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1. INTRODUCTION

Agriculture plays a central role in stimulating economic
growth, reducing poverty, and improving food and
nutrition security in the world. Globally, the agricultural
sector is an important area for economic development
while economic history provides evidence that
agricultural revolution is a fundamental requirement for
economic growth (Stewart, 2000; Adesina, 2012;
Alexandratos & Bruinma, 2012; Dada, 2014; Okunlola,
2019). A strong and efficient agricultural sector would
enable a country to feed its populace, generate
employment, earn foreign exchange and provide raw
materials for industries. The agricultural sector has a
multiplier effect on a nation's socio-economic and
industrial structure because of the multifunctional nature
of agriculture (Ogen, 2004; Dada, 2014, Mosa et al.,
2023). Smallholder agriculture means cultivating land
primarily by farmers who own less than five hectares. It
is an important sector especially in developing
countries, because it contributes to food security and
poverty alleviation.

The United States Agency for International
Development (USAID) is the world's premier
international development agency and a catalytic actor
driving development results. USAID leads international
development and humanitarian efforts to save lives,
reduce poverty, strengthen democratic governance and
help people progress beyond assistance. The objective
of USAID is to support partners to become self-reliant
and capable of leading their own developmental
programmes. USAID and Chemonics International
worked together in the Maximizing Agricultural Revenue
and Key Enterprises in Targeted Sites (MARKETS) Il
project through large-scale commercial buyers and
agricultural lending banks to help smallholders access
training and high-quality inputs, such as seeds and
fertilizers. MARKETS Il launched in April 2012 to
promote sustainable agriculture development via
increasing private sector participation and investment,
introduction of improved technology, raising income,
increasing employment, attaining food security, and
reducing poverty (USAID, 2013). Agricultural projects
may be technology- oriented, which are to change the
technical production potential; to broaden the resource
base; to improve post harvest distribution; or institution
building, at the Government level, project-management
level and or the farmers’ level (Vernon & Yujiro, 2014).
The United States Agency for International
Development (USAID) Maximizing Agricultural Revenue
and Key Enterprises in Targeted Sites (MARKETS) I
project is an example of such projects. The USAID
MARKETS-II project is a demand driven agriculture
systems facilitation project that took place in 26 states
in Nigeria. The project was to assist farmers define their
needed quality and quantity of inputs and also to
mobilize firms such as seed and fertilizer firms, farm
implements providers, extension services and credit
providers to collaborate with government extension

agents to provide training and capacity building
programmes to the farmers. The project was also
implemented to scale up agricultural technology
interventions across different value chains while
contributing to more inclusive, resilient and sustainable
agricultural development (USAID,2017).

Problem statement

In Nigeria's agricultural system, a notable aspect is the
significant share of farm production managed by
smallholder farmers. Typically, these farmers own
between 1 to 3 hectares and have restricted access to
advanced farming technologies. (Ogunlela & Mukhtar,
2009, Nchuchuwe & Adejuwon, 2012). Many
smallholder farmers lack the infrastructure and technical
resources to improve vyields and adopt modern
production practices and marketing strategies, therefore
there is a need for technologies that can help
smallholder farmers gain the necessary tools and
resources to improve their productivity and resilience to
risk (Mosa et al., 2023).

The Nigerian agricultural sector has suffered
from years of poor management, inconsistent and
poorly implemented government policies and projects
(Amos, 2018, Ogunleye et al., 2018). It is also
characterized and surrounded by illiterate farmers who
live in rural areas, producing over 90 percent of the total
food consumed and other agricultural products
(Ogunjobi et al., 2022). The farmers’ educational status
gives them little or no room for improvement through
scientific research, innovation and different agricultural
development projects.

This study therefore is to evaluate the
determinants of adoption of technology by smallholder
farmers in Southwest, Nigeria, with special reference to
the Maximizing Agricultural Revenue and Key
Enterprises in Targeted Sites (MARKETS) 11 project.
This is in view to maximizing the developmental
outcomes of agricultural projects which will in turn
stimulate economic growth, reduce poverty and
increase food security consequent to achieving
sustainable development goals.

