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This study is motivated by the extant literature showing the sensitivity of Nigeria’s
agricultural sector to the impact of climate change and its subsequent effect on
smallholder farmers. This study examined the effect of choice of sustainable
agricultural practices on smallholder farmers’ maize farms in Nigeria. Using a
multistage sampling technique, 300 maize farmers were surveyed for the study. Data
were analyzed using a multivariate probit model and endogeneity corrected frontier
model. The study found that variables such as age of household head (p<0.01), gender
(p<0.01), farming experience (p<0.05), farm size (p<0.01), years of formal education
(p<0.01), membership of association (p<0.05), access to extension service (p<0.01),
and access to credit (p<0.05) significantly impact farmers’ choices and adoption of
different sustainable agricultural practices. The farm size (p<0.05), seed, fertilizer
(p<0.05), the interaction of labour with farm size (p<0.01), herbicides and fertilizer
(p<0.01), and the interaction of farm size with seed, herbicides, and fertilizers (p<0.05)
contain significant predictive content for efficiency of maize production. Therefore,
adoption of sustainable agricultural practices to reduce the negative impact of climate
change helps the farmers to improve their maize production efficiency. To improve the
technical efficiency of the maize farmers, the study recommends that there is a need to
increase access to extension services, increase their level of education through
agricultural training and seminars, and improve their access to financial support for the
attainment of increased productivity.

Introduction

sector's share of the overall Gross Domestic Product

Agriculture is an important sector in most sub-
Saharan African countries where large portions of the
population are employed in the sector (Kolapo and
Kolapo, 2023; Abdul-Rahaman and Abdulai, 2018).
Many of the sub-Saharan African countries' economies
including Nigeria depend on agriculture. The economy
of Nigeria depends heavily on the agriculture sector
after oil, which produces significant products such as
cassava, cocoa, maize, yam, rice, plantains, and other
grains and fruits. The
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(GDP) has fluctuated.

The most significant cereal crop is maize, which
contributes more than half of all grain production and
is grown by an estimated 44.1 million families (NBS,
2014). Since the late sixteenth century, maize has been
farmed in Nigeria and is a significant food crop. In
Nigeria, maize production is second only to cassava in
terms of land area covered and productivity metrics. It
is produced across the nation on around 4.9 million
hectares of land (FAOSTAT, 2019; Kolapo et al 2023),
especially in the Savanna zone where high radiation
encourages its growth (Bello et al. 2014). According to
the most recent production data, Nigeria is Africa's
second-largest maize producer, behind South Africa,
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with more than 100 million tonnes of maize produced
each year (Tegbaru et al. 2020).

In addition, Nigeria's average maize output
decreased in 2017 from 1.7 metric tonnes per hectare in
2016 to 1.5 metric tonnes per hectare, falling short of the
averages for Africa (2.17 metric tonnes per hectare) and
the world (5.7 metric tonnes per hectare) (FAOSTAT,
2020). This can be the result of Nigeria's primarily rain-
fed maize agriculture, where variable rainfall
frequently causes drought. Climate variability has been
cited as important factors in Nigeria's variable
responsible for low crop yields (Ojo et al. 2020).

Nigeria's agricultural sector is wvulnerable to
climate change, especially smallholder maize farmers
who depend on rain-fed crops (Kolapo et al., 2022b).
Changes in rainfall patterns brought on by climate
change may result in drought, which lowers agriculture
yields and productivity (Mare et al., 2018). Drought and
other severe weather and climatic events hinder food
production by reducing agricultural output, particularly
maize yields and income (Gomez-Zavaglia et al., 2020;
Kolapo et al. 2022d). Agriculture, which contributes
significantly to the economy through the creation of
jobs, foreign exchange earnings, and the reduction of
poverty, will be greatly impacted by climate change
(Mukasa et al., 2017). Because of this, the majority of
nations around the world, especially Nigeria, have
hurried to adopt a variety of sustainable agricultural
practices in an effort to increase farm output, ensure
food security, and enhance the welfare of smallholder
farmers, particularly those who depend on maize
(Oyetunde-Usman et al., 202l).

