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ABSTRACT 
 

Global climate change and decreases in available land are significant challenges humans currently 
face. Alternative management approaches for sugarcane fields have great potential to help mitigate 
these problems in Kenya. Intercropping as a crop diversification strategy is a crucial coping 
mechanism for agriculture's income, production, and marketing risks. The main purpose of this 
study was to analyze the determinants of sugarcane-soybean intercropping among sugarcane 
farmers to inform policymakers about policy adjustment. The study used primary data collected 
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from 246 households using a structured questionnaire. Data were analyzed using descriptive 
statistics and a logistic regression model. Results showed that 63% of the respondents had 
adopted sugarcane monocropping compared to only 37 % who had adopted sugarcane-soybean 
intercropping. Specifically, the study found that sugarcane farming experience (p =<0.10), 
production acreage (p =<0.10), land ownership (p =<0.10), and divorced as marital status ((p 
=<0.05) had negative and significant effects on sugarcane – soybean intercropping, while farmers' 
age (p =<0.10) and widowed as a marital status (p =<0.01) depicted a positive and significant 
association with sugarcane – soybean intercropping.  From the findings, lack of credit for farm 
operations and the high cost of farm inputs also emerged as barriers to the adoption of sugarcane 
intercropping systems. Based on the results, the study suggests the need for government to 
promote the development of agricultural policy that supports the shift from non-diversification to 
crop diversification through developing guaranteed access to inputs and subsidies on farming input 
resources with priority given to smallholder farmers. 
 

 

Keywords: Climate smart agriculture; sugar cane; soybean; intercropping; farming systems; 
knowledge. 

 

1. INTRODUCTION 
 

“Sugarcane (Saccharum officinarum L.) is an 
important crop for sugar and bioenergy 
worldwide” [1,2] and “is widely grown in tropical 
and subtropical regions”. “It contributes to 86 % 
of sugarcane production” (FAOSTAT, 2018) and 
“35 % of ethanol production worldwide” [3]. 
However, “sugarcane production and productivity 
under smallholder farming systems are 
constrained by biotic, abiotic, and socio-
economic factors. Climate change, lack of 
drought-tolerant varieties, limited access to credit 
facilities, and inadequate research and extension 
support are key deterrents to sugarcane 
production” [4,5]. 
 
According to FAOSTAT (2019), “the global 
production of sugarcane stands at 1949.31 
million tonnes, with Africa and Kenya having a 
share of 97.33 million and 4.61 million tonnes, 

respectively (Table 1). In Kenya, while sugarcane 
production has shown a relative decrease from 
5.61 to 4.61 million tonnes, between 2009 and 
2019, there has been an increase in acreage 
under production from 0.066 to 0.072 million 
hectares in the same period”. 
 

“Exacerbated by climate change impacts, 
sugarcane production is likely to decline further 
due to their long production life span, typically 
non-irrigated cropping pattern, and the inability to 
easily switch crops due to high upfront capital 
costs” [6,7]. As a result, the sector requires 
appropriately designed adaptation strategies to 
cope with ongoing climate change. 
Comprehensive knowledge of available 
adaptation mechanisms is of utmost importance 
if sugarcane farmers are to counteract production 
losses from climate change shocks and maintain 
the competitiveness of sugarcane in the global 
market. 

 
Table 1. Trends in sugarcane production acreage and output between 2009 and 2019 

 

 World Africa Kenya 

Year Production 
(Million 
Tonnes) 

Acreage 
(Million ha) 

Production 
(Million 
Tonnes) 

Acreage 
(Million ha) 

Production 
(Million 
Tonnes) 

Acreage 
(Million ha) 

2009 1672.96 23.69 88.99 1.41 5.61 0.066 
2010 1677.92 23.65 87.09 1.40 5.71 0.069 
2011 1789.88 25.49 87.88 1.39 5.31 0.079 
2012 1826.94 25.97 89.52 1.43 5.82 0.087 
2013 1899.04 26.82 95.58 1.48 6.67 0.086 
2014 1886.69 27.08 94.86 1.50 6.41 0.072 
2015 1875.76 26.58 91.93 1.49 7.16 0.078 
2016 1881.08 26.58 90.36 1.48 7.09 0.087 
2017 1835.46 26.26 91.37 1.48 4.75 0.068 
2018 1930.51 26.49 95.84 1.52 5.26 0.073 
2019 1949.31 26.78 97.33 1.58 4.61 0.072 

Source: FAOSTAT, 2019 
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According to Manda [8], “climate-smart 
agriculture (CSA) is one of the most suitable and 
sustainable agricultural practices that can make 
households withstand the deleterious effects of 
climate change and variability among smallholder 
farmers”. “This entail approaches such as crop 
diversification through rotations and 
intercropping, conservation tillage, water 
harvesting, cultivation of drought-resistant crops, 
and integrated soil fertility management, among 
others” [9]. These will help improve farmers' 
resilience, enhance proper water, nutrients, and 
light utilization and reduce inorganic fertilizer use 
(Xu et al. 2008), (Zhang & Li, 2003) [10]. Planting 
two or more crops in the same season in the field 
is known as intercropping [11]. Consequently, 
this will result in a higher yield and more stability 
than a mono-system [12-14]. 
 
“Sugarcane is planted with wide row spacing (80-
140 cm) and initially has a slow growth rate at 
the seedling and tillering stage” (Chen et al. 
2014) [15]. “Hence wide row spacing and other 
natural resources such as water, nutrients, and 
sunlight can successfully be utilized for 
intercropping with legumes in sugarcane fields 
during the long juvenile period” (Manimaran et al. 
2009). In addition, “sugarcane is a perennial crop 
requiring high quantities of nutrients under 
continuous planting” [16]. “After sugarcane 
emergence (5–6 weeks), it remains dormant for 
3–4 months due to low temperature. To drive 
benefits from its slow growth and better use of 
resources, intercropping of some short-duration 
crops (leguminous crops) can be explored” 
[17,18]. Some studies have shown that “a 
legume intercropping system can induce 
legumes to fix more atmospheric N2 by 
increasing competition with neighboring 
intercropped crops” [19,20]. “Intercropping of 
sugarcane with legumes is also considered to be 
an effective measurement for reducing N2O 
emissions in the emission in the field because it 
can reduce nitrogen input” [21,22] through the 
benefit of complementary N use [15]. 
 
