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                             Abstract 
The deficient agronomic qualities of the local soybean germplasm and the need to develop varieties with desirable attributes, such as promiscuous 
nodulation, low pod shattering, sustained seed viability and resistance to bacterial diseases and viruses necessitated the introduction of new varieties 
to farmers in northern Nigeria. This study investigates the factors that influenced the soybean farmers’ decisions about adoption and use intensity of 
these improved soybean varieties. A multistage random sampling design was used to select a sample of 307 respondents from a list of soybean 
growers obtained through households listing conducted by trained enumerators. Data were collected from respondents using a structured questionnaire. 
The logit and Tobit regression models were used in the analysis for comparison. Empirical results reveal that the farmers’ adoption decisions were 
significantly (P<0.01) influenced by soybean yield, expenditure on labour, memberships of associations and meeting groups, exposure to extension 
services and ecology. The two models confirm that increases in each of the identified adoption characteristics will lead to increases in the probability 
of adoption and use intensity. However, the effect of a one-percent increase in each variable is higher for the Tobit than for the logit adoption 
elasticities. Moreover, the decomposed elasticity values of the Tobit model reveal that a one percentage increase in the variables would result in a 
higher change in the elasticity of use intensity than in the elasticity of adoption of the improved soybeans. The results have significant implications 
for research scientists, extension agents and policy-makers. Apart from providing justification for strengthening the extension capacities of the 
national research systems, the findings underscore the relevance of networks that promote farmer-to-farmer interactions in the circulation of new 
technologies. 

Key words: Soybeans, improved varieties, adoption decisions, use intensity, household listing, random sampling, Tobit, logit, adoption characteristics, 
   elasticities, Nigeria. 

                                   www.world-food.net                             Journal of Food, Agriculture & Environment Vol.5 (2) : 215-223. 2007 

WFL Publisher 
Science and Technology 

Meri-Rastilantie 3 B, FI-00980 
Helsinki, Finland 
e-mail: info@world-food.net, 

Introduction 
Accelerated investment in agricultural research is a prerequisite 
to achieving desired growth in agriculture which is needed to 
foster development in the rural sector of the low-income 
developing economies. New farming technologies are fundamental 
to achieving significant increases in agricultural productivity 24. 
Growth of the agricultural sector would help to alleviate poverty, 
meet the growing food needs of the population, stimulate economic 
growth, and conserve natural resources in the poor countries 31. 
   Past research efforts on adoption of improved agricultural 
technologies in the developing countries have identified three major 
adoption paradigms: innovation-diffusion, economic-constraint or 
farm structure and the adopter-perception paradigms 2, 25. The 
innovation-diffusion model, which follows from the pioneer work 
by Rogers, contends that taken the appropriateness of the 
innovation as given, the access to information about an innovation 
is the key determinant of farmers’ adoption decisions. The 
economic constraints model, however, argues that economic 
constraints, reflected in the asymmetrical distribution patterns of 
resource endowments, are the key factors influencing adoption 
behaviours of farmers. Such constraints may include lack of access 
to capital or land. On it part, the adopter-perception paradigm 
holds that farmers’ adoption decisions are conditioned by their 
perceived attributes of innovations. It contends that since farmers 
have subjective preferences for the characteristics of the 

technology these perceived attributes could play vital roles in 
their adoption decisions. According to Adesina and Zinnah 2, 
“adoption (rejection) of technologies by farmers may reflect 
rational decision making based upon farmers’ perceptions of the 
appropriateness (inappropriateness) of the characteristics of the 
technologies under investigation.” 
   The analytical techniques that have been used one time or 
the other to investigate farmers’ adoption decisions of 
crop-improvement innovations have varied from the Tobit 
analysis 1, 20, 27, to the probit and logit analyses 4, 17, 23, 32, discriminant 
analysis 7 and ordinary least square and step-wise regression 
analyses 11. Generally, the procedures have led to the identification 
of certain socio-economic and demographic, institutional and 
market-related, as well as perceived technology-specific attribute 
variables that have either positive or negative influences on 
farmers’ adoption decisions, albeit, mixed conclusions have been 
reached concerning the relationship among the different variables 
and farmers’ adoption decisions. However, it has been succinctly 
argued that the theory and object of study being conducted would 
usually guide the choice of variables to be included in any adoption 
model 8. 
   In Nigeria, the International Institute of Tropical Agriculture 
(IITA), in collaboration with the national research systems (NARs), 
has been at the forefront in the quest to achieving sustainable 
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growth in food production and rural poverty alleviation through 
research. Its debut into soybean research was necessitated by 
the need to develop varieties with desirable attributes, like 
promiscuous nodulation, low pod shattering, sustenance of seed 
viability and resistance to diseases 13, to curb the agronomic 
problems of the earlier cultivars. In 1991, two improved soybean 
cultivars, TGx 1019-2EB and TGx 1019-2EN, were developed and 
consequently released to farmers in Kaduna State of northern 
Nigeria. This was followed by the release of TGx 1440-1E and TGx 
1448-2E in 1992. The improved varieties were bred to be high 
yielding, non-shattering and highly resistance to frogeye leaf spot 
disease caused by Cercospora sojina Hara, which can reduce the 
grain yield of susceptible cultivars by 40-60% 14. Past investigation 
has shown that these varieties have low cases of severity and 
incidence of bacteria pustule disease caused by Xanthomonas 
campestris, Pv. Glycines (Nakano) Dye 3. 
   After a decade of the release, this present study aims at giving 
some insight into the socio-economic aspects of adoption and 
use intensity of these varieties. Specifically, the study seeks to 
investigate the farming households’ level of awareness and extent 
of adoption of the improved soybeans, and identify the socio- 
economic and demographic factors influencing their adoption and 
use in northern Nigeria. As used in this study, soybean production 
technology refers to the improved seeds and adoption of improved 
soybean production technology refers to the adoption of the 
improved seeds. 

