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ABSTRACT
Despite the numerous benefits of legume-based multiple cropping systems in soil fertility
management, most smallholder sorghum farmers have not adopted them. The aim of this
study was to examine socio-economic factors influencing adoption of legume-based multiple
cropping systems among smallholder sorghum farmers in Soroti, Uganda. A survey
questionnaire was administered to a randomly selected sample of 120 respondents. Logistic
regression analysis was performed to ascertain socio-economic factors influencing adoption
of legume-based multiple cropping systems. Focus group discussions were also conducted to
triangulate the findings. Results showed that 51.7% of the respondents had adopted sorghumlegume rotations compared to only 8.3% who adopted sorghum-legume intercropping.
Number of extension contacts had a positively significant (p<0.05) effect on adoption of
sorghum-legume rotations whereas family size had a negatively significant (p<0.05) effect on
adoption of sorghum-legume intercropping. From focus group discussions, market access to
legume crops also emerged as a barrier to adoption of legume-based multiple cropping
systems. The study recommends strengthening legume value chains; improving extension
service delivery and conducting a cost-benefit analysis of adopting legume-based multiple
cropping systems. The implication to extension service delivery is that extension agents
should focus their technology dissemination messages on technologies that are accepted and
feasible in their farming communities.
Keywords: Adoption; legumes; multiple cropping; socio-economic factors; extension service
1.

