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Adoption and Ex-post Impact of Agricultural
Technologies on Rural Poverty: Evidence from
Amhara Region, Ethiopia

Mesele Belay Zegeye'*

Abstract: This study examines the impacts of multiple agricultural technology
adoption on poverty in rural Amhara region, Ethiopia. The study is based on
Ethiopian socio economic survey of 2015/16. A total of 656 farm households were
included. The study employed Multinomial Logit model to identify the determinants
of adoption and Multinomial Endogenous Switching Models to measure the effect of
adoption on poverty. The results revealed that educational level of the household
head, family size, off-farm participation, livestock, extension visit, credit access,
advisory service, plot distance, distance from market, distance from zonal town, and
remittances are the major determinants of agricultural technology adoption deci-
sions. The impact results revealed that adoption of multiple technologies increases
consumption expenditure significantly, thereby reduces poverty. Moreover, adoption
in package provides higher consumption than in isolation. Therefore, the study
suggests that policies that promote wider adoption of alternative agricultural
technologies at the regional and country level help to reduce poverty.

Subjects: Agriculture & Environmental Sciences; Rural Development; Economics and

Development

Keywords: adoption; technology; multinomial logit model; multinomial endogenous

switching model; poverty
JEL Classifications: Q12:C21:132

1. Introduction

In the 21° century, the agricultural sector remains fundamental for poverty reduction, economic
growth, and environmental sustainability in many developing countries (McCalla, 2001). In Ethiopia,
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where agriculture is the base of the economy - it accounts for over 34.1% of Gross domestic product,
employs over 79% of the population, accounts for 79% of foreign earnings, provides raw material and
capital for investment and to market and covers over 90 percent of smallholder agricultural production
(Diriba, 2020). The sector is a key for stimulating growth and overcoming poverty. However, the
contribution of agriculture is declining overtime because the sector is still rain-fed subsistence produc-
tion, in many areas traditional farming practices still dominate, highly affected by climate variability,
droughts and often characterized by low use of modern technology. These constraints have kept the
sector’s potential crop production and productivity very low (Abewa et al., 2020). Therefore, a majority of
the country’s population is highly challenged by development problems of poverty, food insecurity and
deprivation for a long time. Therefore, to overcome these developmental challenges, increasing agri-
cultural production and productivity has become the priority. Because increasing agricultural productiv-
ity has the potential to significantly impact the welfare of millions of smallholder holder farmers by
improving productivity, increasing income and consumption in the country (Belay & Mengiste, 2021).

In Ethiopia where land is scarce, the feasible way to aagricultural production and productivity is
through increasing productivity by investing in agricultural technologies or improving the level of
technical efficiency (Mohammed, 2014). Thus, in the country, agricultural production and produc-
tivity is highly dependent on the generation and delivery of modern agricultural technologies. The
technologies incorporated new varieties, farm management practices, fertilizer, chemicals, and
often irrigation led to improvement in agricultural production (Tefera et al., 2016).

In recognizing such roles of agricultural technology, the government of ethiopia has been under-
way in designing and implementing different policies to increase agricultural production and produc-
tivity through promoting agricultural technologies starting from the imperial regime. Following this,
there are several studies in the country that have been evaluated the impacts of agricultural
technology adoption on poverty. For example, (Sebsibie et al., 2015; Abewa et al.,, 2020; Belay &
Mengiste, 2021; Natnael, 2019; Belete & Melak, 2018; Ayenew et al., 2020; Shita et al., 2020) found
that adoptions of agricultural technology significantly reduces household poverty through raising
productivity, income and consumption of the poor. Despite, the government contributed directly to
poverty reduction strategies by introducing new improved farm technologies, still the uptake of the
technology is very low and in result, production and productivity remains to be very low (Keba, 2019;
Natnael, 2019; Tefera et al., 2016). Therefore, the main objective of this study is to examine the
determinants of agricultural technology adoption and its impact of single and combined technology
on poverty reduction in rural Amhara national region of Ethiopia.

The rest of the paper is organized as follows; Part 2 provides relevant literatures, Part 3 describes
the methodology of the study, Part 4 presents the results of the study and Part 5 provides
conclusion and recommendation of the study.

2. Literature

Agricultural technology improves agricultural productivity, raises farmers’ income and consump-
tion; it should be the major factor in reducing poverty and food insecurity. There are different
studies in different parts of the country that explored the negative relationship between adoption
directly increases productivity and poverty. For example:

Habtewold (2021) examined the the impact of adopting climate-smart agricultural technology on
the multidimensional poverty status of rural households in Ethiopia. The study found that the impact is
significantly higher in severely deprived households. It is also observed that the reduction in multi-
dimensional poverty due to the technology is through an increase in income/consumption via improve-
ment in production gain. The impact channels more through the non-food expenditure pathway.