Several studies have shown the potential of 
sugarcane intercropping with pulses such as 
soybean (Teshome et al. 2016; Shimming & 
Gliessman, 2015) [23], common bean [24], 
cowpea, and white lupin [25], lentil [17]; oil seeds 
such as rapeseed and mustard seed [26]; 
cereals such as maize (Pillay and Mamet, 2008). 
“Soybean (Glycine max L.) is currently the 
world's most important food protein source and 
hence crucial for food security. It is the main 
source of high-quality vegetable protein for the 

production of food of animal origin” [27,28]. “It is 
one of the emerging value chains in Awendo 
Sub-County, Kenya, with the potential for 
alleviating food and nutrition insecurity, poverty, 
and unemployment among rural households in 
Kenya. Sugarcane-soybean intercropping has 
been recognized as a potential system for the 
augmentation of productivity over space and time 
in subsistence farming due to the high utilization 
efficiency of light, stability of yields, resilience to 
perturbations, and reduction of N-leaching” 
[3,29]. “Previous studies have shown that 
sugarcane can benefit from soybean in the 
intercropped systems because the highly efficient 
nitrogen fixation can improve soil fertility and 
ecological field conditions “ [30-32].  
 
Several studies have evaluated the impact of 
climate change on sugarcane production and 
other annual crops focusing on the agronomic 
aspects [33-38]. However, little has been done to 
assess farmers' socio-economic effects on 
Sugarcane-Soybean Intercropping. To the best 
of our knowledge, there is a dearth of information 
on the drivers of Sugarcane-Soybean 
Intercropping in Kenya. This study aimed to 
examine the drivers of sugarcane-soybean 
intercropping as a climate-smart agriculture 
strategy among smallholder farmers in Awendo 
sub-county, Kenya. The findings of this study can 
reduce the information gap on sugarcane crop 
diversification and contribute to income stability, 
food security, and poverty reduction among 
smallholder farmers. Further, a sound 
understanding of the socio-economic 
characteristics of smallholder farmers and how 
they influence their crop diversification decisions 
would help policymakers craft appropriate 
measures for promoting crop diversification, 
considering growing land, climate change risks, 
water and labor scarcity, and other ongoing 
issues and trends. 
 

2. METHODOLOGY 
 

2.1 Study Area 
 

This study was undertaken in Awendo Sub-
County, located in Migori County in the South 
Western part of Kenya (Fig. 1). The sub-County 
consists of four wards: North Sakwa, South 
Sakwa, West Sakwa, and Central Sakwa. 
Specifically, this study focused on Awendo Sub-
County in the South Nyanza Sugarcane belt, 
where the SONY Sugar Company operates 
because of its significant contribution to the 
sugar industry in Kenya (CIDP, 2013). The sub-
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county covers an area of 261.90 km2 [39]. The 
sub-County enjoys a bimodal rainfall pattern 
ranging from 700mm to 2,200mm (PRSP, 2004). 
Long rains are usually experienced between 
February and June, while short rains occur 
between July and November. Temperatures 
range between 21

0
C and 35

0
C. The soil type 

ranges from deep red clay loam soils to black 
cotton soil. Therefore, the climate and soils are 
suitable for the cultivation of sugarcane. Other 
major crops include soybean, tobacco, and 
beans. According to the 2009 national census, 
the sub-county population stands at 117,290 
persons [39]. The main economic activities in the 
sub-county include agriculture, manufacturing, 
and mining.  
 

2.2 Sampling Procedure 
 
The population of interest constituted all farmers 
who practice sugarcane monoculture and 
sugarcane soybean intercropping in Awendo 

Sub-County. “A multistage sampling technique 
was used to get the study sample where the 
household was the sampling unit in this study. 
The first stage was the purposive selection of 
Awendo Sub-County, the region that harbors' a 
higher potential for sugarcane and soybean 
production in the County” (CIDP, 2013). All four 
wards in the sub-county were included in the 
study that is North Sakwa, South Sakwa, West 
Sakwa, and Central Sakwa. Afterward, simple 
random sampling technique was used to select 
the respondents from all the wards proportionally 
according to size based on the list of sugarcane 
and soybean farmers given by the sub-county 
extension officers at the ward headquarters in 
Awendo Sub-County. Using the 2009 Kenya 
National Bureau of Statistics (KNBS) data on the 
population of the four wards of interest (clusters) 
as reported by the Kenya Population and 
Housing Census, a proportionate population size 
(PPS) of respondents for each ward was 
computed to arrive at 246 respondents. 

 

 
 

Fig. 1. Study area 
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2.3 Methods of Data Collection 
 
Cross-sectional data collected from randomly 
selected sample households in Awendo Sub-
County, Kenya in 2018, was used in this study. 
The study used both primary and secondary 
data. A semi-structured questionnaire consisting 
of open and close-ended questions in line with 
the study's objective was developed, refined, and 
administered to sampled households by trained 
enumerators to collect primary data on 
household characteristics, asset holdings, crop 
production, marketing, and access to institutional 
services. The android smartphones and tablets 
were pre-loaded with the survey questionnaire 
designed in Kobocollect. The data collection 
application has an in-built range and consistency 
checks to ensure good quality data. The data 
obtained was downloaded from Kobocollect as 
Comma-separated values (CSV) files and 
exported to STATA for analysis. A pretest was 
conducted to check the questionnaire's 
understandability and validity before data 
collection. This pretest was to help in assessing 
the ease of respondents' understanding of the 
questions and their appropriateness under the 
study context. In addition, the pretest helped 
verify the tool's validity and reliability. The 
secondary data for comparative analysis, gap 
identification, identifying, and deciding on 
analytical and research methods was gathered 
from statistical abstracts, publications, 
government and non-governmental reports, and 
journals.  
 

2.4 Conceptual Framework  
 
The study focused on drivers of choice of 
sugarcane cropping systems among               
smallholder farmers. There was a need to 
examine the relationship of various factors and 
their effect on farmers' adoption of sugarcane-
soybean intercropping as a crop diversification 
strategy. It was hypothesized that farmers' 
adoption of sugarcane-soybean intercropping 
would be determined by different socio-
economic, demographical, and institutional 
factors. The socio-economic factors comprised 
household size, farm income, farmer group 
membership, farming experience, land 
ownership, and land size whereas demographic 
factors included household size, marital status, 
and age. Besides, institutional factors were 
access to credit services, access to the              
market, access to extension, and market 
information. 
 

2.5 Data Analysis 
 

2.5.1 Descriptive analysis 
 

The study's objectives were achieved using two 
types of statistical analysis: descriptive and 
inferential (econometrics). The descriptive-
analytical tools such as arithmetic means, 
frequency, t-test, and chi-square test were 
estimated to summarize the study's findings. The 
t-test was used to compare the mean values of 
continuous variables, while the chi-square test 
was used to test the association between dummy 
variables. 
 

