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Abstract
Purpose – This study aims to examine smallholder farmers’ perceptions toward the adoption of climate-smart
agriculture (CSA) in smallholder farmers in the Upper Blue Nile Highlands of Ethiopia. Available research
focused on profitability and economic constraints alone, disregarding the farmers’ perception of the adoption of
CSA innovations. There is relatively little empirical work on farmers’ perceptions of innovations. Hence, a critical
research gap that will strengthen CSA innovation research and practice includes understanding farmers’
perceptions about CSA innovations and how these perceptions interact with their adoption.
Design/methodology/approach – A cross-sectional household survey was conducted among 424
smallholder farmers selected from five agro-ecosystems. A structured questionnaire was used to collect
primary data and a review of literature and documents was used to collect secondary data. The study used a
multivariate probit model to examine perception factors affecting the likelihood of adopting multiple CSA
innovations. The dependent variables were eight CSA innovations, while the independent variables were
crafted from the three pillars of CSA.
Findings – Major CSA innovations adopted by farmers include improved variety, crop residue
management, crop rotation, compost, row planting, soil and water conservation, intercropping and
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agroforestry. Farmers’ perception toward CSA innovations includes: CSA innovations sustainably increase
productivity and income; enhance soil fertility; diversify livestock feed and energy sources; reduce soil
erosion, weed infestation and crop failure; enhance soil organic matter, reduce chemical fertilizer use and
rehabilitate land. Farmers’ positive perceptions of the benefits of CSA innovations for increasing crop
productivity, reducing agricultural vulnerability to climate change and lowering farm greenhouse gas
emissions have boosted adoption.
Practical implications – Farmers’ perceptions toward CSA innovations must be enhanced to increase the
adoption of CSA innovations in the smallholder agriculture system. The CSA innovation scale-up strategies
should focus on farmers’ perception of CSA innovation benefits toward food security, climate change adaption
and mitigation outcomes. Awareness of CSA needs the close collaboration of public extension as well as local
institutions such as farmers’ training centers.
Originality/value – The study adopts a multivariate probit model that models farmers’ simultaneous CSA
innovation choices. Hence, this study contributes to the literature in four significant areas. First, it argues for
differential treatment of the perception of smallholder farmers about innovations is needed. Second, it
recognizes the interdependence of the adoption of innovations. Third, it directly assesses the farmers’
perception, while others use proxies to measure it. Finally, there are limited or no studies that address the
perception of innovations within the lens of adopter perception theory.

Keywords Climate-smart agriculture, Innovations, Blue Nile Highlands, Crop residue management,
Crop rotation, Compost, Row planting, Soil and water conservation, Intercropping, Agroforestry,
Adoption

Paper type Research paper

1. Introduction
Perception of climate change has been one of the important factors that enables or hinders
the adoption of adaptation strategies among farmers in sub-Saharan Africa (Juana et al.,
2013). As consumers, farmers evaluate the innovations they receive and practice based on
the benefits that the they provide to the farmers (Adesina and Jojo, 1995; Adesina and
Moses, 1993; Workneh and Parikh, 1999). Some farmers may tend to adopt adaptation
options to reduce the effect of climate change-induced risks such as droughts and floods,
while others may prefer to adopt technologies that increase their productivity and income
(Teklewold et al., 2017). The innovations may provide these benefits one by one, or multiple
benefits may be obtained from a single innovation (Teklewold et al., 2019).

Climate-smart agriculture (CSA), as an approach to agricultural development, reorients
agricultural production systems to ensure food security in the face of climate change by
building climate resilience and adapting to climate change, and if possible, reducing or
removing greenhouse gas (GHG) emissions (Bazzana et al., 2021). CSA innovations are
agricultural innovations that enable farmers to achieve at least two of the three pillars of
CSA: food security, climate change adaptation andmitigation.

Despite these potential benefits and national and international initiatives that promote
adoption of CSA innovations (Kpadonou et al., 2017; Solomon and Manuela, 2015), adoption
of CSA innovations has been challenging for the sub-Saharan African agriculture
development policy agenda (Lipper et al., 2014; Rao, 2011). Among others, lack of economic
and technological capacities, weak institutional settings and lack of awareness of CSA
innovations can be largely attributed to the low adoption rate (Abegunde et al., 2019;
Bazzana et al., 2021). Thus, several studies have shown that high climate change awareness
increases the adoption of climate change adaptation strategies (Babatolu and Akinnubi,
2016; Saguye, 2017; Asrat and Simane, 2018; Tran Van et al., 2015).

