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Abstract

Objectives: This study explored the adoption status of different Climate Smart Agricultural (CSA) practices and fac-
tors that influence their adoption for sustainable soil resource utilization in the changing climate.

Methodology: We used quantitative and qualitative primary data collected from smallholder farmers and other
stakeholders from major coffee-growing regions of Ethiopia: Oromia, and Southern Nations, Nationalities, and Peoples
(SNNP). We used the multivariate probit (MVP) model to study factors that influence the adoption of climate-smart
agricultural technologies, namely, manure application, minimum tillage, intercropping, use of improved forage, and
physical soil and water management practices.

Results: The study result shows that 35% of farmers apply manure on their farm plots. Minimum tillage is also
applied to 36% of farms. Intercropping improved forages and physical soil and water management structures are
adopted by 45, 19, and 47% of farmers, respectively. The finding of the study indicates the positive and significant
effect of education, extension (access to extension services and participation on field days), and ownership of com-
munication devices specifically radio on the adoption of climate-smart agricultural practices.

Recommendations: Concerning bodies must pay due attention to problems affecting effective farmers-extension
linkage. The positive effect of radio ownership on technology adoption also suggests the need for increased acces-

practices, and information that mitigate the problem.

sibility of FM radio channels to farmers to be aware of climate change and innovative agricultural technologies,
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Introduction

The development of the agricultural sector is the most
efficient poverty reduction measure in countries where
the economy is heavily based on agriculture. However,
the adverse effects of climate change remain to be a
major threat to agriculture [1, 2]. The change is already
having an impact on agriculture and food security [1].
An increase in mean temperature, changes in rain pat-
terns, changes in water availability, sea-level rise, and

*Correspondence: samueldiro85@gmail.com

Ethiopian Institute of Agricultural Research, Addis Ababa, Ethiopia

B BMC

salinization are some features of climate change that
affect agriculture, forestry, and fisheries both directly
and indirectly. The change leads to reductions in natural
resource bases (biodiversity, soil, and water), reductions
in production, and lower incomes, especially in vulner-
able areas. Moreover, the effects extend to influencing
global food prices, altering yields and quality of crops
produced around the world, and affecting the nutritional
value of foods, and food security [1, 3, 4].

Ethiopia’s nature-dependent agricultural sector asso-
ciated with the country’s geographical location, topog-
raphy, and low adaptive capacity made the country
highly vulnerable to adverse effects of climate change
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[5]. The country has been historically suffering from
natural catastrophes and is prone to extreme weather
events especially shocks related to rainfall and drought.
These are the main causes of food production deficits
and high livelihoods vulnerability [6]. Consequently,
climate change is emerging as a big challenge to Ethio-
pian agriculture and poverty alleviation efforts [7].

To combat the adverse effects of climate change,
several measures have been suggested in attempts to
reduce the vulnerability of smallholder farmers who
are highly affected by the changes. One of such inter-
vention is climate-smart agriculture (CSA). CSA, a
concept developed by Food and Agricultural Organiza-
tion (FAO), is an approach to developing the technical,
policy, and investment conditions to achieve sustain-
able agricultural development for food security under
climate change [1]. It integrates the three dimensions of
sustainable development (economic, social, and envi-
ronmental) by jointly addressing food security, eco-
system management, and climate change challenges.
It is comprised of three main pillars, namely, sustain-
ably increasing agricultural productivity and incomes,
adapting and building resilience to climate change, and
reducing and/or removing greenhouse gas emissions.

Different studies have been conducted on the adop-
tion of climate-smart agricultural practices in Ethiopia
[8—21]. However, all of these studies were conducted
separately for different improved practices (soil and
water conservation measures, organic fertilizer, inor-
ganic fertilizer, conservation tillage, and others). Since
CSA is not a single specific agricultural technology or
practice that can be universally applied; any study on
CSA should include more than one technology or prac-
tice. It is believed that the adoption of a climate-smart
agricultural practice affects the adoption of the other
practices positively or negatively. Thus, observing the
adoption of more than one practice is crucial to explor-
ing farmers’ practices of climate change mitigation
and other production constraints. Unlike other studies
mentioned above, this study investigates the relation-
ship between the adoption of different climate-smart
agricultural practices, namely, manure application,
conservation tillage, soil and water management, use of
improved forages, and intercropping.

The purpose of the study is to examine climate-smart
agricultural technologies’ adoption status and explore
demographic, socio-economic, and institutional factors
affecting the adoption of climate-smart agricultural
technologies. The study also analyzes the interrelation-
ship between the adoptions of different climate-smart
agricultural technologies and practices.

The remainder of this article is as follows. The next sec-
tion presents the study methodology which embraces
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study areas, the data type used, sampling procedures,
data analysis methods used, and model specification. The
result part of this article highlights both descriptive and
econometric results. The last section summarizes conclu-
sions and policy recommendations as well as suggestions
for future research.

Methodology

Study area and the data

The study uses quantitative and qualitative primary data
collected from smallholder farmers and other stakehold-
ers (district and zone officials and experts) from major
coffee-growing regional states of Ethiopia: Oromia and
SNNP. Gedeo, Sidama, Kafa, and Sheka zones from the
SNNP regional state and Ilubabor, Jimma, West Wollega,
and Kellem Wollega zones from the Oromia regional
state were coffee-producing zones selected for the study

(Fig. 1).

Sampling and data collection

A multistage sampling technique is employed to select
the sample from a population that involved both purpo-
sive and random sampling techniques. First, regions and
zones are purposively selected based on the number of
coffee growers, the area allocated to coffee, and the quan-
tity of coffee produced. Accordingly, Oromia and SNNP
regional states are chosen for the study, because these
regional states alone account for 89% of coffee growers,
97% of the coffee area, and 99% of coffee production in
the country [22]. Second, districts and peasant associa-
tions in the study regions are selected using a random
sampling technique. Finally, households are randomly
chosen from the sampling frame of coffee grower popu-
lations at the peasant association levels. Eventually, a
total of 953 sample households are selected for the study
(584 from SNNP and 369 from Oromia Regional states)
(Table 1). Data is collected from the sampled households
through a structured questionnaire administered by
enumerators.

Method of data analysis and model specification

Descriptive statistics summarizes and describes the col-
lected and cleaned data (Tables 4, 5 and 6; Figs. 2 and 3).
Farmers adopt a mix of technologies to enhance declin-
ing soil fertility and mitigate climate change. This implies
that the adoption decision is inherently multivariate, and
attempting univariate modeling would exclude useful eco-
nomic information about interdependent and simultane-
ous adoption decisions [23]. A multivariate probit (MVP)
model was used to determine the factors that influenced
the adoption of multiple climate-smart agricultural tech-
nologies (Minimum Tillage, Manure Application, and
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Fig. 1 Map of the study area

Table 1 Total sample size and sample distribution along study
zones and regions

Region Zone Total sample % Of the total
size

SNNP Gedeo 199 21
Sidama 200 21
Sheka 81 8
Kafa 104 11
Sub-total 584 61

Oromia llubabor 121 13
Jimma 107 1
West Wollega 105 11
Kellem Wollega 36 4
Sub-total 369 39

Grand Total 953 100

Physical Soil and Water Management Practices). The
approach simultaneously models the influence of the set
of explanatory variables on each of the different agricul-
tural technologies, while allowing for the potential cor-
relation between unobserved disturbances, as well as the
relationship between the adoptions of different tech-
nologies [24]. Failure to capture unobserved factors and

interrelationships among adoption decisions regarding dif-
ferent practices will lead to bias, inefficient estimates, and
inconsistent policy recommendations [25, 26].