2.5.2 Econometric model 
 

According to Gujarati & Porter [40], the binary 
logit regression model was used for analyzing 
the effect of different variables on the choice of 
the sugarcane cropping system. A logit 
regression model was chosen because 
widespread literature shows that farmer choices 
can be analyzed using this model. According to 
Greene & Hensher [41], “the logistic distribution 
is better in applied research over the probit 
model because of computational complexity 
arising from the lack of a closed form for the 
normal cumulative density function on which the 
probit model is based”. “The logistic regression 
analysis employs a maximum likelihood 
estimation (MLE) which runs an iterative 
procedure for finding the maximum likelihood to 
effectively obtain estimated models along the 
number of parameters relative to the potentially 
high observations” [42]. The model's dependent 
variable represents whether a farmer is an 
integrator or a non-integrator of sugarcane and 
soybean crops. The variable was coded as 1 for 
sugarcane and soybean intercropping or 0 for 
sugarcane monocropping. The independent 
variables with their values are shown in Fig. 2. 
This model predicts the response variable (inter-
croppers) from the independent variables. 
 

The likelihood of the farmer intercropping 
sugarcane and soybean is predicted by odds 
(Y=1); that is, the ratio of the probability that Y=1 
to the probability that Y≠1; 
 

                                           (1) 
 
The binary logit regression model is specified in 
Equations 2 and 3. 
 

The natural log of odds gives the logit (Y); 
 

   
       

         
                                    (2) 
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Fig. 2. Conceptual framework of choice of sugarcane-soybean intercropping 
 

Table 2. Variance inflation factor results 
 

Variable VIF 1/VIF 

Sugarcane Farming Experience 1.50 0.6682 
Group membership 1.47 0.6794 
Distance to feed source 1.26 0.7936 
Credit access 1.11 0.9041 
Age 1.06 0.9462 
Knowledge of existing feed 1.03 0.9664 
County 1.02 0.9846 
Mean VIF 1.21  

 

This can be expanded as 
 

                               
                                                                        (3) 
 

Where  
 

Y = dependent variable (integrator) with 1= 
sugarcane and soybean intercropping and 0= 
otherwise; 
 = intercept 

  = error term 
       = coefficients of the independent 
variables 
    ,   = the independent variables (as in the 
conceptual framework) 
       = probability of sugarcane and soybean 
intercropping  
         = probability of sugarcane 
monocropping 
and   = natural log 
 

2.6 Model Diagnostic Tests 
 

To ensure that explanatory variables included in 
the model were not correlated with each other, a 
multicollinearity test was done through a variance 
inflation factor (VIF) computation. A simple 
ordinary least square (OLS) regression was 
estimated with the dependent variable with the 
rest of the explanatory variables. The VIF 
quantifies the severity of the multicollinearity in 

an ordinary least squares regression. According 
to Gujarati [40], VIF shows how the presence of 
multicollinearity inflates the variance of an 
estimator. The calculation of VIF follows the 
following formula: 
 

    
 

    
                                                         (4) 

 

Where   
  is the R

2 
of the regression with the ith 

independent variable as a dependent variable. 
Table 2 presents the results of the VIF. The 
results from the VIF test depicted that the mean 
VIF is 1.21. The VIF of the explanatory variables 
ranges from 1.02 to 1.50. The independent 
variables' VIF is less than five. No significant 
correlations between independent variables were 
established, ruling out the possibility of 
multicollinearity. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Socio-Economic Characteristics of 
Intercroppers and Monocroppers 

 

3.1.1 Association of household 
characteristics by farmer type (dummy 
variables) 

 

The findings revealed that most farmers were 
practicing sugarcane monocropping (63%) while 
only 37% were practicing sugarcane -soybean 
intercrop (Fig. 3). 

Socio-economic 

factors 

Demographic 

factors 

Choice of 

Sugarcane-

Soybean  

Intercropping 

Institutional 

factors 
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Fig. 3. Distribution of respondents per cropping system 
 

Table 3. Association of household characteristics by farmer type (dummy variables) 
 

Variables  Intercroppers 
( %) 

Monocroppers 
(%) 

Aggregate 
(%) 

Chi-
square 

Gender Female 30.6 69.4 34.6 2.57 
 Male 41.0 59.0 65.4  
Marital status Married 

Single 
Divorced 
Others 

40.0 
43.5 
9.1 
55.6 

60.0 
56.5 
90.9 
44.4 

75.2 
9.3 
8.9 
3.7 

1.79** 

Education level None 
Primary 
Secondary 
Tertiary 
University 

20.0 
38.4 
39.2 
33.3 
28.6 

80.0 
61.6 
60.8 
66.7 
71.4 

4.1 
56.1 
32.1 
4.9 
2.8 

11.29** 

Occupation Farming only 37.1 62.9 47.2 0.603 
 
 
 
 

Farming and off-
farm business 
Farming and 
salaried 
Farming and others 

35.6 
 
41.2 
 
43.5 

64.4 
 
58.8 
 
56.5 

36.6 
 
6.9 
 
9.3 

 

Household Head No 
Yes 

37.8 
37.3 

62.2 
53.3 

15.0 
85.0 

0.004 

*, **, ***: significant at 10%, 5% and 1% level respectively 

 
Regarding gender, marital status, education 
level, employment, household head, and 
sugarcane zone, Table 3 presents the 
characteristics of farmers who grow sugarcane in 
monoculture and intercropping with soybeans 
(intercropped) and intercropping only with 
sugarcane (mono-croppers). Male farmers made 
up 65.4% of the farming population, while female 
farmers made up 34.6%. However, among male 

farmers, intercropping made up 41.0%, 
monocropping made up 59.0%, and among 
female farmers, intercropping made up 30.6%, 
while monocropping made up 69.4%. Males have 
higher mobility freedom and involvement in 
various meetings due to numerous sociocultural 
values and norms, and as a result, they have 
better access to information. According to a 
study by Ong'ayo et al. [43] assessing factors 

37% 

 

63% 

Sugarcane Cropping  System 

Sugarcane-Soybean Intercrop Sugarcane monocropping 
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influencing the adoption of clean seed potatoes, 
men are more likely to participate in training and 
activities that deliver information than women 
because of gender roles set by society. This 
suggests that men pursue cash-oriented 
businesses while women spend more time 
growing food crops. The chi-square test, 
however, demonstrates that this association was 
not significant. 
 