INTRODUCTION

There is growing demand for food in the world to meet the needs of the increasing human
population that is expected to reach 9 billion by 2050 (Alexandratos & Bruinsma, 2012:1;
Escobar et al., 2009:1286). In addition demand for agricultural raw materials has increased
for industries such as beer brewing and fuel (United Nations Global Compact, 2012: 13-14;
Escobar et al., 2009:1275; Martin, 2008:1). Although increasing crop production in subSaharan Africa is a target for most countries, continuous decline in the quality of production
factors especially soil fertility remains a challenge for most smallholder farmers.
Traditional systems of soil fertility management such as fallowing were prevalent in most
sub-Saharan African countries between 1950s-1960s (Parsons as cited in Ebanyat et al.,
2010:498). However, these extensive soil fertility management practices have almost
disappeared due to high population pressure on arable land (Ojiem et al., 2014:175). In most
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Asian countries, intensification has resulted in improved productivity, while most parts of
sub-Saharan Africa (SSA) are experiencing low crop yields and productivity. Fuglie & Rada
(2013:12) reported that increase in agricultural productivity in SSA from the early 1980s to
2008 was due to expansion in arable land, but growth in cropping intensity stayed below
1.0% throughout this period. The lack of incentives for small holder farmers to intensify crop
production through fertilizer use mainly due to high cost and limited access to credit
(Woniala & Nyombi, 2014:5; Kaizzi et al., 2012:109) . The systems of intensification of
production should be sustainable to meet current needs without negatively impacting on the
ability of future generations to meet their own needs (World Bank, 2006: 2).
In Uganda, the growth of market-oriented agriculture has raised optimism for agricultural
development. For instance, contract production of sorghum variety, Epuripur under the eagle
lager initiative brought socio-economic benefits to the smallholder farming communities in
the form of increased food security and incomes (USAID, 2010: 55; Ebiyau, Arach &
Serunjogi, 2005:695). Sorghum in Uganda has become a major cash crop for smallholder
farmers, and by 2009 farmers earned 70% of their household income from direct sorghum
sales (Geary, 2009: 33). Figures from 2014 show that 20000 farmers were producing
sorghum on a contract basis (SABMiller, 2014:27). However, there is a challenge of low
external input use in sorghum production to replenish soil fertility.
Recent literature on soil fertility in Uganda indicates that soils within the smallholder farms
are experiencing negative nutrient balances (Turinawe, Mugisha and Drake, 2015:712;
Woniala & Nyombi, 2014:5) which show a deterioration from a report published by USAID
(2010:55) indicating Ugandan soils as extremely fertile. During the periods 1961-2007 yield
increases45 for sorghum were through expansion of acreage under cultivation, but due to
increasing population, opening up new areas is no longer possible46. A large proportion of
sorghum producers in Uganda (95%) are smallholder farmers who do not apply optimal
quantities of fertilizer in sorghum production (Mbogo, 2013:10; AATF, 2011:6). The low
adoption of fertilizer calls for other innovative approaches for maintaining soil fertility by
smallholder sorghum producers in Uganda.
Low technology adoption47 in Uganda has been reported to be responsible for low
productivity and commercialization of the agricultural sector (Semana as cited in Ali et al,
2007). Like many sub-Saharan African countries, adoption of soil fertility management
technologies has remained modest. Several factors influence the adoption of agricultural
technologies and these are categorized into institutional, biophysical, technology and socioeconomic factors. Studies on adoption can either be centred on a single agricultural
technology or composite technology constituents (Lambrecht, Vanlauwe & Maertens,
2016:102). Therefore to drive adoption of agricultural technologies, there is need to answer
questions such as; what categories of farmers are adopters and/or non-adopters? And what
factors influence farmer decision to adopt technologies? (Mugwe et al., 2009:63). The factors
that influence the adoption of technologies vary from region to region but recent findings
have suggested that socio-economic factors are the most crucial factors influencing adoption
of soil fertility management technologies (Lambrecht et al., 2016:115; Chiputwa et al.,
2011:1). For example studies on adoption of integrated soil fertility management in Eastern
45
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Democratic Republic of Congo found that socio-economic factors generally influenced
technology adoption. They recommended more socio-economic research in order to design
and implement sustainable soil fertility enhancing technologies that are applicable in the
different farming contexts (Lambrecht et al., 2016:102). Studies by Mugwe et al. (2009:73)
also assert that socio-economic factors play a crucial role in soil fertility technology adoption
in Kenya. It is against this background that this research intends to explore the influence of
socio-economic factors on the adoption of legume based multiple cropping in Uganda and
add knowledge to this growing discourse.
Legume-based multiple cropping of cereals has long been reported to enhance yield of both
components (Rao, Rego & Willey, 1987:167) as well as improve soil fertility through
nitrogen fixation (Lithourgidis et al., 2011:396). Legume-based multiple cropping of cereals
refers to the rotation and /or intercropping of legumes with cereals. The nature of a cropping
system has also been reported to have an influence on the rate of soil degradation particularly
soil fertility (Oriola & Bamidele, 2012:34). Since the use of fertilizer in sorghum production
among small scale farmers in Uganda is capital intensive (Mitaru et al., 2012:12), sorghumlegume rotations and/or intercrops offer a cheaper and sustainable pathway to soil fertility
management. Although multiple cropping is common in other countries such as rift valley
provinces of Kenya, Rwanda, Malawi and the southern highlands of Tanzania, in Uganda
sorghum is grown as a sole crop (USAID, 2010: 50) and adoption of multiple cropping has
remained low among smallholder sorghum farmers.
In Uganda, several research institutions, government departments and NGOs including;
International Institute of Tropical Agriculture (IITA), International Centre for Tropical
Agriculture (CIAT), World Vision, Africa 2000 Network, and Ministry of Agriculture
Animal Industry and Fisheries (MAAIF) have promoted the use of improved legume
intercropping and rotations among smallholder cereal cropping systems. However, uptake of
these technologies still lags behind on- station scientific research findings and yet the causes
of limited adoption of these technologies have not been fully explored. Since socio-economic
factors have been found to play a big role in soil fertility technology adoption, increasing our
understanding of the impacts of such factors is critical. This will improve knowledge on
technology adoption and design appropriate soil fertility management practices.
Recommendations on the crucial socio-economic factors that affect adoption in the different
farming contexts can also be drawn. Currently socio-economic research has focused more on
composite soil fertility technologies that are adopted in packages such as conservation
agriculture (CA), integrated soil fertility management, integrated nutrient management and
others, yet farmer adoption of these technologies in each of these packages occurs in ‘piece
meal’. Therefore, it is necessary to concentrate on soil fertility management technologies that
are currently feasible in the Ugandan farming context. It is also well documented that farmers
always adopt cheaper technologies first, and then progress to capital intensive ones. Since
multiple cropping systems such as crop rotation and intercropping are among the cheapest
technologies on the soil fertility technology continuum, emphasis on studying the adoption of
these technologies is important. Some studies conducted in Zimbabwe highlighted the
significance of socio-economic factors on adoption of crop rotations (Chiputwa et al.,
2011:1) and intercropping in Zambia (Mutibo, 2012:1), but in Uganda, there are still very few
empirical studies on effects of socio-economic factors on the adoption of legume-based
multiple cropping systems among smallholder sorghum farmers. This study aims at filling
this research gap.
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The main objectives of this study are; establishing whether socio-economic factors influence
the adoption of legume-based multiple cropping systems among smallholder sorghum
farmers in Soroti, Uganda; determining the extent of adoption of legume-based multiple
cropping among smallholder sorghum farmers; and provide recommendations for promoting
the adoption of legume-based multiple cropping systems. The findings generated from this
study will be relevant to researchers involved in agricultural development and extension
workers engaged in the dissemination of these legume-based multiple cropping technologies.
Policy makers will also benefit with regards to formulation of evidence-based strategies for
sustainable soil fertility management.
2.
2.1

CONCEPTUAL ISSUES
Legume-based multiple cropping systems in soil fertility management