Belete and Melak (2018) investigated the impact of adoption of small-scale irrigation technol-
ogies on child nutritional wellbeing of farm households in the Amhara national region of Ethiopia.

The results of the average treatment effect on treated participants suggest that adoption of small-
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scale irrigation technologies has a positive impact on improving the adopters’ nutritional status.
Agricultural technology adopting households have significantly lower acute malnutrition status
than those of non-adopting households even after controlling for the potential heterogeneity.

Ayenew et al. (2020) conducted a study on the effect of improved wheat variety adoption on
household’s welfare in Ethiopia. The study results revealed that adoption decision and intensity of
adoption of farm households have determined by credit access, extension visits, soil fertility, plot
size, off-farm employment, age of household head, distance from input market, and farm experi-
ence. And adoption of improved wheat varieties has a positive and significant effect in enhancing
farm household’s welfare.

Shita et al. (2020) analyses the impact of agricultural technology adoption on income inequality.
The estimated results revealed that adoption of agricultural technologies such as chemical ferti-
liser and improved seeds significantly increase total household income but worsen income dis-
tribution. Wordofa et al. (2021) investigates the impact of improved agricultural technology use on
farm household income in eastern Ethiopia. The results of the study show that households using
improved agricultural technologies had, higher annual farm income compared to those house-
holds not using such technologies. Overall, the empirical works that have been conducted shows
that agricultural technology adoption is an essential strategy for increasing agricultural productiv-
ity, achieving food self-sufficiency and poverty reduction among smallholder farmers.

However, many of the aforementioned studies, shows the impact of single agricultural technol-
ogy on poverty (for example, Sebsibie et al.,, 2015; Natnael, 2019; Ayenew et al., 2020; Wordofa
et al, 2021), many studies have been employed particularly PSM and OLS model for impact
measurement (for example, Habtewold, 2021; Natnael, 2019; Sahu & Das, 2015; Sebsibie et al.,
2015; Shita et al., 2020; Wordofa et al., 2021). But these models are subject to selection bias,
endogeneity problem and heterogeneity problem, which may not show the real impact on the
outcome variable. Therefore, this study contributes to the existing literature by examining the
impact of multiple technology adoption on poverty. In response to the impact evaluation pitfalls of
selection bias, endogeneity and unobserved heterogeneity problem, this study employed an
endogenous switching regression model. Thus, this study tests whether adoption of alternative
agricultural technologies has an impact on poverty reduction proxied by household consumption
expenditure per adult equivalent in the study area.

2.1. Working hypothesis

Many impact evaluation studies showed that a direct and indirect positive welfare effects of
technology adoption on the farm households. On the other hand, impacts of adoption depends
on the poverty status of households that the impact may not have an identical effect on poor and
non-poor farmers (Dercon et al., 2007). Based on the various literatures on the subject and
theoretical and analytical framework defined in this study, the following working hypothesis was
tested:

(A)The adoption of alternative agricultural technologies increases the consumption expenditure
of farm households in the study area. Hence, there is a strong case that farmers could have
more consumption due to adoption of different agricultural technologies.

3. Methodology

3.1. Description of study area

The State of Amhara consists of 10 administrative zones, one special zone, 105 Woredas, and 78
urban centers. Amharic is the working language of the state. The capital city of the State of
Ambhara is Bahir-Dar. The Sate of Amhara is located in the north western and north central part
of Ethiopia. The State shares common borders with the state of Tigray in the north, Afar in the east,
Oromiya in the south, Benishangul/Gumuz in the south west, and the Republic of Sudan in the
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west. The State of Amhara covers an estimated area of 170,752 square kilometers. 90% of the
total populations are rural residents which heavily depend on agriculture. The Amhara Highlands
receive 80% of the total rainfall of Ethiopia and is the most fertile and hospitable region of
Ethiopia. Most of the Amhara Region is mountainous and is covered with large trees and forest
(Ethiopian Government Portal, 2019).

3.2. Description of data

The study employed secondary data sources. The study used survey data collected from 656
farm households drawn from rural Amhara regional state collected by Ethiopian
Socioeconomic Survey (ESS, 2015/16). The data is regionally adequate and representative,
and covered a wide range of topics.

3.3. Methods of data analysis and model specification

In order to evaluate the impact of adoption of agricultural technology on poverty can be modeled
in the setting of a two stage framework. In the first stage, the study models the farmers’ choices of
agricultural technologies using a MNL!, and the second stage regression estimates the determi-
nants of total consumption (proxy for poverty) conditional on specific criterion function using
MESM? by adding inverse mills ratio as a correction term computed from the MNL model in order
to reduce the bias from not accounting selection in to the adoption decisions procedure is
estimated simultaneously. Based on (Kassie et al.,, 2015), this way helps to get consistent and
efficient estimates of the selection process and correction for the outcome equation for evaluating
single and combined choices, even IIA is severely violated.

