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ABSTRACT 
 

The use of a wide range of sustainable agricultural practices at plot level has been promoted as a package of 
technology to increase productivity per unit area of land while maintaining and enhancing the natural fertility of land 
resources. However, in most rural areas of Ethiopia, farmers adopt a single or mix of practices rather than all available 
practices. Thus, this study analyzes the farmer’s choice of combination of improved maize variety, legumes crop and 
crop residue retention and evaluates its impact on net income using detailed household and plot level data collected 
from Boricha and Loka Abaya districts. Multinomial logit and endogenous switching regression models were 
employed. The result indicates that socioeconomic factors, access to information and the credit institution and plot 
characteristics are found to be important determinants of adoption of multiple sustainable agricultural practices. 
Regarding the effect of adoption, adoption of multiple practices, provides modestly higher net maize income than 
adopting each practice in isolation or in any mix. The result also indicates that total production cost is significantly 
higher with adoption of multiple practices than each possible alternative combination. This implies that sustainable 
agricultural practices as a package of technology is capital intensive and require relatively higher initial investment 
cost. This may call for the need and expansion of credit access while promoting sustainable agricultural practices in 
poor and resource constrained community of rural Ethiopia.  
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INTRODUCTION 
 

In most sub Saharan countries, like Ethiopia, where 
agriculture is predominantly operated by poor smallholder 
farmers and severely constrained by land degradation, 
promoting sustainable farming practices at plot level has 
been considered as a strategy to increase agricultural 
production and productivity. Sustainable agricultural 
practice does not refer implementation of a standard set of 
agricultural practices; rather there are a wide range of area 
and region specific interrelated practices. According to 
Horrigan et al. (2002), minimum / zero tillage, legume 
intercropping and rotation, crop residue retention, 
improved crop varieties, animal manure, organic fertilizer, 
and use of soil and stone bunds are some of the most 
widely used practices.  

The use of these practices at plot level not only 
conserve natural resource but also increase soil fertility 
and soil organic matter without sacrificing yield levels 
(Kassie et al., 2013). For example, improved crop variety 

whose traits have been genetically improved for selected 
characteristics have the potential to increase crop 
production, income and living standard of farm 
households in sustainable way (Johnny Mugisha and 
Gracious Diiro, 2010). Zero / minimum tillage, direct 
sowing of seed  on previously unprepared soils or narrow 
trench, gradually improve organic matter content of the 
soil and soil structure (Dumanski et al., 2006), and this 
again reduces labor and fuel needs and hence increases 
farm profit margins.  

Similarly, intercropping as a system can also improve 
soil water use efficiency and reduce evaporation from the 
soil so that increase diversity of farming system. More 
diversity in farming system generally would mean more 
stability, resulting in risk spreading and reduced pest and 
disease incidence (Niguse and M.S. Reddy, 1996).  The 
practice of crop residue retention on farm-plots protect the 
soil from the damaging effects of heavy rainfall, sun, 
wind, and, conserve moisture, provide nutrients and 
facilitate water infiltration and hence improve the natural 
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fertility status of the soil (Donk et al., 2012).  Again 
construction of soil and stone bunds across slope slow 
down water run-off and hence improve infiltration and 
reduce soil loss (IIRR and ACT, 2005 and UNEP, 2009). 

The role of sustainable agricultural practices in 
improving agricultural productivity and maintaining soil 
fertility basically depends on the simultaneous use of all 
available SAPs. For instance, experimental result from 
Nzabi A et al (2000) indicate that maize and legumes 
intercropping with crop residue retention significantly 
increased grain yields in kg hac-1 compared to maize 
mono-crop without crop residue.  Despite the 
multidimensional benefits of simultaneous use of all 
available SAPs, smallholder farmers often don’t 
implement all available SAPs packages. Instead they 
adopt either a single or a mix of few SAPs due to different 
factors. If farmers widely implement either a single or 
mixes of practices instead of all SAPs, then the 
productivity-improving effect of each of the practices may 
not be fully realized.  

Theoretically rational farmers need to face the right 
signals to adopt appropriate type and combination of 
SAPs. Farmers may adopt a mix of SAPs in different type 
and combination if they have adequate resource and 
knowledge about that combination, or if they expect that 
combination will generate higher benefit. In addition to 
this, the nature of interdependence among the practices 
could also affect the type and combination of SAPs 
adoption. However, there is minimal empirical evidence 
so far on how these characteristics can affect farmer’s 
decision to adopt these SAPs technology packages. In 
order to increase the adoption of multiple SAPs at large 
scale and fully exploit it’s benefit, knowledge on farmers' 
adoption behavior and the potential economic benefit 
associated with these practices is very crucial.  Therefore, 
in this study, we first analyze the determinants of 
simultaneous adoption of improved maize variety, 
legumes crop and crop residue retention and then, assesses 
the impacts of different combination of these practices on 
net income. 
 
Type of data and description of variables 

This study uses SIMLESA (Sustainable 
Intensification of Maize-Legume Systems for Food 
Security in Eastern and Southern Africa) project baseline 
survey data. The survey was conducted during the period 
of October - December 2012 by SARI in collaboration 
with CIMMYT Ethiopia. A multi-stage sampling 
procedure was employed to randomly select appropriate 
study area and farm households. In the first stage of 

sampling, two districts, Borecha and Loka Abaya, were 
selected from Sidama Zone based on maize-legume 
production potential.  In the second stage, total samples of 
14 peasant associations were selected randomly from the 
two districts. Finally, 13 - 23 farm households were 
selected from each peasant association based on the 
proportionate random sampling method. The sample data 
covers a total of 219 farm households and 1,242 farm 
plots. Since maize based farming system is the target area 
of this study, a total of 195 maize growers and 340 maize 
plots were considered for further analysis.  