According to their marital status, 75.2% of 
farmers were married, 9.3% were single, 8.9% 
were divorced, and 3.7% were in other 
categories like widowed or a relationship. The 
8.9% divorce rate suggests that farmers 
comprise solid households. Productivity may be 
impacted because a stable household can 
concentrate more on production than an unstable 
one. Farmers who are divorced make up 9.1% of 
inter-croppers and 90.9% of mono-croppers, 
while married farmers make up 40.0% of inter-
croppers and 60% of mono-croppers. Of the 
remaining categories, 55.6% of farmers are inter-
croppers, and 44.4% are mono-croppers. 
Compared to single, divorced, or separated 
households, married households are better 
equipped to make rational decisions because of 
varied ideas within the family. The chi-square 
results showed that the link between farmers 
who intercrop and those who do not was 
significant at the 5% level in terms of their marital 
status. 
 

Regarding education, the majority of farmers 
(56.1%) had completed primary school, followed 
by secondary school (32.1%), tertiary school 
(4.9%), no further education (4.1%), and 
university (2.8%). At the university level, inter-
croppers comprised 28.6% of the population, 
while mono-croppers made up 71.4%. Because 
farmers with higher levels of education tend to 
get more involved in other off-farm activities as 
their education level rises, the low percentage of 
farmers with a university education can be linked 
to this phenomenon. It is generally known that 
education levels affect how fast people adopt 
new technology. According to Mishra's [44] 
findings, farmers with greater levels of education 
have easier access to knowledge and 
information that is useful for their enterprises. 
Similarly, farmers' knowledge level affects their 
willingness to learn about new technology and 
their capacity to comprehend the regulations and 
programs that might impact the new farming 
practice [45,46]. 
 

Additionally, they frequently have more excellent 
analytical skills regarding the information and 

expertise needed to deploy new technologies 
and achieve desired results successfully. 
Therefore, having a better education enables 
farmers to make effective adoption decisions and 
be the first users of new technologies, reaping 
the rewards. Additionally, the adoption of 
sugarcane-soybean intercropping may be 
influenced by education's role in raising 
awareness of new technologies. 
 
The results revealed that 47.2% of the 
households had farming as their sole source of 
income, while 36.6% had farming and off-farm 
businesses, 6.9% had farming and salaried work, 
and another 9.3% had farming and other 
activities. 37.1% of farmers who relied only on 
farming for income were inter-croppers, while 
62.9% were mono-croppers. The need to 
subsidize income from employment, protect 
households from shocks brought on by common 
business cycles related to volatile sugarcane 
prices, which is the area's main cash crop, and 
also protect households from the risks 
associated with agriculture, which directly or 
indirectly employs the majority of households, 
could all be reasons why households have 
multiple jobs. 
 
85.0% of farmers were in the authority of their 
households, compared to 15.0% who were not. 
37.3% of farmers who were also family heads 
practiced intercropping, while 62.7% practiced 
monoculture. It was acknowledged that non-
household heads suffer more difficulties in 
agricultural output than their peers who are 
household heads. This results from the fact that 
non-household heads in rural Kenya, particularly 
women, are responsible for various duties, such 
as gathering firewood from the field, carrying 
water from distant rivers, raising children, and 
managing the household. 
 
3.1.2 Mean difference of household 

characteristics by farmer type 
(continuous variables) 

 
Table 4 displays the average variations in 
household characteristics by farmer type. The 
mean age of inter-croppers and mono-croppers 
was 42 years, respectively, while the mean age 
of the entire population was 42 years. The age of 
the household head significantly influences the 
adoption of new technology. This might be 
explained by the older farmers' unwillingness to 
adopt new practices and their continued use of 
outdated ones (Langyintuo and Mulugetta, 2005). 
Therefore, it is possible to consider farming 
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households to be youthful and to belong to an 
economically engaged group. 
 
“The aggregate mean household size was six 
persons, slightly above the national average of 4 
members” (KNBS, 2019). “However, the mean 
household size of inter-croppers and mono-
croppers farmers was 5 and 6, respectively. 
Household size has been linked to the availability 
of "own" farm labor in adoption studies” (KNBS, 
2019). Amsalu and DeJan (2007) found that 
“household size had a significant and positive 
effect on the determinants of adoption. The 
argument was that larger households could relax 
the labor constraints required when introducing 
new technologies”. 
 
While inter-croppers farmers only had 12 years 
of sugarcane farming experience, non-inter-
croppers had 13 years of experience. However, 
the t-test results showed that the difference in 
years of experience between the two categories 
of farmers was statistically significant at 10%. 
The assumption might be made that mono-
croppers are resistant to new technology. Less 
experienced inter-croppers can experiment with 
change. This outcome is consistent with research 
on adopting better wheat varieties, as shown by 
Kassie et al. [47]. 
 
3.1.3 Institutional characteristics for discrete 

dummy variables 
 
As shown in Table 5, out of the farmers in the 
group, 38.5% were intercropping, while 61.5% 
were mono-croppers. 55.1% of the farmers were 
members of various groups, while 44.9% were 
not. Being a group member enables farmers to 
share ideas and discover the advantages of 
different cutting-edge technologies. Group 
members can also easily organize and receive 
training on various agricultural technology 
concerns that affect the decision to intercrop 
sugarcane and soybeans. Participating in a 
group increases group bargaining power, 
knowledge sharing, resource mobilization, and 
innovation adoption in a good and meaningful 
way (Shiferaw et al. 2006). 
 
Farmers highlighted that access to credit 
(31.30%) was the major benefit of participating in 
the group (Fig. 4).  Access to credit, pooled 
labor, joint input purchases, group marketing, 
group training, advocacy for beneficial 
agricultural legislation, and unity among member 
farmers are all advantages of group participation 
(Owuor et al. 2004). Similarly, according to 

Kassie et al. [47], membership in a farmer group 
boosts a farmer's social capital, promoting the 
sharing of pertinent agricultural knowledge 
among farmers. 
 
The vast majority of farmers (73.2%) lacked 
access to extension services (Table 5). Access 
to extension services was limited to 26.8% of the 
farmers. 39.4% of farmers who had access to 
extension services practiced intercropping, 
whereas 60.6% practiced monoculture. There is 
no denying that farmers still have limited access 
to extension services. Extension services are 
crucial because they offer the knowledge, 
expertise, and information necessary for farmers 
to understand and utilize technology. Extension 
services are essential to supporting institutional 
mechanisms created to promote the distribution 
of information among farmers and demonstrate 
benefits from new technology (Baidu-Forson, 
1999) [28]. Access to extension services has 
favored the adoption and continued usage of 
agricultural technologies (Knowler and 
Bradshaw, 2007). 
 