Sustainable Agriculture Practices (SAPs), which
increase soil fertility, trap carbon for the purpose of
reducing climate change, and increase crop yields and
incomes, may provide a solution to some of these
climate change uncertainty issues. Examples of SAPs
include soil and stone bunds for soil and water
conservation, crop rotation, legume intercropping,
conservation tillage, residue retention, improved crop
types, and complementary use of organic fertilizers
(Branca et al., 2011). The four SAPs examined in this
study, organic fertilizer, improved maize varieties,
inorganic fertilizer, and integrated pest management,
and how they relate to maize, an important crop in
Nigeria, is the focus of the study. An increasing number

of research studies have been conducted (Wainaina et
al., 2016; Gebremariam and Tesfaye, 2018; Bedeke et
al., 2019) but they are not crop-specific. It was
necessary to examine the productivity effects of SAP
adoption among households that mostly cultivate
maize. Despite the numerous benefits of SAPs, there is
little to no empirical study on the variables that affect
smallholder maize farmers in Nigeria's productivity
and/or their adoption of SAPs. Therefore, this study
examined the variables influencing the decision of
maize farming households in Nigeria to adopt SAPs, as
well as the effects of SAP adoption on maize
productivity in smallholder farms.

Materials and Methods
Study area

The study was carried out in the Southwest of
Nigeria, which is made up of the six geopolitical states
of Lagos, Osun, Ogun, Oyo, Ekiti, and Ondo. The
research locations cover an area of roughly 77, 818 km?
and are situated between latitudes 6° 21' and 8° 37" N
and longitudes 2° 3I' and 6° 00" E (Kolapo and
Abimbola, 2020; Kolapo et al., 2020a). Southwest
Nigeria experiences tropical weather, with large
variations in annual precipitation (1I50-3000 mm) and
mean temperatures (21-34°C) amongst states (Kolapo
et al 2021b; 2021c; 2021d; 2022c). While the north-
eastern trade wind from the Sahara desert is connected
with the dry season, the monsoon wind from the
Atlantic Ocean is associated with the rainy season. The
research regions, which span the states of Ogun and
Ondo, are covered with swamp, deep forest, as well as
woodlands. Forests cover the northern limit and extend
all the way down to southern Guinea (Jimoh et al
2023;Kolapo et al 2021e; Kolapo and Ayeni, 2020;
Rabirou et al., 2022).

Sampling techniques and data collection

This study used representative data collected from
300 households from South West, Nigeria. A
multistage sampling technique was employed in this
study to choose respondents from the study area. In the
first stage, a typical-case purposive selection of two
states (Oyo and Osun states) located in the same
agroecological region was chosen. The second stage
involved the selection of five Local Government Areas
(LGAs) from each state using the case-purposive
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sampling method based on the concentration of
smallholder maize farmers there. Five communities
from each of the five LGAs were randomly selected at
the third stage. Following Tesfahunegn et al. (2016), the
sample size for the investigation was established using
the sample determination formula at a 95% confidence
interval and a 5% margin of error. At the last stage, six
smallholder maize farmers were selected using random
sampling, totaling 300 respondents that were used for
the study. The sample size, n, was determined using the
following formula:
IO Gzxdxs)

T
where p is the percentage of selecting a sample
proportion, ¢ is the confidence interval or error margin,
d is the design effect, s, is the group value, and r is the
response rate.

