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Determinants of multiple agricultural technology
adoption: evidence from rural Amhara region,
Ethiopia

Mesele Belay Zegeye'*, Abebaw Hailu Fikire? and Getamesay Bekele Meshesha®

Abstract: The adoption of modern agricultural technologies remains to be

a promising strategy to improve agricultural productivity, achieve food security and
reduce poverty in Ethiopia. Despite the efforts to promote adoption in the country,
the adoption rate has always been very low. So, it is essential to understand the
determinants to the adoption of modern agricultural technologies. This study
investigates the determinants of agricultural technology adoption decisions in the
rural Amhara region of Ethiopia. The study is based on an Ethiopian socio-economic
survey of 2015/16 and a sample of 656 farm households is considered. The paper
uses a multinomial logit model to assess the factors affecting the adoption decision
of agricultural technology. The result shows that farmers with more educational
level, family size, off-farm participation, livestock, extension service, credit access,
advisory service, and farmers closer to plot, all-weather road, zonal town, and
farmers with lower remittance income are more likely to adopt new or improved
agricultural technology. Accordingly, the study provides crucial policy implications
regarding the technology adoption in the agricultural sector for all regions of
Ethiopia.

Subjects: Microeconomics; Econometrics; Development Economics;
Keywords: Agriculture; technology adoption; multinomial logit; poverty; Ethiopia
1. Introduction

In most developing countries, agriculture is the main stay of their economy. Agricultural develop-
ment helps improve the welfare of rural households such as poverty reduction, achieve food
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security and environmental sustainability. The various manifestations of poverty are found dis-
proportionately in rural areas because of low income, vulnerability to shocks, poor infrastructure
facilities, political marginalization, and exposure to the degradation of natural resources. This
implicates the need for improving agricultural productivity at farm level, and thereby improving
farmer’s welfare (McCalla, 2001; Admassie & Ayele, 2010; Jayne et al., 2017). Furthermore,
agriculture, with its high contribution to country’s GDP, exports, and employment, it is an essential
motor of growth in most developing countries.

According to Wik et al. (2008), growth originating in agriculture is about four times more
effective in reducing poverty than other sectors. For this reason, policies that increase agricultural
productivity can have a significant impact on poverty reduction. This is possible if and only if
modern agricultural technologies are properly transferred and diffused so as to increase produc-
tivity. The green revolution introduced high yield varieties, fertilizers, pests, and others in develop-
ing countries, but the take up of these technologies in many developing countries has been uneven
and have a low rate. In many areas traditional farming practices still dominate and the take up of
the new technologies remains limited (De Janvry et al., 2017). This is true for Sub-Saharan African
countries where the agricultural sector dominates and is characterized by low productivity due to
the low rate of technology adoption (Asfaw et al., 2012; Feder & Savastano, 2017).

Agriculture is the main sector of the Ethiopian economy; it accounts for about 34.1% to the GDP,
employs 79% of the population, accounts for 79% of foreign exchange earnings, it is the major
sources of raw material and capital for investment and provides large market (Diriba, 2020).
However, the share of the agriculture sector to GDP is decreasing overtime due to the sector is
constrained by reliant on rainfall, traditional farming methods and minimal application of modern
agricultural inputs (Belay & Mengiste, 2021). As a result, food production shortage, food insecurity
and massive poverty are still the major development challenges in the country. For example, based
on a $1 per day international poverty line 26.3% of the country’s population is estimated to be
poor; and in $2 per day standard it increases to 80.7% (National Planning Commission, 2017).

Following this, the country has been implementing different extension approaches to promote
the adoption of improved seed, fertilizer, pesticides, and improved agricultural practices (Tefera
et al., 2016). Since land is scarce in the country; the feasible way to improve agricultural produc-
tivity in the country is through adoption of modern agricultural technology (Mohammed, 2014).
Nevertheless, agricultural technology adoption remains very low in the country despite the fact
that adoption has a direct impact on increasing yield and income generation as well as nutrition
level. For instance, in 2014/15 cropping period, adoption rate of fertilizers, improved seed, pesti-
cides and irrigation were 55.06%, 8.55%, 22.32% and 6.15%, respectively (Shita et al.,, 2018).
Therefore, this point out that more works need to be done to make sure that farmers recognize
agricultural technologies as vital contributor of agricultural productivity and confirm better adop-
tion at the farm level.

