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GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Is the longstanding local rice cultivar “X-Jigna” 
being replaced by the improved variety “Shaga” 
in fogera plain, Northwest Ethiopia?
Adane Melak Beyene1*, Ayele Tesfahun Gashu1, Misganaw Anteneh Tegegne1 and 
Atrsaw Anteneh Mihertie2

Abstract:  This study investigates how far and by what factors the local rice cultivar 
X-Jigna is being replaced by the improved variety Shaga in the Fogera plain, 
Ethiopia. It applied a mixed-method research design. The explanatory method was 
used to analyze qualitative data, while simple descriptive and inferential statistics 
were used to analyze quantitative data. As a result, the adoption level of improved 
rice varieties was found to be too low (15%), while the vast majority of rice-growing 
households used X-Jigna. However, the explanatory analysis highlighted that Shaga 
outperforms X-Jigna in resilience to diseases and shattering, higher grain yield, and 
softness of injera and flour density traits. Consequently, its percentage share of area 
coverage increased from 1 to 12, while X-Jigna’s decreased from 95 to 84 within 
a short time. This phenomenon demonstrates great strides have been made in 
replacing X-Jigna with Shaga. Based on the results of logistic regression analysis, 
age, educational background, and experience in rice cultivation of household heads, 
land-owned size, and road and credit access significantly influence adoption deci-
sions. Therefore, it is suggested that offering youth-oriented extension services, 
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road infrastructure, and reducing bureaucracy in 
credit institutions were taken as way-outs to 
enhance the adoption of improved rice varieties 
by smallholder farmers.
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expanding education services, improving road infrastructure, and reducing bureau-
cracy in credit services are areas to be emphasized to improve adoption.

Subjects: Development Studies; Rural Development; Economics and Development 

Keywords: Adoption level; Fogera plain; Rice-growing households; Shaga; X-Jigna

1. Introduction
Rice research and development in Ethiopia is a relatively recent phenomenon that has only been 
going on for about 50 years (Tadesse, 2019 &, 2020). Since then, successes have been documented 
with the active participation of many national and international actors. For instance, there was 
a 0.8-tonne improvement in productivity, a 65.4% rise in production, and a 20.6% increase in area 
coverage between 2009 and 2019 (Central Statistical Agency [CSA], 2010 &, Central Statistical 
Agency [CSA], 2020).

Despite all these successes, domestic rice production still does not satisfy the growing internal market 
demand of the country (Alemu & Thompson, 2020). The development of high-yielding rice varieties and 
the multiplication and dissemination of quality seeds were taken as a major intervention in the national 
GTP (Growth and Transformation Plan) to address major challenges of the rice sector in Ethiopia 
(National Plan Commission [NPC], 2016). Accordingly, since its inception, NARS (National Agricultural 
Research System) has developed 39 improved rice varieties targeting the lowland, upland, and irrigated 
ecosystems, of which at least 6 of them were released explicitly for Fogera plain to replace the 
longstanding local rice cultivar X-Jigna (Atnaf et al., 2021; Ministry of Agriculture [MoA], 2020).

Despite their availability, the adoption level of many improved rice varieties in different rice hubs of 
the country is too low (Atnaf et al., 2021; Dessie et al., 2021; Gizaw et al., 2017; Hagos et al., 2018). 
Scholars have been debating on the sources of low adoption. One group primarily criticizes the 
technology itself, while another places the blame on the environment in which the technology is 
functioning. For instance, a study by Dessie et al. (2021) attributed rice seed system, extension services, 
and mechanization as the main causes of low adoption, while a study by Atnaf et al. (2021) promi-
nently associated low adoption with the approach which rice technology has been developed.

Furthermore, from a methodological point of view, many studies on technology adoption have 
exclusively used a quantitative approach (Fikire et al., 2022; Kassa et al., 2021; Massresha et al.,  
2021; Zeleke et al., 2021), yet, it is believed that neither quantitative nor qualitative research is 
adequate to meet underlying research aims in rice commodity. In such a case, mixing the two 
methods might be superior to a single method as it is likely to provide rich insights into the 
research phenomena that cannot be fully understood by using only qualitative or quantitative 
methods (Poth & Munce, 2020).