In this study, we consider the adoption of three 
interrelated practices: improved maize seed, legumes crop 
and crop residue retention. We did joint probability 
estimates to capture the existence of possible interrelation 
across the three practices. As indicated in Table 1 the 
conditional probability of farmers adopting legumes crop 
and crop residue retention on average increased from 78% 
to 81% and 45% to 47% respectively when farmers adopt 
improved maize variety. Similarly, the conditional 
probability of farmers adopting improved maize variety 
and legume crop on average increased from 92 % to 95 % 
and 78% to 80% respectively when farmers adopt crop 
residue retention. As shown in the Table, the conditional 
probability of adopting each practice based on the other 
one is higher under each scenario. These results imply the 
existence of positive interdependence (complementarity) 
among the adoption of the three practices.  

Based on the above result, we, therefore, generate 
eight possible SAP packages by combining the three 
practices. Table 2 summarizes the eight alternative SAP 
packages. As indicated in Table 2, of the total sampled 
340 maize plots, about 6.18% of the plots did not receive 
any of the SAP (V0L0R0), whereas 36.47% of the plots 
simultaneously receive all of the three practices (V1L1R1). 
While 39.70% of the plots receive SAP package V1L1R0, 
9.12% and 8.53% of the plots are treated with SAP 
package V1L0R0, and V1L0R1, respectively. The result also 
indicated that out of the eight possible SAP packages only 
five of them are used in maize plots, whereas the three 
SAP package (V0L1R0, V0L0R1 and V0L1R1) are not 
applied on any of maize plots. 
 
Conceptual and Analytical framework 

Under multiple agricultural technologies, technology 
adoption involves the use of a bundle of practices rather 
than adopting single practice. As the result, farmers could 
more likely to adopt a mix of practices to deal with the 
existing agricultural production constraints. Thus using 
appropriate method to simultaneously model farmers’

 
Table 1: Interdependence Among SAPs Adoption: Conditional and unconditional Probabilities 

  Probability Improved Maize 
Variety (V) Legumes Crop (L) Crop Residue 

Retention (R) 
Unconditional P(YJ = 1) 0.92 0.78 0.45 
Conditional P(YJ = 1|YV = 1) 1 0.81 0.47 

P(YJ = 1|YL = 1) 0.95 1 0.46 
P(YJ = 1|YR = 1) 0.95* 0.8 1
P(YJ = 1|YV = 1, YL = 1) 1 1 0.47 
P(YJ = 1|YV = 1, YR = 1) 1 0.8 1 

  P(YJ = 1|YL = 1, YR = 1) 0.96* 1 1 
Note: YJ represent adoption status with respect to alternative J; J represent Improved Maize variety (V), Legumes Crop (L) and 
Crop residue retention (R); * Denotes Statistical Significant Difference at 10%; ** Denotes Statistical Significant Difference at 5%; 
*** Denotes Statistical Significant Difference at 1% 
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Table 2: Alternative package and area cultivated under each 
package 

Alternatives (J) Alternative package Frequency (%)
0 V0L0R0 6.18 
1 V1L0R0 9.12 
2 V0L1R0 -
3 V0L0R1 - 
4 V1L1R0 39.7 
5 V1L0R1 8.53 
6 V0L1R1 - 
7 V1L1R1 36.47 

Note: SAP package represents the eight possible combination of 
improved maize variety (V), legumes crop (L), & crop residue 
(R). Subscript 1=adoption, whereas 0=no adoption. Total 
Sampled plot=340; Source: Own calculation 
 
decision on adoption of each of the different practices 
may clearly show the reality faced by the decision maker. 
One option of modeling this decision problem is to use a 
multinomial discrete choice model. 

In most experimental research the impact of a given 
technology is basically measured by comparing the 
outcome variable across plots adopting that technology. 
However, this approach may not be always appropriate 
particularly if the sample data is from observation / 
survey. Because farmers’ decision to adopt or not to adopt 
technology may not be fully determined by their observed 
characteristics. Rather, it might be more likely influenced 
by unobserved factors such as, managerial ability and/or 
motivation. In order to control this problem, we use 
multinomial endogenous switching regression following 
Dubin A. Jeffrey and McFadden (1984) and  Bourguignon 
et al ( 2007).  Thus in the first stage, farmers’ decision on 
adoption of SAPs combination is modeled using a 
multinomial logit selection model, where as in the second 
stage the impact of each combination of SAPs package on 
outcome variable is measured using multinomial 
endogenous switching regression model. 
 
Model selection  
Multinomial logit selection model 

This study uses a MNL model to analyze the 
determinants of farmers’ decisions on adoption of 
multiple SAPs, as it is best corresponds to number of 
sample size of the study and easier to compute choice 
probabilities than MNP model. Assume farmers aim to 
maximize their net income,Ui

, by comparing the net 

income provided by ,m , alternative package. Given 

5=m alternatives, farmer i adopt any package, j , 

over m  alternative package if package j  has highest 

net income or  if  jmUU imij ≠> .  According to 

McFadden (1974), a model closely related to the 
multinomial logit can be obtained from the latent variable 
model.  Thus, the expected net income, *

U ij

, that  farmer 

derives from the adoption of  package j  is a latent 

variable determined by vector of independent variables 
( )X i

 and disturbance term 
⎟
⎠
⎞

⎜
⎝
⎛ε ij

:   

εβ ijjiij XU ,

* +=                                             (1) 

Where Xi  
is observed exogenous variables & ε ij

is 

unobserved characteristics. Let ( )A  be an index that 
represent the farmers choice of alternative package, such 
that; 
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Where ηi

is the expected net income difference between 

alternative package j and any other alternative 

package .jm≠  Therefore 
0**max <⎟
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⎝
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−≠= UU ijimjmiη

 in 

equation (2) implies that the thi farmer can adopt 

alternative package j if alternative package j  has 

highest net income than any other alternative 
package jm≠ . In our case, as shown in Table 2, un- 
improved package (V0L0R0) is considered as the base 
category, which is defined as j = 0, whereas the remaining 
packages (j = 1…, 4) are considered as  SAP package to 
be adopted. 