The responses to a structured questionnaire, which
was pre-tested was utilized to gather primary data on
their socioeconomic traits, the varieties of maize they
adopted, the amounts of inputs and outputs related to
maize, etc., were all collected. The study also used
annual climate data for the region surveyed obtained
from the Nigeria Meteorological Agency (NIMET)
which span from 1980-2020. The study areas are as
indicated in Figure I. The data were analyzed using
STATA I5 software.
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Fig. 1: Map of Nigeria Showing South West region

Analytical techniques and data analysis

Multivariate Probit Regression Model
minants of choice of SAPs)

In this study, a multivariate probit model was used to
analyze the determinants of farmers’ choice of the four
seeds, Inorganic fertilizer and Integrated Pest

(Deter-
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Management). The multivariate probit model allows
the unobserved and unmeasured components (error
SAP practices (Organic fertilizer, improved maize
terms) to be freely connected while modeling the
impact of a number of explanatory variables on each of
the many practices (Kassie et al., 2009). One type of
correlation could be the positive and negative
correlations between certain practices (Kassie et al.,
2009). Existence of unobservable or unmeasurable
household-specific qualities, such as farmers'
managerial skills, that impact the adoption of particular
practices is another factor contributing to the positive
connection. Contrary to multivariate probit models,
univariate probit models ignore the linkages between
the adoptions of various farming techniques as well as
the potential association between unobserved
disturbances in the adoption equations. Farmers may
perceive some approaches as complementary while
viewing others as competing, as was previously stated.
Estimation bias and inefficiency would emerge if
unobserved components and linkages between
adoption decisions for different practices were not
taken into account (Kassie et al., 2009). The study
employed a multivariate probit model to address the
aforementioned economic problems as:

Yoy=Xyp+ey, (G=1234) (1
(L, ifYxij>0
Yy = {0, otherwise )

The four different sustainable farming techniques
are denoted by the numbers j =1, 2, 3, and 4. Equation
(1) assumes that a rational ith farmer has a latent
variable, Y¥*ij, which encodes the preferences
connected to the jth SAPs' decisions but are not
observable. This latent variable is thought to be a
linear combination of factors that affect the adoption
of j SAPs that are both observed (for the household and
the plot) and unobserved (represented by the stochastic
error term (ej). The estimations are based on
observable, discrete binary variables Yij, which show
whether or not a farmer completed a certain SAP,
because Y*ij is latent. The basic justification for this
formulation is that the researcher's ordinal response
measure, Yij, is supported by the latent continuous
metric Y*ij.
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Equations (1) and (2) outline univariate probit
models in which a farmer's likelihood of adopting one
farming technique is unaffected by knowledge of his
adoption of a different practice. The assumption that
the error terms in equations (1) follow a multivariate
normal (MVN) distribution simultaneously provides
a more realistic specification if numerous SAPSs can be
adopted, i.e.

l P2 Pi3
(ein, €i2, €i3, €ia)’~ MVN|py2 l P23 (3)
P13 D23 l

where pn; is the correlation coefficient of ¢m and ¢ for
m#j. According to this supposition, equation (2)
produces a multivariate probit model that
collectively expresses choices regarding which SAP
to implement. Correlation between the error terms of
the four latent equations, which represent unobserved
traits for the same individuals, is made possible by this
specification's non-zero off-diagonal.

Endogeneity corrected stochastic frontier model
(maize productivity)

Using the endogeneity-corrected stochastic
frontier model, the impact of sustainable agricultural
practices on maize productivity was examined.
Following the work of Ojo and Baiyegunhi (2020).
They argue that if inefficiency affects adoption
decisions, it is impossible to estimate choice
probabilities using common binary choice models
(probit, logit, etc.) without first determining
inefficiency. This study uses a one-stage simultaneous
technique to analyze the effect of adoption of
sustainable agricultural techniques on maize farmer
efficiency. The stochastic frontier model used in this
approach is Equation. (4):

QG=XiB+vi—y 4)

; Q!
Xi =P < +¢; [ill] = [ v/-ZSL] ~
l

01 [ Ip 9va
N , 5
([o] [va' 62 ®)
U = l(X{u'Hu)u;
where; Qi denotes the logarithm of the maize yield of
the i farmers;

X; is a vector of both exogenous and endogenous
covariates;

X; represents px vector of all endogenous covariates
with the exception of Qi; This is possible as a result of
either statistical noise or when the level of
inefficiency is influenced by the inputs as well as the
frontier.