Previous research focused on the perception of climate change as well as the impact and
adaptation strategies of climate change on smallholder agriculture in Ethiopia (Desalegn
and Filho, 2017; Esayas et al., 2019; Kahsay et al., 2019; Israel Rop and Adepoju Ib, 2017).
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Nyang’au et al. (2021) investigated farmers’ perceptions of climate variability and change
and the adaptation measures adopted to enhance their resilience toward climate change.
Tran et al. (2019) examined the determinants of farmers’ adoption of CSA technologies and
the effects of their adoption on net rice income (NRI) in three provinces. However, these
studies lack the ability to address farmers’ perceptions of CSA innovation benefits
(Nyang’au et al., 2021; Tran et al., 2019). Only some studies have attempted to address the
impact of farmers’ perceptions and social interactions on CSA innovation adoption (Bazzana
et al., 2021; Teklewold et al., 2019). However, this literature focuses on the social context,
i.e. social interaction, neighborhood effects and social conformity of CSA innovation
adoption rather than the adopters’ perceptions of the CSA innovations, which is the research
gap that this study aims to fill.

Existing literature on the adoption of agricultural technologies is grounded on three
principal theories: economic constraints, diffusion-innovation and the adopter perception
paradigm (Ngwira et al., 2014a, 2014b; Prager and Posthumus, 2010).

The first theory, the economic constraint theory, argues that individuals strive for profit
or utility maximization, but observed patterns of adoption are determined by the
asymmetrical distribution of resource endowments among farmers. Although the economic
constraints model recognizes the importance of profitability and economic constraints
(access to capital, learning costs associated with innovation, or risk), it fails to conceptualize
the social dimensions of knowledge, information, communication and rationality (Ngwira
et al., 2014a, 2014b). The diffusion-innovation theory, the second theory, addresses the
knowledge, information and communication factors of an individual or societal difference.
Thus, the “diffusion of innovations” theory describes how agricultural technologies are
adopted over time through communication, information and knowledge. The “diffusion of
innovations” theory has five characteristics that determine the rate of adoption of
agricultural technologies: relative advantage, compatibility, complexity, trial-ability and
observability. In addition, the theory says that the decision to adopt an agricultural
technology is a mental process consisting of five stages: knowledge, persuasion, decision,
implementation and confirmation. Rogers (2003) suggested that the innovativeness of an
individual determines when the individual adopts technology and identified five successive
adopter categories: innovators, early adopters, early majority, late majority and laggards.
Hence, the diffusion-innovation concern is that access to information is the key to the
adoption of agricultural technologies (Rogers, 2003).

The other theory, the adopter perception theory, argues that adoption perception about
the perceived benefit of agricultural technology is the key to adoption (Adesina and Jojo,
1995; Adesina and Moses, 1993; Workneh and Parikh, 1999). Smallholder farmers, as
consumers, generally have subjective preferences for characteristics of technologies and
their demand for the technology is significantly affected by their perceptions of the
technology’s attributes (Adesina and Jojo, 1995). As far as CSA innovations are concerned,
there is relatively little empirical work on the study of farmers’ perceptions of CSA
innovations (Precious et al., 2018).

The critical research gap of the existing literature is that most researchers focused on the
profitability and economic constraints (access to capital, learning costs associated with
innovation, or risk) adoption of agricultural technologies, disregarding the farmers’
perception of the adoption of CSA innovations. However, perception of the perceived benefit
of CSA innovations is the key to adoption by small-scale farmers (Meijer et al., 2015).
Exploring perceptions of CSA innovations adoption is thus the first step in unravelling the
CSA adoption puzzle, including determining whether there are potential gaps in available
knowledge of CSA innovation among smallholder farming households (Fayso, 2018).
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Therefore, the study contributes to the literature in four significant areas. First, it
acknowledges the contribution and differential treatment of the perception of smallholder
farmers toward adopting CSA innovations. Second, it also highlights the interdependence
between different CSA innovations and jointly analyzes the decision to adopt the
technologies. Third, it assesses directly the perception of CSA innovations rather than using
proxies to measure it, unlike the previous studies. Therefore, the objective of this study is to
analyze how farmers’ perceptions of CSA innovations affect their decision to adopt CSA
innovations in the upper Blue Nile Highlands of Ethiopia.