In Ethiopia, different studies have been conducted on the determinants of adoption of agricul-
tural technology; for example (Kassie et al., 2010; Admassie & Ayele, 2010; Mulugeta & Hundie,
2012; Asfaw et al., 2012; Hailu et al., 2014; Sebsibie et al., 2015; Amare, 2018; Wudu, 2017; Gebru,
2016; Worku, 2019; Natnael, 2019; Ayenew et al., 2020; Feyisa, 2020; Massresha et al.,, 2021;
Tamirat & Abafita, 2021). They found that agricultural technology adoption decisions are influ-
enced by factors of demographic, socioeconomic, institutional and plot characteristics. However,
many of the aforementioned studies show the determinants of single agricultural technology
adoption decisions. Hence, none of them showed farmers’ decision to adopt multiple agricultural
technologies. In reality, the majority of the farmers are adopting a single and a combination of
technologies. Thus, this paper investigates the determinants of adoption decisions of multiple
agricultural technologies by considering adopters of at least one and more technologies in any of
one of the crop land. Moreover, many of the studies conducted are using a few explanatory
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variables and covers a small sample and area coverage. However, this study includes several
explanatory variables and covers a large sample and area than the aforementioned studies.

Furthermore, this study is conducted in Amhara regional sate of Ethiopia. In the region agricul-
ture is the primary economic sector, in which nearly 84% of the population lives in rural areas. The
most common agricultural activities practiced in the region are crop production, plantation, animal
husbandry, forestry and logging, and fishing. To improve the livelihood of farming households, the
application of modern agricultural technologies was taken as a measure throughout the region.
Although there is a great focus on the application of agricultural technologies, the adoption rate of
the region is quite low in the region, even as compared to Oromia and southern nation national-
ities and peoples regions of Ethiopia and the use is still lower than the recommended rates (Tefera
et al, 2016; Zegeye, 2021). Therefore, it is meaningful to investigate the factors of adopting
agricultural technologies in the Amhara region. However, there are no enough studies conducted
on the factors of adopting agricultural technologies in the region. Thus, this study investigates the
determinants of adoption decisions of multiple agricultural technologies in Amhara Region,
Ethiopia.

The rest of the paper is structured as follows: Section 2 provides methodology section that
describes data and econometric analysis used in the study. Section 3 presents result and discus-
sion of the study, and section 4 presents conclusion and recommendations of the study.

2. Methodology

2.1. Data description

The data for this study were obtained from the Ethiopian Socio-economic Survey (ESS) during
2015/16. The survey covers all the regions of Ethiopia; however, the data is argued to be repre-
sentative for regional estimation in the most populous regions of Tigray, Amhara, Oromia, and
Southern Nation and Nationality people’s regional state. The survey covered a wide range of topics
such that it covers a range of topics including demography, education, health, labor, welfare,
agriculture, food security, and shocks. The survey meets Ethiopia’s data demand gaps and is
believed to be of high quality, and accessible to the public. The data cover rural areas and urban
areas (small towns, medium and large towns); however, in this study households from urban areas
were omitted for the reason of the non-applicability of agricultural activities. Then, this study
considered merely rural farm households found in the Amhara regional state of Ethiopia.
Consequently, the study considered 656 farm households drawn from rural Amhara regional
state as a sample of this study.

2.2. Description and measurement of variables

Adoption in this study refers to a farm household, which used at least one technology (such as
inorganic fertilizer (includes Urea and Dap), organic fertilizer (includes manure), herbicide and their
combinations in any one of the crop fields. Those three technologies are selected based on the
higher adoption rates in the region. Thus, the dependent variable is adoption of multiple agricul-
tural technologies and is estimated using multinomial logit model. The description and measure-
ment of variables used in the study are presented in Table 1 as follows.

2.3. The conceptual framework and estimation strategy

2.3.1. Modeling multiple technology adoption

The adoption of multiple agricultural technologies can be modeled in the setting of a framework.
The adoption variable for this study is generated from the combinations of the organic fertilizer,
inorganic fertilizer and herbicide technologies. The estimations of the adoption of alternative
agricultural technology packages are estimated using Multinomial Logit model.
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2.3.2. Multinomial adoption selection model

Following (Verbeek, 2004; Gillespie et al., 2014; Kassie et al., 2018) the choice of alternative
agricultural technologies is made according to the expected benefits from the adoptions of specific
choices given their limitations. 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. In most case, farmers are
risk averse to adopt agricultural technology. This can be explained as; risk averse farmers tend to
be more cautious individuals with preferences for less risky adoptions. But, a risk averter does not
refuse to accept any risk at all. However, the risk averse farmer would seek to be compensated for
the risk taken by receiving a higher return than would normally be obtained if there were no risk.
Assuming that individual farmers are economically rational and maximize profits; a risk averse
farmer probably compares all potential profits from alternative practices and then makes
a decision about adoption. To formalize this, consider the following latent variable:

Aij* = Zjaj + njj (1)

where: Aj* is a latent variable which describes the i*" 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.

LiffA; >75 (Aj )oren <0

MiffA: >T2x (A, )oreim<0

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 ; =
MaXyzj (A,‘k*—A,‘j*) <0.