The model was also used by recent studies by Tekle-
wold et al. [27], Kassie et al. [28], Maguza-Tembo et al.
[29], Koppmair et al. [30], and Ali and Michael [31]. The
adequacy of the MVP method over suitable bivariate
models such as logit and probit was confirmed by observ-
ing the existence of a significant correlation between the
adoption of study technologies or practices.

Climate-smart agricultural practices in Ethiopia include
integrated watershed management, integrated soil fertil-
ity management, sustainable land management, conserva-
tion agriculture, agroforestry, crop residue management,
composting, promotion of improved livestock feed, and
rangeland management [32]. The land is the main limiting
factor of production in rural areas. Farmers use different
techniques to increase productivity per unit of land sus-
tainably. Thus, the use of one improved practice affects the
use of the other.

Accordingly, the observed outcome of climate-smart agri-
cultural technologies adoption can be modeled following
random utility formulation. Consider ith farm household
(i=1,2,3, ... N) which is facing a decision on whether
or not to adopt Manure Application (MA), Minimum
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Tillage (MT), Intercropping (IC), use of Improved Forage
(IF) and Physical soil and water management practices (PM)
(Table 2).

Let U, represents benefits to the farmer from unim-
proved agricultural practices (unimproved farming) and

let U, represent the benefit of adopting the Kth technol-
ogy (MA, MT, IC, IF, PM) denoting the use of Manure
Application (MA), Minimum Tillage (MT), Intercropping
(IC), use of Improved Forage (IF) and Physical soil and
water management practices (PM).
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Table 2 Number of farmers these climate-smart

agricultural technologies/practices

using

Improved Total number of  Number of farmers using
technologies or sample farmers  the technology or practice
practices

Manure application 953 335

Minimum tillage 953 345

Intercropping 953 429

Improved forage 953 179

Physical soil and 951 451

water management

practices

The farmer decides to use the Kth technology if
Y}pkz U -U,>0. The net benefit (fipl<) that the farmer
derives from Kth improved practice (technology) is a
latent variable determined by observed household and
location characteristics (Xip) and unobserved character-
istics (Uip):

Yy = X[y + Uk, where (k = MA, MT, IC, IF, PM)
(1)
Using the indicator function, the unobserved prefer-

ences in Eq. (1) translate into the observed binary out-
come equation for each choice as follows:

1Yy, >0
= ipk _
5 { 0 othorwise K = MAMTIGIEPM) (2)

where k=1, 2, ..., m denotes the type of CSA. In Eq. (1),
the assumption is that a rational Sth farmer has a latent
variable Y, which captures the unobserved character-
istics or demand associated with the kth choice of CSA.
This latent variable is assumed to be a linear combination
of observed characteristics X, factors that affect the
adoption of kth CSA, as well as unobserved characteris-
tics captured by the stochastic error term Uj,;.. The vec-
tor of parameters to bq_ estimated is denoted by 3. Given
the latent nature of Y, the estimations are based on
observable binary discrete variables Y, which indicates
whether or not a farmer undertook a particular CSA on
plot p.If adoption of a particular practice is independ-
ent on whether or not a farmer adopts another practice
and error terms are normally distributed, then Egs. (1)
and (2) specify univariate probit models, where informa-
tion on farmers’ adoption of one farming practice does
not alter the prediction of the probability that they will
adopt another practice. However, if the adoption of sev-
eral farming practices is possible, a more realistic specifi-
cation is to assume that the error terms in Eq. (1) jointly
follow a multivariate normal (MVN) distribution, with
zero conditional mean and variance normalized to unity,
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where U, ~ MVN (0, ¢) and the covariance matrix .
Hence in the multivariate model, where the adoption of
several technologies is possible, the error terms jointly
follow a multivariate normal distribution (MVN) with
zero conditional mean and variance normalized to unity
(for identification of the parameters) where (a0 Ky
Hic, Hig, Hpy) ~ MVP (0, €) and the symmetric covariance
matrix € is given by

1 PMAMT PMAIC PMAIF PMAPM
PMTMA 1 PMTIC  PMTIF PMTPM
&= PICMA pIiCMT 1 PICIF  PICPM
PIFMA PIFMT PIFIC 1 PIFPM
PPMMA ~ PPMMT  PPMIC  PPMIF 1

p is the pairwise correlation coefficient of the error terms
with regards to any two of the estimated adoption equa-
tions in the model. The correlation between the sto-
chastic components of different improved agricultural
practice adoptions is represented by the off-diagonal
elements in the variance—covariance matrix [33]. The
correlation is based on the principle that the use of a par-
ticular improved agricultural practice may depend on
another (complementarity or positive correlation) or may
be influenced by an available set of substitutes (negative
correlation). If these correlations in the off-diagonal ele-
ments in the covariance matrix become non-zero, it justi-
fies the application of a multivariate probit instead of a
univariate probit for each technology. Table 3 shows the
explanatory variables we used in econometric models
and definition of the variables.

Descriptive statistics of the variables
The study considers different explanatory variables that
could affect the adoption of improved agricultural tech-
nologies and practices. The descriptive results of the
study show that about 90% of farmers were male-headed
households. About 54% and 37% of farmers have access
to radio and credit services, respectively. More than 85%
of the farmers have also access to the extension services
of soil and water management which is really encourag-
ing despite the quality of the services. However, only
24% of the farmers participate in field days. About 25%
of farmers also participate in off-farm income-generating
activities. Coffee is the main cash crop in the study areas.
The study included improved coffee variety adoption as
an explanatory variable, since the adoption of improved
coffee could affect the adoption of other improved agri-
cultural technologies and practices. The study result
shows 60% of the farmers adopt improved coffee varieties
(Table 4).