Intercropping is one the most important multiple cropping systems (Gliessman, 1985:73).
Intercropping occurs when two or more crops are grown in close proximity to one another.
According to Chiputwa et al. (2011:6), the crops to be intercropped can be planted in
different spatial patterns. In the case of strip intercropping, two or more crops are grown in
different strips wide enough to be managed on their own but close to allow the different
components to interact agronomically. With strip cropping, it is easier to control pests,
legumes enhance soil fertility and the farmer can also increase the diversity of crops planted
on the plot thereby reducing the risk of yield loss. Row intercropping occurs where both
major crop and the intercrop planted in lines, making it easier to weed and harvest the crop.
But at the time of seeding, labour requirements are high especially in the absence of
mechanized planters. Relay intercropping refers to growing two or more crops with one of
the crops being planted after the other crop has reached the reproductive growth phase. Relay
intercropping reduces competition for resources because the second crop is planted after the
first crop has reached its reproductive growth stage, but before it is ready for harvest. But on
the other hand relay intercropping is only feasible when the growing season is longer to allow
the second crop to reach maturity. Mixed intercropping is the growing of two or more crops
without distinct rows. Here the seeds of both crops are sown together without any distinct
row arrangement. Although mixed intercropping is easy, a farmer may face difficulty during
weeding, fertilizer application and harvesting. Competition is also high because the plants are
too close to one another.
Intercropping has been found to enhance sustainable intensification especially under lowlevel external input usage (World Bank, 2006). The effect of intercropping is more
pronounced when legumes are incorporated into the mixture due to nitrogen fixation
(Lithourgidis et al., 2011:396; Vandermeer, 1989:87). Legumes also enhance the
accumulation of plant biomass on the soil surface leading to the build-up of organic matter
and eventually increasing soil fertility (Snapp et al., 2002:160). Farmers also adopt
intercropping systems because of other reasons. In a study conducted in South Western
Uganda, farmers adopted intercropping for risk aversion and land scarcity not soil fertility
improvement (Nuwagaba, Mangheni & Tumuhairwe, 2001:8). Therefore, intercropping
systems can play a crucial role in mitigating socio-economic constraints faced by smallholder
farmers in agriculture. Intercropping becomes useful in terms of soil fertility management
especially when nodulating legumes are incorporated in the mixture. The legume-intensified
systems represent an affordable option for resource-poor smallholder farmers who cannot
afford to purchase fertilizers (Snapp et al., 2002:166).
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In most West African countries, sorghum-legume intercrops are prevalent (Wortman et al,
2006:11) unlike countries like Uganda where sorghum is mainly grown as a sole crop
(USAID, 2010:50). Unfortunately, when cereals are sole cropped without fertilizer use, soil
mining and soil fertility decline is the end result. For this reason assessing adoption of cheap
technologies like sorghum-legume intercrops for sustainable soil fertility management has
been emphasized for resource-poor farmers. Most farmers have reported that legume
intercrops reduce yield of cereals when part of the area is sown with legumes (Snapp et al.,
2002: 168; Nuwagaba et al., 2001: 8) but the yield of the mixture when planted in appropriate
patterns is greater than when either cereals or legumes are planted as single stands on the
same piece of land (Woomer et al., 2004:88).
Crop rotation is another type of multiple cropping systems. Crop rotation can be defined as
alternation of crops belonging to different families especially cereals and legumes on the
same piece of land every year (Chomba as cited in Chiputwa et al., 2011:6). Legume
rotations have been reported to diversify cropping systems and improve soil fertility
management (Franke et al., 2014:29). In southern Africa, it has been reported that legume
rotations increased maize yields by 10-78%, but this is more profound when production is
diversified into viny or shrubby-like legumes such as Mucuna pruriens and pigeon pea
(Cajanus cajan) (Snapp et al., 2010:20841).
2.2