It is assumed that the covariate vector of Z; is uncorrelated with the unobserved error term Mjs
i.e. E(nlz;) = 0. Assuming that #; are independent and Gumbel (identically) distributed (indepen-
dence 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.

2.3.3. Multinomial logit model (MNL)

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, 1983). There are two mostly usable multinomial probabil-
istic choice models, namely multinomial logit (MNL) and probit (MNP). According to (Greene, 2003)
there is a slight distinction between MNL and MNP models because of the need to evaluate
multiple integrals of the normal distribution, the MNP model has found rather limited use in this
setting and the estimated results are not sufficient to allow accurate and efficient evaluation for
more than two variables in a sample of even moderate size, but the MNL model, in contrast, has
been widely used in many fields. According to Kropko (2008) and Dow and Endersby (2004)
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technically, these models are very similar, they differ only in the distribution of errors terms. MNL
has errors which are independent and identically distributed, while MNP has errors which are not
necessarily independent, and distributed by a multivariate normal distribution. With multiple
integrals, MNP fails to converge or provide a useful estimation at all. Meanwhile choice probabilities
are relatively simple in MNL, even for a large number of choices. In this regard, this study applied
the MNL model over other 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.
The results obtained from the model is more stable than others when IIA assumption fulfilled.
Kropko (2008) also shows the multinomial logit model nearly always provides more accurate and
realistic results than others even if the Independent of Irrelevant Alternatives (IIA) assumption is
severely violated. The model assumes that the possible distinct states are exhaustive in that they
cover all possibilities.

In the model specification, the non-adoption is considered the base level and all the logit are
made relative to the base category. When category k is taken as a base category, and let be the
multinomial probability of an observation falling in the j™ category, then the MNL model is
specified as follows:

P = P(Y, = jX) = —=P0%) i 9 2 (k—1),andi=1,2,3......... .

where, Yi is Adoption choice/decision, Bi is the vector of parameters and Xi is a vector of all
explanatory variables that can have influence on the adoption decisions of multiple agricultural
technologies.

3. Results and discussion

3.1. Descriptive statistics

The eight possible agricultural technology packages are summarized in Table 4. Of the total 656
sampled farm households in the Amhara region, about 21.04% are non-adopters (FOMOHO),
whereas 7.77%, 17.84% and 2.74% of them adopted only one technology (FIMOHO, FOM1HO,
and FOMOH1) respectively, and 19.82%, 8.84% and 3.35% of them are adopted a combination of
two technology packages (FIM1HO, FIMOH1, and FOM1H1) respectively, and lastly 18.6% of the
farm households simultaneously adopted all of the three packages (FIM1H1). The result shows
that package of FIM1HO and F1IM1H1, followed by FOM1HO have the higher frequencies that may
indicate that farmers expected utility derived from those could be higher than the rest of the
technology packages (Table 3).

The descriptive statistics of explanatory variables for the eight combined alternative packages
considered in this study are presented in Table 5. The explanatory variables’ mean value of non-
adopters (FoMgHy) is used as a base category to compare with mean values of alternative adopters
(FiMoHo, FoM1Ho, FoMoH1, F1M1Ho, FiMoH1, FoM1H; and FiMqH,).

The table revealed that, in the Amhara region, a set of household characteristics like sex
(adopters are more of male headed), regarding education, adopters have high education level.
Moreover, on average adopters have large family size than the non-adopters. On the other way,
the mean age of the household head for adopters is lower than the non-adopters. Total farm size,
remittance income, 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 (except for herbicide adopters). The mean livestock wealth and the proportion
of households with off-farm activity participation for adopters are higher than non-adopters. On
average, remittance income of the household is larger for non-adopters (FoMgHo).

As the table shows, the mean distance from road, market and zonal town are larger for non-
adopters. But adopters of manure, herbicide and a combination of the two packages, are higher
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Table 3. Alternative Adoption of Agricultural Technology

Choice Binary Fertilizer Manure Herbicide
package

Fo F1 M, M, Ho Hy
1 FoMoHo v v v
2 F1MoHo v v Vv
3 FoM1Ho v v v
4 FoMoH: v v ' Ly
5 FiM1Ho v v v
6 F1MoH1 v Vv v
7 FoMiH, v v ' ‘ v
8 FiM1H, v v v

Note: Each element in the combination is a binary variable and for chemical fertilizer (F), organic manure (M) and
herbicide adoption (H), and the subscripts represent 1 = adoption and 0 = non-adoption.

than non-adopters indicating that as the distance increases farmers adopt the kind of technology
that are easy to carry and nearby available technologies so as to reduce transportation costs.