3.3.1. Multinomial logit model and its modeling

According to Verbeek (2008), the common starting point is a random utility framework, in which
the utility of each alternative is a linear function of observed characteristics plus an additive error
term. Economic theory dictates that farmers adopt a single or a combination of technologies that
can maximize their utility. This implies adoption occurs if the utility of the chosen package is higher
than the utility of the other alternatives. However, the utility that gained from adopting agricul-
tural technology is not observed but only its choice of technology, one can assume a random utility
model which states conditional probability choice given farmers choice. To formalize this, consider
the following latent variable:

A,‘j* = Zioj + 15 1

Where: Aj* is a latent variable, which describes the it farmer’s behavior in adopting the alternative
package of technology J (j=1, 2, ... ....m) with respect to another alternatives K. Z’s are a vector
of observed independent variables (household characteristics, farm-level factors, institutional
factors, biophysical factors and technology aspects) and #; are unobserved characteristics which
are relevant to the farm household’s decision maker but are unknown to the researcher such as
expectation, skill, perception and motivation.

LiffAi > (A)oren <0

MiffA > o5 (A Orei <O

The farm household i will choose a package of j- technologies with respect to adopting any other
technologies of k if it provides greater expected utility than any other alternative k, k # j, i.e.

if 8,']' = maxkﬂ (A,'k*_Aij*) <0.
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It is assumed that the covariate vector of Z; is uncorrelated with the unobserved error termy;, i.e.
E(;10~|zi) = 0. Assuming that n; are independent and Gumbel (identically) distributed (independence
across utility functions and identical variance), that is under the independence of irrelevant
alternatives (IIA) hypothesis; this model leads to the selection of a multinomial logit model.

Under adoption of multiple agricultural technologies, the number of alternatives that can be
chosen is more than two; we can apply the multinomial discrete choice model to estimate
simultaneously the effects of the explanatory variable on the adoption of different agricultural
technologies. The variable A;; is a multiple choice variable and can be consistently estimated using
a limited dependent variable (Maddala, 1986). There are two mostly usable multinomial probabil-
istic choice models, namely multinomial logit (MNL) and probit (MNP).

This study applied the MNL model over MNP since the model is simple to calculate the choice
probability and computers can maximize the resulting likelihood function even for a large number
of choices. And also the result obtained from the model is more stable than MNP when IIA fulfilled.
(Kropko, 2008) also shows the MNL model nearly always provides more accurate and realistic
results than MNP even if the IIA assumption is severely violated.

The probability of choosing alternative packages of J using MNL (P;) can be computed as:

exp(Xx;a;
Pic = P(eg{Olx;) = % ’

Where j=1,2...J

3.3.2. Multinomial Endogenous Switching Regression Model (MESM)

This modeling is adapted from Asfaw and Shiferaw (2010) and Kassie et al. (2015). To evaluate the
impact of agricultural technology adoption on poverty reduction, this study used MESM. The study
estimated two outcome equations for with and without the applied technologies using MESR
model. The model examines the relationship between the outcome variable (Y;) and covariate
variables (X;) for each of the chosen packages. Y; is observed when these alternative packages “j”
has been adopted. In the study, there are eight technology combination choices, perhaps the
simplest approach in multinomial data is to nominate one of the response categories as a baseline
cell. The base category for this study is not-adoption any of agricultural technologies (FoMoHo), is
denoted as j = 1. In the remaining combinations (j = 2, 3, 4 ... ... .m), at least one agricultural
technology is adopted. To evaluate the poverty implications of Agricultural technology adoption for
each regime combination of j strategy is defined as m regime given as:

Regimel : Vi = XiyupifAi 1, (4q)
Regimem : Y, = XjjuyifAim (4b)
Where Yj; are the poverty effect of farm household i in regime jand j (1, 2, ... .m), X/’s are a set of

exogenous variables included in Z;, and x denotes error terms that capture the uncertainty faced
by farmers and it is unobserved, and satisfies E(ﬂ,-j) = 0 and constant variance of 6J-2.

In order to get consistent estimates, one can take into account the correlation between the error
terms z; from the multinomial logit model estimated in the first stage and the error terms
from outcome equation Hije If the error terms are n’s and p’s are not independent (E (r/W,»j =0)) and
identically distributed (with 0 mean and constant variance), a consistent OLS estimation of parameters
requires the inclusion of the selection correction terms of the alternative choices in equation (4).
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The consistent estimates can be obtained by estimating the following models:

Regimel : Yii = Xj60%.1 + virifAi 1, (50)
Regimem : Y, = x,»jeﬁ‘.,-l + vjifAim (5b)
Where i = 3° Pinin(Po) in((By) (6)
ere:l=Yp —+In(P;
j g 1-Piy !

