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Abstract: Improvement of crop productivity through adoption of technologies is an important avenue for
increasing output, reducing food insecurity and tackling land degradation. However, there is disagreement
about which type of technology is most appropriate for small-holders. This study has examined factors
influencing farmers’ decision to adopt multiple cropping technologies. The estimation results indicated that the
variables affecting farmers’ decisions to adopt a technology differ between technologies and adoption
decisions are influenced by several factors such as family size, farming experience, social capital in the form of
membership of rural institutions, credit constraint, education, livestock holding, access to technical support,
farmers training, distance to markets, irrigation participation and distance to weather road. The result shows
that the likelihoods of households to adopt soil conservation practices, improved seed, line planting and
fertilizer were 79.6, 69.6, 61.2 and 70.5% respectively. It also shows that the joint probability of using all
technologies was 22.8% and the joint probability of failure to adopt all technologies was 0.36%. Alongside this,
the paper results show that there is a strong complementarities and substitutability between agricultural
technologies, indicating the interdependence of technology adoption. The cross-technology correlation may
have important policy implications in that a policy change can affect one technology can have spillover effects
to other technologies.

Key words: Determines  Multiple technologies  Farmers decision  Adoption  Multivariate Probit

INTRODUCTION population lives on less than US$1.25/day. On the United

In Ethiopia Agriculture employs about 83% of the index, Ethiopia ranks 173 out of 187 countries. In the 2011
total population and 90% of the total export earnings, 43% human development report, Ethiopia was ranked 174 out
of Gross Domestic Product (GDP) and provides about of 187 countries. Human development indicators are low,
70% of the county's raw material requirement for large and with exceptionally alarming statistics regarding food
medium scale industries [1, 2]. Hence, the performance of security and women's status and well-being.
the agricultural sector largely determines the performance According to World Bank data, in 2010, food aid was
of the entire economy of the country. Yet the use of low equivalent to 13% of its national output and in 2014 nearly
capital-intensive technologies results in low productivity 30% of households in the country were in extreme
and income that constrain farmers’ capacity [3]. As poverty. The country receives more food aid than any
indicated by [4], 96% of the cultivated land in the country other country in the world [6] and the depth and intensity
is managed by smallholder farmers, the majority of whom of food insecurity are high [7, 8]. In Ethiopian 36% of
own less than one hectare. farming households are engaged in subsistence farming,

The adoption of improved agricultural technology is living on less than USD 2 per day. This means they can
a tool needed to improve agricultural productivity which only afford low mechanization implements that are small
serves as the key to global food security. In Ethiopia, and use human power [9]. In addition to human muscle,
despite, government policies targeted at reducing the oxen-draft is the main source of power for land
problem of food insecurity, According to [5] 39% of the preparation and planting and this has created

Nations Development Program's 2012 human development
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complementarities between crop and livestock production conservation, improved seed varieties, line planting and
for centuries. Yet achieving higher and sustained
agricultural productivity growth remains one of the
greatest challenges facing the nation [10, 11]. However,
Agricultural growth and development is not possible
without yield-enhancing technological options because
merely expanding the area under cultivation (except in a
few places) to meet the increasing food needs of
populations is no longer sufficient. Thus, research and
adoption of technological improvement are crucial to
increasing agricultural productivity and food security and
thereby reduce poverty and meet demands for food
without irreversible degradation of the natural resource
base [12-14].

The increasing interest in the role of agricultural
innovations in reducing poverty, hunger and malnutrition
in the world has led to numerous micro-level studies on
the impact of agricultural innovation on household
welfare in developing countries. In Ethiopia, out of
cultivated farmland in 2009/10, only 4% used improved
seeds, 12% used chemical fertilizer, 15% used natural
fertilizer and just 1% used irrigation. The total area
fertilized  with  inorganic   fertilizer   for  all crops was
about  29.6%  of  total  cultivated  area in Ethiopia [15].
The cultivated area covered with improved variety was
about 3.4% of the total cultivated land. These show that
there is a huge gap in the multiple technology adoption in
the country. One way to increase  agricultural
productivity is through wider adoption of farming
technologies and such measures have been shown to
have positive impacts on income, food security and
poverty reduction [16, 17, 18]. Technology adoption can
also improve nutritional status [19]; lower food prices and
reduce the risk of crop failure [20]. However, especially in
Africa, adoption rates of agricultural technologies remain
quite low [10].