Farmers’ mean age is 42.6 years with a minimum of 21
and a maximum of 90 years. The average family size of
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Table 3 Variables included in the model and their descriptions
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Variables Variable type Description of the variables

Region Dummy Study regions/location [1 =Oromia; 2=SNNP]

Sex Dummy Sex of the household head [1 =Male; 2 =Female]

Radio ownership Dummy Ownership of functional radio [0=No; 1 =Yes]

Credit access Dummy Household head access to credit [0 =No; 1 =Yes]

Extension service on soil and water management ~ Dummy Household head access to extension advises and training [0=No; 1 =Yes]

Participation on field days Dummy Household head access to natural resource management field days and field visits
[0=No; 1=Yes]

Participate in off-farm income-generating activities Dummy Household head participation in non-farm income generating activities [0 =No;
1 =VYes]

Improved coffee variety adoption Dummy Household head use of improved coffee varieties [0 =No; 1 =Yes]

Age Continuous Age of the household head in completed years

Family size Continuous Number of dependent family members in the household

Household head education level (years) Continuous Education level of the household head in completed years

Distance from homestead to farm plots in km Continuous Accessibility of farm plots in kilometers

Total land in hectares Continuous Total land owned by the household head in hectares

Tropical Livestock Unit (TLU) in numbers Continuous Number of livestock the household head owned in TLU

Table 4 Description and summary statistics of dummy  Table5 Description and summary statistics of continuous
explanatory variables explanatory variables

Variables Mean SD Variables Mean SD Min Max
Region 0.612 0.487 Age 4262 1228 21 90
Sex 0.902 0.297 Family size 6328 2343 1 17
Radio ownership 0.540 0.498 Household head education level (years) 4811 3489 0 16
Credit access 0372 0.381 Distance from homestead to farm plots 2631 2557 05 1
Extension service on soil and water management 0.852 0.355 in km

Participation on field days 0243 0.229 Total land in hectares 1756  1.788 001 12
Participate in off-farm income-generating activities 0.251 0.224 Tropical Livestock Unit (TLU) in numbers 4154 41260 19
Improved coffee variety adoption 0.601 0.495

the respondents is 6.3. The minimum education level of
the household head is O (illiterate) and the maximum is
16 years with a mean of 4.8 completed years. The study
shows that 10% of the household heads are illiterate. The
mean distance from homestead to farm plots is 2.6kms
with a maximum of 11kms. The mean total land in the
study area is 1.8 hectares. The farmers have also on aver-
age owned 4.2 Tropical Livestock Units (TLU) (Table 5).
Numerous farmers in developing countries continue to
cultivate crops and raise livestock in the same ways that
have been used in their communities for generations due
to poor farmers-extension linkage and limited access to
inputs and markets. This survey reveals that 86%, 78%,
and 85% of the respondents had access to extension
services on crop production, livestock production, and
natural resource management, respectively. Alongside,
farmers in the Oromia region have better access to exten-
sion services than the SNNP region counterparts (Fig. 2).

Regarding field days, more than 20% of the overall
respondents participate in demonstrations or field days
in both regions. The proportion of farmers who have
access to training and field days are similar across regions
(21% for SNNP and 19% for Oromia) for there is no sta-
tistically significant difference (Chi*=0.6775; P =0.410).

Communication in agriculture is crucial for producers
to adopt the new agricultural technologies, sell the out-
put, purchase the inputs and mitigate the agricultural
risks and disasters. Communications technologies are the
devices used to transfer and/or receive information and
knowledge. The study assesses households’ communica-
tion asset ownership along the study regions. The result
exhibits that the majority of farmers own mobile phones
(63%) and functional radio (54%) in both study regions.
Only a few farmers with access to electric power own TV
(11%). There is a significant difference between the Oro-
mia and SNNP regions in the ownership of these com-
munication technologies. A large number of farmers in
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SNNP own both mobile phones and TV compared to
farmers in the Oromia region (Table 6).

Results and discussion

Adoption patterns of climate-smart agricultural practices
Due to the undulling topography of the coffee farming
system and high intensity of soil acidity and termites,
as well as large space between coffee plants, farmers are
using different techniques of climate-smart agricultural
practices to mitigate the problems and increase produc-
tivity per unit of land. The major ones include fallowing,
area closure, use of inorganic fertilizers, manure applica-
tion, application of decomposed coffee husk, conserva-
tion tillage, intercropping, cover cropping in coffee, the
use of improved fodder, crop rotation, and soil and water
management practices. In this study, we consider five cli-
mate-smart agricultural practices common in the study
area. These include manure applications, conservation
tillage, intercropping, use of improved fodder, and adop-
tion of physical soil and water management practices.

Manure application

In rural areas, farmers are using livestock manure as fer-
tilizer for crop cultivation. Manure can increase yields by
improving soil organic matter content. It also improves
the soil water holding capacity and thus increases effi-
ciency in the use of inorganic fertilizer [34]. Manure
application is common practice in the coffee-based farm-
ing systems of the country and that is the reason why
Ethiopia is known for its organic coffee. However, the
use of manure depends on the ownership and number
of livestock herds the farmer has. Though no significant
difference between the regions in manure use, 37% and
34% of farmers in the Oromia and SNNP regions, respec-
tively, are applying manure on their land with an overall
mean of 35% (Chi?=1.03; P value=0.310). The better
use of manure in Oromia is due to the high ownership
of cattle. The SNNP region especially Gedeo and Sidama
are highly populated and the likelihood of cattle rearing
is low.

Minimum tillage
Minimum tillage involves minimizing the number of till-
age operations by making only limited slots for placing
the seed, either using specialized machines (seeders) that
open up small furrows in which the seed is placed or by
manually using hoes or dipsticks to bore holes into which
seeds are placed. Its purpose is to minimize soil distur-
bance, since the rest of the field is left untilled [35, 36].
Farmers use minimum tillage to mitigate the effect of
termites and soil acidity in the study areas. The use of
minimum tillage is higher at SNNP (44%) than in the
Oromia (24%) region with an overall mean of 36%. There
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Table 6 Communication asset ownership between the study
regions (%)

Assets Oromia SNNP Overall Ch? Pvalue
Mobile Phone 58 69 63 592 0.000™
Functional Radio 63 45 54 1892 0000
Functional TV 8 13 11 396  0.035™

"P<0.05,"" P<0.01

is a significant difference between regions in the adoption
of minimum tillage (Chi?=53.50; P value =0.000). Farm-
ers in SNNP operate on a small plot of land and plowing
the land yearly could decline the soil fertility. Thus, they
prefer minimum tillage to mitigate erosion which is the
primary cause of soil fertility loss.

Intercropping

Intercropping is the growing of two or more crops simul-
taneously on the same field [37]. The main purpose of
intercropping is to increase productivity per unit of land
and reduce pest damage. Farmers also use intercropping
to reduce risks in crop production; if one crop fails, the
other survives and compensates in yield to some extent
[38].

The study result shows that there is a significant dif-
ference between the regions in the use of intercrop-
ping. About 20 and 61% of the farmers in Oromia and
SNNP regions, respectively, are applying intercropping
with an overall mean of 45%. There is a statistical dif-
ference between the regions in practicing intercrop-
ping (Chi*=148.31; P value=0.000). Farmers in SNNP
regions are highly populated and own small plots of land.
This drives them to intercrop enset (the main staple food
crop in the area), haricot bean, khat, maize, and other
crops in coffee and fruit trees.

Improved forage

Improved forage crops have diversified advantages. The
primary benefits are to produce a high amount of qual-
ity herbage to be used as feed for livestock. On the other
hand, they complement crop production by maintaining
soil fertility by fixing nitrogen or when used as mulch.
Besides, forage crops could be grown as a component in
integrated natural resource management to prevent soil
erosion, control weeds, pests, and diseases [39].