Here, v is the error term with an expected value of zero, pj is the covariance between nj and Hijs Ais
the inverse Mills ratio (for controlling selection bias) computed from the estimated probability (P;)
that the it farm household chooses of package j.

3.3.3. Conditional expectations, treatment and heterogeneity effects

Switching regression models allows us to estimate adequate counterfactual situations, and one
can estimate the average treatment effects of adoption (Kassie et al., 2015). Thus, the counter-
factual is the effect of the treatment “adoption of strategy j” for adopters on the poverty outcome
which would have obtained if the returns on their characteristics had been the same as the
returns on the characteristics of the non-adopters, and vice versa. From equation (5), the following
conditional expectations for each outcome variable can be computed:

(1) Adopters with the adoption of j combination (actual): -

EIVGlA = J, X5 451] = X6 (7a)

(1) Adopters had they decided not to adopt (counterfactual):

E[Y1i|A =, Xji 4] = Xjiy 0125 (7b)

(1) Non-Adopters without technology adoption (actual):

E[Y1i|A = 1,X4; 1] = X161 41, (7¢)

(1) Non- Adopters had they decided to adopt (counterfactual):

E[VilA = 1,X3 41;] = X6t (7d)

The conditional expectation outcome is used to calculate the transitional heterogeneity which is the
difference between treatment effects on treated (TT) and untreated (TU). Since it helps to compare
the expected consumption expenditure of the adopter with non-adopter, and in the counterfactual,
adopted if did not adopt, and non-adopted if adopted. On the other way, to see whether the effect is
larger or smaller for the actual adopter or for non-adopter in the counterfactual case. Base hetero-
geneity can also calculate for both adopter and non-adopter based on the prevalence some sort of
difference like skill, knowledge, motivation among them. The following table tells us the treatment
and heterogeneity effect. An efficient method to estimate MESM is obtained by using the “semi-log”
command in STATA (Teklewold et al. (2013). The conditional expectation, transitional and hetero-
geneity effect are presented in Table 1 as follows.
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3.4. Methods of poverty measuring

The study used total consumption expenditure per adult equivalent proxy to measure household
poverty status. Poverty comparison also involves choosing a poverty line. This study used the
national poverty line, which has been determined as total consumption poverty line. According to
(National planing commision, 2017), the estimated national annual total consumption expenditure
line is 7184 Birr per annum. Thus, the study used poverty line of 7184 birr per adult per annum.
Those who spend below the threshold (7184 birr) are considered as poor. The assigned values
equals to 1 for poor and 0 for non-poor households. The study also used poverty indices to
estimate poverty headcount, gap and severity, as presented by (Foster et al., 2010).

3.5. Description of variables, measurement and expected sign
4. Results and discussion

4.1. Descriptive analysis

This study classified as adopters as households who used at least one technology in one of crop fields.
The eight possible agricultural technology packages are summarized in Table 2 and 3. Of the total 656
sampled farm households, about 21.04% are non-adopters (FOMOHO), whereas 7.77%, 17.84% and
2.74% of them adopted only one technology such as adopters of inorganic fertilizer (FIMOHO), organic
fertilizer (FOM1HO), herbicide (FOMOH1) respectively, and 19.82%, 8.84% and 3.35% of them are adopted
a combination of two technology packages such as adopters of inorganic and organic fertilizer (FIM1HO),
inorganic fertilizer and herbicide (FIMOH1), organic fertilizer and herbicide (FoM;H;) respectively, and
lastly 18.6% of the farm households simultaneously adopted all of the three packages (FIM1H1).

Table 4 presents the descriptive statistics of the variables. The explanatory variables’ mean
value of non-adopters (FoMoHp) is used as a base category to compare with mean values of
alternative adopters of inorganic fertilizer (F{MoHo), organic fertilizer (FoM1Ho), herbicide (FoMo
H,), inorganic and organic fertilizer (F;M1Ho), inorganic fertilizer and herbicide (F;MoH,), organic

Table 1. Conditional expectation, Transitional and Heterogeneity effect

Subsamples Decision stage Treatment effect
To Adopt Not to adopt
1T
Farm household that E(Y4]A =1, X)(a) E(YiolA =1, X)(c)
adopt E(ViolA =2, X) E(YioA =2, X)
E(YlA =, X) E(YiolA =), X)
TU
Farm household that did E(Yiz]A =0, X)(d) E(YiolA =0, X)(b)
not adopt E(Y;5JA =0, X)
E(Y;/A =0, X)
Base Heterogeneity BH, BHo TH

a and b represents outcome effect under the actual scenario, while ¢ and d represents under the counterfactual
scenario, for adopter and non-adopter respectively.