METHODOLOGY

The study area for this research is Southwest Nigeria.
Southwest, Nigeria is one of the geopolitical zones of
Nigeria. It is made up of six States: Ekiti State; Lagos
State; Ogun State; Ondo State; Osun state; and Oyo
State. However, the study was limited to Ondo and Oyo
states, because they were the intervention states of the
MARKETS Il project. The research design that was
used for this study is the descriptive research design
which involved survey research. In this survey research,
the researcher selected a sample of respondents from
the population and administered structured copies of
guestionnaire to them. Primary data were used for this
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study. Structured questionnaires were used to collect
the primary data from the respondents.

The population of the study comprises all
cocoa, cassava and aquaculture farmers in the areas of
intervention of MARKETS-Il project in Southwest,
Nigeria (Ondo, and Oyo states). The participants and
non- participants of the project in these states that are
involved in farming and processing of the value chains.

Multistage sampling procedure was used to
carry out the sampling in stages. In the first stage,
purposive sampling method was used to select Ondo
and Oyo states out of the 6 states in Southwest Nigeria.
These states were chosen because they were the areas
of intervention of the USAID MARKETS Il project. At
the second stage, purposive sampling was also used to
select the MARKETS Il project intervention towns. At
the third stage, stratified sampling technique was used
to divide the population into groups based on the value
chain (cocoa, cassava and aquaculture), the state and
towns of intervention (35), then using the random
sampling technique, a sample of 15 farmers were
chosen per town.

Model Specification
Binary Logistic Regression model

Due to the dichotomous nature of the independent
variable, the binary logistic regression model was
employed to assess how a set of independent variables
such as gender, age, household size, level of
education, farm size, farming experience, annual
income (farm and non- farm), access to credit and
membership in cooperative society determined adoption
of the agricultural technologies introduced by the
MARKETS Il project. This model has been used by
(Hazra and Gogtay, 2017; Owusu, 2017). Adoption of
MARKETS Il technologies was conceptualized as
bivariate, taking the value of 1 for respondents that
adopted and O for no adoption. This was used as the
dependent variable. Demographic variables as well as
other variables were used as independent variable and
specified explicitly in the model as:

Y = Bo + BaXy + BoXz + B3Xs + BaXa + BsXs + PeXe + BrX7
+ Bng + Bng +U. (|)

Where; Y = Adoption of MARKETS Il agricultural
technologies (1 = Yes, 0 = otherwise)

Bo = Constant

X, = Age of the farmer (years)

X, = Gender of the farmer (Male = 1 : Female = 0).

X3 = Educational status of the farmer (Number of
years).

X4 = farm size (hectares)

Xs = household size

Xe = farming experience (Number of years)

X7 = Membership of cooperatives (Yes = 1: No = 0)

Xg = Annual Income (Amount in Naira)

Xg = Access to credit (Yes =1: No = 0)
X10= Number of visits by extension agents
U = Error term

) Five point Likert Scale

A five point likert scale was used to assess the level of
adoption of agricultural technology introduced by the
MARKETS-II project: Very low = 1; low = 2; moderate =
3; high = 4; very high = 5.

The likert scale measuring instrument is represented by
the formula:

X = /N

Where X = mean score

Y = summation sigh

f = frequency

X = number of nominal value of each response category
N = number of respondents

5+4+3+2+1 =3
5

Therefore the weighted mean is 3
Decision rule: Any mean value greater or equal to 3
means positive level of adoption as shown in Table 1.

Table 1: Likert Scale interpretation using mean
score

Value range Innovation adoption
allocation status

0.1- 1.0 Not adopted

1.1- 2.0 Slightly adopted

2.1- 3.0 Moderately adopted

3.1- 4.0 Mostly adopted

4.1- 5.0 Completely adopted

Adapted from Mohammad et al. (2014), Owusu-Manu et
al. (2017)
Source: Field Survey, 2023

RESULTS AND DISCUSSION
Socio- Economic Characteristics of Respondents

Table 2 presents the Socio- economic characteristics of
the respondents, both participants and non- participants
of the MARKETS Il project. It provided descriptive
information on age, gender, educational qualification,
marital status, family size, farming experience, land
size, and membership of respondents in cooperative
societies.