Following (McFadden, 1973), the vector ε i is assumed 

to be identically and independently Gumbel distributed: 
thus the multinomial logit model for choice of alternative 
packages will specify the relationship between the 

probability that farmer i adopt alternative package j  

and the set of explanatory variables X as:  

∑
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         (3) 

 
And based on this expression, the parameters of the 

latent variable model can be easily estimated in the 
context of maximum likelihood function. 

In the second stage of multinomial ESR, the 
relationship between the outcome variable and a set of 
observed independent variable Z  is estimated for each of 
the alternative package. It is obvious that the outcome 
variable Q j

is observed if and only if alternative package 

j  is adopted.  
The outcome equation for each of the regime j is given as: 
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Where Qij
is the outcome variable of the thi  farmer 

in regime j , Ζi
are exogenous variables that affect the 

outcome variable, and Ui is a disturbance term that 

verifies
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j is SAP package  that describe the choice of farmers 

among M alternatives. The outcome variable Qij
is 

observed if and only if SAP package j is adopted, 

which happens when 
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≠ UU imij mj

Model specified 

in equation (4) follows the classical assumption that 

εi and Ui
 are not identically and independently 

distributed. If this classical assumption is violated and the 
disturbance terms ε i and Ui

 are not identical, 

parameter estimates of ordinary least square in Eq. (4) 
would not be consistent and efficient. This requires 
inclusion of selection correction terms in Eq. (4).  Dubin 
and Daniel McFadden, (1984) introduce a model to 
account this bias. The model assumes that the expected 
value of U j

and ε j   are linearly related, such that: 
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Based on this assumption, the ordinary least square (OLS) 
in Eq. (4) can be specified as: 
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Where σ j is the covariance between 
U j

and ε j  , 

and λ j is the inverse mills ratio computed from the 

estimated probability of Eq. (3) as follows: 
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 Where ρ is the correlation coefficient between 

U j andε j  , and ω j is a residual term which is 

orthogonal to all ε j  & 00 =⎟
⎠
⎞⎜

⎝
⎛ωE . Practically model 

in Eq. (5) has heteroskedasticity problem that arise from 
the computation of inverse mills ratio (λ j ). To obtain 

heteroskedasticity free and precise model, standard errors 
in Eq. (5) are bootstrapped.  
  
Multinomial endogenous switching regression model 

Multinomial endogenous switching model has an 
important framework to examine the average treatment 
effect by comparing the expected outcome of adopters 
with and without adoption. While evaluating impact using 
observational data, the existing document begins with a 
counterfactual, where each individual has an outcome 
with and without treatment. Following Carter and Milon 
(2005) and Di Falco and Veronesi (2011), we formulate 
the expected conditional average effect in actual and 
counterfactual scenario as follow. 

For actual adoption observed in the sample, the 
outcome estimation model can be stated as: 
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If adopters of a given SAP package had not adopted that 
package, counterfactuals modeled as:  
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The estimated values from Eq. (6) and Eq. (7) are 

very useful to generate unbiased estimate of average 
treatment effect on treated (ATT) and untreated (ATU) 
and also transitional and base heterogeneity effect for 
adopter and non-adopter. The conditional expected values 
of outcome variables in the four cases are presented in 
Table 3. Cases (a) and (b) along the diagonal of Table 3 
represent the actual expected net income observed in the 
sample, whereas cases (c) and (d) represent the 
counterfactual expected net income of the sample. 
Following Carter and Milon (2005) and Di Falco and 
Veronesi (2011), the effect of treatment on treated (TT) is 
calculated as the difference between (a) and (c), which
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Table 3: Treatment and Heterogeneity effect 
Sub samples Decision Stage Treatment 

effect To adopt Not to adopt 
    TT 

Farm Household that 
adopt 

 

       TT1 
 

       TT2 
    "                    "                 "      "             "                 "          " 

       TTj 
    

 
 

         TU 
Farm Household that 
did not adopt        TU-1 

       TU-2 
       TU-3 

           TU-4 
Heterogeneity effect                           BH1                            BH0        TH 

                          BH11
-0                            BH0

-1        TH1 
                          BH12

-0                            BH0
-2        TH2 

                          BH13
-0                            BH0

-3        TH3 
                            BH14

-0                            BH0
-4         TH4 

Note: a and b represent expected net income per hectare for adopter and non-adopter respectively under actual scenario: c & d 
represent expected net income per hectare for adopter and non-adopter respectively under counterfactual scenario; TT: Treatment 
effect on treated (adoption effects on adopter); TU: Treatment effect on untreated (adoption effect on non-adopter); TH: 
Transitional heterogeneity; BH1: Base heterogeneity effect for adopter; BH0: Base heterogeneity effect for non-adopter 

 
represent the expected change of outcome in adopter of 
any of SAP package ( jA = ) if this adopter had the same 
characteristics as non - adopter. 