TT- treatment effect on treated (a-c) (adoption effects on adopter), while TU—treatment effect on untreated (d-b)
(adoption effect on non-adopter).

BH1 is base heterogeneity effect for adopters (a-d) and BHO is base heterogeneity effect for non-adopter (c-b).
TH is a transitional Heterogeneity effect which is the difference between TT and TU.
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Table 2. Description, measurement and expected sign of variables

No Variable Variable Variable Measurement | Expected sign
description value
Dependent variable
1 Agricultural® = 0 for non-adopters, 1 for adopters of inorganic
Technology fertilizer, 2 for organic fertilizer, 3 for herbicide, 4 for
Adoption inorganic and organic fertilizer, 5 for inorganic

fertilizer and herbicide, 6 for organic and herbicide, 7
for a mix of organic, inorganic fertilizer and herbicide

Independent variables

2 Age Age of the Continuous In years +
household head
3 Gender Gender of the Dummy 1= Male, 0 +
household head otherwise
4 Family size Number of Continuous In number +
Family size
5 Education level | Education of the | Continuous In schooling +
household head years
Land size Total Land size | Continuous In hectare +
7 Access to Distance to Continuous In kilometre -
market market
8 Zonal distance Distance from Continuous In kilometre -
zonal town
9 All weather Distance from Continuous In kilometre -
road distance the all-weather
road
10 Livestock (TLU) | Total livestock Continuous In Tropical +
herd Livestock Unit
11 Access to credit | Credit access Dummy 1 =if they have +
access, 0
otherwise
12 Extension visit Extension Dummy 1 = if they have +
services contact, 0
otherwise
13 Advisory service | Getting Advice Dummy 1 = If they had +
advised, 0
otherwise
14 Remittance =1 if the Continuous In Birr +
household
receive, 0
otherwise
15 Off-farm Off-farm Dummy 1 = if they had +
Employment activities participated, 0
otherwise
16 Plot distance Far from Continuous In km -
homestead
17 Plot wetness Plot Potential Continuous In Index +
index wetness index
18 Soil quality Soil fertility Categorical 1 =ifitis good, +
quality 2 if fair and O if
poor
19 Tenure security | Ownership of Dummy 1 =if farmers +
plots of land have own plot,
0 otherwise

fertilizer and herbicide (FoM{H;) and a combination of organic fertilizer, organic fertilizer and
herbicide (F{M{H;). The result shows that the mean comparison test between adopters and
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Table 3. Description of Alternative Technology Packages

Choice | Binary Package | Inorganic Organic Herbicide | Frequency | Percentage

Fertilizer Fertilizer (H)

(F) (M)

Fo Fq Mo My Ho Hq
1 FoMoHo Vv Vv v 138 21.04
2 FaMoHo v v v 51 7.77
3 FoM1Ho v v v 117 17.84
4 FoMoH1 v v Vv 18 2.74
5 FiM1Ho v v v 130 19.82
6 F1iMoH; v v v 58 8.84
7 FoMiH; v v v 22 3.35
8 FiM1H, v v v 122 18.60

Total 656 100.00

Note: The binary triplet represents the combinations of different technology packages, and the Subscript 1 = adoption,
whereas subscript 0 = no adoption.

non-adopters are significantly larger for adopters and the values are different across the
different alternatives.

For instance, a set of household characteristics like gender of the household head (adopters are
more of male headed), regarding education, adopters have high education level. Moreover, on
average adopters have large family size than non-adopters. On the other way, the mean age of the
household head for adopters is lower than the non-adopters.

Total farm size, livestock wealth measured in TLU, and off-farm employment are used as
a means to describe the economic status of the household. Average farm size for non-adopter is
lower than adopters. The mean livestock wealth and the proportion of households with off-farm
activity participation for adopters are higher than non-adopters.

Moreover, Institutional factors such as extension contact, farm cooperatives, credit access, and
saving are other factors which affect the adoption decision. The first two are related with farmers’
access to information on different packages and its profitability while access to credit and saving
indicates farmers’ ability to finance their purchase of modern technology under cash constraints.
The result shows these support and accesses are higher for adopters than non-adopters.

4.2. Econometric analysis

4.2.1. Factors determining the adoption of agricultural technology

The result from the MNL model is presented in Table 5. The base category is non-adoption (FoMgHo),
where results of alternative packages are compared. The model fits the data reasonably well. The
result indicates that the coefficient of age of household head is negative and significant for the
adoption of full technology (F1M;Ho) at 10% level of significance. The marginal effect indicates that
as age of the household increases by a year, then the probability of adopting F;M;H, decreases by
0.23%, other things unchanged. This implies that young farmers are more likely to adopt F1M;H, since
young farmers may have formal education than the non-adopter, less risk averse, more willing, and
have greater flexibility in accepting new ideas, and consistent with Keba (2019) and Abewa et al.
(2020).