Similarly, it was discovered that visits by 
development and extension agents significantly 
impacted whether or not farmers chose to 
employ modern agricultural technology. The 
community can take advantage of the extension 
officers' guidance on crop management, crop 
pest control, and the availability of agricultural 
inputs, among other services. Extension services 
would educate and empower farmers, enhancing 
their knowledge and lowering their level of 
decision-making ambiguity. 
 
Like other entrepreneurial endeavors, credit 
service is required to expand and develop 
farming operations. For increased business 
expansion, credit is required. Only 23.7% of the 
farmers could access credit facilities, leaving 
roughly 76.3% of the farmers without access to 
credit to improve their agriculture. 42.1% of the 
farmers that had access to financing practices 
intercropped, while 57.9% used monoculture. It is 
clear that credit availability is still low overall and 
that inter-croppers have less access to credit 
than mono-croppers. 
 

3.2 Drivers of Sugarcane Cropping 
System 

 

Determining whether the model is adequate to 
describe the relationship between the dependent 
and independent variables under examination 
requires an understanding of the model's fitness.
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Table 4. Mean difference of household characteristics by farmer type (continuous variables) 
 

Variable Intercroppers 
n=92 

Non-Intercroppers 
n=154 

Aggregate  
n=246 

t-value 

 Mean Std dev. Mean Std  dev. Mean Std  
dev. 

 

Age 41.54 1.17 41.19 0.96 41.32 0.74 -0.221 
Household size 4.97 0.27 5.20 0.21 5.11 0.17 0.682 
Sugarcane farming 
experience (yrs.) 

11.19 0.92 12.81 0.77 12.20 0.59 1.313* 

Soybeans Farming 
Experience (yrs.) 

3.22 0.15 0.00 0.00 1.20 0.12 -
26.217* 

*, **, ***: significant at 10%, 5% and 1% level respectively 

 
Table 5. Institutional characteristic for discrete dummy variables 

 

Variable   Intercroppers 
 % 

Monocroppers 
 % 

Aggregate Chi-square 

Group Membership Yes 38.5 61.5 55.1 0.120 
 No 36.4 63.6 44.9  
Extension Yes 39.4 60.6 26.8 0.153 
 No 36.7 63.3 73.2  
Credit Yes 42.1 57.9 23.7 0.600 
 No                 36.4 48.5 76.3  

*, **, ***: significant at10%, 5% and 1% level respectively 
 

 
 

Fig. 4. Reasons for participating in groups 
 
The pseudo-R squared, the model's P-value, and 
the Loglikelihood are three of the most important 
factors that must be taken into account when 
evaluating a model's fitness. According to 
Mbachu et al. (2012), a pseudo-R squared value 
of between 0.20 and 0.40 is regarded as 
exceptionally good while a significant P-value is 
deemed to be sufficient. This study fulfilled all the 
minimum criteria necessary to present the 
findings, i.e., Pseudo – R

2
 = 26.22%, %, Prob > 

chi
2
 = 0.00159 and Log likelihood = -146.6438.  

The model summaries demonstrate that the 
chosen model provided the best match. The 
logistic regression coefficients demonstrated that 
a one-unit increase in the predictor variable 
resulted in log-odds change. The conclusion from 
this study is consistent with other findings, as 
shown by studies of statistically significant 
explanatory variables, which are addressed 
below.  
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Table 6. Socio-economic characteristics influencing the decision to integrate or not 
 

Variable dy/dx Std. error Z P>|z| X 

Sugarcane Farming Experience -0.0080 0.0044* -1.83 0.067 12.1577 
Age of the farmer 0.0057 0.0034*   1.66 0.097 41.3568 
Land acreage under production -0.0112 0.006* -1.88 0.061 6.68817 
Credit Access 0.1181 0.0825   1.43 0.153 0.2365 
Household Head -0.0573 0.0971   -0.59 0.555 0.8465 
Married _Marital status dummy -0.0279 0.1207  -0.23 0.817 0.7552 
Divorced _Marital status dummy -0.2533 0.1227** --2.06 0.039 0.0290 
Widowed _Marital status dummy 0.3296 0.0727***  -4.53 0.000 0.9129 
Other _Marital status dummy

1
 0.0985 0.2095   0.47 0.638 0.0373 

Land Ownership -0.1716 0.9535* -1.80 0.072 0.8423 
Farmer_ Occupation dummy 0.0324 0.0732 -0.44 0.658 0.3734 
Farming & Salaried_ Occupation dummy -0.0007 0.1340 -0.01 0.996 0.0664 
Farming & Others_ Occupation dummy

2
 0.0849 0.1258 0.67 0.500 0.0913 

*, **, ***: significant at 10%(p =<0.10) , 5% (p =<0.05)  and 1%(p =<0.01)  level respectively; 
1
 and 

2 
are dummies 

dy/dx= Intercropping ratio (%) 
X= Regression coefficients 

 

 
 

Fig. 5. Challenges affecting sugarcane - soybean production 
 
The intercropping of sugarcane and soybeans 
was negatively correlated with the variable 
sugarcane farming experience, which was 
significant at the 10% significance level. Contrary 
to what was predicted, the sign indicates that the 
likelihood of integrating sugarcane and soybean 
growing reduces as the sugarcane farming 
experience increases. One more year of 
sugarcane farming experience reduces the 
likelihood of intercropping by 0.008 percent. A 
plausible explanation is that some farmers have 
mastered sugarcane farming due to their 

experience and knowledge gained over a long 
period of observation and experimentation. 
Combined with their advanced age, these 
farmers are likely to be more risk-averse and less 
willing to change their cropping systems to 
include sugarcane soybean intercropping. 
Adopting sugarcane-soybean intercropping may 
also be hindered by unfavorable past 
experiences with sugarcane intercropping. These 
findings corroborate that of Bonabana-wabbi & 
Taylor [48], who noted that expanded use of 
intercropping cowpeas with cereal crops as an 
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IPM technique in Kumi District, Uganda, was 
discouraged due to earlier experiences with 
intercrops' subpar performance. 
 
Age is seen as a primary latent feature in 
technology adoption decisions, according to 
Mugwe et al. [49]. The intercropping of 
sugarcane and soybeans positively correlated 
with the farmer's age, which was significant at 
the 10% significance level. As household age 
rises, the indicator shows a higher likelihood of 
intercropping sugarcane and soybeans. Older 
household heads may have amassed more 
resources and expertise necessary for 
technology adoption than younger household 
heads over time may help explain the positive 
influence of age on intercropping sugarcane and 
soybean. Nchinda et al. [50] and Tassew & 
Oskam [51] reported similar findings. However, 
some studies have indicated the opposite; for 
instance, Shahbaz et al. [52] discovered a 
negative association between crop diversification 
and age. 
 