Materials and Methods 
The study area and sampling procedure: This study was carried 
out between July and October 2003 in three villages drawn from 
Kaduna State and two villages drawn from Kano State of northern 
Nigeria. Kaduna lies between latitudes 9°04’ to 11°50’N and 
longitude 6°09’ to 10°41’E. It has the Guinea savanna ecology 
with 600-1200 mm annual rainfall range. Kano lies between latitudes 
10°33’ to 12°37’N and longitude 7°34’ to 9° 25’E. The ecology is 
Sudan savanna with 300-600 mm annual rainfall range. Rainfall is 
unimodally distributed in both ecologies. The length of growing 
period (LGP) is 150-200 days in Guinea savanna and 90-150 days 
in the Sudan savanna. Farming and cattle rearing constitute the 
main occupations of the rural population. 
   The choice of Kaduna and Kano States derived from the fact 
that they were the pilot states where the improved soybean 
technologies were initially introduced. Besides, the study adopted 
a multi-stage probability proportional to size (PPS) random 
sampling design to select farmers from a list of soybean growers 
obtained from households listing by trained enumerators who 
were members of staff of the  agricultural development programmes 
(ADPs) in the two states. The respondents were then drawn 
proportionate to size of listed farmers in each of the five villages. 
The survey was carried out on 307 respondents using structured 
questionnaire. 

Conceptual models: The discrete choice analytical models the 
consumer utility maximization theory. Their endogenous random 
variables, which might be used to represent a ‘yes’ or ‘no’ 
decision 6, 22, 36, could assume discrete values, such as 1 or 0. 
Suppose we conceptualize an unobservable utility, Uij: 
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where Uij (for i = 1, 2, …, n and j = 1, 0) is an unobservable random 
utility derived by an individual i from consuming the jth alternative 
of a commodity, Uij is a systematic part, and eij is a random part of 
the choice model. 
   Consider the probability, Pi that an individual i chooses one of 
the two alternatives expressed as: 

Pi= Prob [yi= 1]= Prob [Ui1 ≥ Ui0]             (2) 

1-Pi= Prob [yi= 0]= Prob [Ui1 < Ui0]             (3) 

   Specifically, with the random utility in Equation 2, we could 
express the ith farmer’s probability of choosing alternative 1 as: 

where β = ϕ1 - ϕ1 is a kx1 vector of the unknown parameters, Xi is 
nxk matrix of the explanatory variables, Prob(·) is the probability 
function, τi= (e i0- e i1) is a randomly distributed error term, and 
Gi(Xib) is the cumulative distribution function, for τi evaluated at 
Xiβ. Equation 4 says that the probability that the ith farmer will 
adopt the improved soybean variety is determined by the 
explanatory variables (Xi), the unknown parameters (βi) and the 
error term (τi). 
   It is possible to compute the ordinary least square estimates of 
the binary model, but the error terms are likely to be heteroscedastic 
causing inefficient parameter estimates and inappropriate classical 
hypothesis tests, such as the t-ratios 23. The probability models 
are proposed as alternatives. However, the fact that the functional 
form of G(.) is unknown makes practical applications of the model 
infeasible 6. Thus an explicit functional specification of G(.) is 
desirable. Three different functional forms of the probability model 
can be assumed depending on the assumed distribution of the 
error term: linear probability, probability distribution (probit) and 
logistic distribution (logit) models. 
   If applied, a linear model can give predicted values that may fall 
outside the desired 0-1 interval, and consequently violate the 
basic tenets of probability 23. If used the probit and logit models, 
which give maximum likelihood estimators, provide parameter 
estimates that are asymptotically consistent, efficient and 
Gaussian, such that the t-test can be appropriately applied 30. The 
probit model uses standard normal distribution with mean of zero 
and constant variance (σ2=1). On the other hand the logit model 
uses the logistic distribution function symmetric around zero with 
variance given as π2/3. Due partly to its mathematical convenience, 
many applications have assumed that the error term follows a 
logistic distribution 10 and have consequently applied logit model 
estimation of G (.). 

Empirical logit model: Assuming a logistic distribution, a logit 
model that would capture the utility maximization model of (1) is: 
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out its necessary condition using the Newton’s methods provided 
by Statistical Analysis Systems (SAS) Version 8 Software, the 
MLEs of the parameters (βi) were derived. 