The coefficient of family size is positive and significant for the adoption of organic fertilizer (FoM;
Ho) and a combination of organic fertilizer and herbicide technology (FoM,H4) at 1%. The marginal
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Table 7. Poverty Measures by Technology Adoption

Adoption Head count Depth Severity
FoMoHo 0.91304 0.44198 0.25076
F1MgHo . 0.86275 0.39528 0.21399
FoM1Ho 0.89744 0.43907 0.25885
FoMoH; 0.84444 0.36763 0.21242
FiM1Ho . 0.85385 0.39446 0.21401
F1MoH1 0.81034 0.32198 0.16880
FoMqH, 0.86364 0.42193 0.24564
F1M1H, 0.74590 0.29801 0.14525

effect shows that as the family member of the household increases by a unit, then the probability
of adopting FoM;Hy and FoM;H; increases by 4% and 0.6%, respectively, other things remain
constant. This is because of the adoption of farm technology requires and attracts more labor
force for agricultural activities, consistent with Shita et al. (2020) and Habtewold (2021). On the
other hand, the coefficient of family size is also negative and significant for the adoption of
inorganic fertilizer (F;MgHy), herbicide (FoMgH;), and full technologies (F;M1H;). The marginal effect
shows that as the family member of the household increases by a unit, then the probability of
adopting F1MgHo, FoMoH1, and F1M1H; by 1.9%, 1.12% and 1.52%, respectively, other things remain
constant. This may be because of the household with more family member weakens their eco-
nomic status, and thus adoption decreases, this is in line with Sahu and Das (2015).

Technological innovations and their adoption have also changed the way farm households regard
employment choices (Fernandez-Cornejo et al., 2007). Various studies of technology adoption viewed
off-farm income as influencing adoption of agricultural technology by providing additional income to
finance purchase of agricultural technologies. In fact, agriculture is the source of livelihood for of the
majority of people leaving in rural areas, some of the farmers are participated in non-farm working
side by side to the agriculture activity. But, this is not to mean that adoption displaces labor
significantly. Besides, in the country like Ethiopia, there is also a surplus labor which accommodates
the activities and may not negatively affect the output (Nasir & Hundie, 2014). Thus, farmer’s already
working off-farm may be more disposed to adopt agricultural technologies as it can enhance farm
production by providing the finance needed for farm inputs and technologies. Consistently, the
coefficient of off-farm employment participation in this study is positive and significant for the
adoption of inorganic fertilizer (F;MoHo) at 1%. The marginal effect shows that as the household
participated in off-farm activities increases the probabilities of adopting F1MgHo by 19.6%, other
things remain constant. This is because of participating in off-farm activities can generate income
and solve the problem that the farm household’s face while intending to purchase farm technologies.
This is consistent with Ayenew et al. (2020).

The coefficient of TLU is positive and significant for the adoption of inorganic fertilizer (F{MoHo),
organic fertilizer (FoM;Ho), herbicide (FoMgH;), and full technology (F;M;H;).The marginal effect
shows that as the household has a flock of livestock increases the probability of adopting F;MgHo,
FoM1Ho, FoMoH; and F1M;H; by 1.4%, 1.2%, 1.05% and 2%, respectively, other things unchanged.
This is because of farmers who possess a flock of livestock are more likely to adopt than the have-
not as it helps to get improved technology (as income means and source of organic fertilizer). This
is consistent with Feyisa (2020) and Belay and Mengiste (2021).

The coefficient of distance to market is negative and significant for the adoption of a combination of

inorganic fertilizer and herbicide (F{MoH;) at 5%. The marginal effect shows that as the distance to
market increases by one kilometer, then the probability of adopting FiMoH; decreases by 1%. The
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coefficient of distance to zonal town is negative and significant for the adoption of inorganic fertilizer
(F1MoHo), organic fertilizer (FoM1Hop), a mix of organic and inorganic fertilizer (FyM;Ho) and full technol-
ogy (F1M1H,). The marginal effect shows that as the distance to zonal town increases by one kilometer,
then the probability of adopting F1MoHo, FoM1Ho, F1M;Ho and F1M;H; decreases by 0.1%, 0.1%, 0.8%,
0.8%, respectively. And the coefficient of distance to all weather roads is negative and significant for
the adoption of organic fertilizer (FoM;Ho) and full technology (F;M;H;). The marginal effect shows that
as the distance to all weather roads increases by 1 km then the probability of adopting FoM;Ho, F1M1H;
decreases by 0.7% and 0.3%, respectively, other things remain constant. This is because of that those
framers with better access to the zonal town, the market and main road may buy (sell) agricultural
inputs (outputs) on time and with a reasonable price are more likely to adopt farm technologies. The
result is consistent with Ayenew et al. (2020) and Belay and Mengiste (2021).