Therefore, the primary aim of the study is to explore drivers of adoption of improved rice 
varieties, both from the technology’s attributes and rice-growing households’ individual character-
istics, their access to biophysical factors as well as institutional and infrastructural structures. 
Accordingly, this study employed a mixed method design to have deep insight into how far and by 
what factors the longstanding, dominant, and local rice cultivar X-Jigna is being replaced by the 
recently released improved rice variety Shaga in the Fogera plain, which is recognized as the 
leading rice production hub in Ethiopia.

2. Literature review

2.1. Definition and concepts of adoption
Definition of adoption: According to Feder et al. (1985), adoption is defined as an integration of 
innovation into farmers’ normal farming activities over an extended period. Adoption level can be 
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viewed from two sides – individual and aggregate. Individual level of adoption is defined as the 
degree of use of innovation in long-run equilibrium when the farmer has full information about the 
innovation and its potential while aggregate adoption behavior. Diffusion is defined as the spread 
of innovation within a region. Furthermore, the adoption of an innovation is not a permanent 
behavior. Farmers may leave to use an innovation that was already accepted by them in a given 
period. A person may decide to stop using innovation for several personal, institutional, and social 
reasons, one of which could be the existence of another practice that is better at meeting farmers’ 
requirements (Dasgupta, 1989).

Measurement of adoption: Scholars have diverse judgments to categorize an individual as 
adopters and non-adopters of the innovation. Research articles (like Daniel et al., 2017; 
Endeshaw, 2019; Milkias, 2020) classify adopters as those who use the innovation for a single 
cropping season, while others define it as those who use innovation for about two consecutive 
cropping seasons (A. Anteneh et al., 2022; Gizaw, 2008). However, in our study, the adopter is 
defined as those who have grown rice for three consecutive cropping seasons using improved rice 
varieties.

Mode and sequence of adoption: The mode of agricultural innovation utilization is broadly 
categorized into two groups. The first one emphasizes adopting the entire package, whereas 
the second on adopting a package’s components in a step-by-step or sequential manner. The 
former approach is advocated by technical scientists, while the latter is promoted by field practi-
tioners, particularly those involved in farming systems and participatory research groups. The 
national agricultural extension system of Ethiopia, however, has a strong inclination to push the 
adoption of innovations as a package. Adversaries of the whole package approach strongly argue 
that farmers do not adopt technologies as a package but rather adopt a single component or a few 
suitable technologies (Byerlee & De Polanco, 1986). The major reasons often given for the sequen-
tial adoption of a package of technologies are profitability, riskiness, uncertainty, lumpiness of 
investment, and institutional constraints (Leathers & Smale, 1991; Nagy & Sanders, 1990).

2.2. Theories and models of adoption
Innovation Diffusion Theory (IDT): According to IDT, the adoption of innovation happens after going 
through several stages including understanding, persuasion, decision, implementation, and con-
firmation (see, Figure 1). Given E. M. Rogers’s (2003), adoption is a decision to fully use innovation 
as the most ideal course of action and rejection is a decision not to use an innovation. In IDT, the 
components of diffusion of innovation are innovation, communication channels, time, and social 
system. This model assumes that both the characteristics of the decision-making unit and per-
ceived characteristics of the innovation are the major influencing factors in making differences in 
the levels of adoption (E. Rogers, 1995).

Task Technology Fit model (TTF): This model was developed by Goodhue and Thompson 
(1995) to predict the utilization of technology and individual performance by examining the 
match between task requirements and technology characteristics. TTF is “the degree to which 
a technology assists an individual in performing his or her portfolio of tasks” (Goodhue & 
Thompson, 1995). More specifically, TTF is the correspondence between task requirements, 
individual abilities, and the functionality of the technology (see, Figure 2). Research which is 
conducted on technology adoption/utilization mostly investigated the relationship between 
economic characteristics, attitudes, beliefs, and the use of information communication tech-
nologies (Lucas, 1975; Swanson, 1987). However, the adoption of innovation may not correlate 
with personal and institutional characteristics, but rather with the ability of the technology to 
address the needs and requirements of the user. A number of studies have confirmed the 
relationship between the technology fit factor and technology adoption (D’Ambra and Wilson 
(2004; Vessey, 1991); Margherita (2006); and D’Ambra et al., 2013). They provided evidence 
that the mismatch between technology and task characteristics hinders the decision-making 
process of the user. Finally, the main contribution of the TTF model lies in the interaction 
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among external variables (i.e., task, technology, and individual characteristics) to behavioral 
constructs. A high degree of task-technology fit increases the likelihood of continued utilization 
of new technologies.