Empirical tobit model: The Tobit, a hybrid of the probit and 
multiple regressions analysis 33, has also been variously used in 
adoption studies 5, 20, 27. Following Equation 4 also the functional 
form of the conceptual random utility model, G(.), is specified 
with a Tobit model as: 

yi = Xi’b, if y* = Xi’b + ti > T                                                           (13) 

yi = 0, if y* = Xi’b + ti ≤ T                                           (14) 

where yi is the probability of adoption and use intensity of the 
improved soybean technology, y* is a non-observable latent 
variable, T is a non-observed threshold value which can either be 
a constant or a variable 37, Xi is an (n x k) matrix of the explanatory 
variables, which in this study consists of farmer and farm-specific 
characteristics, technology-specific attributes, and institutional 
and market-related variables, βi is a (k x 1) vector of parameters to 
be estimated, and τI is an independent normally distributed error 
term with zero mean and constant variance, that is, τi ~ N (0, σ2I). 
The conceptual model of Equations 13 and 14 is both a 
simultaneous and stochastic decision model 2. If the non-observed 
latent variable (y*) exceeds the threshold value (T), that is, if y*>T, 
the yi (observed qualitative variable that indexes adoption) 
becomes a continuous function of the independent variables. If, 
on the other hand, y*≤T, the observed qualitative variable (yi) will 
take zero value. In the first case adoption is observed while in the 
second adoption is not observed. 
   If the unobserved yi

* is assumed to be normally distributed, the 
Tobit model estimation could be performed using the maximum 
likelihood estimation (MLE) function expressed as: 

where, Gi is the distribution function of τi. The resultant 
coefficients of the likelihood function are consistent, 
asymptotically efficient, unbiased and normally distributed. 

Tobit decomposition framework: The total effect of the 
explanatory variables of the Tobit model can be decomposed using 
the Tobit decomposition framework suggested by McDonald and 
Moffit 38 and applied by Adesina and Baidu-Forson1 and Adesina 
and Zinnah 2. Consider an dependent variable, yi; suppose E(yi) 
is the expected value of the dependent variable across all 
observations and E(yi*) is the expected value for farmers who 
have made the adoption decision. Also, if Φ(Z) is the probability 
that the farming household will fall below the threshold (i.e., the 
probability of non-adoption), where Φ is a cumulative normal 
distribution function and           . It is possible to state the 
relationship between the variables as: 

where wi = Xi’βi  for , and Yi is the dependent 
variable, taking the value 1 for the ith farmer that has adopted the 
new technology and 0 otherwise. The Xi is a matrix of the 
explanatory variables relating to individual farmer i; βi are unknown 
parameters to be estimated; and Ti is an implicit variable that 
indexes adoption of improved soybean technology. By implication, 
there is a critical threshold (Ti

*) for each farmer, such that if Ti≥Ti
* 

the farmer is observed to be an adopter and if Ti<Ti
* the farmer is 

observed to be a non-adopter. G is a functional relationship 
between the field observation (Yi) and the stimulus index (Ti), which 
determines the soybean adoption probability. 
   The maximum likelihood estimation (MLE) method has also 
become popular for estimating the binary choice models. The 
likelihood function for the improved soybean adoption model is 
expressed as: 

The above equation can be rearranged so that the first T≤n 
observations will correspond to yi= 1, i= 1,2, … T, while the 
remaining n-T<n observations will correspond to yT+i= 0, i= T+1, 
T+2, … n. The log likelihood function and its partial derivative 
will be: 

Solving for either expression (7) or (8) will yield the estimator (β) 
for the function given as: 

where yi = Xβ + u and y is recognised as a random variable 
with a probabilistic structure based on assumption of structural 
error term, u. However use of Equation 7 is favoured 15. The 
partial derivative in expression (9) is a highly non-linear 
function of the unknown parameter, β, which can only be 
solved by iteration 15. 
    On the basis of expression (7) we can now formulate a probability 
model and the log likelihood function of household adoption of 
the improved soybean technology in northern Nigeria as in (11) 
and (12) below: 

where vector, xi is as already defined, and the notation, ξ(.), 
represents a logistic cumulative distribution function. Working 
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for analysis 34. Definitions, measurements and descriptive 
statistics of the included explanatory variables are presented in 
Table 1. The justification of the variables and their a priori expected 
signs are presented below. 
   The age of the farmer is defined in years and denoted by AGE. 
Age tends to have indeterminate signs in adoption studies 1, 8. On 
one hand, younger farmers may have greater tendency to adopt 
new innovations because they are relatively more knowledgeable, 
more open to risk taking and have longer planning horizon 2. On 
the other hand, older farmers may show more likelihood to adopt 
because: (a) they might have over the years acquired much 
personal capital, which they would be willing to invest in a new 
innovation; (b) as village elders they might have better access to 
privileged information through extension services or development 
projects’ staff working in the community; or (c) they might have 
acquired better skills in accessing the prospects of new crop 
variety in relation to a local one they already knew and used. 
Resulting from this disagreement in literature, this study did not 
hypothesize a definite sign for AGE since it would be location- 
specific or technology-specific 8, 19. 
   FMS refers to the farm size, defined as the total area of farmland 
(hectares) cultivated by the household head. Past adoption studies 
postulate a direct relationship between adoption decision and 
farm size 2, 4, 32. Farmers with larger farm fields could afford to 
devote part of their farm for on-farm trials and consequently adopt 
the improved varieties faster than those with small farms. Also, 
farmers operating large farms tend to have greater financial 
resources, incentives, access to information and more land to 
allocate to the improved technologies 18. It is therefore hypothesized 
that farm size is positively related to adoption decisions. 
   EXP is the soybean farming experience. It refers to the number 
of years the household head has worked on own soybean farm. 
Soybean farming experience was used rather than general farming 
experience, which reflects the number of years the household 
head had been into general farming. In the course of the exploratory 
survey that preceded the design and administration of the 
questionnaire, it was observed that the general farming experience 
would be grossly misleading and irrelevant for application in the 
empirical model. Quoting their general farming experience farmers 
variously cited the day or year they first went to farm with their 
parents or guardians. Of interest, however, was the time the farmer 
started being an independent decision-taker on his own soybean 
farm 2, which was better captured by soybean farming experience. 
It is expected that farming experience would be positively related 
to the decisions on adoption and use intensity of the improved 
soybean technology. 
   EDU is the level of education attained by the farmer. It is defined 
as 1 for a farmer who had only Islamic education, 2 for a farmer 
who had primary education, 3 for a farmer who had Junior 
Secondary School (JSS) education, 4 for a farmer who had Senior 
Secondary School (SSS) education, and 5 for a farmer who had 
post secondary school education. Education improves human 
capital, farm management capacity and ability to understand and 
adopt new agricultural technologies 9. It is expected that a farmer 
with better education would adopt improved varieties faster and 
hypothesized accordingly. 
   DEP is the dependency ratio. It refers to the ratio of the dependants 
– children of 15 years and below and adults of above 65 years – to 
the working population, (household members of 16-65 years). 
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   If Equation 16 is differentiated with respect to every, it would be 
obtained that: 