The study found a significant difference between
regions in improved forage use though the mean adop-
tion rate is low (19%) (Chi*>=38.22; P value = 0.000). Only
9% of farmers in Oromia and 25% in SNNP regions are
using improved forage crops. The reason could be a high
population of dairy cattle in SNNP than in the Oromia
region. The adoption rate of improved dairy cows is 3% in
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Oromia and 11% in the SNNP region. On the other hand,
farmers in Oromia especially in the study zones have a
large size of farmland (Mean grazing land=0.224 hec-
tares) and have no problem of feed due to the existence of
communal grazing lands. In the SNNP region, the aver-
age land owned by an individual farmer is very low and
the mean grazing land is 0.144 hectares which are sig-
nificantly lower than the Oromia region (0.224 hectares)
(t=2.47; P value=0.042). Thus, they use the efficient
improved forage to feed their dairy cattle on their limited
land. Farmers in the study areas are using different types
of improved fodder grasses, the most commonly used
ones included Elephant grass, Alfalfa, and Vetch.

Physical soil and water management practices

Reducing soil and land degradation is the main challenge
for sustainable development. The degradation of soil and
land has adverse impacts on food security, water quality
and availability, human health, and social and economic
activities [40]. Addressing soil and land degradation
through sustainable management of soil and land using
physical conservation methods offers tremendous poten-
tial for climate change adaptation and mitigation. Moreo-
ver, it helps to increase and sustain land productivity as
well as to enhance water availability.

The findings on the use of different soil and water con-
servation structures exhibit that 49% of the sample house-
holds in the Oromia region uses the structures, while it is
44% for the SNNP region. There is a significant difference
between regions in the adoption of physical soil and water
conservation structures (Chi?=32.86; P value=0.000).
The Oromia region is characterized by undulling topogra-
phy and high soil acidity. Termite is also the main produc-
tion constraint in the region. Conservation structures are
recommended to combat termites and reduce soil acid-
ity. This drives the Oromia farmers to adopt conservation
structures than those in the SNNP region. On average,
47% of the households are using soil and water conserva-
tion structures on their land along the study regions.

Soil bund is a commonly used conservation structure
in the study regions. Out of the adopters of physical soil
and water conservation measures, 45% of the households
are applying soil bunds which are 53% Oromia and 37%
in the SNNP region. The use of terracing and stone bunds
also follows soil bund use among the farmers of the study
areas (Fig. 3).

Econometric result

With significant Wald Chi-square statistic (chi?(70) =668.57,
p<0.001) and Chi-square statistic for the log-likelihood ratio
test (chi?(10)=76.53, P<0.001), the results of the multivari-
ate probit model for adoption decisions show that the deci-
sions whether or not to adopt one climate-smart agricultural
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practice (technology) are dependent on the adoption deci-
sion of the other technologies. The result, thus, supports the
use of a multivariate probit model.

The pairwise coefficients of intercropping and manure
application, use of improved forage and manure applica-
tion, physical soil and water conservation and manure
application, physical soil and water conservation and
minimum tillage, use of improved forage and intercrop-
ping, physical soil and water conservation and intercrop-
ping and physical soil and water conservation and the
use of improved forage are positively and significantly
correlated indicating complementarity among the paired
practices.

Intercropping and manure application are positively
and significantly correlated. SNNP, where enset is a domi-
nant crop, is a prominent area with the practice of inter-
cropping. In the same manner, enset growers always use
manure and ash for enset production. The results indicate
the complementarity of the two practices.

Likewise, the use of improved forage and manure appli-
cations are positively and significantly related. Inorganic
fertilizer is the most expensive input and accounts for the
highest cost in crop production. Farmers who have for-
age grasses own unquestionably dairy cattle. Thus, they
mostly use the manure of their cattle for crop production
rather than using expensive inorganic fertilizers.

Furthermore, a positive and significant relationship is
seen between the adoption of physical soil and water con-
servation structures and manure applications. Farmers
usually construct physical structures on highly depleted
land and apply manure to rehabilitate soil fertility. The
same is true for physical soil and water conservation and
intercropping.

The difficulty of plowing between physical soil and
water conservation structures has also made a positive
and significant correlation between physical soil and
water conservation, and minimum tillage.

The descriptive result shows that both the use of
improved forage and intercropping are significantly high
in the SNNP region, where the population density is high
and per capita land holding is low. In such cases, farmers
practice intercropping of improved forages with coffee,
enset, and Khat to increase productivity per unit of land
and to suppress weed under these main crops.

The result also reveals the positive and significant
correlation between physical soil and water conserva-
tion, and the use of improved forage as farmers use the
improved forages to stabilize the structures.

However, the pairwise coefficient of minimum tillage
and manure application is negative and significant which
implies the substitutability of the improved paired prac-
tices. The reason could be that farmers use non-selective
herbicides before the application of minimum tillage
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Table 7 Estimated model test and covariance of the correlation matrix
Correlation matrix rho Correlation matrix Rho
Coefficient SE Coefficient SE
MTMA — 0.158*** 0.053 IFMT 0.009 0.059
ICMA 0.227%%* 0.054 PMMT 0.118** 0.055
IFMA 0.1471% 0.060 IFIC 0.077 0.061
PMMA 0.220%** 0.054 PMIC 0.202%%* 0.057
ICMT —0.019 0.056 PMIF 0.265%** 0.061

MT Minimum Tillge, MA Manure application, IC Intercropping, IF Improved Forage, PM Physical Soil and Water conservation Methods

Estimated covariance of the correlation matrix

rhoMTMA = rholCMA = rholFMA = rhoPMMA = rholCMT = rholFMT = rhoPMMT = rholFIC = rhoPMIC = rhoSWMIF =0

chi?(10) =76.5271; Prob > chi?=0.000
Number of draws =5

Number of observations=918

Wald chi?(70) = 668.57; Prob > chi?=0.000

rather than manure application. On the other hand, mini-
mum tillage does not help the plant to simply use the soil
nutrients which drives the farmers to use fast-reacting
inorganic fertilizers than the use of manure (Table 7).

Factors affecting manure application
A positive and significant relationship is seen between
household head age and the application of manure.
Older farmers resist spending much money on inor-
ganic fertilizer and energy. Instead, they apply manure
to their farmlands. The result is consistent with Ketema
and Bauer [8] who found a positive and significant rela-
tion between the age of the household head and the use
of manure on farmlands. Family size negatively and sig-
nificantly affects the use of manure. Farmers perceive
that though manure is cheap, the yield of crops with the
application of manure is not comparable to that of the
yield obtained from the application of chemical fertiliz-
ers. Hence, farmers choose to use chemical fertilizer to
secure family food demand. The result is contrary to Tao
et al. [41] who found a positive relationship between
family size and manure application. Distance from
homestead to farm plots also affects the use of manure
negatively and significantly due to the bulky nature of
manure which hampers the transportation of manure to
distant plots. The result is in line with Mesfin et al. [42].
Access to natural resource management extension affects
the application of manure positively and significantly.
The result is in line with Makokha et al. [43] and Abebe
and Debebe [19]. Likewise, participation in field days
affects the application of manure positively and signifi-
cantly. The results exhibit the role of different extension
approaches in enhancing technology adoption.