The variable land ownership and land acreage 
had a 10% statistical significance and detrimental 
effect on sugarcane and soybeans' intercropping. 
The likelihood of engaging in sugarcane-soybean 
intercropping was 17.1% lower among farmers 
who owned the land utilized for agricultural 
production. Similarly, a unit more land would 
result in a 1.1% lower chance of engaging in 
soybean-sugarcane intercropping. This trend can 
be explained by the fact that landowner farmers 
frequently have preferences for crops, focusing 
on ones like sugarcane that they view as 
lucrative. This was contrary to previous finding 
such as that of  Everlyne et al. [53] who found 
that farm size had a positive influence on 
technology adoption. It has been claimed that the 
high fixed costs of small farms hinder them from 
embracing new technologies. 
 
Divorced and widowed farmers had statistically 
significant differences of 5% and 1% compared 
to single farmers. According to Wood et al. [54], 
a fast-expanding body of research suggests 
marriage has various benefits, such as improving 
an individual's financial situation, physical and 
mental health, and the well-being of their 
children. 
 

3.3 Challenges Affecting Sugarcane- 
soybean Production 

 
In this study, the high cost of farm inputs 
(29.70%), and lack of credit for farm operation 

(35.8%), among other factors (38.5%), are the 
major challenges affecting sugarcane production 
in the Awendo sugar belt. A study by Adrian et al. 
(2013) “on the factors affecting sugarcane 
production in Pakistan identified the cost of 
inputs; land preparation, fertilizer, seed cane, 
weeding, and irrigation as key determinants of 
sugarcane returns. The study identified the high 
price of inputs, low price of outputs, delay in 
payments, and lack of scientific knowledge as 
major problems in sugarcane production”. Tilman 
et al. (2002), in their study “on Agricultural 
sustainability and intensive production practices, 
observed that incentives are necessary to enable 
farmers to carry out more farming activities”. 
 

4. CONCLUSIONS AND RECOMMENDA-
TIONS 

 
This study provides policymakers, academics, 
and extension workers with information about the 
development of effective smallholder farmer 
intervention strategies. Despite the numerous 
studies that have demonstrated the advantages 
of soybean in sugarcane production systems, 
policymakers must understand the impact of 
different socio-economic factors, such as 
sugarcane farming experience, age of the 
farmer, land acreage under production, marital 
status (divorce and widowed), and land 
ownership, have on farmers' decisions to adopt 
sugarcane-soybean intercropping. Further, the 
study revealed that the high cost of farm inputs 
and lack of credit for farm operation  are the 
major challenges affecting sugarcane production 
in the Awendo sugar belt. 
 
From the empirical results, since age was 
affecting the choice of sugarcane cropping 
system, stakeholders in the agricultural sector 
need to devise initiatives to draw more young 
into agricultural production to provide 
employment. Additionally, policies are required to 
address the lack of farming experience by 
delivering targeted training programs that would 
fill in the knowledge gaps of such farmers on 
better intercropping practices. The production of 
sugarcane and soybeans should be increased by 
encouraging mono-croppers to use inter-
cropping technology by educating them on its 
advantages. 
 
Therefore, the study suggests that enhancing the 
value chains for soybean and sugarcane crops 
can promote using multiple cropping systems 
based on legumes. The study recommends thus 
that future studies should assess other factors 
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influencing adoption; cost-benefit analyses of the 
adoption of sugarcane cropping systems should 
be conducted to dispel any scepticism among 
smallholder farmers likely to adopt sugarcane-
soybean intercropping systems; and effective 
policies should be put in place to improve 
farmers' knowledge and skills, strengthen their 
capacity to cover associated costs. 
 

CONSENT  
 
As per international standard or university 
standard, respondents’ written consent has been 
collected and preserved by the author(s). 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Do Amaral LR, Molin JP. The effectiveness 

of three vegetation indices obtained from a 
canopy sensor in identifying sugarcane 
response to nitrogen. Agronomy Journal. 
2014;106(1):273–280. 
DOI:https://doi.org/10.2134/agronj2012.05
04 

2. Surendran U, Ramesh V, Jayakumar M, 
Marimuthu S, Sridevi G. Improved 
sugarcane productivity with tillage and 
trash management practices in semi arid 
tropical agro ecosystem in India. Soil and 
Tillage Research. 2016;158:10–21.  
DOI:https://doi.org/10.1016/j.still.2015.10.0
09 

3. Luo S, Yu L, Liu Y, Zhang Y, Yang W, Li Z, 
Wang J. Effects of reduced nitrogen input 
on productivity and N2O emissions in a 
sugarcane/soybean intercropping system. 
European Journal of Agronomy. 2016; 
81:78–85.  
DOI:https://doi.org/10.1016/j.eja.2016.09.0
02 

4. Livingston M, Roberts MJ, Zhang Y. 
Optimal sequential plantings of corn and 
soybeans under price uncertainty. 
American Journal of Agricultural 
Economics. 2014;97(3):855–878.  
DOI:https://doi.org/10.1093/ajae/aau055 

5. Tena E, Mekbib F, Shimelis H, 
Mwadzingeni L. Sugarcane production 
under smallholder farming systems: 
Farmers preferred traits, constraints and 
genetic resources. Cogent Food and 
Agriculture. 2016;2(1).  

DOI:https://doi.org/10.1080/23311932.201
6.1191323 

6. Gunathilaka RPD, Smart JCR, Fleming 
CM. Adaptation to climate change in 
perennial cropping systems: Options, 
barriers and policy implications. 
Environmental Science and Policy. 2018; 
82(November 2017):108–116.  
DOI:https://doi.org/10.1016/j.envsci.2018.0
1.011 

7. Zhao D, Li YR. Climate change and 
sugarcane production: Potential impact 
and mitigation strategies. International 
Journal of Agronomy; 2015.  
DOI:https://doi.org/10.1155/2015/547386 

8. Manda LT. Farm level assesment of 
climate smart agriculture indicators in 
Lushoto district, Tanzania; 2016.  
Available:https://edepot.wur.nl/396584 

9. Makate C, Wang R, Makate M, Mango N. 
Crop diversification and livelihoods of 
smallholder farmers in Zimbabwe: 
Adaptive management for environmental 
change. Springer Plus. 2016; 5(1).  
DOI:https://doi.org/10.1186/s40064-016-
2802-4 

10. Mao L, Zhang L, Evers JB, Henke M, Van 
Der Werf W, Liu S, Li Z. Identification of 
plant configurations maximising radiation 
capture in relay strip cotton using a 
functional–structural plant model. Field 
Crops Research. 2016;187:1-11. 