Adoption of Technologies

Increasing the speed of technology adoption is a key requirement for enhancing food security,
agricultural productivity, economic growth and reduction of poverty in economically
vulnerable communities (Ndiritu et al., 2014:118). Adoption has been defined differently by
authors. Feder, Just & Zilberman (1985:256) defined adoption as “the degree of use of a new
technology in long-run equilibrium when the farmer has full information about the new
technology and its potential”. Wilkinson (1989) as cited in (Siziba, 2007:27) views adoption
as an ongoing process occurring in a stepwise fashion. In fact, an early conceptualization of
adoption of technologies as a process was coined by (Rogers, 1962) through the so called
“Diffusion of Innovations” theory. According to Rogers (1995:20) adoption occurs through a
process of five key stages namely; knowledge, persuasion, decision, implementation, and
confirmation. Knowledge stage is where potential adopters need to learn about the new
technology while persuasion refers to the stage where adopters have to be convinced to
accept the new technology. Decision phase is when farmers decide to take up the technology.
During Implementation the technology is put into practice and finally confirmation phase
refers to the stage where the adopter has to reaffirm or reject his decision to adopt the
technology. Various studies on agricultural adoption including (Mwangi et al., 2015:4;
Mugwe, 2009:66; Moser and Barrett, 2003:1097; De Souza Filho et al., 1999:99) have often
categorized farmers as adopters or non adopters. An adopter can simply be regarded as a
person who consistently uses a technology.
Measurement of the rate of technology adoption can be done through different ways such as
time needed for a particular group of people to adopt a technology, the number of
technologies adopted when studying adoption of composite technologies or the percentage of
technology adopters (Bonabana-Wabbi, 2002:25). Regarding the adoption of legume-based
multiple cropping systems, the number of adopters can be useful in establishing the extent of
adoption. Several factors influence the adoption of technologies and these can be categorized
into biophysical, socio-economic, technology and institutional factors. Recent studies
established that socio-economic factors have a significant effect on the adoption of soil
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fertility management practices (Mwase et al., 2015:148; Lambrecht et al., 2014:20; Mugwe et
al., 2009:73). Once the biophysical environment has been fully understood, socio-economic
factors and their interactions must be factored in the process of developing legume-based
technologies (Ojiem et al., 2006:80).
Numerous household, economic and farm-related variables have been reported to influence
the adoption of technologies (Jariko et al., 2011:194). The factors included in this study are;
age of the respondent, farming experience, hired labour, farm size, gender, number of years
in formal education, family size, number of extension contacts, off-farm income, credit and
membership to a farmer group. Age has been reported to affect adoption of technologies
negatively. Mbugua (2011:34) for example asserted that younger farmers adopt technologies
faster because they are willing to try out new things. Age can also influence adoption
positively because older farmers have accumulated a lot of knowledge through
experimentation. Farming experience, a factor that is closely related to age was reported to
have a negative influence on adoption of ISFM technologies in Western Kenya (Mugwe et
al., 2009:70). In this study, however experience in sorghum production was hypothesized to
have a positive influence on adoption because the farmer has gained knowledge regarding the
type of cropping system that can maintain soil fertility. Hired labour is another factor which
was expected to have positive influence on adoption of legume-based multiple cropping
systems. This is because hired labour increases labour availability in the farmstead (Mugwe
et al., 2009:70). Farm size is expected to have a positive influence because farmers with large
land holdings are less risk averse, thus more likely to adopt legume-based multiple cropping
systems. Gender is critical to the adoption of technologies. Males are hypothesized to easily
adopt technologies in Uganda because they own and control resources and decision making
on the farm. Number of years in formal education is another factor, which has been
hypothesized to negatively affect technology adoption because highly educated farmers
consider legume-based multiple cropping as a primitive way of maintaining soil fertility.
Family size is another factor that affects adoption because it increases the availability of
labour on the farm. The number of extension contacts influences adoption because extension
is a source of information regarding good farming practices. Off-farm income for the farmer
can provide extra financial resources to purchase legume seeds. Access to credit is also an
important factor in adoption of technologies because farmers with adequate capital have
leverage over financial constraints. Membership to farmer group was hypothesized to
positively influence technology adoption because farmers in groups can be privileged to have
access to technical information regarding legume-based multiple cropping.
3.
3.1

RESEARCH METHODOLOGY
The study area

The study was carried out in Soroti district, eastern Uganda. Soroti district is bordered by
Amuria in the North, Lake Kyoga and Kaberamaido in the West, Serere in the South and
Ngora in East. The household population of the district was estimated to be 291,154 in 2014
(UBOS, 2014:20). Soroti district was selected as the study area since it is one of the leading
producers of sorghum in Uganda and it has benefited from contract sorghum production
arrangements with brewing companies including Nile Breweries Ltd. According to the
Uganda survey on agriculture 2008/2009 summary report, Soroti district was found to be the
leading producer of sorghum (UBOS, 2010:15). Data on the trends of sorghum production in
Soroti district is scarce, but the general trends of Sorghum yields in Uganda are on a decline
from about 14.573 hectograms per hectare in 2007 to about 8.543 hectograms per hectare in
2014 (Factfish, 2015). Sorghum was mainly grown for subsistence, but when the eagle lager
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project was launched in 2002, contracts between Nile Breweries ltd and smallholder farmers
increased the acreage under sorghum due to guaranteed prices for farmers. The company also
offers training programs and seed to farmers at reasonable prices.
Soroti district is situated at a lower altitude which makes it suitable for sorghum production,
with a semi-arid-like climate. The district receives annual rainfall of about 1100-1200mm but
rainfall is unreliable resulting in frequent floods and droughts. The soils are largely poor,
shallow and light textured with sandy loam (Friis-Hansen, 2005:4). The farmers mostly
practice mixed farming but crop production is dominated by annual crops. Other crops grown
in Soroti district alongside sorghum include; cassava, sweet potatoes, groundnuts, cow pea,
common beans and simsim. Market-oriented horticultural crops such as oranges, mangoes,
pineapples and avocadoes also dominate the cropping sector (Semakula, 2011:10). Farmers
also rear livestock including cattle, goats, sheep, pigs and poultry. Although farming is the
key economic activity, income from agriculture remains very low due to low technological
innovations. Political events of the late 1980s to early 1990s and early 2000s disrupted
agricultural development in Soroti district as many government parastatals and producer
cooperatives collapsed. Strengthening of local agricultural support institutions has thus been a
challenge for agricultural activities in Soroti. Cattle rustling continue to reduce the number of
animals to levels that are insufficient to sustain crop production. These factors have
undermined agricultural development in the district. Although a number of new agricultural
projects have been initiated by government and NGOs in the district, their impact is yet to be
realized. Figure 1 shows the location of Soroti District.
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Figure 3: Location of Soroti District
3.2