Similarly treatment effect on untreated (TU) is 
calculated as the deference between (b) and (d), which 
represent the expected change in outcome of non-adopters 
of SAP package ( 0=A ) if non- adopter had the same 
characteristics as adopter of SAP package ( JA = ).  In 
addition, the conditional expected outcome presented in 
Table 3 can also be used to calculate heterogeneity effect. 
In this case transitional heterogeneity is the difference 
between treatment effect on treated (TT) and treatment 
effect on untreated (TU), which provide information 
whether the effect of adopting SAP package is larger or 
smaller for households that actually adopted the 
technology or for non-adopters in the counterfactual case. 
Finally base heterogeneity effect for both adopter and 
non-adopter are also calculated to have insight on the 
existence of some sort of heterogeneity. The difference 
between case (a) and case (d) represent base heterogeneity 
effect for adopter, whereas the difference between case (c) 
and case (b) represent base heterogeneity effect for non-
adopter. 

 
RESULTS AND DISCUSSION 

 
Descriptive statistics 

Table 4 presents descriptive statistics. The mean 
value of explanatory variables of un-improved package 
(V0L0R0) is used as a reference value to compare the 
explanatory variables mean value of SAP package 
V1L0R0, V1L1R0, V1L0R1 and V1L1R1. According to the 
result, the mean values of explanatory variables are 
significantly different across the all SAP package. For 
example the average age of the male household head that 
use un-improved package (V0L0R0) is 43.14 years, 
whereas 40.34 and 41.48 years for household who adopt 
SAP package V1L0R1 and V1L1R1, respectively. Similarly, 
the average age of the spouses is 38.48 years for the 

households who use un-improved package (V0L0R0), 
whereas 34.23 years for household who adopt package 
V1L1R0. This may indicate that young partners most likely 
adopt a modern package than older ones.  

Regarding the level of education, there is a significant 
difference among households who use unimproved 
package (V0L0R0) and the others SAPs package. The 
result showed that among the household who use local 
technology (V0L0R0), 38% of them are at primary 
education level, whereas  58%, 49% and 51% of 
households who adopt SAP package V1L0R0, V1L1R0 and 
V1L1R1, respectively are at primary education level. The 
same is true for spouse education. For instance, among 
spouses of those households who adopted un-improved 
technology (V0L0R0), only 19% of them have primary 
education level, whereas under adopter of SAP package 
V1L1R0, 27% of spouses have primary education level. 
This result may show that the education level of the 
partners may matters on technology Adoption.  

Land holding is significantly different among 
households who adopt different SAP package.  Average 
land holding of households who use un-improved package 
(V0L0R0) is 1.1 hectare, whereas 0.96 and 0.87 hectare for 
those who adopt SAP package V1L1R0 and V1L1R1. This 
result may imply that household with small land holding 
may tend to secure their food demand by adopting 
sustainable practices. Tha average saving amount is 
significantly higher for households who adopt SAP 
package V1L0R0, V1L1R0, V1L0R1 and V1L1R1 than non-
adopters. As indicated by Menale et al (2012) and Lopes 
(2010), this may implies that limited financial base of the 
farmer could affect decision to adopt modern SAP 
package by constraining the initial investment and capital 
cost required. Total annual households income is also an 
important variable which vary across SAP package. The 
result reveals that the average annual income is 
significantly higher for households who adopt SAP 
package V1L0R0, V1L0R1 and V1L1R1 than households 
who use unimproved package (V0L0R0).  
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Access to information is another key factor that 
enhances the adoption of agricultural technology. For 
example, the average distance to the nearest village 
market, the  main market and source of extension office is 
significantly lower for households who adopt SAP 
package V1L0R0, V1L1R0, V1L0R1 and V1L1R1 as compared 
to non-adopters. This implies access to market 
information and extension service could motivate the 
probability of adopting SAP package.  
 
Econometric result 

In this section, first we discuss the results of the 1st 
stage multinomial logit model, and then the result of the 
2nd stage of the same model. Various post estimation Tests 
have made to check the validity of the model. The Wald 
test that all regression coefficients are jointly equal to zero 
is rejected with ( ) ( ) ⎥⎦

⎤
⎢⎣
⎡ >= 0000.0;79.5059120

2
Pχ .The 

result shows that the estimated coefficients differ 
substantially across the alternative packages. The Wald 
test result for test of dependent categories is presented in 
Appendix 1. The results confirm that all the alternative 
packages are distinguishable with respect to the variables 
in the model. Variance inflation factor (VIF) is also 
computed to test the multicollinearity problem. The VIF 
results shown in Appendix 2 indicate that there is no 
serious multicollinearity problem. 

The average marginal effect estimates obtained from 
the 1st stage multinomial logit selection model is 
presented in Table 5.  There is strong relation between 
households’ socioeconomic characteristics and the 
adoption of SAP package. Similar to the work of Morris 
& Doss (1999), male headed households tend to adopt 
improved technologies at a higher rate than women 
headed households because of access to information and 
wide social network.  

Operated land positively affects the probability of 
adoption of SAP package V1L1R0. This is probably 

because as operated land increases, the likelihood of 
farmers considering farming activity as full time 
increases: and hence more likely motivated towards the 
adoption of SAPs. Land holding positively affects the 
probability of adopting package V1L0R0, whereas 
negatively affects the probability of adopting SAP 
package V1L1R0 and multiple SAPs (V1L1R1). This result 
may reveal that excess land holding allow farmers to 
harvest enough yield and hence they adopt a single 
practice rather than using land-saving and yield-
augmenting SAPs combinations such as package V1L1R0 
and V1L1R1. As shown in Table 5, distance to nearest 
village market negatively affects the adoption of package 
V1L1R0. This means as distance to nearest village market 
increases, the probability of adopting package V1L1R0 is 
decreased. This result may verify the hypothesis that 
information on input markets allows farmers to adopt 
sustainable practices such as seed of improved crop 
variety, whereas information on output markets positively 
enhance farmers to produce more such as by practicing 
intercropping system.  