There is also disagreement about which type of
technology is most appropriate to the small farm sector
[21]. Although numerous studies [22, 23] have been
conducted in Ethiopia to examine the adoption of
agricultural technologies, most of them have looked at the
adoption of technologies in isolation, while farmers
typically adopt multiple technologies as complements,
substitutes or supplements. By focusing on single
technologies, such studies ignore the possibility that the
choice of technologies to be adopted may be partly
dependent on earlier technology choices [24].

The objective of this study was, therefore, to analyze
the factors influencing smallholder farmers’ decision to
adopt multiple cropping technologies. For this study,  soil

chemical fertilizer were considered as cropping
technologies. Alongside this, the paper also analyzed the
factors that jointly facilitate and impede the probability of
adopting productivity enhancing technologies.

MATERIAL AND METHODS

In this section, background of the study area,
sources of data and methods of data collection, sample
size and sampling techniques and methods of data
analysis were presented.

Description of the Study Area: The study was conducted
in Oromia National Regional State, East Hararghe Zone
and Haramaya woreda, Ethiopia. It is one of the 19
woredas of the east Hararghe zone located at the distance
of 508 kms from Addis Ababa and 18 kms from Harar town
in the west direction. According to [25], Haramaya district
has a total population 271, 394 of which 138,376 are male
and 133, 018 are female. A total area of the woreda is
about 55 km (55,100) ha, the total cultivated land is 38,4972

Ha. The predominant soil types of the district are Rigo soil
60% and a heavy black clay soil (vertisols) 40%. Soil
texture is sandy loam. The rain fall of the District is
bimodal, erratic and uneven in distribution, the short rain
season occurring between the months of February to May
and the long rain occurring between the months of June
to September. The mean annual rainfall is 492 mm ranging
from 118-866 mm and located at 42° 30’E, 9 26’N.0

The woreda has 33 rural kebeles and the major crops
grown in the area include sorghum, maize and haricot
bean, wheat, barley, ground nut, potato, onion, khat and
other vegetable crops. The most common cash crops for
the district are vegetables and khat. Livestock are
important components of the farming system for
consumption and source of income. The livestock rearing
is mostly not greater than four herd per household
because of shortage of grazing land, the Animal feeding
method is most commonly have experienced cut and carry
system.

Sources and Methods of Data Collection: Both primary
and secondary data sources were used. The primary data
were collected using semi-structured questionnaire that
were administered by the trained enumerators.
Enumerators recruited are the ones who are capable of
speaking the local language as well as English to explain
the prepared questionnaire to the respondents using local
language. To have reliable information, pre-test will be
conducted  and  modification made based on the feedback
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from the pre-test and then actual data collections were multivariate probity (MVP) econometric technique
conducted as scheduled. In addition to primary data, simultaneously models the influence of the set of
secondary data were also collected from relevant sources explanatory variables on each of the different practices,
such as published and unpublished documents from the while allowing the unobserved and unmeasured factors
agricultural and rural development and water resource (error terms) to be freely correlated [27]. Such correlations
development offices of the district and other relevant may be due to complementarities (positive correlation) or
institutions for general description and to augment substitutability’s (negative correlation) between different
primary data. technologies. Positive correlation also arises if there are

Sample Size and Sampling Technique: Among 18 several decisions but are not easily captured by
Districts in East Hararghe; Haramaya districts was measurable proxies. The multivariate probity model takes
selected purposively due to technology adoption and these correlations into account. If correlation exists, the
farm productivity problems in addition pontential area for estimates of separate (probity) equations of the farmers’
maize and other cereal crop production. Then after, two choices are biased and inefficient. Our model consist of 4
rural kebeles were selected purposively due to its binary choice equations; adoption of soil conservation,
potential area for the cultivation of the cereal crops. To use of improved seed varieties, line planting and chemical
select sample respondents from the two kebeles, simple fertilizers. Therefore, Following [27] the multivariate probit
random sampling based on probability proportion to size econometric approach for this study is characterized by a
was employed. Finally, a total of 120 sample respondents; set of m binary dependent variables y  such that:
of maize and other cereal crop producers were
interviewed. y =  x + , (m = C, I, L,  F) (1)