   By multiplying through by, the relation in Equation 17 could be 
converted into elasticity forms as follows: 

   Substituting Φ(Z)·E (yi
*) for E (yi) in the right hand side of 

Equation 18, we have: 

   Simplifying further Equation 19 reduces to: 

   Equation 20 says that the total elasticity of a change in any 
explanatory variables could be decomposed into two different 
effects to reflect: a change in the elasticity of the probability of 
being an adopter of improved technology and change in the 
elasticity of the expected level of use intensity for farmers who 
have already adopted the technology. 

Variables in the empirical models 
Dependent variable: This study applied the logit and Tobit models 
to enable comparison of the results. For the logit model, the 
dependent variable was defined as a binary variable representing 
the adoption status (ADSTAT) of the farmer. It entered the 
empirical logit model as 1 for an adopter and 0 otherwise. An 
adopter was defined as a soybean farmer who had accepted the 
improved seeds and had devoted up to 10% of his soybean farm 
to the seeds persistently for at least three years including 2003, 
the year of survey. A non-adopter was defined as one who had 
not used the improved seeds at all, or had used them sometimes 
but later stopped, or who, although was growing them at the time 
of survey had not on persistently devoted at least 10% of his 
soybean farm to them for at least three years including 2003, the 
year of survey. For the Tobit analysis, ADSTAT was defined as 
the proportion of total soybean varietals portfolio mix or the share 
of total soybean farm area devoted to improved soybean 
technology by the farmer. 

Explanatory variables: Theory, evidence from past studies on 
adoption and hypothesized relationships with the dependent 
variable guided the choice of the included explanatory variables. 
Analysis of the bivariate correlation matrix 26 was used to verify 
the explanatory variables pair wise to retain only those that were 
plausible. Reduction in number of explanatory variables 
(interactions) help to ease computation, reduce the risk of 
multicollinearity, and ensure that only variables that are 
economically meaningful and theoretically plausible are retained 
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The dependency ratio could be negatively related to adoption 
decisions when viewed as constituting pressure on household 
consumption 29. It is assumed that high dependency ratio will 
increase the obligatory burden on the household head. In that 
case the household head is expected to preoccupy self with how 
to meet the immediate household needs and will be less willing to 
stake resources on new discoveries. Consequently, we 
hypothesize an inverse relationship between dependency ratio 
and household’s adoption decisions. 
   WOM is number of adult women resident in the farmer’s 
household. Most of the resident adult women are wives of the 
household head. More than 60% of the sampled farmers had more 
than one wife. Although one would be tempted to partly ascribe 
this to the cultural and religious orientation of the area, which was 
Islam-practicing Hausas, male focus group participants in the 
villages disagreed to this. Instead, they affirmed that an average 

male farmer would wish to have more than one wife and a fairly 
large household size because of the important role women and 
children usually play in farming activities. Women perform some 
aspects of the farming operations like weeding, conveying, 
threshing and other postharvest activities. It is hypothesized that 
the number of adult women resident in the household will be 
positively related to household’s adoption decisions. 
   WTH refers to the wealth status of the farmer. It was measured 
based on standardized score of wealth ranking conducted with 
key-informants selected at the community levels. Card-sorting 
method 12 of wealth ranking was applied. The variable was measured 
as 1 if farmer was ranked poor, 2 if he was of the middle class and 
3 if he was rich. It is hypothesized that WTH is positively related 
to farmers’ adoption decisions because it is expected that a 
relatively richer farmer will be more willing to stake part of his 
resources into new innovations. 

Variable Definition and measurement Expected 
sign 

Mean Std. 
Dev. 

Min
. 

Max. 

Dependent variable      
ADSTAT Improved soybean adoption status:  

For Logit model, it entered as 1= adopter, 0 = non-adopter. 
For Tobit model it entered as proportion of total soybean farm 
area the soybean farmer devoted to the improved soybean 
varieties 

 0.6091 
 

0.49 
 

0.4887 
 

0.45 

0.00 
 

0.00 

1.00 
 

1.00 

Explanatory variables      
AGE 
 

Age of the respondent in years -/+ 43.592
8 

13.489
1 

18.0
0 

82.00 

FMS 
 

Farm size, measured in hectares and defined as total area of 
farmland cultivated by farmer. 

+ 1.2346 1.5885 .04 16.60 

EXP 
 

Soybean farming experience, defined as the number of years 
the respondent had spent as an independent decision taker in 
own soybean farm.  