The coefficient of extension visit is positive and significant for the adoption of all technology
packages at 1%. The marginal effect shows that as the farm households get an extension visit
increases the probability of adopting F1MoHo, FoM1Ho, FoMoH1, F1M1Ho, F1MoH;, FoM;H; and FiM;H,
by 10.4%, 36.3%, 81.4%, 32.6%, 7.6%, 6.7% and 26.3%, respectively, other things remain constant.
The coefficient of advisory service is positive and significant for the adoptions of inorganic fertilizer (F,
MoHo) and a combination of organic and inorganic fertilizer (F;M;Ho). The marginal effect shows that
as the farm households get access of advisory services increases the probability of adopting F1MoH,
and FiM;Ho by 7.9% and 5.3%, respectively, other things remain constant. This is because the
extension visit and advisory services helps the farmers to raise their awareness about the character-
ization and attributes of the technology, use and their impact. Extension gives detailed information,
training and advisory services about the source, use and importance of the technologies to the
farmers and engaging in input distribution. Advisory service on the other hand indicates that having
access to regular and frequent advisory services by development agents, farm cooperatives and
meetings plays a fundamental role in the dissemination and adoption of farm technology. This is in
line with Belete and Melak (2018), Belay and Mengiste (2021), and Habtewold (2021).

The coefficient of access to credit is a positive and significant for the adoptions of organic
fertilizer (FoM1Hy), herbicide (FoMoH1) and a mix of inorganic fertilizer and herbicide (F;MpH;). The
marginal effect shows that as the farm households get access of credit increases the probability of
adopting FoM;Ho, FoMoH; and F;MgH; by 10.5%, 76% and 7.3%, respectively, other things remain
unchanged. This is because of credit access solves income problems that household could face
while they want to purchase agricultural technologies; and hence paves the way for timely
application of modern farm inputs, consistent with Abewa et al. (2020) and Shita et al. (2020).

The coefficient of tenure security is positive and significant for the adoption of a mix of organic
and inorganic fertilizer (F;M1Ho) at 5%. The marginal effect shows that as the households have the
rights of their own plots increases the probability of adopting FiM;Ho by 12.7%, other things
remain constant. This is due to the fact that when farmers are secured for their own land, the
more likely participated in the adoption practice since they can make long-term investment,
consistent with Mohammed (2014).

Finally, the coefficient of plot distance from the homestead is negative and significant for the
adoptions of F1MyHo, FoM1Ho, F1M;Hy and F1MgH;. The marginal effect shows that as the distance of
plots increase by one kilometer, then the probability of adopting F;MoHo, FoM1Ho, F1M1Ho and F1MgH,
decreases by 3.9%, 6.3%, 5.4% and 6.8%, respectively. This is potentially because of as the distance to
plot is far away from the homestead, the less likely will be on time plot preparation, weeding, harvesting
and input utilization and hence farm households are less likely to adopt agricultural technologies.

The coefficient of plot potential wetness index is positive and significant for the adoption of full
technologies at 1%. The marginal effect shows that a unit increases in the plot potential wetness
index increase the probability of adoption by 3.9%. This is because of as the wetness of the plot
increases (maintains vascular plant species richness, soil pH, groundwater level and soil moisture)
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the more likely the adoption of the agricultural technology. These findings are consistent with
Sebsibie et al. (2015) and Mesele (2019).

4.2.2. The impact of agricultural technology adoption on poverty

The impact of agricultural technology adoption on consumption expenditure (poverty proxy) is
presented in Table 6. The study compares the value of consumption expenditure under the actual
case that had adopted and the counterfactual case which had not adopted. The table presents the
conditional average treatment effects of adoption of a combination of alternative packages on
total consumption expenditure per adult equivalent.

The actual value indicates that adopters of alternative technologies have higher total consumption
expenditure per adult equivalent than they had not adopted. This confirms that adoption gives larger
total consumption per adult relative to non-adoption. That is, adopters who actually adopted increase
their consumption expenditure per adult, and, if those who do not currently adopted were to adopt it,
their consumption expenditure per adult would increase as well. Within adopters, the highest annual
total consumption expenditure per adult equivalent are obtained when farm households adopt a full
technology (F;M1H;) which is 4918.85 birr; a combination of herbicide (FoMoH;) which is 4595.76 birr;
followed by adoptions of organic fertilizer and herbicide (FoM{H;) which is 4060.80 birr. The second
highest annual total consumption expenditure per adult are found when farm households adopt
a combination of organic and inorganic fertilizer (F;M1H,) which is 3893.26 birr, followed by adoptions
of inorganic fertilizer (F;MgHo) which is 3868.87 birr, adoptions of inorganic fertilizer and herbicide (F;
MoH1) which is 3681.52 birr. The lowest is obtained when adopters adopt organic fertilizer (FoM,Ho)
which is 3592.74 birr. But, all the adopters obtained higher consumption expenditure per adult as
compared to the non-adopters (FoMgHo) which is 3388.32 birr. Moreover, the highest value of con-
sumption expenditure is obtained from the joint adoption of alternative agricultural technologies
than adopting in single technology, implicating complementarity in benefits.