The result also shows that improved access to 
agricultural technology and extension services are found 
to be an important determinant of SAPs adoption. 
Distance to the nearest source of herbicides positively 
affects the probability of adopting multiple SAP package 
(V1L1R1). This could be due to the fact that the probability 
of using herbicides for weed control becomes low as 
further away farmers from the source of herbicides so that 
farmers tend to use intercropping and crop residue as 
strategy to control and suppress weed growth. Similar 
with the findings of Teklewold et al (2013), we also found 
that farmers who have frequent contact with extension 
workers are more likely to adopt combination of all SAPs 
(V1L1R1), whereas decrease the probability of adopting 
SAP package V1L1R0. This result may show the 
significant role of extension worker on adoption of 
technology as a package rather than as a piecemeal such
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Table 5: Marginal effect estimates of adoption of SAPs Package - multinomial  logit Delta method
Explanatory Variables Different SAP Packages 

V1L0R0 V1L1R0 V1L0R1 V1L1R1 
  dy/dx SE dy/dx SE dy/dx SE dy/dx SE 

Household Socioeconomic Characteristics 
male_headed HH -0.091 0.103 -0.276* 0.145 0.763*** 0.149 -0.30** 0.142 
HH eduction level (secondary edu) 0.076 0.053 -0.079 0.093 -0.020 0.064 0.035 0.098 
HH education (primary edu) 0.059 0.049 -0.060 0.064 -0.026 0.038 0.065 0.066 
Maiz_grwning experianc in year -0.001 0.002 -0.005 0.004 0.003 0.006 0.004 0.004 
log(legums_grwn_exper) in year 0.04 0.043 0.044 0.063 -0.031 0.042 -0.001 0.056 
familysz -0.012 0.009 0.017 0.013 0.007 0.007 0.003 0.013 
operatedin_land_hr -0.052 0.037 0.173*** 0.047 0.001 0.033 -0.058 0.058 
ownedin_land_hr 0.123*** 0.040 -0.177*** 0.034 0.035 0.035 -0.092** 0.037 
Access to Market Information 
dist.to.nearest village makt 
(walking time in minute) -0.001 0.001 -0.003** 0.002 0.001 0.001 0.002 0.001 

log(dist.to.nearest main makt)  
walking time in minute 0.004 0.012 0.015 0.016 -0.002 0.007 -0.016 0.016 

Access to Improved Agricultural Technology & Extension Services 
log(dist to nearest source of seed  (walking 
time in minutes) -0.012 0.027 0.046 0.049 -0.008 0.035 -0.005 0.049 

Dist to nearest source of fertilizer  
(walking time in minutes) 0.001 0.001 -0.002 0.001 0.000 0.001 -0.001 0.002 

Dist to nearest source of herbicides   
(walking time in minutes) -0.000 0.001 0.001 0.001 -0.001 0.001 0.003** 0.001 

Dist to nearest source of extn office   
(walking time in minutes) 0.000 0.001 -0.001 0.001 0.001 0.001 0.000 0.001 

log(total_contact_gov_extn) -0.008 0.015 -0.083*** 0.023 0.002 0.019 0.093*** 0.025 
No.yrs hh livngin this village -0.004** 0.002 0.005* 0.003 -0.001 0.002 -0.002 0.003 
No of membership in formal & infrmal insti. -0.012 0.009 -0.029* 0.015 0.028** 0.011 0.003 0.017 
log(dist to nearst farmers ccoperative   
(walking time  minutes) -0.031** 0.015 0.028 0.023 -0.018 0.013 0.031 0.024 

Acess to Credit / Fainancial  Services 
credit_access_seed -0.99*** 0.161 0.487*** 0.180 -0.627*** 0.160 0.926*** 0.172 
log(dist to credit/financial institution  
(walking time in minutes) 

   0.004 0.012  0.038* 0.020    0.013 0.017 -0.07*** 0.02 

 
Resource Constraints 
Credit constrants for buying fertlzer -0.054 0.039 -0.112 0.071 0.086 0.061 0.132 0.080 
Credit constraints for buying chemicals 0.055 0.036 -0.131** 0.058 0.088*** 0.029 0.000 0.059 
Plot Characteristics 
plotownship(rentedin_out_& borrwdin 0.136*** 0.042 0.129* 0.074 0.092** 0.036 0.248*** 0.080
plots sizes in hectare -0.059 0.076 0.031 0.116 -0.036 0.053 0.227* 0.135 
poor soil (fertlity) -0.001 0.037 -0.098 0.061 -0.047 0.045 0.133** 0.063 
brown soil (soil type) 0.005 0.031 -0.089 0.058 -0.009 0.039 0.053 0.062 
red soil (soil type) -0.093 0.061 0.027 0.067 -0.068 0.043 0.129* 0.068 

Model VCE= Robust; Number of observation =340; SE is standard error; *Denotes Significance Level at 10%; **Denotes 
Significance Level at 5%; ***Denotes Significance Level at 1%; dy/dx Denotes Marginal effect; Source: Own estimate (result) 
 
as V1L1R0.  The role of social capital and network on 
SAPs adoption is found to be significant with increasing 
and decreasing adoption probability. For example 
number of membership in formal and informal 
institutions positively affects the probability of adopting 
package V1L0R1. Distance to the nearest source of 
cooperatives negatively affects the probability of 
adopting V1L0R0. This result may show the importance 
of social capital and network on technology adoption. 
Again the negative relation between number of 
membership in formal and informal institution and the 
adoption of package V1L1R0 is unexpected. This finding 
may imply farmers information sharing depend on the 
quality of networking and type of institution than degree 
of network and number of membership that they have 
involved. 

