities in technical efficiency
among producers are influenced by factors derived from

the maximum likelihood estimates obtained from the
Cobb-Douglas stochastic frontier and the producers’
technical inefficiency. Specifically, farmers in Meskin,
Salak, Domayo, Zilling, and Pitoa tend to be older,
possess higher levels of education, and have greater
access to credit compared to those in the other localities,
as evidenced in Table 6.
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Table 6. Statistics on the determinants of technical efficiency by locality

Study
area Age Distance Education Accessﬁcredit
llletrate Primary Secondary and Higher Koranic 0 1
Meskin 42.90909 2.142424 2 13 16 2 4 29
Salak 43.76 1.542 7 18 16 9 15 35
Domayo 39.62069 1.982759 2 18 7 2 8 21
Zilling 41.875 2.3275 2 17 14 7 13 27
Pitoa 37.48571 1.857143 0 16 10 9 11 24
Doyang 45.25 2.4375 0 1 7 0 3 5
Mowo  44.26316 2.263158 6 6 4 3 9 10
Loppéré 35.08333 2.95625 9 22 6 11 27 21
Touboro 33.91489 2.968085 3 20 12 12 35 12
Total i . 31 137 86 55 125 184

Source: authors based on survey data

These attributes contribute to their relatively higher levels of technical efficiency.

5. Sensitivity Analysis

Thiam et al. (2001) highlight that the sensitivity of
efficiency estimates to the specifications and
assumptions imposed on the model remains an issue that
has not been fully addressed. The estimation model used

in this study is output-oriented, aiming to maximize
production while keeping input quantities constant. To
assess the sensitivity of the technical efficiency scores,
an input-oriented model was also estimated. In this
alternative model, input quantities are minimized while
continuing to produce at the same rate.

Table 7. Maximum likelihood estimates of the stochastic frontier and technical inefficiency functions for input-oriented

model

Variables Estimate Z
Frontier

InSd 0.4276 * 10.19

InLd -0.0657** -1.70
InL 0.0513** 1.79
InF -0.0964 -1.48
Agro_tech 0.1276* 2.56
Plough 0.0736** 2.56

_cons 8.8040* 20.06
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Mu : technical inefficiency

Age -0.0400** -2.31
Distance 0.0215** 2.07
Education -0.0630* -1.7
EduAgrotech 0.0791* 2.73
Age2 0.0104*** 1.85
credit -0.5773** -2.2
_cons 1.3099* 4.05
Usigma
_cons -4.0942* -6.86
Vsigma
_cons -3.2207* -23.8
sigma_u 0.1291* 3.35
sigma_v 0.1998* 14.78
Log likelihood = 31.1625
Number of obs = 309
Wald chi2(7) = 186.14
Prob > chi2 = 0.0000

Stoc. frontier normal/tnormal model

Source: authors based on survey data
Parameter significance levels are:* significant at 1%; ** significant at 5%; *** significant at 10%.

The estimates from the input-oriented model, Additionally, a deeper sensitivity analysis was
presented in Table 7, reveal identical results to those of conducted by comparing the results of the stochastic
the output-oriented model. This consistency indicates that frontier model with those derived from a two-limit Tobit
the technical efficiency scores and the efficiency frontier procedure. Given that efficiency scores are bounded
remain unaffected by the choice of orientation, affirming between zero and one, the Tobit model serves as a
the robustness of the model's efficiency measures. complementary approach. The findings from the Tobit

model, presented in Table 8,
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Table 8:. Tobit model

(2) 2
VARIABLES model sigma
Age_Producer 0.02***
(0.00)
distance -0.01***
(0.00)
Education 0.02***
(0.01)
EduAgrotech -0.03***
(0.00)
Age2 -0.00***
(0.00)
Access to credit 0.18***
(0.01)
Constant 0.20*** 0.07***
(0.07) (0.00)
Observations 309 309

Source : authors based on survey data
Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Corroborate those of the stochastic production frontier
model. All variables in the Tobit model were found to be
statistically significant, and the signs of the coefficients
align with those of the stochastic production frontier,
further validating the robustness and reliability of the
efficiency estimates.

6. CONCLUSION AND POLICY IMPLICATIONS

This study aimed to examine the effect of the
interaction between the level of education and the
adoption of innovative farming techniques on technical
efficiency, as well as the threshold effect of age among
small-scale onion farmers in northern Cameroon. The
findings reveal that, on average, onion farmers in the
study area need to increase their production by 19.75%
using the same level of inputs to achieve full efficiency.
The least efficient farmer would require a 62% increase in
production, while the most efficient farmer needs only a
5.28% increase to attain optimal efficiency. Also, how
education and the use of farming methods interact, along

with age and its limits, greatly affects how efficiently onion
producers work. Agricultural support and development
programmes should prioritise equipping educated young
farmers with innovative agronomic techniques. Emphasis
should also be placed on extension services targeting
farmers with secondary education and above, as they
exhibit a higher capacity to assimilate new knowledge
compared to those with limited or no education, who often
exhibit counterproductive behaviours. The study also
underscores specific localities where production efforts
need to be enhanced to achieve maximum output,
thereby meeting both the growing domestic and
international demand for onions. Labour productivity,
currently low, could be improved through better access to
agricultural tools such as ox ploughs and motorised
pumps.

Given the significant interaction between education
and the adoption of farming innovations, future research
could explore the inclusion of an index for income-
generating activity diversification to assess its direct
impact on technical efficiency. This presents an
opportunity to investigate how diversifying activities
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influences the efficiency levels of small-scale onion
farmers in the study area.Statements & Declarations
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