Methods of Data Analysis: To address the objective of y  =1, if y  >0 and 0 otherwise (2)
study and since the adoption decision is inherently
multivariate and interdependent. Therefore, this paper where m = C, I, L and F denotes the cropping technologies
employs a multivariate probit model that simultaneously available;  is a vector of explanatory variables, x
models the influence of the set of explanatory variables on denotes the vector of parameter to be estimated and
each of the different practices while allowing for the are random error terms distributed as multivariate normal
potential correlation between unobserved disturbances, distribution with zero mean and unitary variance. It is
as well as the relationship between the adoptions of assumed that a rational i  farmer has a latent variable, y
different practices. which captures the unobserved preferences or demand

Econometric Analysis: In the econometric analysis, a This latent variable is assumed to be a linear combination
Multivariate probity model was used to identify the of observed household and other characteristics that
determinants of farmers’ decision to adopt cropping affect the adoption of adaptation technologies, as well as
technologies. To analyze factor affecting participation in unobserved characteristics captured by the stochastic
cropping technologies, the dependent variable is error term. Given the latent nature of the variable y , the
dichotomous in nature and assumes a value of 1 for a estimation is based on the observable variable y  which
household that adopt cropping technology and zero for indicates whether or not a household adopt a specific
a household that do not adopt  cropping  technologies. cropping technology adaptation strategy. Since adoption
This is conducted for the all four  cropping  technologies of several adaptation strategies is possible, the error terms
of improved seed, fertilizer, line planting and soil in equation (2) are assumed to jointly follow a multivariate
conservation for the cultivated cereal crops in the study normal distribution, with zero conditional mean and
area. variance normalized to unity given as,

Technology Adoption Determinants Modeling Approach: (3)
As the adoption of each technology is not independent
from other technological choices on the same farm (and where  is the symmetric covariance matrix and
may overlap), the paper employs a multivariate probity structurally there is, off-diagonal elements in the
model that accounts for error term correlation [26]. The covariance  matrix  represent    the unobserved correlation

unobservable farmer specific characteristics that affect
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between the stochastic component of the jth and m  type practice is relatively low (62.2%) as compared to theth

of adaptation strategies. This specification with non-zero probability of adopting improved seeds (69.6%), soil
off-diagonal elements allows for correlation across error conservation (79.6%) and chemical fertilizer (70.5%). This
terms of several latent equations, which represent is a good evidence to suggest that availability of technical
unobserved characteristics that affect choice of and appropriate support on line planting practice is a
alternative adaptation technologies. Positive correlation challenge.
also occurs if there are unobservable farmer-specific The joint probabilities of success or failure of
characteristics that affect several decisions but that are adoption of the four agricultural technologies suggest
not easily captured by measurable proxies. Failure to that households are more likely to jointly adopt the four
capture unobserved factors and interrelationships among technologies. The likelihood of households to jointly
adoption decisions regarding different practices will lead adopt the four technologies is about 22.8% compared to
to bias and inefficient estimates [28]. their failure to jointly adopt them (0.36%). The results of

RESULTS AND DISCUSSION there is positive (complementarities) and negative

This section presents the results of econometric The simulated  maximum  likelihood  estimation
model used to address the objective of the study. In that results indicated that there were positive and significant
the result presents the relationship between different relation-ships  between  household  decision  to adopt
technologies and what factors contribute to the farmers’ line  planting  and  soil  conservation  and line planting
decision to choice among those different agricultural and improved seed. The results also showed that there
technologies.  The  results  of  the   correlation were negative and significant relationships between
coefficients of the error terms from the MVP are adoption of improved seed and soil conservation; and
significant for any pairs of equations (p<0.000) and they adoption of chemical fertilizers and soil conservations.
are statistically different from zero in four of the six  cases The relationship between fertilizer and soil conservation
(Table  2),  confirming the appropriateness of the MVP is plausible because both technologies utilized together
specification. The result shows that the marginal success and the substitutability of improved seed and soil
probability for each equation (adoption decision) is conservation is not expected especially in smallholder
reported  below.  The likelihood of adopting line planting farms.

correlation coefficients of the error terms indicate that

correlation (substitutability) between technologies.