Technology Acceptance Model (TAM): This model has been intensively applied in technology 
adoption research. According to the model, perceived usefulness and perceived ease of use are 
the drivers of technology adoption, but their effect is not direct. Perceived ease of use is the degree 
to which an innovation is perceived not to be difficult to understand, learn, or operate (see, 
Figure 3). The two drivers (i.e., perceived usefulness and perceived ease of use) influence indivi-
dual’s attitude using the technology (Davis & Davis, 1989). Attitude towards new technology 
determines individual decision of actual system use. This model is very important to provide 
a quick way of gathering general information about an individual’s perception on a new technology 
(Samaradiwakara & Gunawardena, 2014).

       Later adoption

Continued Rejection

Continued adoption 

   Discontinuance

I.   
Knowledge 

III.  
Decision 

II.  
Persuasion 

IV. 
Implementation 

V.  
Confirmation 

Prior conditions 
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Characteristics of 
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2. Rejection 

Figure 1. Innovation diffusion 
theory.

Source: Adapted from 
E. M. Rogers (2003)
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Figure 2. Task technology fit 
model.

Source: Adapted from 
(Goodhue & Thompson, 1995)
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Figure 3. Theory of technology 
acceptance model.

Source: (Davis & Davis, 1989)
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In general, despite there are different theories and models of adoption including Innovation 
Diffusion Theory (IDT), Technology Acceptance Model (TAM), Theory of Reasoned Action (TRA)/ 
Theory of Planned Behavior (TPB), and Task-Technology Fit Theory (TTF), this study selects TTF as 
the best-fitted theory to address the objective of the study.

2.3. Empirical literature review

2.3.1. Drivers of adoption of improved rice technologies
Several studies in Asia and Africa showed that variables under demographic, socioeconomic, 
perception, and infrastructural and institutional categories were identified as drivers of rice tech-
nology adoption. A study conducted in Nigeria using a logit model shows that the age of the 
household head had a negative relationship with the adoption of improved rice technology 
(Chukwu & Osuafor, 2010). The study also reveals that young farmers are more likely to adopt 
rice technology than older farmers. Young farmers are more willing to take risks than their 
counterfactual. In the same vein, Abbas and Jiang (2018) confirm that the age of the household 
head has a significant and negative relationship with the adoption of improved rice varieties in 
Pakistan. Conversely, Samba et al. (2000) revealed that age has a significant and positive relation-
ship with improved rice variety adoption in Senegal.

Oladele et al. (2019) reveal that farming experience had a significant relationship with the 
adoption of lowland rice production technologies in Ghana, Uganda, and Cameroon. Umeh and 
Chukwu (2015) also confirm that experience in rice cultivation had a positive and significant 
relationship with the adoption of rice production technologies in Nigeria. They stated that this 
might be due to an increase in farming experience leading to increased awareness and the 
knowledge base of the farmers on rice technology adoption.

Many scholars confirm that education has a vital role in promoting new agricultural production 
technologies. This is due to the fact that educational level improves the level of understanding and 
evaluating improved rice technology. Umeh and Chukwu (2015), Kumar et al. (2016), and Oladele 
et al. (2019) assert that there is a positive and significant association between educational level 
and the adoption of improved rice production technologies. Similarly, the study of Hagos and 
Zemedu (2015) shows that the education level of the household head had a significant and 
positive relationship with the adoption of improved rice varieties in the Fogera district of 
Ethiopia. The frequency of extension contact is another factor that affects the adoption of 
agricultural technologies. Asmelash (2014), Hagos and Zemedu (2015), and Oladele et al. (2019) 
confirm that the number of contacts between extension service providers and farmers positively 
and significantly affects the adoption of rice production technologies.