(). Age of Respondents

Table 2 reveals the age distribution of the respondents,
highlighting that the bulk of them fall within the 40 to 49
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age range. Specifically, 27.2% of participants and a
higher percentage of 36.2% of non-participants were
within this age bracket. Notably, 12.2% of participants
were under 20 years old, a segment not represented
among the non-participants, suggesting a younger
demographic involvement in the MARKETS Il project.
Additionally, 7.9% of participants and 1.5% of non-
participants were aged between 20 and 29 years. The
30 to 39 age group comprised 23.2% of participants
and 25.1% of non-participants, while 18.9% of
participants and 30.3% of non-participants were
between 50 and 59 years old. Those above 60 years
constituted 10.6% of participants and 7% of non-
participants.

This data indicates that a greater proportion of
participants are under the age of 50 compared to non-
participants, suggesting that participants are generally
younger and more of them are in their prime productive
years. This age factor could be influential in the easier
adoption of technology among participants. These
observations align with the research findings of
Oladapo et al. (2012), Fanola and Fakayode (2014),
Mazza et al. (2015), Balogun et al. (2016) and Akudugu
et al., (2023).

(ii). Gender of Respondents

According to the data presented in Table 2, the majority
of both participant and non-participant farmers were
male, with 65.2% of participants and 72% of non-
participants being men. Conversely, women accounted
for 34.8% of participant farmers and 28% of non-
participants. These statistics indicate a higher
representation of male farmers in both groups. This
trend suggests that the farming of crops like cocoa and
cassava, as well as aquaculture in Southwest Nigeria,
is predominantly undertaken by men, possibly due to
the demanding nature of these agricultural activities.
This observation is in line with the findings from studies
conducted by Oluwatusin (2014), Mazza et al. (2015),
Abidogun et al. (2019) and Falana et al., (2023).

, which also highlight the male-dominated aspect of
these agricultural sectors.

(iii). Educational Qualification

The educational attainment of the respondents, as
outlined in Table 2, indicates varied levels of education
between participants and non-participants. Specifically,
6.7% of participants and a higher 15.9% of non-
participants had no formal education. Delving deeper,
23.2% of the participants completed primary education,
while this figure was 33.6% among non-participants.
Secondary education was attained by 30.7% of
participants and 18.8% of non-participants. Vocational
education was pursued by 5.9% of participants and
9.2% of non-participants. Notably, 33.2% of participants
advanced to tertiary education, compared to 22.6% of
non-participants.  These  figures  suggest that
participants generally had a higher level of education,

with a greater percentage achieving tertiary education,
whereas non-participants were more likely to have no
formal education. This trend aligns with Mazza et al.
(2015) Balogun et al. (2016) and Sanusi et al., (2023)
who observed that beneficiaries of the FADAMA project
were typically more educated than non-beneficiaries.
This difference in education levels could have
implications for the adoption of technology and the
effective management of agricultural businesses.

(iv). Marital Status

According to the data outlined in Table 2, the marital
status of the respondents indicates that a significant
proportion, consisting of 74.4% of participants and 93%
of non-participants, were married. This high percentage
of married individuals suggests a responsible approach
to both farm management and accurate questionnaire
completion. Among the participants, 21.6% were single
and 2.4% were either divorced or separated. In
contrast, 3% of the non-participants were single and
4.1% were divorced. The predominance of married
respondents in this survey potentially reflects positively
on the availability of family labor. This correlation is
consistent with the findings of Balogun et al. (2011),
Mazza et al. (2015) and Makka et al., (2023) who noted
that a high rate of married farmers indicates a
commitment to work diligently for the welfare of their
families.

(V). Household size

Examining how respondents are distributed based on
the size of their households shows that the majority,
comprising 62.6% of participants and 57.9% of non-
participants, have households consisting of 4 to 6
individuals. Following this, 27.6% of participants and
15.9% of non-participants have between 7 and 10
members in their families. Additionally, households with
1-3 persons account for 9.8% of participants and 24%
of non-participants. This trend suggests that the
respondents have the advantage of family assistance,
which potentially reduces their reliance on hired labour.
This concept aligns with the findings presented by
Balogun et al. (2011) and and Makka et al., (2023).