Pi = Ip®Pi* )

where,

Pi represents g x 1 vector of explanatory variables;

vj and g; are two-sided stochastic error terms;

u; > 0 is a one-sided error term accounting for the
inefficiency;

l;(X,;[T.) > 0,X,; , a vector of exogenous and
endogenous covariates without the constant; and u; is
a random component independent from v; and ¢; of
producers.

where Q, the variance-covariance matrix of g;, 62 is
the variance of v; and p is the vector representing the
correlation between —¢; and v;.

Therefore, u; and v; can be correlated with X;,
yet u; and v; conditionally independent given X;, and
P;. In the same vein, v; and g; are conditionally
independent given X;, and P;. Applying Cholesky
method of decomposition, the variance-covariance
matrix of (—&;v;)" which can be expressed as follows:
1
vl wille,p" ap/l—p'p
(6)

where —¢; and —w; = N(0, 1), are independent. Thus,
the stochastic frontier equation can be written as:

Qi =X{B+o,p'ef +w;—uy
=X{B+X;—Pc)n+e (7)

=opfl=p'p—w; =0y —

w; and n = 0,Q” l/z p =T As a caveat for this

where e =WwW; —Uu;,w;

approach, e; is conditionally independent of the
explanatory variables given X; and P;. As expressed
in Eq. (7), the term (X; — P;a) ' n indicates a bias
correction term. It is thus assumed that u; =
N*(,00)

I = exp(Xy,My) (8)
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The efficiency of the maize farmer effi = exp (—u;), is

predicted by Eq. (9)
9
Oix® ‘7%:
)

*(os)
where ¢ indicates the standard normal probability
density function and ® depicts the standard normal
cumulative distribution function. The presence of
endogeneity is indicated in the model when 7 is jointly
significant. The correction term is not necessary if 1 is
not jointly significant, then efficiency can be estimated
by traditional stochastic frontier models. This is
achieved by testing the joint significance of the
components of 1 term.

Results and Discussion

The result of the socioeconomic characteristics of
the maize farmers were presented in Table 1. The
results show that the mean age of the maize farmers
was 54+18.25. This result implies that maize farmers in
the study area are young and active and are their
productive age. This agrees with Kolapo et al., (2022a)
Majority (62.25%) were male while 37.75% of the
respondents were female. This reveals that maize
farming is male dominated in the study area. This might
be attributed to the fact that maize production activities
required a rigorous work exercise in farm production
and male farmer might have more access to production
resources such as land and other farming inputs. About
11.25% of the farmers had primary education, while
41.75% and 41.25% had up to secondary and tertiary
education respectively. Only 5.75% of the respondents
had no formal education. This result is an indication of
the fact that smallholder farmers in the study area were
literate and the level of education is expected to guide
them in the choice of adaptation strategies to be used to
adapt to the impact of climate change. The result of the
household size shows that the mean household size is
4+2.1. This implies that the respondents had a medium
to large family size. Thus, the use of family labor for
maize production is possible given the considerable
size of their families in the study area. The source of
income indicate that about 5.25% of the respondents
were artisan, majority (68.25%) were farmers while
16% were traders. This result indicates that respondents
in the study area are predominantly farmers although
some were also involved in other non-farm activities

exp(—E |ui/el~ |) =exp| —; (ﬁi* +
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that could bring additional income to the farming
households. Majority (61%) of the respondents had
been into maize production for about 11-30years while
7.25% were involved with maize production for over
30years. The mean years of farming experience was
18+12.2. This result indicates that maize production is
not new due to their experiences and the farmers could
easily adapt to climate change. Majority (85.75%) of
the farmers are predominantly arable crop farmers.
They are majorly into food crop production such as
maize.