Sampling technique

A multi-stage simple random sampling technique was employed for selecting respondents
that took part in the survey. A list of 120 sorghum farmers was randomly selected and
included in this study. Respondents were chosen from six sub-counties who were then be
traced to their parishes and villages. The six sub-counties that were included in the study are;
Asuret, Kamuda, Tubur, Katine, Arapai and Gweri sub-counties. These were selected since
they are the main sorghum producing sub countries in Soroti. In each sub-county, two
parishes were selected and in turn two villages were selected from each parish.
3.3

Primary data collection methods

Quantitative data was collected through face-to-face interviews using a structured
questionnaire. Students from College of Agricultural and Environmental Sciences, Makerere
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University were trained as enumerators to administer questionnaires to the respondents.
However, to capture farmers own views, open ended questions were also included in the
survey instrument. The responses from the questionnaire were coded to make it easy to
analyze using SPSS version 21.
Three Focus Group Discussions (FGDs) were also conducted to obtain a deeper
understanding of socio-economic factors affecting adoption of legume-based multiple
cropping among smallholder sorghum farmers in Soroti, Uganda. Each group had an average
of 6 participants. The responses solicited from the participants were tape recorded and then
transcribed for analysis. The data was analyzed using thematic analysis.
3.4

Data analysis

Descriptive statistics (frequencies and means) were estimated in order to summarize the
findings of the study. Logistic regression analysis was performed to establish socio-economic
factors that significantly affected the adoption of legume-based multiple cropping systems.
A logit model was used for analysis because the dependent variable is dichotomous as the
respondents will be categorized into adopters and non-adopters. Adopters in this study are
defined as those farmers who have adopted sorghum-legume intercropping or sorghumlegume rotations.
The logit model framework uses maximum likelihood method (Ali et al., 2007:949). This
model is illustrated below;
For

and

Where
is the dependent variable which is assigned a value of 1 for adoption of a legumebased multiple cropping system by the sorghum farmer and 0 for otherwise.
Shows a
matrix of predictor variables related to the adoption of a legume-based multiple cropping
system by a sorghum farmer and
are vectors of parameters that were estimated.
is the
implicit variable indexing adoption, whereas F ( ) is the probability that the
sorghum
farmer adopts a legume-based multiple cropping system and 0 otherwise.
X is therefore assumed as to be a function of the list of socio-economic factors.
The adoption decision can, therefore, be specified as;
Where is the error term with a logistic distribution
The independent variables of interest include; age of the respondent, farming experience,
family size, years in formal education, number of extension contacts, hired labor, off-farm
income, credit, gender and membership to farmer group.
Empirical model specification
The effect a given set of explanatory variables has on adoption of legume-based multiple
cropping systems can be represented by the following expression;
Adoption=f(x1x2x3x4………xn)
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Where Y=a dichotomous response variable such that, Y=1, if sorghum farmers adopt legumebased multiple cropping systems and 0, if farmers do not.
X1= age of the respondent
X2= Farming experience
X3=Family size
X4=Farm size
X5= years in formal education
X6=number of extension contacts
X7=Hired labour
X8=off-farm income
X9 = credit
X10=Gender
X11=Membership to farmer group
=Error term which is usually indicated at zero mean and variance.
β0 is a constant
β1, β2,…….β11 are coefficients of the independent variables.
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The coefficients of the regression model were estimated using maximum likelihood estimation (MLE) method and results of the logit
coefficients were presented and discussed.
Table 1: Measurement of variables
Observations
Variable description
Dependent variables
Sorghum-legume rotations
Sorghum-legume intercropping
Independent variables
Age of the respondent
Farming experience
Family size
Farm size
Years in formal education
Number of extension contacts
Hired Labour
Off-farm income
Credit
Gender
Membership to farmer group

Whether farmers adopt sorghum-legume rotations or not
Whether farmers adopt sorghum-legume intercropping or not