Institutional factors such as extension service, advisory service, credit access, and tenure
security are other factors that affect the adoption decision. The first two are related with farmers’
access to information on different packages and its profitability while access to credit indicates
farmers’ ability to finance their purchase of modern technology under cash constraints. The result
shows these supports are higher for adopters. This may indicate that the institutional support
system has long been a major factor for modern agricultural technology adoption even if its
support has remained low (Kassie et al. (2010). Furthermore, adopters have significantly higher
mean values in terms of microclimate indicators like plot potential wetness index, and lower mean
values in terms of plot distance from homestead. Similarly, the proportion of non-fertile soil plot is
significantly higher for non-adopters than adopters. To sum up, the result shows that the mean
comparison test between adopters and non-adopters are significantly larger for adopters and the
values are different across the different alternatives. Table 2 provides hypothesis explanation and
expected sign of the variables used in the study.

3.2. Econometric analysis

In econometric analysis, the study applies a method of analysis of maximum likelihood estimation
technique for the purpose of estimating the multinomial logit functions. The result from the
multinomial logit model is presented in Table 6. The base category is non-adoption (FoMoHo),
where results of alternative packages are compared. The model fits the data reasonably well.
Various post estimation tests were made to check the validity of the model. The Wald test is used
to ensure that all regression coefficients are jointly equal to zero is rejected with [x*(133) =
(478.82); P >0.000]. The Hausman test result for test of IIA assumption confirms that all the
alternative packages are distinguishable with respect to the variables in the model. VIF for
continuous and correlation matrix for categorical variable also have been computed to test multi-
collinearity problem, and the result indicates that there is no serious multicollinearity problem
across the explanatory variables. And finally, robust regression has used to control the problem of
heteroscedasticity and non-normality.

3.3. Determinants of adoption of multiple agricultural technology

Based on this estimation, the result indicates that the sign of age of household head is negative
and significant, indicating that young farmers in the Amhara region are more likely to adopt farm
technology since young farmers may have formal education than the non-adopter, less risk averse,

Page 13 of 23



o
.

&

Zegeye et al., Cogent Economics & Finance (2022), 10: 2058189

https://doi.org/10.1080/23322039.2022.2058189

cogent - economics & finance

(0207) uonpINdwod umQ :324n0S

00T 959 |pI0L
0981 (44 M M M THYWH 3
SE'e 44 M M M THYNOS L
78'8 8G r M A THOW'S 9
7861 o€t r r M OHMN S
/LT 8T M M M THOWOS Y
w8'LT LTT r r M OHMNOS €
LLL 1§ M M M OHOW4 [4
70’1 8¢€T r M M, OHOWO4 T
'H °H W °W | °4
(W) 19z113494 (4) 19z113494 aboxond
abpjuadiad fouanbauy (H) @p1d1q49H ainubp 1P21WaY) fipuig adloy)

saboyand Abojouyda] aAnbuILRY jo uondidsaq v 9qpL

Page 14 of 23



o
.

&

Zegeye et al., Cogent Economics & Finance (2022), 10: 2058189

cogent - economics & finance

/10.1080/23322039.2022.2058189

//doi.org

https:

(panunuo))

(89%)

(757 1L (605) G%S (EL7) ULy (9%€) 4198 (58%) 999 (82#%) «09L° 989 (L9%) 189 Ayunsas ainua|
(T18) (00€")

(SLT) 816 «00§ (L%€) 098 (6£7) +S16 (TT9) G885 (187) 41%9" «+ 106 (88%) ¥8¢’ 92In3s AI0SINpY
(89%)

(78%7) +89€" (76€) x 18T (78%7) «79€’ (LLY) w9YE (68%) wEEE (0€) «20T° wELE (7€T) LSO SS920D JIpal)
(ST¥)

(8%T) «¥€6 (ETT) «5%0° (05%) Tl (0Z€) 488 (09%) L LT (STE) 61T 8L (891°) 820 92IAJSS UOISU9IX3

pDOJ JayIDaM

(G'T1) «LT0T (88°€7) 9¢'1¢€ (L'L1) «%8°ST (T'€T) «+£00°CT (89'€0) TT'Te (9'22) 06'ST (2'81) «:98%1 (80°020) ¢6°LT 1o 01 9duDblsig

(1°28) umoy

(6'98) «87°€CT (2'99) 0's61 (T'S6) «L7€LT (L%8) «xC'8%1 (8%%) LL'6€T (8'59) €£'80¢ »80LT (T%7°2L) L'96T JouUoz 03 9dupisid

(z5'gw) 19yIDW

(70°0€) ++8L°8% 00" 92 (66'87) +E%'6G (€9°60) «CS'TY (T%€) LT'S9 (9°£€) 89'8G (L'67) «+1%°0S (29'1€) ST%S 0} dduplsig

(T6€7) +88T° (26%) +€9€ (99%) +:0T€ (28%") «%8T (G8%") €€ (¥8%°) «L9€ (09%") 76T (86%) Thy 2dUD}IWY
(89°0)