11. Matusso JMM, Mugwe JN. Effects of 
different maise (Zea mays L.) – soybean 
(Glycine max (L.) Merrill) intercropping 
patterns on yields and land equivalent 
ratio. 2013;4(July):48–57.  
DOI:https://doi.org/10.5897/JCO2013.0106 

12. Waswa F, Mcharo M, Netondo G, Shitanda 
D. Enhancing household food and income 
securitythrough crop diversification in the 
Nzoia and Mumiassugarbelts in Kenya; 
2009. 

13. Neamatollahi. Intercropping. In 
Sustainable Agriculture Reviews. (Ed. Eric 
Lichtfouse). 2013;119–142(Netherlands, 
2013). 

14. Hossain GSSM. Intercropping of 
sugarcane with onion and potato followed 
by sesame in paired row system. Journal 
of Agronomy. 2003;2(2):85-91.  
DOI:https://doi.org/10.3923/ja.2003.85.91 

15. Li X, et al. Effects of intercropping 
sugarcane and soybean on growth, 
rhizosphere soil microbes, nitrogen and 
phosphorus availability. Acta. Physiol. 
Plant. 2013;35:1113–1119. 



 
 
 
 

Ouko et al.; AJAEES, 40(11): 373-388, 2022; Article no.AJAEES.91357 
 

 

 
386 

 

DOI:https://doi.org/10.1007/s11738-012-
1148-y  

16. Begum M, Singla DD. Response of 
sugarcane genotypes to different levels of 
fertilisers under rainfed condition of 
Assam, India. Agricultural Science Digest-
A Research Journal. 2017; 37(1):83-84. 

17. Nadeem M, Tanveer A, Sandhu H, Javed 
S, Safdar ME, Ibrahim M, Shabir MA, 
Sarwar M, Arshad U. (N.D.). Agronomic 
and economic evaluation of autumn 
planted sugarcane under Di ff erent 
Planting Patterns with Lentil Intercropping. 
1–24. 

18. Gameiro AH, Rocco CD, Caixeta JV. 
Linear Programming in the economic 
estimate of livestock-crop intercropping: 
application to a Brazilian dairy 
farm. Revista Brasileira de Zootecnia. 
2016;45:181-189. 
DOI:http://dx.doi.org/10.1590/S1806-
92902016000400006 

19. Nasielski J, Furze JR, Tan J, Bargaz A, 
Thevathasan NV, Isaac ME. Agroforestry 
promotes soybean yield stability and N 2 -
fixation under water stress. 2015;1541–
1549.  
DOI:https://doi.org/10.1007/s13593-015-
0330-1 

20. Lacerda J, Resende Á, Furtini Neto A, 
Hickmann C, Conceição O. Fertilisation, 
grain yield and profitability of the rotation 
between soybean and corn in soil with 
improved fertility. Pesquisa Agropecuária 
Brasileira. 2015;50(9):769-778. 
DOI:http://dx.doi.org/10.1590/S0100-
204X2015000900005 

21. Beaudette C, Bradley RL, Whalen JK, 
Mcvetty PBE, Vessey K, Smith DL. 
Agriculture, Ecosystems and Environment 
Tree-based intercropping does not 
compromise canola (Brassica napus L .) 
seed oil yield and reduces soil nitrous 
oxide emissions. Agriculture, Ecosystems 
and Environment. 2010;139(1–2):33–39.  
DOI:https://doi.org/10.1016/j.agee.2010.06
.014. 

22. Mutuo PK, Cadisch G, Albrecht A, Palm 
CA, Verchot L. Potential of agroforestry for 
carbon sequestration and mitigation of 
greenhouse gas emissions from soils in 
the tropics. 2005;43–54.  
DOI:https://doi.org/10.1007/s10705-004-
5285-6 

23. Shukla SK, Singh KK, Pathak AD, Jaiswal 
VP, Solomon S. Crop diversification 
options involving pulses and sugarcane for 

improving crop productivity, nutritional 
security and sustainability in India. Sugar 
Tech. 2017;19(1):1-10.  
DOI:https://doi.org/10.1007/s12355-016-
0478-2 

24. Bolonhezia D, Brancoa RBF, Perdonáa 
MJ, De Moraes SA, Carbonellb AFC. 
Intercropping of sugarcane with common 
bean in no-tillage and different nitrogen 
rates. In 19th World Congress of Soil 
Science; 2010. 

25. Ramouthar PV, Rhodes R, Wettergreen T, 
Pillay U, Jones MR, Van-Antwerpen R, 
Berry SD. Intercropping in Sugarcane: A 
practice worth pursuing? Proc S Afr Sug 
Technol Ass. 2013;86: 55–66. 
Available:http://www.agra-
net.com/portal2/isj/ 

26. Kaur M, Sharma VSP. Quality of 
component crops as influenced by 
intercropping of canola oilseed rape 
(Brassica napus) and Ethiopian mustard 
(Brassica carinata) with Indian rape 
(Brassica rapa var. Toria). Journal of 
Oilseed Brassica. 2016;1(1):38-44. 

27. Speedy AW. Protein sources for the animal 
feed industry. FAO Expert Consultation 
and Workshop, Bangkok, Thailand, 29 
April-3 May 2002. 2002; 2004:9-27 ref.5.  
Available:https://www.cabdirect.org/cabdire
ct/abstract/20043127283 

28. Thornton PK. Livestock production: recent 
trends, future prospects. Philos. Trans. 
Biol. Sci. 2010;2853–2867.  
DOI:https://doi.org/10.1098/rstb.2010.0134 

29. Yang W, Li Z, Wang J, Wu P, Zhang Y. 
Crop yield, nitrogen acquisition and 
sugarcane quality as affected by 
interspecific competition and nitrogen 
application. Field Crops Research. 2013;  
146:44–50.  
DOI:https://doi.org/10.1016/j.fcr.2013.03.0
08 

30. He JF, Huang GQ, Liao P, Liu XY, Su YH. 
Effects on disaster reduction of 
maise/soybean intercropping ecological 
system on upland red soil. Meteorology 
and Disaster Reduction Research. 
2006;29(4):31-35. 

31. Tang JC et al. Nutritional effects of 
soybean root architecture in a maise/ 
soybean intercropping system. Sci. Agric. 
Sin. 2005;38:1196–1203 (in Chinese). 