+ 8.6384 5.4054 1.00 60.00 

EDU 
 

The level of education attained by farmer (1 = Islamic only,  
2 = Primary, 3 = Secondary attempted, 4 = Secondary 
completed, 5 = Higher education) 

+ 1.6405 1.0901 1.00 5.00 

DEP 
 

Dependency ratio, expressed as ratio of the dependants – 
children of 15 years and below and adults of above 65 years – 
to the working population (16-65 years) 

- 0.5370 0.2086 0.00 0.89 

WOM 
 

Number of adult women resident in the household + 1.7818 0.8292 0.00 4.00 

WTH 
 

Wealth status of the respondent, measured based on 
standardized score of key-informants’ wealth ranking  
(1= Poor, 2 = Middle Class, 3 = Rich)  

+ 1.7068 0.6706 1.00 3.00 

ECO 
 

Ecological variable, included as proxy for ecology of the 
village (1 = Sudan Savanna (SS), 2 = Northern Guinea 
Savanna).  

+ 1.6547 0.4762 1.00 2.00 

LAB 
 

Amount of money (in Naira) the farmer expended to acquire 
the services of hired labour, entered the model as natural 
logarithm of actual values. 

+ 5.1597 3.7052 0.00 10.82 

COM 
 

Proportion of harvested soybean sold during the period. + 0.8042 0.1668 0.00 1.00 

YLD 
 

Physical yield of soybean measured in tons/ha) + 1.1061 0.2592 0.10 1.94 

PRZ 
 

Farm-gate price of soybean (in Naira/kg). + 44.233
3 

5.8689 10.0
0 

62.50 

CRE 
 

Respondent’s access to and use of credit: formal or informal 
(dummy: 1= if used, 0 = otherwise) 

+ 0.1042 0.3061 0.00 1.00 

EXT 
 

Exposure of farmer to extension services, on-farm trials or 
workshops on improved soybean (dummy: 1 = exposed,  
0 = not exposed)  

+ 0.4528 0.4986 0.00 1.00 

INF 
 

Respondent’s ownership of means of acquiring information 
(dummy: 1 = if farmer has access to radio or T.V.,  
0 = otherwise). 

+ 0.8730 0.3336 0.00 1.00 

TRA 
 

Respondent’s ownership of means of transport (0 = no means 
owned, 1 = only bicycle owned, 2 = motorbike owned,  
3 = motor vehicle/car owned. 

+ 2.0882 0.6076 1.00 4.00 

ASS 
 

Respondent’s active membership of social associations, co-
operatives, meetings groups, etc (dummy: 1 = if active 
member of at least one association, 0 = otherwise)  

+ 0.5472 0.4986 0.00 1.00 

Table 1. Measurements and descriptive statistics of variables used in the empirical logistic model. 



     220 Journal of Food, Agriculture & Environment, Vol.5 (2), April 2007 

   ECO refers to the ecology of the village. It was measured as 1 if 
farmer was from the Sudan savanna (SS) and 2 if he was from the 
Guinea savanna (NGS). The Guinea savanna ecology has higher 
amount of annual rainfall and longer length of growing period 
than the Sudan savanna. It is expected to be more favourable for 
soybean farming. ECO is therefore hypothesized as positively 
related to farmers’ adoption decisions. 
   LAB refers to expenditure on labour. The survey showed that 
there were no shortages of hireable labour in the study area. Also 
established was that at a fee of N250-N350 paid per person for 
6-hour day’s work, at the exchange rate of about N140/US$1.00 
during the time of this survey, labour services were not considered 
very expensive or non-affordable by an average farmer. Moreover, 
the use of exchange labour was a general practice, especially among 
the youths and younger farmers. It goes to say that any new 
technology that could require the use of labour rather than capital 
stands to be more adopted. Although it could reflect an additional 
production expenses, the marginal cost of hiring labour was 
justified in the marginal benefits that could accrue, considering 
that labour was cheap. Besides, most small-scale subsistence- 
farming households depended mainly on household labour for 
their operations. It is hypothesized that amount expended to hiring 
services of labour will be positively related to decisions on 
adoption and use intensity because soybean was variously grown 
for commercial purposes. Past studies established that about 80% 
of the sampled household heads sold 70-100% of their soybean 
output while farmers that sold below 50% of their output during 
the period were less than 8% of the sampled respondents 28. 
   COM is the rate of commercialisation of soybean. It is expected 
that the more marketable and market-driven a crop is the more will 
the farmer need to grow it for cash nexus. A farmer desires cash to 
provide food, shelter, education, medical and other immediate 
needs of household. Cash is also needed to purchase the basic 
inputs and implements. It is hypothesized therefore that 
commercialisation and adoption decisions are directly related. 
   The physical yield of soybean, measured in tons per hectare 
was denoted by YLD. Soybeans were grown mainly as a 
commercial crop with high income-generating potentials. Income 
from soybean is used in meeting various households’ needs 
including purchase of fertilizers for growing staple crops for 
household food security. Other things equal, the higher the yield, 
the higher the expected income and the higher the probability of 
the farmer to adopt. It is hypothesized that physical yield would 
have direct relationship with probability of adoption and intensity 
of use of the improved soybean. 
   PRZ refers to the farm-gate price of soybean defined in Naira per 
kilogram. Ceteris paribus, a variety that commands a higher price 
will be more acceptable to a household that expected higher returns 
on its farming investments. Price remains a desirable incentive to 
farmers and the farming households. It is expected that the price 
of soybean will be positively related to farmer’s decisions on 
adoption and use intensity and accordingly hypothesized. 
   CRE refers to the credit use status of the soybean farmer. It is 
measured as a dummy, 1 if farmer had access to credit either from 
formal or informal sources and 0 if otherwise. Availability and 
easy access to credit facility would assist the farmer to increase 
his production scale through increased investment. The associated 
economy of large-scale operations will increase his returns, so 
long as the cost of using borrowed funds does not outweigh its 