(9€°9) «x079°S (00°S) ++%90°% (Y0'€) wEWL'E (€9°7) «€81'% (€£6°7) ++698°C (8€°€) «+818°€ »81°€ (8€°7) %S'1 niL

(L%€) Jusawojdwa

(GLT) 180 (€1T) %0 (55T°) 890 (927) €50 (€2€7) w11T (£9T) 9L0 wlET (0TT) 050 WiDi-H0O
(v (0L1)

(95°T) «606™% 0657 (88'T) «¥€G™ (TL'T) «€8% (06°7) «11'% (60°7) <078 STy (z0'0) €T¢€ 9215 Ajiwpy
(s1°¢)

(¥6'T) «S¥T'T (89°€) ++189°T (£G77) «SS9°T (G9°€) «+£50°C (9977) «€€€°T (€7'7) 8TT'1 78T (¥5'7) €16 uonpoNpy

(T°€1) «x009% (1T°T1) «9€°8% (T€T) «0T'SY (T%1) «€8'6% (T1) «£S5°6% (65%1) 7805 (G£'9T) +88'8% (1°81) 8T'%G aby
(G8¢€°)

(60€) «+£68° (9L%7) 189 (G9€) w798 (68€7) «S18 (LTY) s LLL (8EY) WL 8 (66%) €95 x9S

(as) (as) (as) (as) (as) (as) (as) (as)
ubapy ubap ubapy ubap ubap ubapy ubap ubap
THTW™ THTWO4 THOW™S OHTWS THOWO4 OHTWOS OHOW4 OHOWO4
d $3]qDUDA
;30 s1a3dopy 193dOpD-UoN K101pup)dx3

s213s13p3S aAnRdudsaq jo Kipwwng *g 3)qp]

Page 15 of 23



o
.

&

Zegeye et al., Cogent Economics & Finance (2022), 10: 2058189

cogent - economics & finance

/10.1080/23322039.2022.2058189

//doi.org

https:

‘AjoA10adsal 9T pup 9% 10 19A3) adUDIjubls sa0UaP,, ‘., PUD ‘UOIIDIASP PIDPUDIS SI AS
‘Abojouyday an;3puIa}D Jo saboxdnd yopa Jo sia3dopp pub (OHOWO4) Si93dopp-uou usamiaq sajqoLpbA Aiopupidxa Jo subaw ay3 a/pdwod 03 pasn S| 1s93-1 djdwps suQ

(8LT7) +CEO (¥67°) 060" (#81") x¥7E0 (927) €507 (Ley) e (£9T) +9L0° (LET) +850° (€67) 60" Anpnb 1105 Jood
(119)
(78%') 89¢” 00§° (66%) 1€% (88%") #8¢" (T1S) w947 (10S) 675 (%0S) 06% (10S°) %15 Apnb 1105 JID4
(26%7) ++865 (€097) 60% (€0G7) +¥7ES (86%7) ++19G° (G8%7) €€€” (06%7) €6€° (2097) £08% (68%) 16€° Awonb 105 poon
240108y
(T%87) ++188 (EE°T) w%9L (5297) «TOL (9G27) +x908 (1£9) 06%° (9187) €99 (6%97) T€9 (L€97) 189" Jad 8z1s pupn
X3pul SSaUIIM
(TO'T) «6T°€T (96°T) €T (L60°T) wxLLTT (80°T) +TLTT (1867 98°11 (S21)zean (1967) 6571 (9z1) STTT Jonuaiod 101d
(656°)
(8TL) «0%9 (€T°T) 096 (6667) 6%71°T (29S°) +x009° (T€8) 909 (¥8L") «74%9’ 9¢6 (77'1) %56 9UD]SIp 101d
(as) (as) (as) (as) (as) (as) (as) (as)
unap ubap unap unap unap TLETH] unap unap
THTW™ THTWOS THOW'S OHTWS THOWO4 OHTWO4 OHOW'4 OHOWO4
S3)qDIIDA
;30 sia1dopy 423dopp-uoN f101pup\dx3

(panupuo)) s 31qoy

Page 16 of 23



o
.

&

Zegeye et al., Cogent Economics & Finance (2022), 10: 2058189

cogent - economics & finance

/10.1080/23322039.2022.2058189

//doi.org

https:

(9£070) 64879~

(9LL°€) vty e~

(LLTT) +498€ 4~

(60077) 0LT°C~

(#89°¢) €¥0'T~

(H1ST) »x19%°€~

(L1%77) 690°¢~

UDISUO)

(9€7°0) €710 (LT€°0) GTTO- (02Z°0) %200 (0€z0) £L8T0 (TT£°0) €£%°0- (687°0) 0/LT°0- (¥87°0) T€00 910309y 4ad 92js puoT]
(lood)

(620°T) 94€°0 (816°0) €0Z°0- (558°0) 655°0— (£89°0) £L8T0 (698°0) 95T'T (915°0) €2T°0- (ST6°0) €220 Awjonb ji0s
(41pJ)