2. Research methodology
2.1 The description of the study area
The study was conducted in the Choke Mountain Watershed of the Blue Nile Highlands of
Ethiopia. The lifeline of the watershed is the Choke Mountain, which is a biodiversity-rich
hotspot area with unique flora and fauna and is referred to as the “water tower” of the upper
Blue Nile Basin, where 60 rivers and 270 springs originate from; 29 of these rivers are
responsible for a significant amount of water flowing into the upper Blue Nile (Simane et al.,
2013).

Geographically, the Choke MountainWatershed is located approximately between 90 38’
00” and 10055’ 24” North latitude and 370 07’ 00” to 380 17’ 00” East longitude. It lies in the
altitude range of 2,100 to 4,113m.a.s.l. The watershed has a total land surface area
of approximately 15,950 km2. The average annual rainfall in the watershed varies between
200 and 2,200 mm (Simane et al., 2013). The average annual temperature ranges between
11.50 and 27.50°C, and the slope gradient of the watershed varies from flat to steep slopes.
There are eight dominant soil types found in the watershed, i.e. Alisols andosols, Cambisols,
Leptosols, Luvisols, Nitosols, Phaeozems and Vertisols. The climate of the watershed ranges
from the hot, arid climate of the Abay (Blue Nile) Gorge to the cold, moist climate of the peak
of the ChokeMountain Simane (2013).

The watershed is part of the north-western highlands that are known to be surplus
producing regions and the water tower of the Blue Nile (Benjamin et al., 2012). However, it is
threatened by land and water resource degradation and an impending food shortage
because of overexploited soils and overgrazing (Ermias et al., 2013).

The Choke Mountain watershed is divided into six distinct agro-ecosystem zones
(Simane et al., 2013). The lowland and valley fragmented agroecosystem zone (AESZ1), the
midland with black soil agroecosystem zone (AESZ2), the midland with brown soil
agroecosystem zone (AESZ3), the midland sloping land agroecosystem zone (AESZ4) and
the hilly and mountainous highlands agroecosystem zone (AESZ5) and the afro-alpine
(AES6) (Figure 1).

2.2 Data type and sources
A quantitative cross-sectional survey in the East Gojjam zone’s Dejen, Awobel, Basoliben,
Machakel and Sinan districts was conducted to collect the household data. The districts
have been selected to represent the agro-ecosystems. Data was gathered at the household
level on perceptions of CSA innovations. Secondary data was collected from each district
agricultural office through desk review.

2.3 Sampling design
The sample size determination was calculated based on finite population sample size
calculation (Cochran, 1977). As there is no prior data on the current level of awareness of
CSA innovations in the study area, the proportion of smallholder farmers who perceived
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CSA innovations as important innovations were assumed to be half of the population in the
study area. Using the formula:

n1 ¼
Z2
1�a=2

d2
P 1� Pð Þ

¼ 1:96ð Þ2 0:5ð Þ2

0:05ð Þ2
¼ 385

where n1 is sample size; za/2 = 1.96 for 95% confidence interval; P is the proportion of the
population who said CSA innovations are important for climate change adaptation, P = 0.5;
and d is the error margin, taking d = 0.05. The study also assumed a 10% non-response rate,
which equates to 39 households. The sample size then becomes 424 smallholder households.

A multi-stage sampling technique was used to randomly select 424 households from the
five districts. The selection of the districts was through purposive sampling taking into
consideration the agroecosystem zone they represent. The sampling frame was a one-to-five
mobilization register obtained from the kebele extension officers. Second, one kebele from
each woreda were randomly selected. The selected kebeles are Gelegele from Dejen, Enebi
from Awobel, Limichim from Basoliben, Debere klemu from Machakel and Yeted from
Sinan. In the second stage, systematic random sampling technique was used to select

Figure 1.
Map of the study area
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households from each of the five kebeles using a sampling frame of a one-to-five community
mobilization group register. Finally, 424 households were randomly drawn from the sample
kebeles on the basis of probability proportional to size (PPS) sampling procedure (Table 1).