Farm size has two side effects on adoption decisions of agricultural production innovations. The 
study of Umeh and Chukwu (2015) in Nigeria shows that the adoption of rice production technol-
ogies and farm size had a negative and significant relationship. They justified that it might be due 
to farmers who have small plots of land need to produce a maximum yield through adopting 
agricultural innovations. Conversely, Chukwu and Osuafor (2010), Hagos and Zemedu (2015), 
Onyeneke (2017), and Francis et al. (2021) reveal that there is a positive association between 
total land size holding and rice technology adoption.

Farmers’ perception of traits and risks of technology are key adoption drivers of crop production 
technologies. Samba et al. (2000) found that farmers who had a positive perception of different 
attributes of newly released rice varieties had a significant and positive relationship with the adoption 
of the technology. On the other hand, risk perceptions were negatively and significantly related to 
adoption; farmers who perceived higher risk were less likely to adopt eco-friendly rice practices (Vo 
et al., 2018). Studies of Ghadim et al. (2005), Herzon and Mikk (2007), and Jerneck and Olsson (2013) 
show that there is a positive relationship between farmers’ perception and technology adoption.
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In general, many of the research articles considered in this review of literature used either logit 
or double hurdle model, although a few used Probit or Tobit. Concerning the explanatory variables 
incorporated in the analysis, despite some articles considering them using quantitative analysis 
methods rather than qualitative, most of them were categorized under farm household individual 
characteristics, biophysical, institutional, and infrastructural factors, which gave less emphasis to 
variables under the category of technology attributes. The explanatory variables that significantly 
influence farmers’ decisions in the use of rice and other crops technologies are summarized in 
Table 1 and Table 2, respectively.

3. Methodology

3.1. Description of the study area
The South Gondar zone, one of the 12 zones that make up the Amhara region, is situated at 11° 
50ʹ18.6” latitude and 38°05ʹ58.3” longitude. It has 12 districts, including the study districts of 
Fogera and Libo-Kemkeme. It has a total population of 2,051,738 and an increase of 16% over the 
1994 census, of whom 1,041,061 are men and 1,010,677 women and with an area of 14,095.19 
square kilometers (Central Statistical Agency [CSA], 2007). The average land holding of rural 
households in the zone is 1 hectare which is greater than the national average and region average 
land holding, which is about 0.78 and 0.75 hectares respectively (Food and Agriculture 
Organization [FAO], 2018). It is predominantly recognized by rice production which approximately 
covers 70% of the rice grain supply in the country (Central Statistical Agency [CSA], 2018). The 
Fogera plain, which includes the districts of Fogera, Libo-Kemkeme, and Dera, is well known as 
a prospective rice-growing area in the zone (see, Figure 4). Smallholder farmers have the oppor-
tunity to grow rice on a large scale in the plain because of its favourable climate and sufficient 
wetlands. Specific study districts within the plain have supplied a total of 43% of the nation’s rice 
grain production overall, with the contributions of Fogera and Libo-Kemkeme being 28% and 15%, 
respectively.

3.2. Sampling procedure and sample size determination
Under the South Gondar zone, the two districts, namely, Fogera and Libo-Kemkeme, were selected 
purposively based on their potential in terms of rice production and coverage. This study used lists 
of rice-growing households prepared by respective districts’ agricultural offices as a sampling 
frame. After having lists of rice-producing households, sampling was undertaken from the lists 
using a systematic random sampling technique. To determine the minimum sample size, Yamane’s 
formula (1967) was employed. 

n ¼
N

1þ NðeÞ2
(1) 

Where n is the sample size, N is the number of total rice-growing households in the study area and 
e is the precision level. Of the 23,150 rice-producing households, with a precision level of 0.08, 
a total of 155 sample households drowned using the formula.

3.3. Types and sources of data
Both primary and secondary data were collected directly from a sample of rice-growing house-
holds and documentation from various institutions, such as the Fogera National Rice Research and 
Training Centre (FNRRTC) and district-level agricultural offices, respectively.