Access to credit is significantly determines 
simultaneous adoption of SAPs.  Credit access to seed 

negatively affects the probability of adopting package 
V1L0R0 and V1L0R1, whereas positively affects V1L1R0 
and V1L1R1. This is probably because credit access to seed 
not only allow farmers to buy improved seed for the main 
crops, but also enable farmers to buy improved seed for 
intercropped crop.  The result also shows that distance to 
credit institution is negatively affects the probability of 
adopting package V1L1R1. This result verifies the 
hypothesis that farmers who have access to credit can 
minimize their financial constraints to buy the required 
inputs. 

Plot characteristics are also found to be significant 
determinants of farmers’ adoption decisions. On contrary 
to earlier work on technology adoption (Arellanes and 
Lee, 2003; Gebremedhin and Swinton, 2003; Tenge et al., 
2004; Jansen et al., 2006; Kassie etal., 2009; Nyangena. 
W, 2011; Kassie et al., 2013), the probability of adopting  
SAP package V1L0R0, V1L1R0, V1L0R1  and V1L1R1 is
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Table 6: Average Treatment effects on Maize Net income (Eth Birr): Treatment & Heterogeneity 
Sub Samples    SAP 

Packages 
Decision stage Treatment effects 

  To adapt Not to adapt   
                      TT 
Farm households that adapted V1L0R0 1693.4        (535.9) 738.42       (347.02) 954.9*          (638.0) 

V1L1R0 8512.5       (390.57) 652.99      (202.47) 7859.5***     (439.9) 
V1L0R1 2632.7       (465.14) 559.67      (406.85) 2073.0***     (618.0) 

  V1L1R1 8351.9       (793.59) 751.23      (227.29) 7600.7***     (825.5) 
                      TU 
Farm households that did not adapted  V0L0R0

1 1328.4        (345.2) 3708.7      (1034.5) -2380.0**       (1090.6) 
 V0L0R0

2 5352.7       (932.8) 3708.7      (1034.5) 1644.3            (1392.9) 
 V0L0R0

3 667.6          (459.4) 3708.7      (1034.5) -3040.8***     (1131.9) 
   V0L0R0

4 6949.6       (1130.8) 3708.7      (1034.5) 3241.2**        (1532.6) 
Heterogeneity effects                                        BH1           BH0               TH 

-365.0          (711.2) -2970.0***(947.1) 3335.0***     (1210.8) 
-3159.7***(1056.7) -3055.4***(652.4) 6215.2***     (1360.5) 
-1966.1*** (672.4) -3148.7***(999.2) 5113.8***     (1333.9) 

    -1402.3       (1987.3) -2967.2***  (694.1) 4359.5**       (2037.7) 
Note: V0L0R0

1, V0L0R0
2, V0L0R0

3 & V0L0R0
4 are counterfactual cases for household that did not adapt if they had adapted SAP 

packages V1L0R0, V1L1R0, V1L0R1 and V1L1R1 respectively. BH1 & BH0 are effects of base heterogeneity for household that are 
adapted & not adapted respectively, whereas TH is transitional heterogeneity effect. Standard error in parenthesis; * Denotes 
significance level at 10%; ** Denotes significance level at 5%; *** Denotes significance level at 1%; Source: Own result (estimation)
 
high on rented in plots than owned in plots.  This may 
associated with the fact that, farmers may tends to 
produce more by implementing sustainable practices in 
order to cover the cost of land renting. Similar to earlier 
findings (Teklewold et al., 2013: Kassie et al., 2013) farm 
size is positively related to SAP packages containing all 
SAPs (V1L1R1), perhaps because of demand for labor-
saving technologies. The fertility status of the plot is a 
significant determinant of adoption of package V1L1R1 
and V1L1R0. We found that package V1L1R1 is more likely 
to be adopted on plots with poor fertile soil and red soil. 
As indicated by Kassie et al (2013) these results also 
verify that SAPs should address plot and site specific 
problem to be successfully adopted since these conditions 
determine the need for adoption and type of technology 
adopted. 

The average treatment effect of adoption of any of 
SAP package on net income is very useful since the use of 
each of the SAP package affect total cost of production. 
Table 6 summarizes the expected net maize income under 
actual and counterfactual scenario. According to the 
result, farm households who actually adopted package 
V1L0R0, V1L1R0, V1L0R1 and V1L1R1 would have earned 
1.3 times less (954.9 ETB), 12.0 times less (7859.5 ETB), 
3.7 times less (2073.0 ETB)  and 10.1 times less (7600.7 
ETB)  net income respectively if they had not adapted.  

On the other hand, farm households who did not 
adopt (V0L0R0), would have earned 64 % less (2380.0 
ETB) and 82.0 % less (3040.8 ETB) net income if they 
had adopted package V1L0R0 and V1L0R1 respectively, 
whereas 44.0 % more (1644.3 ETB) and 87.00 % more 
(3241.2 ETB) net income if they had adopted package 
V1L1R0 and V1L1R1 respectively. This result implies that 
adoption of different combination of SAP package 
significantly increases net maize income; however the 
positive transitional heterogeneity effect, in all SAP 
package, would mean that the effect of adoption of SAP 
package on net income is significantly higher for the farm 
households who actually adopted relative to those who 
had not adopted.  In addition, the negative values of base 
heterogeneity for both adopter and non-adopter tell us the 

existence of some sort of heterogeneity. For example, the 
negative value of base heterogeneity of all SAP package 
for non-adopter (BH0) imply that farm households who 
actually adopted any of SAP packages would have earned 
significantly less net income than those who had not 
adopted. This may indicate the existence of some source 
of heterogeneity that makes adopters less efficient 
producers than non-adopters in the absence of the 
available SAP package. Similarly the negative value of 
base heterogeneity for adopter (BH1) on SAP package 
V1L1R0 and V1L0R1 imply that farm households who 
actually did not adopt any of SAP packages had adopted 
SAP package V1L1R0 and V1L0R1, they would have 
earned less net income than those who actually adopted. 
This may reflect the presence of some source of 
heterogeneity that makes non adopters less efficient in 
managing the technology than adopters. The value of base 
heterogeneity for adopters (BH1) for package V1L0R0 and 
V1L1R1 is not significant, and this implying that if the 
non-adopter had adopted this package, they would have 
earned the same net income as the households that 
actually adopted.  