Considerable proportion (56.75%) of the
respondents had access to financial supports while
about 43.25% did not. This shows that maize farmers
in the study area are still financially constraints which
might affects their adoption of some of the adaptation
strategies since they require initial capital before its
implementation on the farm. Majority (60.50%) of the
respondents were members of cooperative societies
while 39.50% were not. This implies that respondents
in the study area utilized the opportunity of group
membership and must have been enjoying group
dynamism and have access to information about
climate change through their participation in
cooperative societies.

Correlation matrix of the farmers’ choice of
sustainable agricultural practices from the MVP
model

The result of the correlation matrix from the MVP
model of the choice of sustainable agricultural
practices (SAPS) by the maize farmers is presented in
Table 2. From the table, the likelihood ratio test (Chi2
(5) =62.582l; p > 0.000) of independence of error terms
in the different choice of SAPs equations was rejected.
Therefore, in this study, alternative hypothesis of
interdependence among different choice variety was
accepted. This result justified the use of the MVP. All
the pair-wise coefficients were found to be positively
correlated, showing complementarity among the
farmer choice. The results further shows that the joint
probability of adopting SAPs was 42% while that of not
adopting SAPs was 14.1%. The linear predictions of the
results show that the likelihood of choosing organic
fertilizer and improved maize seeds were 31.5% and
67.3%, respectively. Also, inorganic fertilizer and.
integrated pest management, were 74.2% and 25.7 %,
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Table 1: Socioeconomic attributes of the maize based farming households

Variables Description Frequency Percentages
Age (years)
20-29 41 10.25
30-39 34 8.50
40-49 211 52.75
50-59 62 15.50
60 and above 52 13.00
Mean 54(18.25)
Gender
Male 249 62.25
Female 151 37.75
Education
No formal education 23 5.75
Primary education 45 11.25
Secondary education 167 41.75
Tertiary education 165 41.25
Household size
1-2 members 18 4.50
3-4 members 128 32.00
5-6 members 166 41.50
7-8 members 60 15.00
More than 8§ members 28 7.00
Mean 4(2.1)
Source of income
Artisan Work 21 5.25
Entrepreneur 2 0.50
Farming 273 68.25
Salary Employment 40 10.00
Trading 64 16.00
Years of farming experience
Less than 5 years 36 9.00
5-10 years 91 22.75
11-20 years 161 40.25
21-30 years 83 20.75
More than 30 years 29 7.25
Mean 18(12.2)
Arable/food crop farming
Yes 343 85.75
No 57 14.25
Access to credit
Yes 227 56.75
No 173 43.25
Membership of cooperative
Yes 242 60.50
No 158 39.50

Values in parenthesis are standard deviation
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respectively.
Estimates of the parameter of the multivariate
probit (MVP) model of the determinants of choices
of sustainable agricultural practices

The result of the MVP model of the factors
influencing the smallholder maize farmers’ choice of
sustainable agricultural practices was presented in
Table 3. The four SAPs, organic fertilizer, improved