3.4. Methods of data collection
From primary data, quantitative data was collected via semi-structured questionnaire-based inter-
views, while qualitative data were collected utilizing checklists for key informant interviews and 
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Table 1. Summary of studies on drivers of adoption of rice technologies in Asia and Africa

No Study Technology Location
Econometric 

model Significant explanatory variables
1 Abbas and 

Jiang (2018)
Improved rice 
varieties

Northern 
Sindh. 
Pakistan

Probit Age (- Vly) and education level, 
experience, soil quality, farming 
machinery, market information, and 
extension contact (+Vly)

2 Umeh and 
Chukwu 
(2015)

Improved rice 
production 
technologies

Ebonyi 
state of 
Nigeria

Multiple 
regression

Farming size and marital status (- Vly), 
and educational status, experience, 
annual income, membership of 
cooperative society and extension contact 
(+ Vly)

3 Chukwu and 
Osuafor 
(2010)

Improved rice 
production

Ebonyi 
state, 
Nigeria

Logit Age, and marital status (-Vly) and 
household size, educational status, 
farming size, farming experience, annual 
income, membership of cooperative 
society and extension contact (+Vly)

4 Francis et al. 
(2021)

Rice 
intensification 
system

Kenya Logit Age (-Vly) and household size, farm size, 
off-farm income, year of rice farming, 
extension service, credit access, distance 
from canal (+Vly)

5 Varsha and 
Indrajit 
(2018)

Hybrid rice 
cultivation

India Tobit Landholding, good price, and government 
outlet (-Vly) and experience, education 
level, good demand, seed subsidy (+Vly)

6 Seyyed and 
Mohammad 
(2012)

Rice-Fish 
farming

North 
Iran

Logit Membership in social institutions and 
farm workers (-Vly) and family size, and 
participation in extension education (+Vly)

7 Samba et al. 
(2000)

Improved rice 
variety

Senegal Tobit Initial impression of variety (-Vly) and age, 
information acquired, member of village 
level organization, farmers perception on 
different attributes of the variety (+Vly)

8 Onyeneke 
(2017)

Improved rice 
varieties

Imo 
state, 
Nigeria

Logit Income, household size, education, and 
farm size, extension contact (+vly)

9 Hagos et al. 
(2018)

Rice Tselemti 
district

Logit level of education, perception on rice 
yield, access to credit service, 
participation in off-farm activities, 
participation on field day and 
participation in training

10 Hagos and 
Zemedu 
(2015)

Improved rice 
varieties

Fogera, 
Ethiopia

Probit Distance to village market, main market, 
seed source, and agricultural extension 
service (-Vly) and total land holding, 
labour, and off-farm income (+Vly)

11 Asmelash 
(2014)

Upland rice 
varieties

Fogera, 
Ethiopia

Logit Distance to market (-Vly) and sex, 
agricultural organization membership, 
participation in field day, contact of 
extension agent, social participation, 
achievement motivation, attitude, and 
active labour force (+Vly)

12 M. Anteneh 
et al. (2021)

Rice 
production 
technologies

Fogera, 
Ethiopia

Logit Poor infrastructure, price of technology, 
and time supply of technology (-Vly) and 
membership to agricultural cooperative 
and farm credit service (+Vly)
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FGD (Focus Group Discussion). Both key informant interviews and group discussions were employed 
after the execution of the econometric model analysis. The semi-structured questionnaire was 
templated with CSPro software version 7.2 and pre-tested before implementing the actual data 
collection.

3.5. Methods of data analysis
STATA version 15 was used to analyze the data. Descriptive statistics including mean, percentage, 
and standard deviation were applied to characterize rice-growing households. Inferential statis-
tical tools including independent t-test and chi-square test were employed to compare means of 
continuous explanatory variables and to indicate the relationship or interdependency of dummy 
explanatory variables of variety use category, respectively. The study used a binary logistic 

Table 2. Summary of studies on drivers of adoption of crop technologies in Ethiopia

No Study Technology Location
Econometric 

model
Significant explanatory 

variables
1 A. Anteneh 

et al. 
(2022)

Tef Yilmana Densa Double Hurdle Frequency of extension 
contact, agricultural training, 
farmers’ perception, and 
cooperative membership 
(+Vly).