Variable
type

Expected
sign

Binary
Binary

NA
NA

Number of years the respondent has lived
continuous
Number of years the respondent has been growing sorghum
continuous
Total number of people in the respondent’s household
continuous
Size of the farm in acres
continuous
Number of years the respondent spent in formal education
continuous
Number of contacts with extension staff in 2015
continuous
Whether farm labour is hired or not
categorical
Whether the household has a side business so as to earn extra categorical
income or not
Whether the farmer borrowed money in 2015 or not
categorical
Whether the respondent is male or female
categorical
Whether the respondent belongs to a farmer group or not
categorical

+
+
+
+
+
+
+
+
+
+
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From the SPSS output, 55% of the respondents in the study were female while 45% were
male. In terms of marital status, 2.5% were single, 73.3% were married, 5% were divorced,
15.8% were widowed and 3.3% were separated. Whereas on the basis of education, on
average respondents had completed at least 5 years in formal education. The average number
of people living in each household was 8.
4.2

Extent of adoption of legume-based multiple cropping systems among
smallholder sorghum farmers

Results indicated that 51.7% of the respondents had planted a legume crop in the 2014 season
before sorghum was planted in 2015 while 48.7% of the respondents had not rotated sorghum
and legumes. On the other hand, only 8.3% of the respondents had intercropped sorghum
with legumes in 2015 while 91.7% had not intercropped sorghum with legumes.
4.3

Logistic regression model estimates

Logistic regression results (Table 2) indicate that only the number of extension contacts had a
positively significant (p<0.05) effect on adoption of sorghum-legume rotations in Soroti
district. Although factors like age, farming experience, family size, farm size, years in formal
education, hired labour, off-farm income, credit, gender and membership to farmer group
were hypothesized to influence adoption, they had no significant effect adoption of sorghumlegume rotations. The model also explained 16.7% (Cox and Snell R Square) and 22.3%
(Nagelkerke R Square) of the variance in adoption of sorghum-legume rotations and correctly
classified 71.7% of the cases.
Family size however had a significant (p<0.05) but negative effect on adoption of sorghumlegume intercropping. Age, farming experience, farm size, years in formal education, number
of extension contacts, hired labour, off-farm income, credit, gender and membership to
farmer group, on the other hand had no significant effect on the adoption of sorghum legume
intercropping. The model explained 16.3% (Cox and Snell R Square) and 37.4% (Nagelkerke
R Square) of the variance in the adoption of sorghum-legume intercropping and correctly
predicted 94.2% of the cases.
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Table 2: Logit regression of socio-economic factors influencing adoption of legume-based
multiple cropping systems among smallholder sorghum farmers in Soroti, Uganda
Parameters (X’s)
Legume-based multiple cropping systems among sorghum
farmers
Sorghum-legume rotations
Sorghum-legume
intercropping
Age
0.030(ns)
0.002(ns)
Farming experience
-0.041(ns)
-0.028(ns)
Family size
-0.053(ns)
-0.690 (0.007)
Farm size
0.054(ns)
0.354(ns)
Years in formal education
0.076(ns)
0.015(ns)
Number
of
extension 0.171(0.034)
0.076(ns)
contacts
Hired labour
-0.756(ns)
0.261(ns)
Off-farm income
-0.757(ns)
0.680(ns)
Credit
0.636(ns)
-1.042(ns)
Gender
0.372(ns)
-1.335(ns)
Membership to farmer group
0.407(ns)
-0.633(ns)
Constant
-1.007(ns)
1.156(ns)
-2loglikelihood
144.283
47.425
Cox and Snell R Square
0.167
0.163
Nagelkerke R Square
0.223
0.374
% correct predicted
71.7
94.2
Sig=5% level of significance; ns= not significant
5.
5.1

DISCUSSION
Adoption of legume-based multiple cropping systems among smallholder
sorghum farmers.

The study showed that adoption of sorghum-legume rotations was higher than sorghumlegume intercropping among smallholder farmers in Soroti district. Literature shows that crop
rotations have a higher potential to increase biomass production and enhance soil carbon
content (Palm et al., 2014:89; West and Post, 2002:1930). Higher yields of cereals following
a legume crop have also been strongly attributed to increased levels of mineral nitrogen in the
soil (Alvey et al., 2001:45). The reasons farmers gave for increased adoption of sorghumlegume rotations in Soroti are given in the following quotations from a focus group
discussion that was held on 8 December, 2015.
For me rotating sorghum with legumes gives high sorghum yields because the
sorghum crop planted next in the rotation will benefit from the food that was left in
the soil from the previous legume crop.
When I harvest a legume crop from my garden, the crop residues that remain on the
soil surface can be buried underground and thereby improve soil fertility for the next
crop in the rotation.
The low adoption of sorghum-legume intercropping has been associated with reduced yield
of sorghum in the intercropping system compared to sole cropping because sorghum is taken
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as an important cash crop for the farmers in Soroti district. Some of the reasons for the low
adoption of sorghum-legume intercropping are presented in the following quotations from the
focus group discussion with smallholder sorghum farmers that was held on 8 December 2015.
Intercropping sorghum and legumes will lead to the production of small heads of
sorghum and even the legumes will not yield properly because sorghum will compete
with the legumes for sunshine.
Mixing legumes and sorghum in the same garden will lead to a low yield of sorghum
because legume plants can wind around the sorghum crop, therefore, hindering the
sorghum crop from growing properly.
5.2

Socio-economic factors influencing adoption of legume-based multiple cropping
systems among smallholder sorghum farmers.