Moor Journal of Agricultural Research 26(1) (2025) 15

maize seeds, inorganic fertilizer and integrated pest
management were discussed based on their significant
variables in order to present well-organized empirical
findings from the results. The improved maize seeds,
inorganic fertilizer and integrated pest management
showed a significant and positive association with age.
The positive sign could be ascribed to the fact that as
farmers aged, they accumulate experiences which help
them make some important decision on their farms that
will help them improve their productivity. This
corroborates the findings of Oyetunde-Usman et al.,
(202I); Kassie et al., (2015); and Kolapo and Kolapo,
(2023). The gender of the farmers and organic fertilizer
were significant at 1%, improved maize seeds at 10%,
and inorganic fertilizer at 1%, indicating that gender of
the farmers increases the likelihood of choosing
organic fertilizer, improved maize seeds and inorganic
fertilizer. These findings correspond with that of
Oyetunde-Usman et al, (2021); Kolapo et al. (2022a);
Kolapo and Yesufu (2020) and Kolapo and Kolapo
(2021) that male farmers are more likely to technology.
For improved maize seeds, inorganic fertilizer and
integrated pest management, the farming experience
shows a positive and significant relationship indicating
that the farming experience of the farmers increases the
likelihood of adopting these SAPs. These agreed with
Kassie et al., (2009); Awazi et al, (2019); Kolapo et al.,
(2021a) that having necessary experience in
agricultural production helps the farmers to make
decision such as adopting improved technology which
will help them improve their productivity over time.
The size of the farmland of the farmers was found to be
significant and positively related to organic fertilizer
and improved maize seeds. The bigger the size of the
farm of the maize farmers the more they are likely to
adopt these SAPs. Thus, having a relatively bigger farm
size will afford the farmers to adopt improved maize
seeds as it will afford them the opportunities to
cultivate the improved maize seeds on a separate trial
farmland before full adoption of the technology. This
result is in tandem with the study of Ojo and Bayeghui
(2020); Kolapo et al., (2020b; 2020c; 2020d; 2020e).

Farmers’ years of formal education were positive
and significantly associated with the improved maize
seed at 1%. Through education, small holder farmers’
gets training and other seminars where important
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information must be gotten including the incidence of
climate change variability etc. This result agreed with
Adetoro et al., (2020). Adoption of improved maize
seeds was positive and significantly associated with
membership of association. Smallholder farmers who
are members of cooperative societies enjoyed group
dynamics and probably have access to new agricultural
technologies through their cooperative societies. This
result corroborated the findings of Abdulai and Abdulai
(2018). Access to extension contacts was positive and
significantly associated with improved maize seeds and

inorganic fertilizer at 1% and 10%, respectively,
indicating the necessity of access to up-to-date and
relevant information including other resources that are
provided to the farmers through efficient extension
service which ultimately enhances smallholder farmers'
tendency of adopting SAPs. The findings of this study
support that of Bedeke et al., (2019) who affirm that
access to relevant and up to date information enables
smallholder farmers to make a decision on choices of
sustainable agricultural practices and increases farm
efficiency. The result shows that access to credit
positively and significantly related to improved maize
seeds and inorganic fertilizer. It has been found that
farm productions are capital-intensive and therefore
smallholder farmers with reliable financial supports
would equip the farmers with the necessary financial
power to invest in new technology such as improved
maize seeds which has more quality features like early
maturing, drought and disease resistance etc which are
also complementary to each other in increasing the
maize productivity. This could be attributed to the facts
that increase in farm size and availability of more
resistant and improved seeds can lead to increased
output.

Estimates of the determinants of technical
inefficiency in maize production from the EN Model
In order to reflect the farmers' managerial capabilities

and their access to information as well as to productive
resources available to them, we selected the exogenous
variables used in the inefficiency model. According to
Ojo and Baiyegunhi, (2020) identifying the sources of
inefficiencies is imperative for farm-level policy
recommendations as estimation of technical efficiency
alone is not enough for policy recommendations. The
results of the coefficients of the determinants of
technical inefficiency among the maize farmers were
also reported in Table 4. A positively significant
variable reduces farmers' technical efficiency and vice-
versa. The result revealed that age of the maize farmers
is positive and statistically significant in increasing the
inefficiency of the farmers. This implies that an
increase in age of the farmers increases the level of
farmers’ inefficiency. As expected, young farmers are
always in pole position to take risk on new innovation
which might increase their productivity and efficiency.
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Table 4: Parameter estimates of the maximum likelihood of the stochastic frontier production models for
maize production