(vi). Farming experience

Farming experience is crucial for the effectiveness of
agribusiness ventures. Table 2 categorizes respondents
by their years of farming experience, highlighting
differences between participants and non-participants.
A significant 37% of the participants reported having 16
to 20 years of farming experience. In contrast, the
majority of non-participants had 11 to 15 years of
experience. Among participants, a small proportion
(2.8%) had less than 5 years of experience, 9.4% had 6
to 10 years, 13.4% had 21 to 25 years, and another
13.4% had over 25 years of experience. For non-
participants, 17% had under 5 years of experience,
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20.3% had 11 to 15 years, 20.7% had 16 to 20 years,
8.9% had 21 to 25 years, and 9.6% had more than 25
years of experience in farming. This distribution reflects
the notion posited by Balogun et al. (2011) and Anyasi
et al., (2023) that greater farming experience enhances
a farmer's ability to make more informed production
decisions, thereby boosting their knowledge and
productivity.

(vii). Farm Size

Table 2 presents data on the farm sizes of respondents
in hectares. Among the participants, only 3.1%
managed less than 1 hectare, whereas for non-
participants, this figure was 12.6%. A significant
majority (93.7%) of the participants had farms ranging
from 1 to 5 hectares, reflecting the MARKETS Il
project's focus on smallholder farmers. A smaller
portion, 2.8%, had farms between 6 and 10 hectares,
and a mere 0.4% managed farms between 11 and 15
hectares. Similarly, the largest group of non-participants
comprised those with farms of 1 to 5 hectares. Among
the non-participants, 9.2% had farms of 6 to 10

hectares. It's noted that none of the respondents
possessed farms larger than 15 hectares. This finding
supports Okunlola's (2019) research, which highlighted
the dominance of smallholder farmers in Nigeria's
agricultural production system, responsible for a
substantial part of agricultural output.

(viii). Membership of cooperatives

Cooperative societies play a crucial role in providing
capital to farmers, thereby enhancing their income. As
indicated in Table 2, membership in a cooperative
society is notably higher among participants of the
MARKETS Il project, with 72.4% being members,
compared to 57.2% of non-participants. This higher
membership rate among participants suggests a
stronger engagement in agricultural projects. Farmers
believe that being part of a cooperative society affords
them greater access to agricultural information, more
affordable inputs, and improved extension services.
This observation aligns with the research conducted by
Balogun et al. (2011) and Ojiagu and Uchenna (2015).
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Table 2: Socio- economic Characteristics of Respondents

Participants Non-Participants
Characteristics Frequency Percentage (%) Frequency Percentage (%)
Age (Years)
Below 20 31 12.2 0 0.0
20-29 20 7.9 4 15
30-39 59 23.2 68 25.1
40-49 69 27.2 98 36.2
50-59 48 18.9 82 30.3
60 and above 27 10.6 19 7.0
Total 254 100.0 271 100.0
Gender
Male 166 65.2 195 72.0
Female 88 34.8 76 28.0
Total 254 100.0 271 100.0
Educational
Qualification
Primary school 59 23.2 91 33.6
Secondary School: 78 30.7 51 18.8
Vocational/ Technical 15 5.9 25 9.2
OND 45 17.7 37 13.7
HND 13 5.2 16 5.9
BSc, BA, BEd, BTech 27 10.6 8 3.0
Informal 17 6.7 43 15.9
Total 254 100.0 271 100.0
Marital status
Married 189 74.4 252 93.0
Single 55 216 8 3.0
Divorce/ Separated 6 2.4 11 4.1
Others 4 1.6 0 0.0
Total 254 100.0 271 100.0
Family size
1-3 25 9.8 65 24.0
4-6 159 62.6 157 57.9
7-10 70 27.6 43 15.9
Total 254 100.0 271 100.0
Farming experience
(years)
Below 5 7 2.8 46 17.0
6-10 24 9.4 55 20.3
11-15 61 24.0 64 23.6
16-20 94 37.0 56 20.7
21-25 34 13.4 24 8.9
25 and above 34 134 26 9.6
Total 254 100.0 271 100.0
Land size (hectares)
<1 8 3.1 34 12.6
1-5 238 93.7 212 78.2
6-10 7 2.8 25 9.2
11-15 1 0.4 0 0.0
16-20 0 0.0 0 0.0
21-25 0 0.0 0 0.0
Above 25 0 0.0 0 0.0
Total 254 100.0 271 100.0
Membership of
cooperatives
No 70 27.6 116 42.8
Yes 184 72.4 155 57.2
Total 254 100.0 271 100.0