The study focused on determining socio-economic factors that significantly affected the
adoption of legume-based multiple cropping systems among smallholder sorghum farmers in
Soroti district. This is because the decision at to adopt technologies at individual farmer level
is always determined by several factors (Mwangi et al., 2015:1; Kebede et al., 1990:27). Age
had no significant effect on adoption of either sorghum-legume rotations or sorghum-legume
intercropping in Soroti district. According to Mugwe et al. (2012:1791), age is regarded as a
primary dormant attribute in technology adoption decisions. Some authors including
(Mwangi et al., 2015:7) however reported that age had a mixed effect on the adoption of
cover crops in Kenya. Other studies have found age to have a positive influence on adoption
of sorghum in Burkina Faso (Adesina & Baidu-Forson, 1995:5) and Integrated Soil Fertility
Management in Central Kenya (Mugwe et al., 2012:1791). In Soroti district, age was
insignificant because the systems of sorghum production that are practiced by farmers usually
cut across all age groups. Farming experience, a factor that is closely related to age also had
no significant effect on adoption of sorghum-legume rotations or sorghum-legume
intercropping.
Family size had a significant effect on adoption of sorghum-legume intercropping but no
significant effect on adoption of sorghum-legume rotations. Family size is a factor that is
believed to determine the availability of labour on the farm. But for this study family size had
a negative influence on adoption of sorghum-legume intercropping in Soroti district, which
was not expected. Therefore, an increase in family size will decrease the chance of farmers
adopting sorghum-legume intercropping. One of the reasons could be that intercropping
increases labour use efficiency on the farm, but increased family size may eventually lead to
diminishing marginal returns as too much of labour input leads to decline in profit to the
farmer. For that reason big family sizes react by not adopting sorghum-legume intercropping
systems.
Although farm size did not have a significant effect on adoption of either sorghum-legume
rotations or sorghum-legume intercropping, it showed a positive relationship with the
adoption of sorghum-legume rotations and sorghum-legume intercropping as expected.
Previous studies on technology adoption have found farm size to have a positive effect
(Everlyne, Agnes and David, 2013: 297) and negative effect (Yaron, Dinar and Voet,
1992:361). Abara & Singh (1993:289) acknowledge the existence of differences in
technology adoption between large and small farms. Small farms have been argued to have
high fixed costs thereby hindering technology adoption.
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Education is another factor that has a bearing on adoption of agricultural technologies. Some
technologies are more knowledge-intensive than other technologies. For this study, the
number of years in formal education had a positive influence on the adoption of both
sorghum-legume rotations and sorghum-legume intercropping in Soroti district which was
not expected. The results of this study are also consistent with findings by (Chiputwa et al.,
2011:15) who reported a positive association between education and adoption of crop rotation
in Zimbabwe. A study by Jera & Ajayi (2008:388) however found education to have a
negative influence on adoption tree-based fodder technologies in Zimbabwe, although not
significant at 5% level of significance.
The number of extension contacts had a significantly positive influence on the adoption of
sorghum-legume rotations but not significantly positive relationship with the adoption of
sorghum-legume intercropping. Good extension contacts for the farmers generally influences
the level of technology dissemination and adoption (Yudelman, Ratta & Nygaard, 1998:42).
Studies analyzing this variable have shown a positive relationship with the adoption of
technologies (Mugwe et al., 2012:1792).
Hired labour had a negative relationship with adoption of sorghum-legume rotations and a
positive relationship with the adoption of sorghum-legume intercropping although both
values were not statistically significant (p>0.05). Findings by D’Souza, Cyphers & Phipps,
(1993:162) showed that hired labour had no significant effect on adoption of sustainable
agriculture practices in West Virginia. Chirwa (2005:6) also found hired labour to have no
significant (p>0.05) effect on adoption.
Off-farm income had a negative relationship with the adoption of sorghum-legume rotations
but a positive relationship with the adoption of sorghum-legume intercropping, although
statistically insignificant at 5% level of significance. The negative relationship between offfarm income and adoption of sorghum-legume rotations was not expected however the
positive correlation with adoption of sorghum-legume intercropping is associated with
additional capital during the beginning of the planting season hence making it possible for the
farmer to afford more than two types of crop seed that can be planted on the same piece of
land. Chirwa (2005:8) found a positive relationship between non-farm sources of income and
adoption of inorganic fertilizers in Malawi.
Access to credit is another factor that influences adoption of agricultural technologies. The
credit variable had a positive correlation with the adoption of sorghum –legume rotations but
a negative relationship with the adoption of sorghum-legume intercropping, however the
relationships in both cases were insignificant at 5% level of significance. Credit can be a
factor that increases the availability of capital on the farm to purchase legume and sorghum
seeds. Feder et al. (1985:278) reported that access to credit did not have a significant effect
on adoption of “scale-neutral technologies”, but the results on adoption of different
technologies in developing countries generally gave mixed results. Intercropping systems
have been associated with farmers having small land holdings and such farmers are unwilling
to invest in capital intensive technologies because it leads to high fixed costs. Therefore,
adoption of sorghum-legume intercropping had a negative connection with the credit
variable.
Gender showed a positive relationship with the adoption of sorghum-legume rotations but
negative association with the adoption of sorghum-legume intercropping in Soroti district, but
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the findings were insignificant. There are mixed facts regarding the effect of gender on
technology adoption in most recent findings (Mugwe et al., 2012:1792). For example
Mwangi et al. (2015:5) reported a positive relationship between gender and adoption of cover
crops in Kenya whereas (Morris & Doss, 1999:5) found gender to be less significant in
adoption of improved maize technology in Ghana.
Membership to farmer group had no significant (p>0.05) effect on adoption of sorghumlegume rotations or sorghum-legume intercropping in Soroti district. Regarding the direction
of the association, there was a positive relationship between membership to farmer group and
adoption of sorghum-legume rotations while the relationship between membership to farmer
group and sorghum-legume intercropping was negative. This could be related to the fact that
most group extension trainings have advocated farmers to practice more crop rotations rather
than intercrop sorghum in Soroti. Kassie et al. (2013:528) asserted that membership to a
farmer group increases a farmer’s social capital and thereby facilitating the exchange of
relevant agricultural information among farmers.
From the findings of focus group discussions, another factor that emerged to be influencing
adoption of legume technologies is an inadequate market for legume crops in Soroti. Similar
findings were reported by (Snapp et al., 2002:159) who found adoption of legume crops in
Malawi to be highly linked to the availability of market. An example of a quotation from a
focus group discussion in Soroti with smallholder farmers that was held on the 11th December
2015 is as follows;
Let me give an example of cowpeas, I grow them only for home consumption these
days because when you plant a lot of cowpeas, you cannot get good market and,
therefore, end up with little profit.
6.