benefits, other things being equal. It is hypothesized therefore 
that access to credit will enhance decisions on adoption and use 
intensities of the improved soybean technology. This is expected 
because as soybean is a commercial crop, credit use would assist 
the farmer to expand beyond subsistence level. 
   The variables that influence farmer’s access to and perception 
of information should positively influence farmer’s decisions on 
adoption and use intensity of improved technology 1. Such 
variables included in this study are exposure to extension services 
(EXT), media exposure, captured by ownership of means of 
information like radio or television (INF) and items that facilitate 
mobility, captured by ownership of means of transport (TRA). 
   The extension contact variable (EXT) incorporates the 
information, which farmers obtain on their production activities 
on the importance and application of new innovations through 
counselling and demonstrations by extension agents on regular 
basis 8. It is included in this study as a dummy variable coded as 
1 if a respondent is exposed to extension services, on-farm trials 
or workshops on improved varieties in the past 5 years, and 0 if 
otherwise. Interactions with extensions staff and knowledge 
gained during on-farm trials and workshops help to popularise a 
new technology by enabling farmers to obtain information 10, 16. It 
is hypothesized that EXT will be positively related to a farmer’s 
adoption behaviour. 
   The farmer’s ownership of media expected to enhance easy 
access to information on a new technology, like radio or television, 
is denoted by INF. It is measured as 1 if respondent owned at least 
one medium and 0 if otherwise. Also ownership of means of 
transport (TRA) eases transportation problems of the farmer and 
reduces his overhead cost. TRA was measured as 1 if farmer owned 
no means, 2 if he owned bicycle, 3 if he owned motorbike, and 4 if 
he owned motor vehicle or car. It is hypothesized that INF and 
TRA will positively influence farmer’s decisions on adoption and 
use intensity of improved soybean technology. 
   ASS refers to the respondent’s active membership of 
associations, including cooperatives and farmers’ meetings 
groups. Such memberships enhance interaction and cross- 
fertilisation of ideas among farmers 8. ASS was measured as 
dummy, 1 if respondent was active member of at least one 
association and 0 if otherwise. Based on evidence from previous 
adoption studies 8, 17, it is hypothesized that membership of 
associations is positively related to farmer’s adoption decisions. 

Results and Discussion 
Adoption status and factors influencing adoption and intensity 
of use of improved soybean: On the basis of the definition adopted 
for this study, the adopters of the improved soybean technology 
constituted 60.91% of the sampled households. Table 2 shows 
that 62.57% of the adopters devoted over 80% of their soybean 
farm fields to the improved cultivars. The farmers identified superior 
yield, grain size and colour, non-pod shattering and resistance to 
pests and diseases among their reasons for preferring the improved 
soybean variety. 
   Notwithstanding the differences in the definition of the 
dependent variable in the two models, there is a big similarity in 
the results obtained. Both models are good fit as shown by the 
relevant summary statistics. The logistic model (Table 3) has a log 
likelihood χ2=192.95 that is highly significant (P<0.01). It also 
offered a 92% correct prediction of the sampled farmers. 
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   The Tobit model (Table 4) also produced a highly significant 
(P<0.01) sigma value and an equally highly significant (P<0.01) 
log likelihood F-value = 16.59. Most of the included variables 
produced the desired signs in both models. However, few of the 
variables did not give the a priori signs. Included among the 
variables that failed to give the expected signs are wealth status 
of farmer (WTH) and dependency ratio (DEP) for the Tobit 
analysis, and dependency ratio, ownership of means of information 
(INF) and access to credit (CRE) for the logit analysis. Interestingly 
none of these variables was significant at any acceptable level. 
   Yield of soybean (YLD) was significant at 1% in the Tobit model 
and at 5% in the logit. The two models produced the expected 
positive sign for yield. The finding corroborates the findings on 
influence of yield on farmers’ adoption of improved mangrove 
swamp rice varieties in Sierra Leone 2. Yield is a direct measure of 
a seed’s performance and a crop’s variety that is high-yielding 
stands to be adopted by a farmer since high yield would raise 
output and sales and gross earnings would depend on the sales 
volume and price level. 
   LAB (expenditure on labour) was significant at 1% with the 
desired positive sign in both models. This means that soybean- 
farming households who had the resources to engage the services 
of hired labour were more likely to adopt the improved technology 
than households who depended mainly on family labour. This 

could be explained by the fact that hireable labour, which was 
readily available and affordable in the study area, could be used 
to promote commercial farming. Consequently, soybean farmers 
who could afford the labour services would take advantage of the 
available and relatively affordable labour to maximize returns on 
investment in soybean farming. Apart from providing employment 
for abundant idle human resources and promoting large-scale 
production for cash, it would encourage diversion of family labour 
to production of staple food crops for households’ food security. 