TLU or livestock ownership affects the use of manure
positively and significantly. The more the livestock, the
more manure is collected. The result corroborates with

Mesfin et al. [42]. Farmers’ access to credit negatively and
significantly affects the application of manure. The rea-
son could be that those farmers who have access to credit
have a chance to purchase and use chemical fertilizers.
The adoption of improved coffee varieties also affects
the application of manure negatively and significantly.
The adoption of improved coffee technologies increases
income. Thus, adopter farmers opt for chemical fertilizer
over manure to save their time and labor. The result also
shows a positive and significant relationship between
manure application and participation in off-farm income
generation activities. Participation in off-farm income-
generating activities is directly related to the household’s
income level. The low income of the farmers enhances
them to participate in off-farm income-generating activi-
ties. The result contrasts with Makokha et al. [43], where
a negative relationship between manure application and
participation in off-farm income-generating activities
was reported.

Factors affecting the use of minimum tillage

The age of the household head affects the adoption of
minimum tillage negatively. This could be due to the per-
ception of age-old farmers to plow farm plots frequently
to increase productivity. The finding is in line with Ket-
ema and Bauer [44] and Prakash et al. [45] and contrasts
with Grabowski et al. [46]. The relationship between
minimum tillage adoption and mean distance to farm
plots were also positive which implies that distance from
homesteads to farm plots enhances the adoption of mini-
mum tillage which corroborates with the finding of Zulu-
Mbata et al. [47]. The education of the household head
affects the adoption of minimum tillage positively and
significantly. The reason could be that educated farmers
choose options that minimize time, money, and energy.
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The result agrees with Ketema and Bauer [44], Prakash
et al. [45], and Grabowski et al. [46].

Radio ownership of the household head affects the
adoption of minimum tillage positively and significantly
as information from radio listening enhances the adop-
tion of improved technologies. Besides, farmers who
have access to natural resource management extension
services are more likely to use minimum tillage. The
result is in line with Marenya et al. [16], Ketema and
Bauer [44], and Prakash et al. [45]. Participation in field
days also affects the adoption of minimum tillage posi-
tively and significantly. These three communications and
extension services enhance the information exchange on
improved agricultural technologies. Land size affects the
adoption of minimum tillage positively and significantly.
Those farmers who have more land opt to use minimum
tillage at least on some plots to reduce the time, energy,
and cost of plowing. Prakash et al. [45], Grabowski et al.
[46], Zulu-Mbata et al. [47], and Ngoma et al. [48] also
found the same result. Marenya et al. [16] also found a
positive relationship between minimum tillage use and
land size in Ethiopia which contrasts with the findings of
the study in Kenya and Tanzania.

Factors affecting the use of intercropping

SNNP region has adopted more intercropping compared
to the Oromia region. The area is highly populated and
landholding per household is very low. In response, they
use intercropping to increase productivity per unit of
land. The age of the household heads and participation
in off-farm income-generating activities also affect the
adoption of intercropping positively and significantly.
Female-headed households also use intercropping more
compared to male-headed households. It is known that
intercropping is a type of subsistence farming mainly
practiced by resource-poor farmers, especially on land.
Women household heads have a small land size and they
usually use intercropping to diversify their crop pro-
duces. The negative relationship between credit access
and adoption of intercropping also shows that those
farmers who have access to credit do not choose inter-
cropping. The reason could be farmers who have access
to credit could rent land and produce on large land sizes
rather than using intercropping. Both education and
participation in field days affect the adoption of inter-
cropping positively and significantly which shows the
positive role of education and extension on the adop-
tion of agricultural technologies. The positive relation-
ship between the practice of intercropping and access to
extension service conforms with Ketema and Bauer [44].
Land size and adoption of improved coffee varieties also
affect the adoption of intercropping negatively and sig-
nificantly due to the subsistence nature of intercropping
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practice which is also in line with Ketema and Bauer [44].
An increase in family size also enhances farmers’ use of
intercropping. The logic behind this could be that those
farmers who have more family size use intercropping of
cash crops for income and other crops to feed the family.
The result also corroborates with Ketema and Bauer [44]
but contrasts with Ekepu and Tirivanhu [49]. The nega-
tive relation between TLU and adoption of intercropping
shows that those farmers who used intercropping have a
small land size and they do not have adequate space to
keep livestock.

Factors affecting the adoption of improved forage

SNNP region substantially adopts improved forage. The
Hawassa—Shashemene milk shed is one of the promi-
nent milk sheds in the country. There are many dairy
farms and dairy cattle in these areas. Many development
organizations have also participated in the populariza-
tion and diffusion of dairy cattle and improved feed. This
drove the SNNP region to adopt improved forage as com-
pared to the southwestern and western parts of the Oro-
mia region which is far away from Addis Ababa and other
large towns, where there is high consumption of milk and
milk products.

Female-headed households are less likely to adopt
improved forage crops than their male-headed counter-
parts. This was because they are relatively resource-poor
especially land compared to male-headed households.
Thus, they opt to give priority to planting food crops than
forages to feed their family. The educational level of the
household head affects the adoption of improved forage
positively and significantly which is also agreeing with
Lapar and Ehui [50]. Extension in natural resource man-
agement is directly related to the adoption of improved
forage which is in line with Beshir [51] and Abebe et al
[52]. Both education and extension services affect the
adoption of agricultural technologies positively through
enhancing the search, evaluation, decision, and utiliza-
tion of new information. Mean distance from farm plots
has a negative and significant effect on the adoption
of improved forage. If forage is planted far away from
homesteads, it would be grazed by other animals during
free grazing practices, which is yet a common practice in
many areas. This is the reason why growing forage crops
is limited to homesteads. The result is consistent with
Abebe et al. [52].

TLU also affects the adoption of improved forage posi-
tively. Feed shortage is the most serious challenge in live-
stock production. Most of the grazing land is changing
to farmlands due to high population growth and high
food demand. Consequently, one of the options for live-
stock producers is the use of improved forage. The result
also supports the findings of Beshir [51]. Coffee improved
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variety adoption affects the adoption of improved forage
positively and significantly. Coffee is the main cash crop in
the study area. The adoption of improved varieties of cof-
fee affects both physical and social capital positively. The
improvement of physical assets is in terms of livestock
numbers and social capital in terms of improving the link-
age between farmers and development agents. These both
in turn enhance the adoption of improved forage.