CONCLUSION AND RECOMMENDATIONS

This study offers insights to policy makers, researchers and extension workers regarding the
advancement of suitable intervention strategies for smallholder farmers. Although many
studies have proven the benefits of legumes in sorghum production systems, it is vital that
policy makers realize the effect various socio economic factors such as family size and
extension contacts influence farmer’s decision to adopt sorghum-legume rotations or
sorghum-legume intercropping.
From the findings of this study, there are no noticeable common factors that affect the
farmers decision to adopt sorghum-legume rotations or sorghum-legume intercropping in
Soroti district. Each of these technologies is distinctively affected by different factors and this
means that development actors should target those farmers that have appropriate socioeconomic attributes that promote adoption of a given technology.
The empirical results have demonstrated that family size had a negatively significant
influence on adoption of sorghum-legume intercropping but insignificant on adoption of
sorghum-legume rotations. The implication is that household demographic information for
different farming regions needs to be up to date and readily accessible to development
agencies to target adoption of agriculture technologies. On the other hand, the positive
influence of extension contacts on adoption of sorghum-legume rotations means the provision
of more extension training to smallholder farmers by development organizations is needed
because extension is a major source of technical information regarding different technologies.
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Increasing funding to extension agencies and facilitation of extension workers will lead to the
penetration of extension services into the rural communities.
The study, therefore, recommends that strengthening value chains for legume crops can
enhance adoption of legume-based multiple cropping systems. Also, more studies should be
carried out to evaluate other factors controlling adoption; cost-benefit analysis of adoption of
legume-based multiple cropping systems to eliminate any doubt for smallholder farmers
likely to adopt legume-based multiple cropping systems and good policies be implemented to
increase knowledge and skills, reinforce farmers’ ability to cover associated costs and
eradicate market barriers to adoption of legume-based multiple cropping systems. The
implication of this study to agricultural extension service delivery is that extension agents
need to focus their attention on disseminating technologies that are accepted and feasible in
farming communities. In this study, adoption of sorghum-legume rotations by smallholder
farmers showed a positive relationship with the number of extensions contacts attended by
farmers. Therefore, more extension programs and messages should be geared towards
promoting legume rotations as an alternative to soil fertility management.
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