32. Singh A. Benefits of crop diversification in 
Fiji's sugarcane farming. Asia & the Pacific 
Policy Studies. 2020;7(1):65-80.  
DOI:https://doi.org/10.1002/app5.291 



 
 
 
 

Ouko et al.; AJAEES, 40(11): 373-388, 2022; Article no.AJAEES.91357 
 

 

 
387 

 

33. Liangsheng SF, Penghui S, Cabral O, Hu 
S, Williams M. The impact of climate 
change and climate extremes on 
sugarcane production. 2021;November 
2020:408–424.  
DOI:https://doi.org/10.1111/gcbb.12797 

34. Mulianga B, Ogeda I, Mwanga D. 
Assessing the impact of climate change on 
sugarcane productivity in Kibos – Miwani, 
Kenya Abstract : February. Agricultural and 
Forest Meteorology. 2017;16(4):169-175. 

35. Pipitpukdee S, Attavanich W, Bejranonda 
S. Climate change impacts on sugarcane 
production in Thailand. Atmosphere. 
2020;11(4):1–15.  
DOI:https://doi.org/10.3390/ATMOS11040
408 

36. Singels A, Jones M, Marin F, Ruane A, 
Thorburn P. Predicting climate change 
impacts on sugarcane production at sites 
in Australia, Brazil and South Africa Using 
the Canegro Model. Sugar Tech. 
2014;16(4):347–355.  
DOI:https://doi.org/10.1007/s12355-013-
0274-1 

37. Wang X, Feng Y, Yu L, Shu Y, Tan F, Gou 
Y. Science of the total environment 
sugarcane / soybean intercropping with 
reduced nitrogen input improves crop 
productivity and reduces carbon footprint in 
China. Science of the Total Environment. 
2020;719:137517.  
DOI:https://doi.org/10.1016/j.scitotenv.202
0.137517 

38. Hussain S, Khaliq A, Mehmood U, Qadir T, 
Saqib M, Iqbal MA, Hussain S. Sugarcane 
production under changing climate: Effects 
of environmental vulnerabilities on 
sugarcane diseases, insects and weeds. 
Climate Change and Agriculture; 2018. 

39. KNBS. 2019 Kenya population and 
housing census: population census volume 
1: population by county and sub-county. 
2019;1. 
Available 
fromhttps://www.knbs.or.ke/?wpdmpro=20
19-kenya-population-and-housing-census-
volume-i-population-by-county-and-sub-
county  

40. Gujarati DN, Porter DC. Mh09 Gujarati 
BasicEco5wm; 2003. 

41. Greene WH, Hensher DA. Does scale 
heterogeneity across individuals matter ? 
An empirical assessment of alternative 
logit models. 2010;413–428.  
DOI:https://doi.org/10.1007/s11116-010-
9259-z 

42. Hautsch N, Okhrin O, Ristig A. Efficient 
iterative maximum likelihood estimation of 
high-parameterised time series models; 
2014.  
Available:www.econstor.eu 
Available at SSRN 2385880.  
DOI:http://dx.doi.org/10.2139/ssrn.238588
0. 

43. Ong'ayo MJ. et al. Role of networking 
capability, socio-economic and institutional 
characteristics on adoption tendencies of 
clean seed potato agri-enterprises in 
Central Rift Valley, Kenya. African Crop 
Science Journal. 2020;28(s1):131-144. 
African Journals Online (AJOL). 
DOI:https://doi.org/10.4314/acsj.v28i1.10s 
Accessed 7 Aug 2022. 

44. Mishra AK, El-Osta HS, Shaik S. 
Succession decisions in U.S. family farm 
businesses. Journal of Agricultural and 
Resource Economics. 2010;133-152. 

45. Woldenhanna T, Oskam A. Income 
diversification and entry barriers: evidence 
from the Tigray region of northern Ethiopia. 
Food Policy. 2001;26(4):351-365. 

46. Sani, Liwali I. Influence of socio-economic 
characteristics of irrigation farmers to 
access and utilization of agricultural 
knowledge and information. Library 
Philosophy And Practice (E-Journal). 
2017;7. 
DOI: 
https://doi.org/http://digitalcommons.unl.ed
u/libphilprac 
Accessed 7 Aug 2022. 

47. Kassie M, Jaleta M, Shiferaw B, Mmbando 
F, Mekuria M. Adoption of interrelated 
sustainable agricultural practices in 
smallholder systems: Evidence from rural 
Tanzania. Technological Forecasting and 
Social Change. 2013;80(3):525-540. 

48. Bonabana-Wabbi J, Taylor DB. Assessing 
factors affecting adoption of agricultural 
technologies : The case of integrated pest 
management (IPM) in Kumi District, 
Eastern; 2002. 

49. Mugwe JN, Mairura F, Kimaru SW, 
Mucheru-Muna M, Mugendi DN. 
Determinants of adoption and utilisation of 
integrated soil fertility management by 
small holders in Central Kenya Résumé 
Methods. September, 1779–1795. In Third 
RUFORUM Biennial Meeting. 2012;24-28.  
Available:https://ir-
library.ku.ac.ke/bitstream/handle/12345678
9/10294/Determinants%20of%20adoption
%20and%20utilisation%20of%20integrated



 
 
 
 

Ouko et al.; AJAEES, 40(11): 373-388, 2022; Article no.AJAEES.91357 
 

 

 
388 

 

%20soil%20fertility%20management.pdf?s
equence=4 

50. Nchinda VP, Ambe TE,  Holvoet N, Leke 
W,  Che MA,  Nkwate SP,  Ngassam SB,  
Njualem DK. Factors influencing the 
adoption intensity of improved yam 
(Dioscorea spp.) seed technology in the 
western highlands and high guinea 
savannah zones of Cameroon. Journal of 
Applied Biosciences. 2010;36:2389-2402. 

51. Tassew W, Oskam A. Income 
diversification and entry barriers: evidence 
from the Tigray Region of Northern 
Ethiopia. Food Policy. 2001;26(4):351–
365. 

52. Shahbaz P, Boz I, Haq SU. Determinants 
of crop diversification in mixed cropping 

zone of Punjab Pakistan. Direct Research 
Journal Agricultural Food Science. 
2017;5(11):360-366. 

53. Everlyne AC, Agnes NO, David AM. Socio-
economic factors influencing adoption of 
energy–saving technologies among 
smallholder farmers: The case of West 
Pokot County, Kenya. International Journal 
of Agricultural Management and 
Development (IJAMAD). 2013;3(1047-
2016-85541):289-301. 

54. Wood RG, Avellar S, Goesling B. 
Pathways to adulthood and                     
marriage: Teenagers' attitudes, 
expectations, and relationship patterns. 
Princeton, NJ: Mathematica Policy 
Research; 2008.  

_________________________________________________________________________________ 
© 2022 Ouko et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/91357 