2.4 Methods of data collection
The household survey data was administered by well-trained and experienced enumerators
using android tablets on a one-to-one interview basis. Through this instrument, information
on the adoption of CSA innovations and farmers’ perceptions of CSA innovation was
collected from household heads. In collecting the data, each respondent was briefed about
the purpose of the survey, information confidentiality and the average length of time that
the interview would take and the actual interview was conducted following the respondent’s
willingness to participate in the interview. Secondary data was collected through desk
review and review of empirical literature and documents.

2.5 Methods of data analysis
Data analysis was carried out using descriptive statistics and econometric models
accompanied by SPSS and Stata statistical packages. Descriptive statistics tools such as
mean, standard deviation and percentages were used to analyze and present perception of
CSA innovations and its adoption. T-test, x2 test and mean comparison tests were run to
compare adopter and non-adopter groups with respect to farmers’ perception of CSA
innovations.

2.5.1 Econometric model specification. The multivariate probit (MVP) model was used to
analyze the perception factors affecting the decisions of farmers to adopt each of the CSA
innovations. The dependent variable of the MVP model includes eight specific CSA
innovations (improved variety, crop residue management, crop rotation, compost,
intercropping, row planting, soil and water conservation and agroforestry) that assume a
value of 1 if farmers apply specific CSA innovations, and 0 otherwise. The dependent
variables were selected based on an extensive literature review on CSA innovations in sub-
Saharan Africa in general and Ethiopia in particular. Although there is overlap in CSA pillar
perceptions, the independent variables were crafted from the three pillars of CSA based on
reviewed literature. Hence, the inclusion of independent variables in the model specification
is also based on past empirical literature on the determinants of adoption of agricultural
technologies (Alomia-Hinojosa et al., 2018; Baudron et al., 2015; Giller et al., 2009; Kassie
et al., 2015; Kidane et al., 2017; Kumar et al., 2015; Miheretu, 2014; Teklewold et al., 2017,
2019; Thierfelder et al., 2012). The independent variables selected for this study include
perceptions: CSA increases productivity, soil fertility, income, soil organic matter, diversifies
livestock feed sources and diversifies alternative energy sources; CSA reduces the cost of

Table 1.
Sample woredas/
districts and kebeles

District/
woreda Kebele

Population
of HHs

Sample
size Agroecosystem zone (AESZ)

Dejen Gelgele 7,475 77 AESZ1: lowland agroecosystem
Awabel Enebi 5,416 55 AESZ2: midland with black soil
Basoliben Limichim 10,147 104 AESZ3: midland with brown soil
Machakel Debre

Kelemu
6,207 63 AESZ4: midland with sloping land

Sinan Yeted 9,533 125 AESZ5: the hilly and mountainous highland
Total 38,779 424
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production, the amount of synthetic fertilizer used, soil erosion, seeding rate, weed
infestation and crop failure; and CSA rehabilitates land.

The essence of using MVP stems from the fact that, inherently, smallholder farmers
consider adopting multiple CSA innovations for different agricultural and livelihood
outcomes. Some of these technologies render the synergetic effect (complementary), while
others trade off effects (substitutes). Hence, a failure to capture these complementarity and
substitutable effects among CSA innovations will lead to bias and inefficient estimates
(Greene, 2003).

TheMVP econometric model is characterized by a set of binary dependent variables (Yij),
such that:

Y *
ij ¼ b

0
i Xij þ « ij; (1)

and

Yij ¼ 1; if Y*
ij > 0

0; otherwise

�
(2)

where i = 1, . . ., 8 denotes the CSA innovations such as 1 = improved variety, 2 = crop
rotation 3 = crop residue management, 4 = compost, 5 = row planting, 6 = intercropping,
7 = soil and water conservation (SWC) and 8 = agroforestry; and j = 1, . . ., n and n denotes
the sample size.