Factors affecting the adoption of physical conservation
structures

SNNP is negatively related to the adoption of physical
soil and water conservation structures which implies that
the region adopts less of the structures than the Oromia
region. Oromia region farmers use the structures highly
and significantly to combat the problem of termite and
soil acidity which is substantially high in the area due to
high soil erosion. The result also supports the finding of
descriptive statistics. Source of information and knowl-
edge such as ownership of radio and access to extension
services affect the adoption of physical soil and water
conservation structures positively and significantly. The
positive relationship between the adoption of soil and
water conservation structures and extension services
was also found by Damtew et al. [13], Wordofa et al. [21],
Birhanu and Meseret [53], Asfaw and Neka [54], and
Issahaku and Abdulai [55]. Better exposure to educa-
tion increases farmers’ understanding of the benefits and
constraints. However, the result contrasts with Belachew
et al. [56]. Construction of physical soil and water con-
servation structures is capital, time, and labor-intensive.
Both improved coffee variety adoption and TLU (Table 8)
which help the farmers to generate more income posi-
tively and significantly affect the adoption of physical soil
and water conservation structures. The result is consist-
ent with Nigussie et al. [12], Issahaku and Abdulai [55],
and Belachew et al. [56].

Conclusions and policy intervention

Many studies focus on the adoption of relatively expen-
sive technologies, such as improved varieties, inorganic
fertilizers, and agricultural machines. However, limited
empirical studies have been conducted on the adoption
of improved agricultural practices, such as intercrop-
ping, manure application, crop rotation with legumi-
nous crops and forages, conservation tillage, and soil,
and water management practices which are extremely
important for climate change adaptation and mitigation.
This study examines the adoption status of these Climate
Smart Agricultural (CSA) practices and factors that influ-
ence their adoption using the Multivariate Probit Model
(MVP).
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The study result shows the low adoption status of cli-
mate-smart agricultural technologies in Ethiopia. The
adoption rate of climate-smart agricultural technologies
is very low as compared to African countries, particularly
Southern African countries. The reason for this could
be inadequate attention given to the practices or tech-
nologies by government and development partners. The
extension system in the country focuses primarily on the
popularization and diffusion of improved crop varieties
to increase land productivity and production. However,
this cannot be achieved if it is not supplemented by the
use of climate-smart agricultural technologies which are
the basis to mitigate and adapt to the changing climate.
Thus, the government and other concerning bodies must
give due attention to popularizing these technologies or
practices. On other hand, farmers’ indigenous knowledge
of climate-smart agricultural practices should also be
promoted to the next level in research and documented.

The result of the study also shows that adoption of
one technology increases the adoption of multiple tech-
nologies, thus improving livelihoods, economic growth,
and sustainable development in the region of Ethiopia,
and other countries vulnerable to climate change. Thus,
enhancing multi-technology popularization, diffusion
and adoption are decisive to transform smallholder
farmers to the next stage.

We also found a positive and significant effect of
key public services particularly education, extension
service, and media on the adoption of climate-smart
agricultural practices. Thus, policymakers and public
authorities must pay due attention to problems affect-
ing effective farmers-extension linkage. Extension ser-
vice is beyond expert assistance in the improvement
of production and marketing. It also enables a flow of
information and the transfer of knowledge and scien-
tific findings. The agricultural extension workers have
an effective and important role in helping farmers solve
agricultural problems. Thus, extension workers must
have a wide knowledge of various agricultural disci-
plines and they should have the ability to deal with
farmers. The farmers’ training center (FTC) system
which is partially functioning should be strengthened
to operate to its full capacity. The positive effect of
radio ownership on technology adoption also suggests
sustainable and up-to-date information and knowledge
diffusion by strengthening FM radio channels at the
farmers’ level. This could enhance farmers’ awareness
and knowledge of climate change, and its innovative
mitigation strategies.

Moreover, the study has also some limitations. There
are a lot of climate-smart agriculture technologies and
practices. However, the study emphasized only five
improved technologies and/or practices. Future studies
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Table 8 Multivariate Probit Model (MVP) result
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Variables Manure Application Minimum Tillage (MT) Intercropping (IC) Improved forage (IF) Physical soil and

(MA) water Management
(PM)

Region [SNNP] — 0.045 (0.094) 0.726*** (0.095) 0.950*** (0.100) 0.944*** (0.124) — 0.400%** (0.097)

Sex [Female] 0.042 (0.154) 0.052 (0.155) 0.378** (0.160) — 0.529**% (0.223) —0.118(0.153)

Household head age in 0.007* (0.004) — 0.009** (0.004) 0.007* (0.004) 0.002 (0.005) 0.003 (0.004)

completed years

Household head educa- 0.016 (0.013) 0.037*** (0.013) 0.049*** (0.014) 0.060*** (0.016) 0.007 (0.014)

tion in completed years

Family size in number —0.039**(0.019) —0.015(0.019) 0.069%*** (0.021) 0.013(0.022) — 0.000 (0.020)

Mean distance from farm — 0.006* (0.027) 0.137***(0.026) —0.015 (0.028) —0.051*(0.031) —0.028 (0.027)

plots in km

Access to natural resource 0.491%**(0.135) 0.478%**(0.141) — 0.055 (0.144) 0.325% (0.168) 1.034*** (0.128)

management extension

[Yes]

Participation on field days 0.372%**(0.105) 0.226** (0.103) 0.211%(0.113) 0.192(0.123) 0.178 (0.115)

[Yes]

Radio ownership [Yes] 0.100 (0.091) 0.216** (0.090) 0.096 (0.096) 0.007 (0.109) 0.211%*(0.094)

Tropical Livestock Units 0.011%(0.012) —0.019(0.012) — 0.067***(0.013) 0.059*** (0.013) 0.038*** (0.013)

(TLU) in numbers

Total land in hectares —0.039(0.030) 0.099*** (0.029) — 0.091*** (0.034) —0.051(0.034) —0.027(0.031)

Improved coffee adoption — 0.154* (0.090) 0.025 (0.089) —0.183*(0.095) 0.032**(0.109) 0.334*** (0.092)

[Yes]

Household credit access — 0.231**(0.089) 0.067 (0.090) — 0.207**(0.097) 0.032 (0.107) 0.001 (0.093)

[Yes]

Off-farm income-generat- 0.401%**(0.102) —0.151 (0.104) 0.528***(0.112) —0.024 (0.121) 0.048 (0.108)

ing activities [Yes]

Constant — 0.801*** (0.307) — 1.067***(0.310) — 1.868***(0.332)  — 4.156*** (0.437) —0.332(0.311)

Numbers in the parenthesis are standard errors
***(P<0.01); ** (P<0.05); * (P<0.10)

should observe other practices and technologies that
farmers use to mitigate climate change and variability
shocks, such as the use of new crop types and new vari-
eties of different crops.

Abbreviations

CSA: Climate-smart agriculture; CSA: Central Statistical Agency; FAO: Food and
Agricultural Organization; IC: Intercropping; IF: Improved forage; MA: Manure
application; MT: Minimum tillage; MVP: Multivariate probit; PM: Physical soil
and water management practices; SNNP: Southern Nation, Nationality and
People; TLU: Tropical Livestock Units.