Source: Field Survey, 2023
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Determinants of Adoption of Technology introduced
by MARKETS Il Project

Table 3 presents the statistical results from the binary
logistic regression performed to assess the factors
determining adoption of technology introduced to the
farmers by the MARKETS Il project in Southwest,
Nigeria. The values of the model Chi- square and the
Hosmer- Lemeshow statistics indicated that the
selected variables fit the model well. The model
containing all independent variables was statistically
significant (97.629, p < .001), indicating that the model
was able to distinguish between respondents who
adopted the technology and respondents who did not
adopt the technology. The model as a whole explained
between 35.5% (Cox and Snell R® and 49.4%
(Nagelkerke RZ) of the variance in technology adoption
and correctly classified 76.9% of technology adoption.
The results also show that the factors that significantly
determined the adoption of technologies introduced to
the farmers by the MARKETS Il project include
educational status, farm size, farming experience,
membership in cooperative, annual income, access to
credit and number of extension visits. Educational
status with coefficient value, (1.109), farm size (0.339),
farming  experience, (-3.447), membership in
Cooperative (1.825), annual income (0.002) access to
credit (0.741) and number of extension visits (0.002).
The positive value of educational status implies that the
higher the educational status of the farmer, the higher
the probability of farmers adopting the MARKETS II
project’s technology. The coefficient values also show
that the more the farming experience the farmer has,
the more likely it is that he adopts the project’s
technology. The significant and positive values of the
farmers’ farm size, membership in cooperative society,
annual income, access to credit and number of

extension visits imply that these variables were an
important factor in inducing farmers to adopt the
project’s technology. However, the negative value of the
coefficient of farming experience indicates that the more
the farming experience a farmer possesses, the less
likely it is for the farmer to adopt the project’s
technology. The results further show that the strongest
determinant of farmers’ adoption of technology was
membership in cooperative society, recording an odds
ratio of 6.203. The odds ratio of 1.002 for annual
income indicates that for every additional increase in
annual income, the odds of the farmer adopting the
technology increased by a factor of 1.002, all other
factors in the model being equal. Considering the
farmers’ farming experience, the odds ratio of 0.032
implies that the farmers with more farming experience
are 0.032 times less likely to adopt the technology than
the farmers with less farming experience. Considering
the farmers’ membership in cooperative societies,
results show that the farmers who are members of
cooperative societies are 6.203 times more likely to
adopt the MARKETS Il technology than those who are
not members of any cooperative society. The results
also show that the odds of a farmer adopting the
technology is 3.032 times higher for the educated
farmers than for the uneducated farmers, all other
factors being equal. This means that the higher the
level of education of the farmer, the more likely it is for
the farmer to adopt the MARKETS Il technology.
Access to credit, extension visits and farm size also has
a positive relationship to adoption of technology. For
every additional increase in the farmers’ access to
credit, extension visits and farm size, the odds of a
farmer adopting the technology increased by 2,099,
1.002 and 1.404 respectively.

Table 3: Binary logistic regression estimates of the determinants of adoption of MARKETS Il project’s

agricultural technology

Code Variables Coefficient S.E. Sig. Odds Ratio

X1 Age -1.569 1.291 224 .208

X2 Gender .398 436 .361 1.489

X3 Educational status 1.109* .669 .097 3.032

Xq Farm Size 339+ 114 .003 1.404

Xs Household size -.852 .850 .316 426

Xe Farming Experience -3447*** 1.265 .006 .032

X7 Membership in Cooperative 1.825%*+* 409 .000 6.203

Xs Annual Income .002** .001 .027 1.002

Xg Access to Credit 741* .408 .069 2.099

X10 Extension visit .002* .001 .027 1.002
Constant -1.904 1.252 .128 .149

Model Chi- square 97.629

Hosmer- Lemeshow test:

Chi- square 2.938

Significance .938

Cox and Snell R .355

Nagelkerke R 494

Overall predicted percentage correct 76.9

* *x xxx Significant at 10, 5, and 1 percent levels respectively. Source: Field Survey, 2023
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Level of adoption of agricultural technologies
introduced by MARKETS-II project in the study area