   Membership of association was significant at 1% and also 
positively related to the household’s adoption behaviour of the 
improved technology in the two models. This means that farmers 
who belong to social organisations, cooperatives, meeting groups 
and other associations of farmers were more likely to adopt a new 
innovation. This is consistent with the observed influence of 
membership of association on adoption of fertilizer in the savanna 
zone of South-western Nigeria 8. It also corroborates the argument 
that agricultural development agencies have high rates of success 
when they work with farmers’ groups or associations 35. 
   Exposure to extension services was also significant at 1% levels 
with the expected positive signs in both logit and Tobit 
specifications. It says that a farmer who has more opportunity of 
interacting with extension services staff is more likely to adopt a 
new innovation than one with less opportunity. The finding 
concurs with empirical findings in the cases of improved cassava 
in South-western Nigeria 32 and improved maize in Northern 
Tanzania 27. The result underscores the importance of extension 
visits in promoting adoption of improved technologies. It has 
been succinctly argued that increased household exposure to 
extension programmes, in the form of multiple visits by extension 
personnel and through information dissemination and technical 
support to farmers, greatly increases the farmers’ awareness of 
available technologies and their potential benefits 32. 

 
Adoption 
group*   % 

% of 
adopters  

Cumulative 
 % 

% of all 
farmers 

Cumulative 
% 

  0-20 11.23 11.23 43.65 43.65 
21-40 9.63 20.86 7.49 51.14 
41-60 4.81 25.67 3.26 54.40 
61-80 11.76 37.43 7.16 61.56 
81-100 62.57 100.00 38.44 100.00 

Table 2. Households’ intensity of adoption of improved 
soybean. 

*The groups were classified based on proportion of area of soybean farmland devoted to improved 
soybean. 

 Variable Coefficient 
estimate 

Standard 
error 

Chi-square Pr>Chi-square 

INTERCEPT -7.4415*** 2.2197 11.2388 0.0008 
WTH 0.0549 0.3375 0.0265 0.8707 
ECO 1.8320*** 0.4282 18.3081 <0.0001 
AGE -0.00729 0.0160 0.2077 0.6486 
FMS 0.0446 0.0385 1.3467 0.2459 
DEP 1.6661 0.9675 2.9655 0.0851 
EXP 0.0203 0.0323 0.3955 0.5294 
EDU 0.1767 0.1985 0.7927 0.3733 
WOM 0.2178 0.2569 0.7190 0.3965 
COM 0.6314 1.0725 0.3466 0.5560 
YLD 1.5747** 0.6946 5.1390 0.0234 
PRZ 0.0214 0.0283 0.5724 0.4493 
LAB 0.2140*** 0.0513 17.3779 <0.0001 
ASS 1.1409*** 0.3659 9.7211 0.0018 
EXT 1.5659*** 0.4623 11.4723 0.0007 
CRE -0.1332 0.6122 0.0474 0.8277 
INF -0.5375 0.5248 1.0487 0.3058 
TRA 0.1395 0.3560 0.1536 0.6951 
Logit model goodness of fit summary statistics Chi-square Pr>Chi-square 
Log likelihood ratio 192.9496  <0.0001 

Association of predicted probabilities of observed responses 
Concordant 92.0% Somers' D 0.842 
Discordant 7.9% Gamma 0.843 
Tied 0.1% Tau-a 0.402 
Pairs 22134 c 0.921 

Table 3. Logit model estimates of factors influencing farmers’ 
adoption of improved soybean. 

Source: Analysis of 2003 Field Survey Data, ***Significant at 1%; **Significant at 5%. 

Variable Parameter Std. Err. t-value P-value 
Constant -1.1087*** 0.3177 -3.4901 0.0005 
WTH -0.0206 0.0469 -0.4387 0.6609 
ECO 0.4216*** 0.0764 5.5172 0.0000 
AGE 0.0014 0.0024 0.5801 0.5618 
FMS 0.0031 0.0037 0.8464 0.3974 
DEP 0.2541 0.1453 1.7484 0.0804 
EXP -0.0004 0.0059 -0.0635 0.9494 
EDU 0.0002 0.0004 0.5212 0.6022 
WOM 0.0546 0.0394 1.3869 0.1655 
COM 0.1754 0.1722 1.0186 0.3084 
YLD 0.2197*** 0.0818 2.6856 0.0072 
PRZ 0.0016 0.0048 0.3297 0.7416 
LAB 0.0417*** 0.0090 4.6134 0.0000 
ASS 0.1589*** 0.0559 2.8421 0.0045 
EXT 0.2581*** 0.0686 3.7618 0.0002 
CRE 0.0563 0.0879 0.6398 0.5223 
INF 0.0371 0.0843 0.4397 0.6602 
TRA -0.0005 0.0004 -1.2144 0.2246 
Sigma 0.4282*** 0.0224 19.1012 0.0000 
Conditional mean at sample point 0.4050 
Scale factor for marginal effects  0.7973 
Log likelihood function -182.1859 
OLS R-squared  0.4939 
Adjusted R-squared  0.4641 
F [17, 289]  16.5900 
Prob value for F 0.0000 

Table 4. Factors influencing households’ adoption of 
improved soybean: Tobit estimates. 