Parameter Model EN Model EX
Coeff. Std.Err Coeff. Std.Err
In 1abour 0.074 0.377 -0.006** 0.002
Ikkifaigme, §1Z€ et al. Moor Journal of AQrR0EFA Research 8Qd025) -0.000 0.0Q2
In seed 0.005** 0.002 -0.002 0.002
In herbicides 0.002 0.003 0.002* 0.001
In fertilizers 0.166*** 0.013 0.003*** 0.000
In 1ab x 1n farm size -0.004***  0.001 -0.001 0.001
In 1lab x seed 0.000 0.001 0.007 0.011
In 1ab x herbicide 0.004* 0.002 -0.000** .0001
In 1ab x fertilizer 0.001* 0.000 0.005 0.003
In farm size x seed 0.001* 0.000 0.005 0.003
In farm size x herbicide -0.002** 0.000 0.007* 0.004
In farm size x fertilizer 0.012* 0.007 0.003* 0.002
In seed x herbicide 0.000 0.053 0.004*** .0014
In seed x fertilizer 0.431 0.602 0.003** 0.002
In herbicide x fertilizer 0.005 0.003 0.030* 0.017
Constant -0.000** 0.000 -0.000** 0.000
Inefficiency model
Age 0.460* 0.277 -0.753*** 0.159
Gender -0.910***  0.267 -0.585*** 0.152
Household size -0.123 0.096 -0.407* 0.219
Marital status 0.378 0.740 2.367*** 0.426
Farming experience -0.489***  (0.188 -0.102*** 0.021
Farm size 0.033 0.349 -0.006*** 0.001
Year of formal education 0.159 0.128 -0.000 0.000
Membership of association -0.279** 0.127 0.000 0.000
Access to extension contacts -0.124* 0.070 0.004 0.004
Location_Oyo State 0.230 0.323 0.000 0.001
Location_Osun State -0.355 0.636 -0.001 0.002
Years of residence in village -0.213 0.175 -0.004 0.003
Access to credit -0.263** 0.113 -0.006*** 0.001
Owned land -0.049 0.138 0.031*** 0.004
Plot distance 0.406 0.746 0.004 0.004
Mean Rainfall -2.730***  0.622 0.000 0.001
Mean Temperature -0.058 0.221 -0.001 0.002
SAP adoption index -0.620***  0.233 -0.004 0.003
Endogeneity test (1) 0.489*** 0.188
na(In seed) 0.031*** 0.004
n2(In 1abour) 0.004 0.004
na(In Fertilizer) 0.000 0.001

Dep.Var: (In Sigma v-square (c%)) Constant Dep. -0.005***  0.001
Var (In Sigma w- square (ow?)) Constant

Observations 300 300
Log likelihood -516.291 -428.188
Mean technical efficiency 76 71

Note: *** ** and * represent significance level at 1%, 5% and 10%, respectively and S.Es are robust standard
errors, EN = Endogeneity corrected and EX = Endogeneity ignored.
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This finding corroborates the study of Tran and
Tsionas, (2013) who posited that relatively young
smallholder farmers are mostly productive because
they are more energetic than their old counterparts. In
the same vein, variable gender of the maize farmers is
negatively signed and statistically significant in
reducing the inefficiency of maize farmers in Nigeria.
This result implies that male headed households are
more efficient than the female headed households. The
coefficients of farming experience as expected are
negatively signed with inefficiency in maize
production. This implies that an increase in years of
experience leads to increase in efficiency of the maize
farmers. The higher the number of years the farming
are into maize production, the more the experience they
gathered and accumulated which subsequently help
them to reduce farm inefficiency and increase farm
productivity. This finding is in line with the studies of
Onumah et al. (2013) who also estimated farming
experience as an increasing function of technical
efficiency. This finding also supports the study of
Baiyegunhi et al. (2019). Membership in association is
negatively signed and statistically significant in
reducing inefficiency among the maize farmers. This
implies that Membership in association increases the
efficiency of maize production among the farmers.
Farmers who are members of association enjoyed
group dynamism through sharing of recent relevant
information of farming practices that enhance their
knowledge and skills in farm production (Ahmed and
Melesse, 2018). This result is in line with the findings
of Ghimire and Huang (20I5), Baiyegunhi et al. (2019)
and Ojo and Baiyegunhi (2020) Access to relevant and
up to date information through access to extension
service is hypothesized to reduce inefficiency in farm
production. The coefficient of access to extension
services is negatively signed and statistically
significant. This implies that access to extension
services reduces inefficiency and increase technical
efficiency of the maize farmers. Smallholder farmers
who have access to extension agents will most likely
acquire farm training that would help them improved
their farm operation through knowledge gained from
the extension agents.as expected, access to credit was
negatively signed and statistically significant in