Acknowledgements

The authors would like to thank Jimma and Wondogenet Agricultural
Research Centers for coordination and facilitation during data collection. We
also thank enumerators and respondents for their valuable contribution in
data collection and response, respectively.

Author contributions
All authors collected and analyzed both primary and secondary data. All
authors read and approved the final manuscript.

Funding
Ethiopian Institute of Agricultural Research (EIAR) provided financial support
to complete this study.

Availability of data and materials

The authors want to declare that they can submit the data at any time based
on the publisher’s request. The data sets used and/or analyzed during the cur-
rent study will be available from the authors on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical clearance letters were collected from Jimma and Wondogenet
Agricultural Research Centers to care for both the study participants and the
researchers. During the survey, official letters were written for each district and
peasant association, and informed verbal consent was obtained from each
client, and confidentiality was maintained by giving codes for each respond-
ent rather than recording their name. Study participants were informed that
clients have full rights to discontinue or refuse to participate in the study.
Hence, all participants throughout the research, including survey households,
enumerators, supervisors, and key informants, were fully informed of the
objectives of the study. They were approached friendly until the end of the
study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 4 May 2021 Accepted: 18 July 2022
Published online: 30 July 2022



Diro et al. Agriculture & Food Security

(2022) 11:42

References

1.

20.

21

22.

23.

FAO. Climate Smart Agriculture: source book. Rome: Food and Agriculture
Organization of the United Nations; 2013.

Belay S. Building community resilience to climate change: lessons from
Choke Mountain agro Ecosystems, Abay/the Blue Nile highlands. Addis
Ababa: Addis Ababa University Press; 2016.

FAO. Climate change and food security: risks and responses. Rome: Food
and Agriculture Organization of the United Nations; 2016.

FAO. Agriculture and climate change—challenges and opportunities at
the global and local Level Collaboration on Climate-Smart Agriculture.
Rome. 52 pp. License: CC BY-NC-SA 3.0 IGO; 2019.

Negash M. Determinants of farmers’ preference for adaptation strategies
to climate change: evidence from north Shoa zone of Amhara region
Ethiopia. 2013; MPRA Paper No. 48753, http://mpra.ub.uni-muenchen.de/
48753/. Accessed 15 Oct 2020.

Wondimagegn T, Lemma S. Climate change perception and choice of
adaptation strategies. Int J Clim Chang Strateg Manag. 2016;8(2):253-70.
Emerta AA. Climate change, growth and Poverty in Ethiopia. The Robert
S. Strauss Center for International Security and Law at the University of
Texas at Austin. Working paper No. 3. Austin, Texas; 2013.

Ketema M, Bauer S. Determinants of manure and fertilizer applications in
eastern highlands of Ethiopia. Q J Int Agric. 2011;50(3):237-52.

Alemu MB. Adoption of soil and water conservation practices on farm-
lands: the case of Karita Wuha watershed, west Belessa district, north
Gondar, Ethiopia. MA thesis submitted to Indira Gandhi national open
university, Addis Ababa, Ethiopia; 2012.

Balemi T. Effect of integrated use of cattle manure and inorganic
fertilizers on tuber yield of potato in Ethiopia. J Soil Sci Plant Nutr.
2012;12(2):253-61.

. Yirga C, Hassan R. Determinants of inorganic fertilizer use in the mixed

crop-livestock farming systems of central highlands of Ethiopia. Afr Crop
SciJ.2013;21(3):669-81.

Nigussie M, Sisay M, Yesuf J, Ketema H. Physical soil and water conser-
vation structures: adoption and challenges to smallholder farmers in
southern Ethiopia. Int J Curr Res. 2015;7(8):19233-45.

Damtew AA, Maru HA, Mesfin DA. Determinants of adopting techniques
of soil and water conservation in Goromti Watershed, Western Ethiopia. J
Soil Sci Environ Manag. 2015;6(6):168-77.

Mekuriaw A, Hurni H. Analyzing factors determining the adoption of
environmental management measures on the highlands of Ethiopia. Civil
Environ Res. 2015;7(12):61-72.

Mukai S. Data on farmers'determinants of manure and inorganic fertilizer
use in the semi-arid Ethiopian Rift Valley. Data Brief. 2017,14:804-12.
Marenya PP, Kassie M, Jaleta M, Rahut DB, Erenstein O. Predicting mini-
mum tillage adoption among smallholder farmers using micro-level and
policy variables. Agric Food Econ. 2017,5(12):1-22.

Beyene T. Adoption of climate smart agricultural practices: determinants
and challenges in Gerar Jarso Woreda of Oromia regional state, Ethiopia.
A thesis submitted to the college of development studies of Addis Ababa
university; Addis Ababa, Ethiopia; 2018.

Fentie A, Beyene A. Climate-Smart Agricultural Practices and Welfare of
Rural Smallholders in Ethiopia: Does Planting Method Matter? Environ-
ment for Development; Discussion Paper Series, EFD DP 18-08; 2018.
Abebe G, Debebe S. Factors affecting use of organic fertilizer among
smallholder farmers in Sekela district of Amhara region, Northwestern
Ethiopia. Cogent Food Agric. 2019;5(1):1669398.

Mekuriaw A, Heinemann A, Zeleke G, Hurni H. Factors influencing the
adoption of physical soil and water conservation practices in the Ethio-
pian highlands. Int Soil Water Conserv Res. 2018;6:23-30.

Wordofa MG, Okoyo EN, Erkalo E. Factors influencing adoption of
improved structural soil and water conservation measures in Eastern
Ethiopia. Environ Syst Res. 2020,9(13):1-11.

Central Statistical Agency/CSA. The federal democratic republic of Ethio-
pia: Central Statistical Agency; agricultural sample survey 2017/18 (2010
E.C) Report on area and production of major crops. (Private peasant
holdings, meher season); Volume 1; statistical bulletin 586, Addis Ababa
April, 2018.

Dorfman JH. Modeling multiple adoption decisions in a joint framework.
Am J Agr Econ. 1996;78:547-57.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

46.

47.

Page 13 of 14

Belderbos R, Carree M, Diederen B, Lokshin B, Veugelers R. Heterogeneity
in R and D cooperation strategies. Int J Ind Organ. 2004;22(1):1237-63.
Marenya P, Barrett CB. Household-level determinants of adoption of
improved natural resources management practices among smallholder
farmers in Western Kenya. Food Policy. 2007;32:515-36.

Greene W. The econometric approach to efficiency analysis. In: Fried HO,
Lovell CK, Schmidt SS, editors. The measurement of productive efficiency
and productivity growth. Oxford: Oxford University Press; 2008.
Teklewold H, Menale K, Bekele S. Adoption of multiple sustainable agri-
cultural practices in Rural Ethiopia. J Agric Econ. 2013;64(3):597-623.
Kassie M, Teklewold H, Jaleta M, Marenya P, Erenstein O. Understanding
the adoption of a portfolio of sustainable intensification practices in
eastern and southern Africa. Land Use Policy. 2015;42:400-11.
Maguza-Tembo F, Edriss A, Mangisoni J. Determinants of climate smart
agriculture technology adoption in the drought prone districts of malawi
using a multivariate probit analysis. AJAEES. 2017;16(3):1-12.