Table 1: Variables definition and measurement. 
Variables name and code Type, definition and Measurement
Variables of the model
Dependent variables:
 soil conservation (USC) Dummy, 1 if adopted 0 if not
improved seeds (IPSD) Dummy,  1 for adaptors and 0 for non-adopters
 line planting (MSAW) Dummy,  1 for adaptors and 0 for non-adopters
 fertilizers (UCHF) Dummy,  1 for adaptors and 0 for non-adopters
Independent variables:
Age (AGE) Continuous, age of the household head in year
Sex (SEX) Dummy, sex of household head 1 if male 0 if female
Education (EDU) Continuous, education of household head in grade completed
Experience (FAMEXP) Continuous, age of the household head in year
Family size (FAS) Continuous,  total size of the household members in numbers
Cultivated land (CULA) Continuous,  cultivated land holding in hectares 
Livestock holding (LSH) Continuous,  livestock holding in tropical livestock unit
Extension (EXTE) Continuous, number of extension contact in the cropping year
Irrigation Participation (IRRP) Dummy,  1 if household participated 0 if not
Farmers training (FTR) Dummy, participation in farmers training 1 if yes 0 if no
Other income (AINC) Dummy, 1if accessed 0 if not
Access to credit (CRS) Dummy, 1 if accessed 0 if not 
Soil fertility (SFS) Dummy, soil fertility status of the farm 1 if fertile 0 otherwise
Weather road dist (LINC) Continuous, birr from livestock and their by products 
Access to technical (TAS) Dummy, 1 if accessed and 0 if not
Market dist (MKTDIS) Continuous, distance from the market centers in minute 
Weather road dist (WRD) Continuous, distance from the weather road in minute 
Social status (SOS) Dummy, participation in social org, 1 if yes 0 if not
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Table 2: Correlation matrix of the technologies
Soil conservation Improved seeds Line planting Chemical fertilizers

R -0.433**mproved seeds

R 0.448** 0.674***line planting

R -0.278* 0.178 0.165fertilizers

Predicted probability 0.796 0.69 0.622 0.705
Joint probability (success) 0.228
Joint probability(failure) 0.0036
Likelihood ratio test of Rhoij =  0, P>chi2(6) 0.0002
Source: own calculations, 2016 ***, ** and * significant at 1%, 5% and 10% probability level, respectively

Table 3: Multivariate probit simulation results for households’ technology adoption decisions
Soil conservation Improved varieties Line planting Chemical fertilizers Marginal effects
-------------------------- -------------------------- ---------------------------- ---------------------------- ------------------------------

Variables Coeff Std.err Coeff Std.err Coeff Std.err Coeff Std.err Coeff Std.err
FSIZE -0.026 0.078 0.167 0.066 -0.010 0.060 0.138** 0.063 -0.026 0.078
EDU 0.481 0.328 0.306** 0.257 0.677*** 0.263 -0.218 0.336 0.481 0.328
FARMEXP 0.036** 0.018 0.010 0.013 -0.025** 0.012 -0.027** 0.014 0.036** 0.018
IRRP -0.418 0.440 1.433*** 0.480 0.183 0.366 0.074 0.432 -0.418 0.440
TCUL 0.344 0.864 -0.414 0.739 -0.877 0.607 -0.067 0.732 0.344 0.864
EXSE 0.408 0.371 -0.229 0.328 -0.452 0.323 -0.084 0.321 0.408 0.371
LSHH 0.251*** 0.062 -0.036 0.052 0.075 0.052 -0.019 0.055 0.251*** 0.062
SOS 0.949** 0.374 -0.104 0.422 -0.194 0.337 -0.204 0.334 0.949** 0.374
FTR -0.077 0.362 0.080 0.311 0.328 0.280 1.025*** 0.307 -0.077 0.362
WRD 0.003 0.006 -0.001 0.005 -0.012** 0.005 -0.007 0.005 0.003 0.006
MDIST -0.026* 0.015 -0.028* 0.016 -0.006 0.013 0.023 0.014 -0.026* 0.015
OTAS 0.676** 0.328 0.612** 0.282 -0.587** 0.260 0.487* 0.287 0.676** 0.328
CRS 0.535* 0.485 1.047** 0.502 -0.427 0.369 -0.301 0.338 0.535 0.485
_cons -1.716 0.953 -1.388** 0.696 2.425*** 0.726 -0.228 0.748 -0.026
Number of obs = 120 Wald chi2(52) = 169.37
Log pseudolikelihood = -218.898 Prob > chi2 = 0.0000
Source: own calculations, 2016 ***, ** and * significant at 1%, 5% and 10% probability level, respectively