1.  
2. Conclusion and Recommendation 

This study analyzes the determinants of adoption of 
multiple SAPs and their impacts on net maize income 
using detailed household and plot level data collected 
from maize-legumes farming systems of Boricha and 
Loke Abaya districts. Because knowledge on the 
determinants of adoption of multiple interrelated 
sustainable agricultural practices and the effect of various 
combinations on outcome variable is a central issue for 
policy makers to design appropriate policy for adoption of 
multiple SAPs at larger scale.  

The average marginal effects results revealed that the 
probability of adoption of multiple SAPs is significantly 
influenced by observable socioeconomic characteristics, 
access to information, resource constraints and plot 
characteristics. The directions of some of the variables can 
highlight several possible policy scenarios to promote 
multiple SAPs adoption. For example, distance to the 
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nearest village market, decrease the adoption of the SAP 
package V1L1R0. This result supports the hypothesis that 
information on input markets allows farmers to adopt 
sustainable practices such as  improved crop variety, 
whereas information on output markets positively enhance 
farmers to produce more by growing two or more crops 
on the same land. This may call for establishing and 
strengthening the market information delivery institution 
in rural area. Access to extension services and improved 
technologies also found to be important determinants of 
adoption of multiple agricultural practices. We found that 
farmers’ total contact day with extension workers 
positively affect the adoption of V1L1R1 packages. This 
may have implications on the importance and availability 
of extension workers at near distance for dissemination of 
a wide range of information. Similarly, access to credit is 
found to be a significant variable that positively 
determines the simultaneous adoption of multiple SAPs 
package (V1L1R1). This may call for the need and 
expansion of micro finance institutions in rural areas of 
Ethiopia where financial constraint is challenge for 
farmers while adopting technology.  

Result on plot ownership could be an important 
finding of this study.  Because on contrary to most 
previous work, the probability of adopting the four 
alternative packages (V1L0R0), (V1L1R0), (V1L0R1) and 
(V1L1R1) are higher on rented in plots than owned in plots. 
Important policy implication here is that fixing the 
appropriate length of period for land renting could be as 
useful as private land ownership right in managing land 
resources in a sustainable way.  

Regarding adoption effects, adopters of any of SAP 
packages, on average, earn higher maize net income than 
non-adopter. We also found that Adoption of SAPs as a 
technology package provides modestly higher net maize 
income as compared to adopting each SAP in isolation or 
in any mix. Total production cost is significantly higher 
with the adoption of all alternative SAP packagses. This 
may reveal that SAPs as package of technology are capital 
intensive: thus credit should be accessible to poor and 
capital constrained farm households, while promoting 
SAPs at marginalized and rural area of the country.  

The other important finding of the effect of SAPs 
combination is that, the positive effect of adoption of 
improved maize seed and crop residue in combination 
(V1L0R1) will not provide the expected payoff quicklly 
since it requires at least three years before the beneficial 
influence on grain yields is obtained. Therefore, it is 
worth to mention that there is a need to use N fertilizer to 
enhance faster mineralization of organic matter to avail 
plant nutrients while adopting improved maize seed and 
crop residue (V1L0R1) package, and so that the positive 
effects on yield could be achieved immediately at the first 
harvest.   

 
REFERENCES 

 
Arellanes P and DR Lee, 2003. The determinants of 

adoption of sustainable agriculture technologies, 
Paper presented at XXV conference of International 
Association of Agricultural Economists, Durban, 
South Africa, August 2003. 

Bakht J, M Shafi, M Tariq and Z Shah, 2009. Soil & 
Tillage Research Influence of crop residue 
management , cropping system and N fertilizer on 
soil N and C dynamics and sustainable wheat 
(Triticum aestivum L ) production. Soil & Tillage 
Research 104: 233-240.  

Bourguignon MF and MG, 2007. Selection Bias 
Corrections Based on the Multinomial Logit Model: 
Monte Carlo Comparisons. J Econ Surv, 21: 174-205.  

Carter DW and JW Milon, 2005. Price knowledge in 
household demand for utility services. Land Econ 81: 
265-283. 

Di Falco S and M Veronesi, 2011. On adaptation to 
climate change and risk exposure in the Nile basin of 
Ethiopia. IED  Working Paper, 15. ETH, Zurich 
(March 2011). 

Donk, SJ Van, Shaver TM, JL Petersen and DR Davison, 
2012. Effects of Crop Residue Removal on Soil 
Water Content and Yield of Deficit-Irrigated 
Soybean. Amer Soc Agric Biolog Engin, 55: 149-
157. 

Dubin AJ and LM Daniel, 1984. An Econometric 
Analysis of Residential Electric Appliance Holdings 
and Consumption. Econometrica, 52: 345-362. 

Dumanski, R Peiretti, J R Benites, D McGarry and CP, 
2006. The Paradigm of Conservation Agriculture. In 
Proceedings of World Association of Soil and Water 
Conservation Paper No.P1-7 (pp: 58-64). 