Equation (1) assumption is that a rational jth farmer has a latent variable, Y*ij, which
captures the unobserved preferences derived from the ith CSA innovation. This latent
variable is assumed to be a linear combination of observed perception of CSA innovations
(Xij) such as CSA increases productivity, soil fertility, income, soil organic matter, diversify
livestock feed source and diversify alternative energy source; CSA reduces cost of
production, the amount of synthetic fertilizer use, soil erosion, seeding rate, weed infestation
and crop failure as well as rehabilitates land, as well as unobserved characteristics captured
by the stochastic error term « ij. The vector of parameters to be estimated is denoted by b i.
Given the latent nature of Y*ij, the estimations are based on observable binary discrete
variables Yij, which indicate whether or not a farmer undertook the ith CSA innovation. If
the adoption of CSA innovation is independent of another CSA practice, then equations (1)
and (2) specify univariate probit models, where information on farmers’ adoption of CSA
innovation does not alter the prediction of the probability that they have adopted another
CSA practice. As we assumed that adoption of multiple CSA innovations, the error terms in
equation (1) jointly follow a multivariate normal (MVN) distribution, with 0 conditional
mean and variance normalized to 1. Where (q1, q2, q3, q4, q5, q6, q7, q8) distributed
MVN(0,X}) and the symmetric variance-covariance matrix}is given by:

X ¼
1
..
.

r 81

r 12

r 82

r 13

. .
.

r 83

� � �

� � �

r 17

..

.

1

2
64

3
75

where (qim) denotes the pairwise correlation coefficient of the error terms corresponding to
any two innovations adoption equations to be estimated in themodel.

In the analysis, particular interest is the off-diagonal elements in the covariance matrix,
qimwhich represent the unobserved correlation between the stochastic component of the ith
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and mth innovations. This assumption means that equation (2) gives an MVP model that
jointly represents the adoption of a particular innovation. In this model, a positive
correlation represents a synergy while a negative correlation represents tradeoff between
the ith andmth innovations.

The study identified the important determinants of adoption of CSA innovation
measures using MVP model to provide policy information on which CSA pillars to target
and how. Before modeling the number of innovations on farmers’ perception, the study
assessed the pairwise correlation coefficient of the farmers’ perception of CSA innovations.
The correlation result showed that some of the perceptions are correlated to each other, so
the issue of heteroskedasticity of the model was addressed using the robust standard error
procedure. Robust standard error could effectively solve heteroskedasticity because it gives
relatively accurate p-value to ensure the significance of the regression model the study used
(Wooldridge, 2013).

3. Result and discussion
3.1 Adoption of climate-smart agriculture innovations
Row planting (76%), compost (66%), SWC (51%), crop residue management (46%), crop
rotation (37%), improved variety (31%) and agroforestry (21%) were the most preferred and
adopted CSA innovations among smallholder farm households. However, the majority of
farmers, or more than half, used row planting, compost and soil and water conservation
methods, while crop residue management, crop rotation, improved variety and agroforestry
were used by less than half of the households (Table 2).

3.2 Perception of climate-smart agriculture innovations and its effects
Table 3 presented the percent of stallholder farmers that exhibited a particular perception of
CSA innovations among agroecosystems. Using 13 indicators of benefits of CSA
innovations, the farmer’s perception toward adoption of different CSA innovations was
assessed. Among smallholder farmers, 91, 86, 80, 64 and 50% replied that CSA innovations
increase productivity, increase soil fertility, increase income, increase soil organic matter
and reduce soil erosion, respectively. Furthermore, CSA innovations reduce the cost of
chemical fertilizer when smallholder farmers use compost in their homestead farms, as well as the
cost of production through less fertilizer, less weed infestation and a lower seeding rate, according
to 61, 59 and 55% of smallholder farmers, respectively. The x2 test revealed that perceptions of
CSAI that CSA increases productivity, CSA increases soil fertility, CSA diversifies energy
sources, CSA reduces soil erosion, CSA reduces production costs, CSA reduces amount of

Table 2.
Adoption of CSA
innovations by agro-
ecosystem

CSA innovations
AESZ1
(%)

AESZ2
(%)

AESZ3
(%)

AESZ4
(%)

AESZ5
(%)

Average
(%)

Row planting 32 31 97 98 94 76
Compost 45 29 89 84 66 66
SWC 78 27 34 65 50 51
Crop residue management 51 56 67 35 27 46
Crop rotation 42 44 41 37 26 37
Improved varieties 7 15 64 38 20 31
Agroforestry 1 5 42 17 22 21
Average 36.6 29.6 62.0 53.4 43.6

Source: Own computation
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chemical fertilizer used, CSA reduces seeding rate and CSA rehabilitates land differ significantly
across agroecosystems (p < 0.001). Hence, the reason for adoption emanates from the
characteristics of the innovations and the agroecosystems inwhich the farmers’ lives.