reducing maize farmers’ inefficiency. Oyetunde-

Usman et al., (202I) affirms that access to financial
supports significantly increase the ability of farming
households to adopt sustainable agricultural practices.
The significant coefficients of credit imply that access
to financial support is a significant factor in improving
agricultural productivity. This result corroborates the
findings of Chandio et al. (2017). The coefficient of
mean annual rainfall was negatively signed and
statistically significant by reducing inefficiency of
maize production. This implies that mean rainfall
increases the technical efficiency of maize production
in Nigeria. Most smallholder maize farmers’ practices
rain fed agriculture due to lack of access to irrigation
facilities. Thus, in the case of climate variability where
the farmers experiences drought, it tends to affect the
farm productivity. However, in the presence of timely
rainfall, the maize crop tends to perform well on the
farm thereby increasing maize productivity. The result
of the study showed that sustainable agricultural
practices adoption index is negative and statistically
significant in explaining in inefficiency. This result
implies that maize farmers who adopted sustainable
agricultural practices had a higher maize yield and
technical efficiency. Thus, this study implies that maize
production in Nigeria can be improved if the
smallholder maize farmers are supported to adopt
sustainable agricultural practices.

Conclusion and policy recommendations

This study used multivariate probit model to
investigate the smallholder maize farmers’ choice of
sustainable agricultural practices, while an endogeneity
corrected stochastic frontier model was used to assess
the impact of adoption of sustainable agricultural
practices on maize productivity in Southwest, Nigeria.
The result of the multivariate probit model revealed
that choices and farmers adoption of sustainable
agricultural practices significantly depends on the age
of the household head, gender, farming experience,
farm size, years of formal education, membership of
association, access to extension service, location and
access to credit. Specifically, the result indicated that
likelihood of adoption of improved maize seeds,
inorganic fertilizer and integrated pest management
practices increases among the younger farmers. The
result of the endogeneity corrected stochastic frontier
model indicated the presence of an endogeneity being



Akinwole, O.T. et al.

jointly significant in the model which may be ascribed
to unobserved characteristics influencing farmers'
decision to adopt sustainable agricultural practices.
Furthermore, the estimated mean technical efficiency
of the endogeneity corrected stochastic frontier model
was 73% while that of the conventional SFA was
estimated at 71%. The result from the EN model
showed that the quantity of farm size, seed, fertilizer,
the interaction of labour with farm size, herbicides and
fertilizer, and the interaction of farm size with seed,
herbicides and fertilizers were significant in explaining
the observed variation in the efficiency of maize
production in Nigeria. In addition, the study identified
the effects of age, gender, farming experience,
membership in association, access to extension
services, access to credit, mean annual rainfall and
sustainable agricultural practices adoption index as
source of technical inefficiency. As showen in the
results, adoption of sustainable agricultural practices
by the maize farmers to reduce the negative impact of
climate change increases maize production efficiency
in Nigeria.
Recommendation

This study therefore recommends that policy
makers should take into consideration, socioeconomic
and managerial factors when designing policies to
stimulate the adoption of sustainable agricultural
practices in Nigeria. Also, there is a need to increase
access to extension services, increase level of education
through agricultural trainings and seminars and
improved access to credit and financial support for the
attainment of increased productivity. In addition, the
technical efficiency of the maize farmers can also be
improved through encouraging the farmers to join
farmers’ organization where relevant and up to date
information will be shared. This may also help them in
adopting sustainable agricultural practices.
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