Eskandari H and A Ghanbari, 2009. Intercropping of 
Maize ( Zea mays ) and Cowpea ( Vigna sinensis ) as 
Whole-Crop Forage: Effect of Different Planting 
Pattern on Total Dry Matter Production and Maize 
Forage Quality. Notulae Botanicea Horti 
Agrobotanici Cluj -Napoca 37: 152-155. 

FAO, 1989. Food and Agricultural Organization of the 
United Nations (FAO). Sustainable development and 
natural resources management.Twenty-Fifth 
Conference, Paper C 89/2-Supplement 2, Rome, 
1989. 

Gebremedhin B and S Swinton, 2003. Investment in soil 
conservation in northern Ethiopia: the role of land 
tenure security and public programs. Agric Econ 29, 
69-84. 

Havlin JL, JD Beaton, SL Tisdale and WL Nelson, 1999. 
Soil fertility and fertilizers, 5th Edition. Prentice Hall, 
NJ. 

Horrigan L, RS Lawrence and P Walker, 2002. How 
Sustainable Agriculture Can Address the 
Environmental and Human Health Harms of 
Industrial Agriculture. Environ Health Perspec, 110: 
445-456. 

IIRR and ACT, 2005. Conservation agriculture: A manual 
for farmers and extension workers in Africa. 
International Institute of Rural Reconstruction, 
Nairobi and African Conservation Tillage Network, 
Harare. 

Jansen HGP, J Pender, A Damon, W Wielemaker and R 
Schipper, 2006. Policies for sustainable development 
in the hillside areas of Honduras: A quantitative 
livelihoods approach. Agric Econ, 34: 141-153. 

Johnny Mugisha and Gracious Diiro, 2010. Explaining the 
Adoption of Improved Maize Varieties and its Effects 
on Yields among Smallholder Maize Farmers in 



Inter J Agri Biosci, 2015, 4(5): 196-205. 
 

 205

Eastern and Central Uganda. Middle-East J Sci Res, 
5: 6-13. 

Kassie M, M Jaleta, B Shiferaw, F Mmbando and M 
Mekuria, 2013. Adoption of interrelated sustainable 
agricultural practices in smallholder systems: 
Evidence from rural Tanzania. Technol Forec Soc 
Change, 80: 525-540.  

Kassie M, P Zikhali, K Manjur, and S Edwards, 2009. 
Adoption of organic farming technologies:evidence 
from a semi-arid region in Ethiopia. Nat Res Forum, 
33: 189-198. 

Lopes H, 2010. Adoption of Improved Maize and 
Common Bean Varieties in Mozambique. Michigan 
State University. 

Menale Kassiea, Moti Jaleta, Bekele Shiferawa, Frank 
Mmbando and HDG, 2012. Improved Maize 
Technologies and Welfare Outcomes In Smallholder 
Systems: Evidence From Application of Parametric 
and Non-Parametric Approaches. In Selected Paper 
prepared for presentation at the International 
Association of Agricultural Economists (IAAE) 
Triennial Conference, Foz do Iguaçu, Brazil, 18-24 
August, 2012. (254: 18-24). 

Morris ML, and CR Doss, 1999. How does gender affect 
the adoption of agricultural innovations? The case of 
improved maize technology in Ghana. In Selected 
Paper Presented at the Annual Meeting, American 
Agricultural Economics Association (AAEA), 
Nashville, Tennessee, August 8-11, 1999. 

Muhammad Azim Khan, Kawsar Ali ZH and R and A 
Afridi, 2012. Impact of Maize-Legume Intercropping 
on Weeds and Maize Crop. Pak J Weed Sci Res 18: 
127-136. 

Niguse Tesfamichael and MS Reddy, 1996. Maize/bean 
intercropping effects on component crops yield land 
efficiency and net return at Awasa and Melkasa. In: 
Proceedings of the First Agronomy/ Physiology 
Society of Ethiopia. Addis Ababa. 

Nyangena W, 2011. The Role of Social Capital in 
Sustainable Development: An Analysis of Soil 
Conservation in Rural Kenya, in: RA Bluffstone and 
G Köhlin (eds), Agricultural Investments, 
Livelihoods and Sustainability in East African 
Agriculture. Oxford, UK: RFF Press/Earthscan 

Nzabi AW, F Makini, M Onyango, N Kidula CM and M 
Miruka E M and MG, 2000. Effect of Intercropping 
Legume With Maize on Soil Fertility and Maize Yield. 

Shafi M, J Bakht, MT Jan and Z Shah , 2007. Soil C and 
N dynamics and maize (Zea may L) yield as affected 
by cropping systems and residue management in 
North-western Pakistan. Soil Till Res, 94: 520-529.  

Teklewold H, M Kassie, B Shiferaw and G Köhlin, 2013. 
Cropping system diversi fi cation, conservation 
tillage and modern seed adoption in Ethiopia: Impacts 
on household income, agrochemical use and demand 
for labor. Ecolog Econ, 93: 85-93.  

Tenge AJ, J De Graaff and JP Hella, 2004. Social and 
Economic Factors Affecting Adoption of Soil and 
Water Conservation in West Usambara Highlands, 
Tanzania, Land Degrad Develop, 15: 99-114. 

UNEP, 2009. Source book of Alternative Technologies 
for Freshwater Augmentation in Africa. Technical 
Publication.  

Wilhelm WW, JMF Johnson, JL Hatfield, WB Voorhees, 
and DR Linden, 2004. Crop and soil productivity 
response to corn residue removal: Literature Review. 
Agron J, 96: 1-17.   

 
 