(89%°0) £09°0 (189°0) 760°0- (€£%°0) 9TT°0 (G€%°0) ¥9T°0 (§59°0) 7710 (ST€°0) T000- (€9%°0) #9€°0 Ayonb yios

(ZET'0) 4+C9%°0

(1ST°0) 60070~

(IST'0) «£%C0

(IST°0) 0800

(L1T0) vZe0-

(601°0) TETO

(€9T°0) €900

X9pUl SSAUIDM
1pnuszod 101d

(6T€°0) €€€°0-

(€TC°0) 0ST0-

(%91°0) 60C°0

(LOT°0) xxT%%°0~

(S9€°0) 6050~

(0£1°0) x4xCLG 0~

(7£1°0) 5800

32UD3SIp 101d

(0%5°0) 2OE0
(%55°0) 8£L°0

(£L€5°0) 9%%°0-
(S€5°0) £8T°0

(88%°0) €S20
(9€5°0) 61T

(005°0) +268°0
(105°0) +79T'T

(€%£°0) €500
(T2L0) 2200

(09€°0) LLTZO
(€£2€°0) ++569°0

(€05°0) Z€00-
(855°0) ++GLS'T

Ajun2ss ainua]

221M3S AIOSINDY

(995°0) 08£°0

C1L°0) ¥89°0

(085°0) «0£6'0

(€95°0) TvL°0

(L97L°0) L TLT

(625°0) 5500~

(7£5°0) 089°0

$S920D 3Ipai)

(708°0) +x+LET'9

(Z0L°0) +++88€°%

(869°0) ++x99T°S

(ST8°0) «C¥6'T

(089°0) 8,0°T

(L0OL°0) +++808'%

9DINIDS UOISUIXT

(S10°0) ++E€0°0~

)
( )
(6ST°T) €ST°0
(STO°0) €200

(ST0°0) 6100~

(%10°0) C10°0-

(£20°0) 9000

(TT0°0) +x+LE0°0

(ST0°0) ¥10°0-

ppoJ |10 03 9UDISIg

AMOOOV ***N ﬁOOI

(¥00°0) 0000~

(€00°0) ++900°0~

(€00°0) +++600°0—~

(S00°0) «800°0

(200°0) 1000

(€00°0) ++£00°0~

umoy
Jouoz 03 AdUPISI]

(800°0) 0100

(800°0) 000

(£00°0) 1100

(£00°0) €000~

(%10°0) L0000

(£00°0) 8000~

(800°0) S00°0

193DW 03 32UDISI

(£50°0) +x+69T°0~

(910°0) 800°0-

(690°0) ++0L1°0-

(ST0°0) ++2S0°0-

(210°0) «610°0~

(520°0) 9€0°0-

(780°0) «6%1°0~

2OUDIWIDY

(690°0) +xx97€0

(0£0°0) +x6LT°0

(Z80°0) «SET0

(9£0°0) ++29T°0

(801°0) 8€1°0

(990°0) +:x11C°0

(S60°0) 0500

1L

(€64°0) STT'T

(L£6°0) 91070

(¥08°0) 688°0

(969°0) S6%°0

(G96°0) ++658'T

(209°0) LZE0

(6€L°0) «+€18'T

uswAojdwa
WlD}-H0

(821°0) €80°0-

(T71°0) 5820

(921°0) 6500~

(zz10) 8700

(881°0) S¥0°0

(560°0) ++661°0

(€2T°0) OTT°0-

97IS pjoyasnoH

(8£0°0) L¥0°0 (7£0°0) STT°0 (T1£0°0) T0T°0 (7£0°0) +ZET°0 (197°0) 6%€°0- (%90°0) 150°0 (080°0) 1210 uonponNp3
(9T0°0) «+8€0°0~ (910°0) #00°0- (STO0) +x0£0°0- (¥10°0) +720°0~ (#20°0) 60070~ (0T0°0) OO0~ (ST0°0) 8000~ aby
(919°0) SLT0 (299°0) 1€5°0- (6%5°0) 1L0°0 (S€S°0) 61T°0- (60£°0) 89£°0 (6L£°0) LTO0- (009°0) 0ZE0 X3S
as) @s) as) @s) as) @s) (s)
24303 2403 24303 240D 24303 240D 24303 S
THW'S THIWO4 THOW'4 OHIW™4 THOWCS OH*IW OHOW'4 Kioroupidx3

sabpyond uonndopy A6ojouydal aanpuId Y
19pow 1160) |pIWOURINW 3y} 10} SAIDWIISA pooyayi)

wnWIXp 9 3)qpL

Page 17 of 23



Zegeye et al.,, Cogent Economics & Finance (2022), 10: 2058189
https://doi.org/10.1080/23322039.2022.2058189

=636

0.328; Number of observation =656; Degree of freedom

Model VCE = Robust; Pseudo R?