According to the result of average treatment effect on treated (ATET)*, farm households who
actually adopted alternative agricultural technologies significantly would have lower consumption
expenditure per adult equivalent respectively if they had not adopted. On the other hand, the results
of average treatment effect on untreated (ATEU)® indicates, farm households who did not adopt (Fo
MoHo) would significantly increase their total consumption expenditure per adult if they had decided
to adopt alternative agricultural technologies. This indicates that non-adopters who actually had not
adopted would gain a higher percentage of weight if they were to adopt it, compared to the weight
gained by their counterparts who actually had adopted. But the actual values indicate adopters have
lower consumption expenditure per adult equivalent than they had not adopted.

The significant values of base heterogeneity for non-adopter (BHo) and adopters (BH;) presented
in Table 6, shows that there is some sort of heterogeneity among adopters and non-adopters. For
example, the negative values of BHy of non-adopter imply that adopters who actually adopted
would have more total consumption expenditure than who had not adopted, and the negative
value of BH; of adopters indicates that non-adopters would have more total consumption expen-
diture than those who actually had adopted. The negative significant transitional effect (TH) values
confirmed that the effect of adoption would be significantly lower for the farm households who
actually adopted relative to those who had not adopted, if they had adopted.

4.2.3. Poverty measures by technology adoption

This study used the national poverty line which has been determined as total consumption poverty line
of 7184 birr per adult per annum (National planning commissions, 2017). Table 7 presents the incidence,
gap, and severity of poverty. The result shows that poverty headcount, gap and severity were lower
among adopters than non-adopters; implicating that adoption had a poverty reduction effect.

Thus, the result of the study confirms that adoption of alternative agricultural technologies have
a positive impact on households total consumption expenditure per adult equivalent, and confirms
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the potential direct role of adopting agricultural technologies on reducing poverty, as higher farm
consumption expenditure from adopting agricultural technology translate into lower consumption
poverty. So, adoptions of alternative agricultural technologies can be taken as a favourable way to
lift out poor farm households from poverty. The study’s finding is consistent with the works of Sahu
and Das (2015), Sebsibie et al. (2015), Ayenew et al. (2020), and Natnael (2019), Biru et al. (2020),
Belay and Mengiste (2021) and Wordofa et al. (2021).

5. Conclusion and recommendation

The study examined the impact of adoption of multiple agricultural technologies on poverty in rural
Ambhara region of Ethiopia. The study used the Ethiopian socioeconomic survey data and 656 farm
households were selected. The study used multinomial logit to identify the factors of adoption and
multinomial endogenous switching regression model to measure the welfare effect of adoption. Using
a multinomial logit model, the study found that households decision to adopt multiple agricultural
technologies are positively and significantly affected by household size, off-farm activity, livestock
wealth, farmers contact with extension and advisory service, farmers having credit access, farmers
secured for their own land, and plot potential wetness index. On the other hand, the adoption decision
is negatively and significantly affected by age of the family head, household size, distance [from market,
zonal town and road] and plot distance from the homestead. Using a multinomial endogenous switching
regression model, the study found that, adopters have higher annual total consumption expenditure per
adult equivalent and have lower headcount, depth and severity than the non-adopters. And also,
adoption of combined technology packages provides higher annual total consumption per adult as
compared to adopting a single technology. Finally, the results verify that the positive and significant
impact of adoption of alternative agricultural technologies on poverty reduction.

Thus, in terms of policy implication polices for strengthening and promoting the adoptions of alter-
native agricultural technologies increases the consumption of the farm household and thereby reduces
poverty. Specifically, policy iinterventions should revisit how devising access to extension visit and
advisory services to increase the awareness of farmers about the characteristics, the use and impact
of agricultural technologies; how credit is accessed, used and returned by farmers; how the government
increases the access of infrastructure like roads for the farm households, and secures the land ownership
right for the far households so as to encourage adoption widely. Moreover, off-farm activity participation
is positively associated with the adoption decision of fertilizer technology through proving an extra
income to buy agricultural technologies. Thus, intervention should be there to encourage off-farm
works without affecting the agricultural production and productivity. Moreover, there should be due
attention to rural households to have and promote a better targeting of agricultural technology adoption
and in turn to reduce poverty and to improve food security of the rural society.
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