3.3 Perception determinants of the adoption of climate-smart agriculture innovations
Table 4 shows inherently smallholder farmers adopting multiple CSA innovations for
different agricultural and livelihood outcomes. Some of these innovations provide synergetic
effects (complimentary) or positive correlation, while others tradeoff effects (substitutes) or
negative effects. Hence, out of 28 correlations of CSA innovations, 14 of them are significant.
This shows the appropriateness of the MVP model for adoption of CSA innovations among
smallholder farmers, which concurs with the studies of Aryal et al. (2018), Teklewold et al.
(2017, 2019).

Likelihood ratio test of rho21 = rho31 = rho41 = rho51 = rho61 = rho71 = rho81 =
rho32 = rho42 = rho52 = rho62 = rho72 = rho82 = rho43 = rho53 = rho63 = rho73 = rho83=
rho54= rho64 = rho 74= rho84= rho65= rho75 = rho85= rho76= rho86= rho87= 0:

x2 28ð Þ ¼ 129:886; Prob > x2 ¼ 0:0000

1 = improved variety, 2 = crop rotation, 3 = crop residue management, 4 = compost,5= row
planting 6 = intercropping, 7 = soil and water conservation and 8 = agroforestry.

Table 5 showed that the overall relationship between the farmer’s probability of
adopting specific CSA innovation and explanatory variables is significant at the 1% level
based on the values of Wald x2(104) (Prob > x2 = 0.0000). Hence, according to the MVP
result, farmers who perceive CSA innovations increase productivity are more likely to adopt
improved variety, crop residue management, intercropping and agroforestry. However, the
perception that CSA innovations increase income did not affect any of the CSA innovations.
Farmers who perceive that CSA innovations increase productivity are reluctant to adopt
SWC because SWC decreases crop yield as it attracts pests and rodents, is difficult to tillage,

Table 3.
Perception of CSA
innovations and
agroecosystem

Perception of CSA innovations AES1 AES2 AES3 AES4 AES5 Overall average x2

Perception toward food security
Increase productivity 70 52 99 62 101 91 19.9***
Increase income 58 51 84 51 96 80 6.82

Perception toward adaptation/resilience
Reduces seeding rate 18 12 76 48 78 55 81.9***
Reduces cost of production 26 32 73 46 71 59 29.3***
Increase soil fertility 60 49 103 56 94 86 26.7***
Reduces soil erosion 55 24 50 30 53 50 19.09***
Diversify energy source 26 9 38 14 35 29 9.3*
Diversify livestock feed source 37 27 41 25 54 44 2.75
Reduces crop failure 9 0 22 11 11 13 17.6***a
Reduces weed infestation 1 3 22 9 9 10 23.05*** a

Perception toward mitigation
Increase soil organic carbon 42 33 69 46 80 64 5.25
Reduces amount of chemical fertilizer 34 28 77 39 81 61 18.54***
Rehabilitates land 33 22 32 29 54 40 5.93***

Notes: ***, **, * are significant at 1, 5 and 10%, respectively a: a cell containing less than 5, the x 2 value is
not valid
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requires much labor and reduces farm size (Simeneh, 2015). However, a good perception of
farmers toward the implications of CSA innovations on food security enhances adoption of
improved varieties, crop residue management and agroforestry.