Koppmair S, Kassie M, Qaim M. The influence of farm input subsidies on
the adoption of natural resource management technologies. Aust J Agric
Resour Econ. 2017;61:539-56.

Ali M, Michael B. Drivers and synergies in the adoption of sustainable
agricultural intensification practices: a dynamic perspective; Selected
Paper prepared for presentation at the Agricultural and Applied Econom-
ics Association Annual Meeting, Washington, D.C,, August 5-7, 2018.

FAO. Ethiopia climate-smart agriculture scoping study. FAO: Addis Ababa;
2016.

Danso-Abbeam G, Baiyegunhi L. Adoption of agrochemical management
practices among smallholder cocoa farmers in Ghana. Afr J Sci Technol
Innov Dev. 2017,9(6):717-28.

Palm CA, Gachengo CN, Delve RJ, Cadisch G, Giller KE. Organic inputs for
soil fertility management in tropical agro ecosystems: application of an
organic resource database. Agr Ecosyst Environ. 2001;83:27-42.

Erenstein O. Smallholder conservation farming in the tropics and sub-
tropics: a guide to the development and dissemination of mulching with
crop residues and cover crops. Agric Ecosyst Environ. 2003;100(1):17-37.
Hobbs PR. Conservation agriculture: what is it and why is it important for
future sustainable food production? J Agric Sci. 2007;145(2):127.
Sangakkara UR, Richner W, Schnider MK, Stamp P. Impact of Intercropping
beans and sun hemp on growth, yields and nitrogen uptake of maize
grown in the humid topics during the minor rainy season. Maydica.
2003;48:233-8.

Sullivan P. ATTRA: Intercropping principles and production practices.
Agronomy systems guide; IP135/8; PP: 12; 2003

Assefa G. Retrospect and prospects of forage and pasture crops research
in Ethiopia. In: Assefa G, Dejene M, Hanson J, Anemut G, Mengistu S,
Mengistu A, editors. Forage seed research and development in Ethiopia
First National Workshop on Forage Seeds. EIAR: Addis Ababa; 2012. p.
7-14.

FAO and ITPS. Status of the world's soil resources (SWSR)—technical sum-
mary. Rome: Italy; 2015.

Tao H, Morris T, Bravo-Ureta B, Meinert R. Factors affecting manure appli-
cations as directed by nutrient management plans at four connecticut
dairy farms. Agron J. 2014;106(4):1420-6.

Mesfin M, Ahmed M, Abady S. Determinants of multiple ground-

nut technology adoption in Eastern Ethiopia. Rev Agric Appl Econ.
2016;19(2):51-60.

Makokha S, Kimani S, Mwangi W, Verkuijl H, Musembi F. Determinants of
fertilizer and manure use in maize production in Kiambu District, Kenya.
Mexico, D.F. International Maize and Wheat Improvement Center (CIM-
MYT) and Kenya Agricultural Research Institute (KARI); 2001

Ketema M, Bauer S. Factors affecting intercropping and conservation
tillage practices in Eastern Ethiopia. Agris on-line Papers Econ Inform.
2012;4(1):21-9.

. Prakash JA, Bahadur DR, Maharjan S, Erenstein O. Factors affecting the

adoption of multiple climate-smart agricultural practices in the Indo-
Gangetic Plains of India. Nat Res Forum. 2018;42:141-58.

Grabowski PP, Kerr JM, Haggblade S, Kabwe S. Determinants of adoption
of minimum tillage by cotton farmers in Eastern Zambia. Indaba Agricul-
tural Policy Research Institute (IAPRI); Working Paper 87, Lusaka, Zambia;
2014.

Zulu-Mbata O, Chapoto A, Hichaambwa M. Determinants of Conserva-
tion Agriculture Adoption among Zambian Smallholder Farmers Indaba


http://mpra.ub.uni-muenchen.de/48753/
http://mpra.ub.uni-muenchen.de/48753/

Diro et al. Agriculture & Food Security

48.

49.

50.

51

52.

53.

54.

55.

56.

(2022) 11:42

Agricultural Policy Research Institute Working Paper 114 Lusaka, Zambia,
25;2016.

Ngoma H, Mulenga BP, Jayne TS. What explains minimal use of minimum
tillage in Zambia: Evidence from District representative data. IAPRI work-
ing paper # 82. Lusaka, Zambia: Indaba Agricultural Research Institute;
2014,

Ekepu D, Tirivanhu P. Assessing socio—economic factors influenc-

ing adoption of Legume-based multiple cropping systems among
smallholder Sorghum farmers in Soroti, Uganda. South Afr J Agric Ext.
2016;44(2):195-215.

Lapar M, Ehui S. Adoption of dual-purpose forages: some policy implica-
tions. Trop Grassl. 2003;37:284-91.

Beshir H. Factors affecting the adoption and intensity of use of
improved forages in North East Highlands of Ethiopia. Am J Exp Agric.
2014;4(1):12-27.

Abebe A, Hagos A, Alebachew H, Faji M. Determinants of adoption of
improved forages in selected districts of Benishangul-Gumuz, Western
Ethiopia. Trop Grassl Forrajes Trop. 2018;6(2):104-10.

Birhanu A, Meseret D. Structural soil and water conservation practices in
Farta District, North Western Ethiopia: an investigation on factors influ-
encing continued use. SciTech Arts Res J. 2013;2(4):114-21.

Asfaw D, Neka M. Factors affecting adoption of soil and water conserva-
tion practices: The case of Wereillu Woreda (District), South Wollo Zone,
Ambhara Region, Ethiopia. Int Soil Water Conserv Res. 2017;5(4):273-97.
Issahaku G, Abdulai A. Adoption of climate-smart practices and its impact
on farm performance and risk exposure among smallholder farmers in
Ghana. Agric Res Econ. 2019;64(2):396-420.

Belachew A, Mekuria W, Nachimuthu K. Factors influencing adoption of
soil and water conservation practices in the northwest Ethiopian high-
lands. Int Soil Water Conserv Res. 2020;8:80-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Determinants of adoption of climate-smart agricultural technologies and practices in the coffee-based farming system of Ethiopia
	Abstract 
	Objectives: 
	Methodology: 
	Results: 
	Recommendations: 

	Introduction
	Methodology
	Study area and the data
	Sampling and data collection
	Method of data analysis and model specification
	Descriptive statistics of the variables

	Results and discussion
	Adoption patterns of climate-smart agricultural practices
	Manure application
	Minimum tillage
	Intercropping
	Improved forage
	Physical soil and water management practices
	Econometric result
	Factors affecting manure application
	Factors affecting the use of minimum tillage
	Factors affecting the use of intercropping
	Factors affecting the adoption of improved forage
	Factors affecting the adoption of physical conservation structures

	Conclusions and policy intervention
	Acknowledgements
	References