Table 4 shows the level of adoption of agricultural
technologies provided by MARKETS-II project. All the
mean values were greater than the weighted mean, 3,
this implies that all the technology provided were well
adopted. Training on optimal spacing of cassava stem
cuttings when planting had the highest level of adoption
(4.6909). Training on pruning and phyto-sanitary
management of cocoa (4.6727). Training on
intercropping (4.5683); provision of raised drying
platform for cocoa (4.4667); new feeding techniques for
aquaculture production (4.3333); provision of club to
break open cocoa pods (4.2919); training on timely use
of NPK, pesticide and herbicide for cassava (4.2837);
access to new cultivation practices (4.2585); support to
become certified under international cocoa standard
(4.2122); new agronomic management practices
(4.1519); access to farmers’ association (4.1276); and

access to training on integrated pest management
(4.0151) were completely adopted. Furthermore,
access to new processing techniques (3.9750); access
to market outlet for easy sale of farm produce (3.8095);
access to new marketing and storage techniques
(3.6841); access to local market (3.6644); provision of
improved smoking kilns for processing (3.5833); access
to middle men to facilitate marketing (3.5114); access to
Government buying agents (3.3356); training on pond
water sanitation (3.2291); and access to improved
water testing for aquaculture (3.0833) were mostly
adopted. Following the Roger’s innovation adoption
classification, the adoption status from table 4.12 shows
that 56.5% of the technologies introduced to the
farmers by the MARKETS-II project were completely
adopted, while 43.5% were mostly adopted. This study
in tandem with the works of Ogbodo et al. (2021) which
posited that rice farmers in Enugu state significantly
adopted improved technology.

Table 4:Level of adoption of agricultural technologies introduced by MARKETS-II project

Technologies introduced by MARKETS-II Mean TX) Adoption status

1. Access to New cultivation practices 4.2585 Completely adopted

2. Access to New processing techniques 3.9750 Mostly adopted

3. Access to New Marketing and storage techniques 3.6841 Mostly adopted

4. Access to Market outlet for easy sale of farm produce  3.8095 Mostly adopted

5. Access to sales at Farm gate 3.6636 Mostly adopted

6. Access to Middle men to facilitate marketing 3.5114 Mostly adopted

7. Access to Local market 3.6644 Mostly adopted

8. Access to Farmers’ association 4.1276 Completely adopted

9. Access to Government buying agents 3.3356 Mostly adopted

Technology introduced specifically for Cocoa

10. Provision of club to break open pods 4.2919 Completely adopted

11. linking cocoa farmers with major 4.2261 Completely adopted
procuring and processing companies

12. Provision of raised drying platform 4.4667 Completely adopted

13. Support to become certified under 4.2122 Completely adopted
international cocoa standard

14. Access to Training on integrated pest 4.0151 Completely adopted
management

15. Access to training on pruning and phyto 4.6727 Completely adopted
sanitary management

Technology introduced specifically for Cassava

16. New agronomic management practices 4.1519 Completely adopted

17. Training on optimal spacing 4.6909 Completely adopted

18. Training on timely use of NPK, pesticide 4.2837 Completely adopted
and herbicide

19. Training on intercropping 4.5683 Completely adopted

Technology introduced specifically for Aquaculture

20. Access to Improved water testing 3.0833 Mostly adopted

21. New feeding techniques 4.3333 Completely adopted

22. Training on pond water sanitation 3.2291 Mostly adopted

23. Provision of improved smoking kilns for 3.5833 Mostly adopted
processing

Source: Field Survey, 2023
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CONCLUSION

The study assessed the factors that determined the
adoption of agricultural technologies introduced by
MARKETS Il project to smallholder farmers in
Southwest, Nigeria. Based on the results, the factors
that determined the adoption of technologies introduced
by MARKETS Il project included educational status,
farm size, farming experience, membership in
cooperative societies, annual income and number of
extension visits. However, farming experience had a
negative relationship. The results further show that the
strongest determinant of the smallholder farmers’
adoption of technology was membership in cooperative
society among all the other determinants. Also, the
results show that the agricultural technologies
introduced by MARKETS-II project were well adopted
by the farmers.

Recommendation

Based on the findings and conclusion of this study the
following recommendations were made:

i). Smallholder farmers should be encouraged to join
cooperative societies as this was shown to boost their
exposure to new technology.

ii). Special educational facilities should also be provided
for the farmers for them to achieve a higher level of
education.

iii). Extension agents should be made to visit the
farmers as at when due.
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