SE is standard error in parenthesis; the asterisks *, **, *** denotes significance level at 10%, 5%, and 1% respectively.

Source: Authors estimate (2020)
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more willing, and have greater flexibility in accepting new ideas,
other things being constant. This is consistent with (Admassie &
Ayele, 2010; Ayenew et al., 2020). Similarly, education level of the
head has positive sign and significant for F{M;Ho, which is similar
with the finding of (Asfaw et al, 2012; Kassie et al, 2010;
Massresha et al., 2021). This is because farmers in the Amhara
region with more educational years are more likely to adopt as
they able to acquire, analyze and evaluate information on modern
technology, market opportunity and its implied benefit.

The family size of farmers has a positive and significant effect on
the adoption decision of manure and a combination of manure with
herbicide packages. This implies the more family member of the
household the more the adoption will be, because adoption of
multiple farm technologies requires and attracts more labor force
for agricultural activities (Kassie et al., 2010; Zegeye, 2021).

In the Amhara region, livestock asset measured by tropical live-
stock unit (TLU) significantly and positively affects the adoption
decision of multiple technologies. 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 manure input), consistent with Mulugeta and Hundie
(2012) and Massresha et al. (2021). Farm households who partici-
pate in off-farm activity are also more likely to adopt chemical
fertilizer and herbicide packages. 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, consistent with (Kassie et al, 2010; Mulugeta &
Hundie, 2012; Ayenew et al., 2020).

The other important factor is farm remittance income, and the
result shows that the impact of remittance income on the adoption
decision is negative and significant. The descriptive analysis also
supports this finding. From the descriptive analysis it was found
that the remittance income in the Amhara region is higher for non-
adopter households. One plausible reason for this is the house-
hold’s way of spending the money from remittance. Most often
income from remittance will be used for daily consumption purpose
than investing in agricultural development. This is supplemented by
Tuladhar et al. (2014) and Zegeye (2021). The higher remittance
inflows to households, and subsequently, the higher income buffer,
might have increased the opportunity cost of engaging in agricul-
ture, resulting in reliance on remittance income more than the
income from the agriculture sector.

Distance to market, road and zonal town are significant proxy
variables which capture the relationship between access to market
information, access to input and farm households’ technology
adoption. Distance to zonal town has a strong and negative effect
on the adoption of package FiMgHp, F1M{Ho, F1MoH4, and FiM H;.
Distance to all weather roads has also negative effect on the
adoption of package FiM;H;. This result may verify that those
framers in the Amhara region who live away from service centers
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such as urban centers, development agent, and market place are less likely to adopt farm
technologies because of farmers could have less access to information on improved technologies
and high production cost, and hence are unlikely to adopt new or improved technology; similar
with (Admassie & Ayele, 2010; Hailu et al., 2014; Zegeye, 2021; Belay & Mengiste, 2021). However,
distance to road and zonal town affects positively the adoption of package FoMiHy and FoMgH;
respectively. This is because as the road distance is longer, farmers would adopt nearby available
technologies like organic fertilizer and easy to carry type technologies like herbicide to minimize
the production costs. This means that in the adoption decision, the farm household would be
beneficial if their adoption is cost-effective (Mesele, 2019; Mohammed, 2014).

Institutional support factors such extension service, advisory service, credit access and tenure
security are considered equally important to understand farm household’s technology adoption
decision. That is, access to extension service and advisory service has a positive and significant
relation on the adoption of alternative technologies. This is because the extension service provided
by the local government helps the farmers to raise their awareness about the characterization 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 services, on the other hand, indicate 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. Access to credit
has a positive impact on the adoption decision of different packages. 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, and this is
consistent with (Tefera et al., 2016; Sebsibie et al., 2015; Massresha et al., 2021; Zegeye, 2021;
Belay & Mengiste, 2021).

The positive and significant effect of tenure security for a combination of chemical and manure
fertilizer shows that when farmers are secured ownership right for their own land, the more likely
in the adoption practice since they can make long-term investment, and the finding is in line with
(Mohammed, 2014; Zegeye, 2021).

Plot characteristics and microclimate variables in the Amhara region are another set of factors
considered in explaining household’s likelihood of technology adoption, such as soil quality, plot
wetness and plot distance. Plot distance from the homestead is negatively affects the adoption of
package FoM;Ho, and F1M;Ho. This is because of as plot is far away from the homestead, the less
likely will be on time plot preparation, weed, harvest and input utilization and hence farm house-
holds are less likely to adopt, confirmed with Kassie et al. (2010), Hailu et al. (2014), and Zegeye
(2021). On the other hand, also, plotting potential wetness index has a positive impact on the
probability of the adoption of full packages (F;M;H;). This is because of as the wetness of the plot
increases (maintains vascular plant species richness, soil pH, groundwater level and soil moisture)
the more likely the adoption of the agricultural technology. This is in line with the finding of
(Sebsibie et al., 2015; Zegeye, 2021). Most of the explanatory variables like sex of the family head
distance to market, farm size and soli quality, even if they are not statistically significant, they
have the expected signs with the adoption decision.