The result shows that there is no clear demarcation Farming experience was found to have negative
between technologies and farmers might combine relationships with application of fertilizer and adoption of
different  technologies    or    they    might  substitute line planting practices but positively related to soil
each  other.  This  might  be  due   to  the nature of conservation practices. This result also showed that
plurality  of  the  role  of  extension  workers  in the higher educational status increases the awareness of
country. In Ethiopia, extension workers are the main farmer about the benefits of applying improved seed and
source  of  information  for   small-holder  farmers line planting practices.
regarding   most    of    farming   activities.  They advise Irrigation participation was found to have negative
and  consult  farmers   about   the   importance of relationships with line planting and positive relationship
improved seed, chemical fertilizers, compost, crop with adoption of improved varieties. This result showed
rotation, row planting and soil and water conservation that irrigated land easily accessible to erosion problem
simultaneously. and nutrient depletion that may need to recover by

Although farmers adopt a combination of adoption of conservation practices. Family size was
technologies, there are a number of factors that can related to adoption of chemical fertilizer positively. The
influence their decision to choose a particular technology. positive sign is plausible since adoption of chemical
This section has identified the variables which determine fertilizer is often more labor intensive. Therefore
the adoption of various technologies using MVP. application of chemical fertilizer needs more labor than
Thirteen explanatory variables, of which eight dummy and other farming activities.
five continuous variables were included in  the  model. Livestock holding was found to have a positive
The selection of those explanatory variables for the model relationship with adoption of soil conservation; Livestock
was done through literature review. serves smallholder farmers to purchase farm inputs like
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improved seeds, chemical fertilizers and others. The farm household level observations. The data were
results of this study also shows that as the livestock collected from 120 sample household in 2015 cropping
holding increases the adoption of soil conservation also year. Multivariate probit model is used to identify the
increases. Owing to the fact that animal manure is bulky factors that facilitate or impede the probability of the
and less transportable it is more supply driven than adoption of multiple agricultural technologies. 
demand driven. As such, households with more animals The results show that there is a strong
will also have more manure and will in turn be more likely complementarities and substitutability between
to use animal manure in their farms. agricultural technologies, indicating the interdependence

As in the adoption decision, the framers’ training has of technology adoption. Studies that consider the
a significant and positive effect on the adoption of adoption of multiple cropping technologies in isolation
chemical fertilizers. As the farmers access to training could lose important cross-technology correlation effects
increases, the probability of adopting chemical fertilizer and potentially yield biased estimates. The cross-
also increases. This is because farmers training may technology correlation may have important policy
provide smallholder farmers awareness on the importance implications in that a policy change that can affect one
of chemical fertilizers and the rate of its application to their technology can have spillover effects to other
farm production. technologies.

Social status was related to soil conservation The results of the multivariate correlation coefficient
positively. The positive relationship might be due to the indicated that there are positive relationships between
fact that farmers with social status have access to improved seed and line planting and between line planting
information from different sectors and has awareness of and soil conservation. There were also negative
benefit of adopting soil conservation practices. relationships between adoption of improved seed and soil

Market distance has a negative relationship with soil conservation and between fertilizer and soil conservation.
conservation and adoption of improved seed. This is The estimation results indicated that the variables
because in the real context, farmers in the study area not affecting farmers’ decisions to adopt a technology differ
sell cereal crops and mostly focus on vegetable and other between technologies. Most importantly, the results show
cash crops for markets. The result also indicated that that the probability of adoption of agricultural
there is negative relationship between line planting and technologies are influenced by several factors: Family
weather road distance indicating as weather road distance size, farming experience, social capital in the form of
increases, it is difficult to supply inputs and improved membership of rural institutions, credit constraint,
seeds that might consumed with line planting technology. education, livestock holding, access to technical support,
This is reasonable, because weather road distance farmers training, distance to markets, irrigation
contributes to higher transport and transaction costs, so participation and distance to weather road. 
that the use of purchased inputs is less likely in remote The significant role of social capital on adoption
areas. suggests the need for establishing and strengthening

Access to technical support was found to have a local institutions and service providers to accelerate and
positive relationship with application of chemical sustain technology adoption. In a country where there is
fertilizers and adoption of improved seeds. Technical information asymmetry and where both input and output
assistance  by   development  agents  has  a  negative markets are missing or incomplete, local institutions can
relationship with raw planting practices. Access to credit play a critical role in providing farmers with timely
services was found to have a positive relationship with information, inputs and technical assistance.
adoption of improved seeds. This is reasonable, because
credit contributes to higher transport and transaction REFERENCES
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