Framers who perceive that CSA innovation increases soil fertility are more likely to
adopt crop residue management, crop rotation and compost. Farmers who perceive that
CSA innovation’s increased diversification of fuel sources is expected to create more of an
urge to adopt crop rotation, soil and water conservation and agroforestry. Agroforestry and
crop rotation have a synergistic effect which increases adoption. Farmers who perceive that
CSA innovations reduce soil erosion are more likely to adopt crop residue, crop rotation,
intercropping, soil and water conservation and agroforestry. Farmers who perceive that
CSA innovations reduce weed infestation are more likely to adopt crop residue, crop
rotation, compost, row planting, intercropping and agroforestry. Farmers who perceive that
CSA innovations reduce the cost of production cause a more likely adoption of row planting.
CSA innovations that reduce seeding rates are more likely to adopt improved varieties,
compost, row planting and agroforestry. Thus, a positive perception of farmers toward the
implications of CSA innovations on climate change adaptation enhances adoption of
improved varieties, crop residue management, crop rotation, compost, row planting, soil and
water conservation, intercropping and agroforestry.

Likewise, the perception that CSA innovation increases soil organic matter and carbon
may cause a more likely adoption of crop residue management and compost. Also, farmers’
perception that CSA innovations reduce the amount of chemical fertilizer leads to a more
probable adoption of improved varieties and compost and a farmer’s perception that CSA
innovations rehabilitate land implies a higher expectation to adopt crop rotation. Thus, a
positive perception of farmers toward the implications of CSA innovations on climate
change mitigation enhances adoption of crop residue management, crop rotation and
compost, while a negative perception of agroforestry increases soil organic carbon and helps
farm-level climate mitigation.

4. Discussions of findings
The results in general revealed that farmers in the Upper Blue Nile Highlands are aware that
the perception of CSA innovations adoption on food security, climate change adaptation and
mitigation. However, farmers’ perception of benefits of CSA innovations significantly differ
among agroecosystems (p < 0.001). First, farmers believe that adoption of climate smart
innovations enhances food security through increasing productivity and income (91 and
80%, respectively), which is also supported by other studies in sub-Saharan Africa and
Ethiopia. For instance, farmers who adopt maize potato intercropping, intercropped maize
with grain legumes increased crop productivity (Baudron et al., 2014; Kidane et al., 2017;
Miheretu, 2014; Thierfelder et al., 2012; Valbuena et al., 2012) and (Lal, 2006; Lorenz and Lal,
2014) argued that agroforestry increases yield via increased soil organic carbon. Other
studies also support result and reported that crop residue retention and crop rotation and/or
intercrop association among other benefits increase yield (Ngwira et al., 2013). Similarly,
crop residue management and crop rotation of wheat and teff have also increased crop yield
concurring with the perception of farmers (Araya et al., 2011). Although, majority of
reviewed scientific studies showed an increase in crop yield due to SWC (Wolka et al., 2018),
some literature shows decrease in yield among adopters of SWC (Adimassu et al., 2017).

Second, farmers believe that that adoption of climate smart innovations enhances climate
change adaptation or resilience via increasing soil fertility (86%) concurs with the previous
studies on crop residue management who reported that crop residue management, crop
rotation and compost through appropriate tillage system increases soil fertility
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(Bhupinderpal-Singh and Rengel, 2007; FAO, 2013; Giller et al., 2009). Likewise, study in
Malawi concurs this result and reported that farmers have a positive perception of the
compost that it improves soil productivity (Mustafa-Msukwa et al., 2011). However, this
study showed a tradeoff effect of adoption of crop residue management and compost due to
the computation of demand for crop residue hinders adoption of crop residue management
as well as compost (FAO, 2013; Giller et al., 2009; Jaleta et al., 2013).

Similarly, farmers believe that CSA innovations reduce soil erosion (50%) that agrees
with the result of Akalu et al. (2013), Kagabo et al. (2013) that reported soil erosion, soil
fertility and crop yield improves after adopting terraces along the mounatnious area and
another literature also reported agroforestry based farming of “khat,” coffee and sugarcane
has reduced soil erosion (Adane, 2009). Furthermore, the finding corroborates the findings
that conservation agriculture, i.e. crop rotation and crop residue management, not only
improves soil health but also improved suppression of weed infestation (Ngwira et al., 2014a,
2014b; Palm et al., 2014). Another study (Mashingaidze, 2004) reported that farm land that is
mulched and minimum tillage had less weed infestation than un-mulched and conventional
tillage in maize–cowpea–sorghum rotation farming system. While maintaining permanent
soil cover through crop residues, i.e. conservation agriculture, impedes weed germination
and hence reduce weed pressure (Muoni and Mhlanga, 2014). Also, the finding supports
(Fentie and Beyene, 2019) who reported that row planting not only reduces seeding rate but
also prevents water logging and increases productivity.