4. Conclusion and policy recommendation

In Ethiopia, where agriculture is the mainstay of the economy, and where severe poverty is the
main challenge, reducing poverty is the preliminary concern. Therefore, boosting production and
productivity of agriculture through the use of improved agricultural technology is considered as
a major solution. The country is underway of implementing agricultural technologies starting from
the imperial regime up to now. Despite the efforts to promote adoption in most of the rural areas
of Ethiopian farmers, the adoption rate in the country is very low and holds true for the Amhara
region. Understanding the factors that influence or hinder adoption of agricultural technology is
essential in planning and implementing yield and productivity enhancing technologies for meeting
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the challenges of poverty, food insecurity and food production in the country. Thus, the main
objective of this study was to explain factors affecting the adoption of multiple farm technologies
in rural Amhara region of Ethiopia. The study takes data from the Ethiopian socio-economic survey
of collected in 2015/16. A total of 656 farm households were considered for a sample of the study.
To assess the determinants of adoption the study employed multinomial logit model.

The result of the study revealed that farm household’s in the Amhara region decision to adopt
improved or new farm technologies is manly influenced by factors of socioeconomic, institutional,
access to information and distance factors, and plot characteristic. More specifically, the adoption
of multiple agricultural technologies is positively and significantly affected by education level of
the head, 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. However, the adoption of farm technologies is negatively and significantly
affected by age of the family head, distance from zonal town, road and plot distance from the
homestead, and farmers getting remittance income. However, the effect of distance from road and
zonal town for the adoption of herbicide and manure technologies is positive, indicating as the
farm lives far away from urban centers and development agents, farmers adopt nearby available
technologies and easy to carry type technologies so as to reduce their cost of production.

Thus, in terms of policy implication, the federal and regional government of the country,
agricultural development office, non-governmental organizations, and donor agencies should
work in collaborations with the farm households. Specifically, policies for strengthening the access
to information about the farm technologies by increasing the availability and quality of extension
service, encouraging the participation of farmers in training centers and providing advisory service
to increase the adoption by farm households. The influence of extension service, trainings and
advisory services can counter balance the negative effect of lack of years of formal education on
the overall decision to adopt farm technologies. Thus, polices for strengthening the extension
service and advisory service delivery capabilities through technical support and short and long-
term training programs are important in adoption decisions.

The study also found that distance of the household’s residence from the main road, market
centers and zonal town is another important factor influencing the adoption of a technology. The
closer the household is to market centers, zonal town and all weather road the better it would be
to access information about technology and prices and hence is positively related to technology
adoption. This implies that the access of these infrastructures increase the agriculture technology
adoption decision by the farm households. Thus, the government and other stakeholders should
support the access of these infrastructural services.

Access to credit is found to be a highly significant variable that positively determines the probability
of adoption of alternative farm technology packages. This may call for the need and expansion of
microfinance institutions in rural areas of the local government and Ethiopia where financial con-
straint is a major challenge for farmers while in adopting technology. This may reveal that adoptions of
farm technologies are capital intensive: thus, credit should be accessible for the rural poor.

Lastly, the effect of remittance income on technology adoption is negative. Therefore, the study
recommends the different stakeholders aimed at channeling remittances to finance agricultural
capital and inputs that increase agricultural productivity is required. The government should have
to make awareness to the recipients and to the sender to have a well-managed remittance use
and to involve more effectively on the agricultural sector. This could help the government of
Ethiopia to implement policies to enhance skills of migrants so that migrants remit more income
to households, ultimately enabling them to acquire more productivity enhancing capital assets
even after discounting for the high share of consumption expenditure.
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Currently, the farm households in the Amhara region are acknowledged the role of agricultural
technologies and their adoptions are constrained by factors of household characteristics, infra-
structure, institutional and plot characteristics. Therefore, the government should ensure better
targeting of agricultural technology adoption and appropriate rural institutions on rural farmers to
increase farm technology adoption by the rural poor so as to understand farmers need as well as
their ability to adopt technology in order to come up with technology that will suit them.

As the study used a cross-sectional dataq, it is limited to show the time effect of adopting
agricultural technologies in the study area. Further research is recommended for investigating
the determinants of agricultural technology adoption decisions by using panel data (with long-
time dimension) to capture the real and long-lasting determinants of adoption decisions. The
study gives only a focus on demand-side factors. Additionally, this study is also recommended for
examining the determinants of adoption decisions of agricultural technologies including the

supply-side related factors.
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