***Significant at 1%; **Significant at 5%. 
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   Ecology (ECO) was also significant at 1% in explaining the 
adoption behaviour of households in the two models. It also 
produced the a priori positive signs. It implies that the Guinea 
ecology was more favourable to improved soybean adoption than 
the Sudan ecology. Similar positive relationships between ecology 
and farmers’ adoption behaviours have been found elsewhere 10, 21. 
The better weather conditions of the Guinea ecology (annual 
rainfall range of 600-1200 mm with 150-200 days of LGP) relative to 
the Sudan ecology (300-600 mm annual rainfall range with 90- 
150 days) could partly explain this finding, although it could also 
partly have resulted from the fact that the new varieties were first 
introduced in the Kaduna area in the northern Guinea savanna. 

Elasticity of adoption and use intensity of improved soybean 
production technology: The elasticity of improved soybean 
adoption was calculated at the mean values and reported only for 
the significant explanatory variables using relevant formulas for 
the two model specifications. The Tobit elasticity decomposition 
framework 2 was used to separate the elasticity of adoption from 
the elasticity of use intensity of the technology. The results are 
presented in Tables 5 and 6. They show that the probability of 
adoption and use of improved soybean technology increase with 
increases in yield, amount expended on labour, active associations’ 
membership, exposure to extension services and intensified effort 
at targeting farmers from the Guinea savanna zone. 

   A 1% increases in soybean yield increases the elasticity of 
probability of adoption of improved soybean by 0.49% for the 
tobit and 0.47% for logit model. It also increases the elasticity of 
use intensity of the Tobit model by 0.59%. Thus, the total elasticity 
of the Tobit increases by 1.09 percent, which is elastic. Similarly, a 
1% increase in a Naira expenditure on labour results to a 0.42% 
increase in elasticity of probability of adoption based on Tobit 
and 0.29% increase in the elasticity of adoption based on logit 
specifications. The total increase in the elasticity of use intensity 
based on Tobit decomposition is 0.51% and the total increase in 
elasticity using the Tobit model becomes 0.94%. Also, a 1% 
increase in the proportion of farmers who are willing to belong to 
associations and farmers’ meeting groups will increase the 
elasticity of adoption of improved soybean by 0.17% (Tobit) and 

0.16% (logit) and elasticity of use intensity by 0.21%. The total 
increase in elasticity under the Tobit model is therefore 0.38%. 
Similarly, a 1% increase in the proportion of farmers exposed to 
extension services will lead to a 0.23% (Tobit) and 0.19% (logit) 
increases in the probability of adoption of the improved soybean 
technology and 0.28% increase in the elasticity of use intensity. 
This means an increase in total elasticity (Tobit) by 0.51%. For 
ECO, a 1% increase in efforts directed towards targeting farmers 
from the Guinea savanna zone over farmers from the Sudan 
savanna will result to a 0.58% increase (Tobit) and 0.31% increase 
(logit) in the probability of adoption of improved soybean 
technology. The resulting increase in the elasticity of use intensity 
is 0.70% from the Tobit analysis. The total increase in elasticity 
will then be 1.28%, which is also elastic. 
   In general, the effect of a one-percent change in each explanatory 
variable is higher for Tobit than for the logit adoption elasticities. 
Moreover, the Tobit decomposed elasticity values reveal that a 
one percentage change in the explanatory variables result to higher 
change in the elasticity of use intensity than in the elasticity of 
adoption of the improved technology. 

Conclusions 
This study sought to investigate the soybean farmers’ extent of 
adoption of the improved soybean production technology 
introduced into northern Nigeria as well as identifying the factors 
influencing their adoption and use intensity decisions. The results 
reveal that over 60% of farmers adopted the improved technology. 
Superior yield, non-pod shattering, grain size and colour and 
resistance to pests and diseases were among the farmers’ reasons 
for preferring the improved to the earlier varieties. The household’s 
adoption and use intensity of improved soybean technology is 
significantly and positively influenced by ecology, yield, 
expenditure on hired labour, membership of associations and 
exposure to extension services. The results show that an increase 
in each of these will increase the farmers’ probability of adoption 
and use intensity of the technology. Policy thrusts, which are 
directed towards promoting these adoption characteristics of 
farmers, will be of immense use in promoting the adoption of crop- 
improvement technology, like soybean. For instance, interactions 
among farmers during meetings of co-operatives and other non- 
formal associations are good networks for promoting farmer-to- 
farmer dissemination of information and circulation of technologies 
and should be encouraged among farmers. 

Elasticity estimates Variable Parameter 
estimate 

Standard 
error 

t-value 
Adoption Use intensity Total 

ECO 0.43471*** 0.07706 5.641 0.58212 0.70258 1.28470 
YLD 0.2134*** 0.08178 2.609 0.49156 0.58900 1.08056 
LAB 0.04027*** 0.00910 4.427 0.42804 0.51300 0.94093 
ASS 0.15416*** 0.05586 2.760 0.17467 0.20824 0.38292 
EXT 0.25028*** 0.06883 3.636 0.23203 0.27973 0.51176 

Table 5. Elasticity of adoption and use intensity of significant 
variables in Tobit analysis. 

***Significant at 1%; **Significant at 5%. 

Variable Parameter 
estimate 

Standard error Chi-square Elasticity of 
adoption 

ECO 1.8320*** 0.4282 18.3081  0.318476 
YLD 1.5747** 0.6946 5.1390 0.46749  
LAB 0.2140*** 0.0513 17.3779  0.293183 
ASS 1.1409*** 0.3659 9.7211  0.165773 
EXT 1.5659*** 0.4623 11.4723  0.188250 

Table 6. Elasticity of adoption of improved soybean for 
significant variables in logit analysis. 

***Significant at 1%; **Significant at 5%. 
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