Finally, farmers believe that adoption of climate smart innovations reduces or removes
GHGs from the farm and contributes to the local effort of climate mitigation through
increased soil organic matter (64%). Several studies showed that adoption of crop residue
management increased soil carbon, and it has been recommended as one mechanism of
carbon sequestration (FAO, 2013; Humberto and Lal, 2010; Lal, 2006; Lorenz and Lal, 2014;
Ngwira et al., 2012).

5. Conclusions and recommendations
5.1 Conclusion
Farmers’ perceptions toward CSA innovations are one of the requirements to increase the
adoption of CSA innovations in the smallholder agriculture system. Farmers’ perception
toward CSA innovations should include: CSA innovations sustainably increase productivity
and income; CSA innovations enhance soil fertility; diversify livestock feed and energy
source; reduces soil erosion, weed infestation and crop failure; enhances soil organic matter,
reduces chemical fertilizer use and rehabilitates land.

Positive perception of farmers toward implication of CSA innovations on food security
enhances adoption of improved variety, crop residue management and agroforestry. Similarly,
positive perception of farmers toward implication of CSA innovations on climate change
adaptation enhances adoption of improved variety, crop residue management, crop rotation,
compost, row planting, soil and water conservation, intercropping and agroforestry. Moreover,
positive perception of farmers toward implication of CSA innovations on climate change
mitigation enhances adoption of crop residue management, crop rotation and compost while
lacks the perception that agroforestry increases soil organic carbon and help farm level climate
mitigation. Hence, positive perception of farmers on the benefit of CSA innovations for enhancing
crop productivity, reducing agricultural vulnerability to climate change and reducing/removing
of GHGs emissions from farm has enhanced adoption.

Farmers in the midland with brown soil (AES3) and the hilly and mountainous
agroecosystem zone (AES5) are more aware of CSA innovations capacity to enhance food
security and strengthen climate adaptation/resilience while farmers in the low land/Abay
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gorge agroecosystems zone (AES1) are most concerned and aware of CSA innovations
capacity to contribute for climate adaptation/resilience. Finally, farmers in the hilly and
mountainous agroecosystem zone (AES5) are aware of the climate mitigation capacity of
CSA innovations.

Thus, following perception of CSA innovations benefits farmers adopt CSA innovations
that include improved variety, row planting, crop residue management, crop rotation,
compost, soil and water conservation, intercropping and agroforestry. There is good
farmer’s perception of improved variety, crop residue management, crop rotation, compost,
row planting, soil and water conservation, intercropping and agroforestry to enhance
climate change adaptation and increase food security while lack of awareness of
agroforestry implication on supporting climate mitigation effort at farm level.

5.2 Recommendation
Strengthening efforts on enhancing farmers’ adaptive capacity through awareness of CSA
innovations should be put as among the development milestones. However, as the farmers’
perception varies across AES, extension services should focus on awareness of CSA
innovations capacity to enhance food security and strengthen climate adaptation in the
midland with brown soil (AES3) and the hilly andmountainous agroecosystem zone (AES5).
Whereas, extension services should focus on awareness of CSA innovations capacity to
contribute for climate adaptation/resilience in the low land/Abay gorge agroecosystems
zone (AES1). Extension services should focus on farmers’ awareness on capacity of CSA
innovations to deliver climate adaptation (with mitigation co-benefits) in the hilly and
mountainous agroecosystem zone (AES5).

Designing policies that aim to enhance information and communication gap of adoption
of CSA innovations have a great potential to benefit from the innovations. Programs aimed
to reduce maladaptation of CSA innovations should focus on the bundle of innovations for a
particular farmer no a piece meal. Supporting farmers through training on CSA innovations
such as agroforestry, compost making and crop residue management is imperative for
scaling CSA technologies. There is also the need for governments and non-governmental
organizations to invest in awareness creation of CSA innovations. Further research is also
recommended regarding constructs of perception using exploratory factor analysis.
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