2 Fikire et al. 
(2022)

Tef Minjar Shenkora Multinomial 
Logit

Distance to market (-Vly), and 
sex, tropical livestock units, 
extension contact, active 
household members, access 
to credit (+Vly).

3 Ahmed 
et al. 
(2016)

Groundnut Fedis, Babile Gursum Logit Age (-Vly), and Education 
level, groundnut production 
experience, extension 
contact, training and plot size 
(+Vly).

4 Kassa et al. 
(2021)

Faba bean Basona Werana Double Hurdle Family size (-Vly), and 
farmers’ awareness on 
existing varieties, and 
extension contact (+Vly).

5 Massresha 
et al. 
(2021)

Agricultural 
technology

Angolela Tera, Menz 
Gera, Minjar Shenkora, 
and Moretna Jiru

Logit Farm size and distance to the 
nearest market (-Vly), and 
age, educational level, 
participate in off-farm 
income, livestock ownership, 
credit, and Membership with 
social groups(+Vly).

6 Zeleke et al. 
(2021)

wheat Digalu and Tijo, Lemuna 
Bilbilo, Munessa, Lode 
Hetosa, Hetosa, Tiyo, 
Shirka, and Arsi Robe

Double Hurdle Gender (-Vly), and wheat 
farming experience, distance 
to cooperatives, renting farm 
machinery, urea application, 
and net return from the 
wheat grain sale(+Vly).

7 Milkias 
(2020)

Wheat Liben Jewi Logit Age, distance from market 
and distance from farmers 
training center (-Vly) and, 
farm size, livestock 
ownership, extension service 
and access to credit (+Vly).

8 Ketema 
et al. 
(2021)

Maize Kombolcha and Meta Logit Distance to main road (-Vly), 
and education status of the 
household head, age of the 
household head, and number 
of plots owned by households 
(+Vly).
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regression model to identify drivers of improved rice variety use decisions. The model was specified 
as follows:

● Let Y be a binary outcome and X is an independent variable
● in modelling px = P (Y = 1|X = x)

i.e., the probability of success for the covariate value of X = x.

The model was specified as 

Logit pxð Þ ¼ log px=1 � pxð Þ ¼ b0þbixi (2) 

where log (px/1-px) is the logit function, b0 is the intercept, bi is the vector of parameters to be 
estimated, and xi is the vector of explanatory variables included in the model.

The main reason for using the logit model is due to the dual-decision nature of the dependent 
variable (Bewick et al., 2005). In this study, it is the rice variety use decision, whether the rice- 
producing farmers were using local X-Jigna rice cultivar or improved rice varieties. Based on the 
rice varieties use category, the model is specified below. 

Di ¼ 1; if Di
� > 0

Di ¼ 0; if Di� � 0
Di
�
¼ bixi þ ei

9
=

;
(3) 

where ei is the error term. Because the nature of the dependent variable is dummy, interpreting 
the model results using the coefficient is not appropriate. As a result, the logit model results were 
interpreted using marginal effect or marginal change which shows the change in probability when 
the predictor or independent variable increases by a certain unit. Accordingly, the change in 
probability of using rice variety (either improved or local) is from 0 to 1.

Meanwhile, qualitative data were analyzed using explanatory research method to gain 
a thorough understanding of the phenotypic traits of rice varieties and thereby investigate how 
they influence farmers’ decision to use improved rice varieties and why the local rice cultivar 
X-Jigna is getting replaced by improved varieties such as Shaga. The results of the qualitative 
analysis were also used to justify how significant explanatory variables influence the adoption level 
of improved rice varieties.

Figure 4. Location map of the 
study area.

Source: Ethio Geospatial data
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3.6. Variables definition and hypotheses
The dependent variable of this study is rice variety use. The farmer who used improved rice 
varieties like “Shaga” was considered as an improved rice variety user, while “X-Jigna” users 
considered as local rice cultivar (variety) users. There are 14 explanatory variables in this inquiry 
(see Table 3). Those variables were selected based on a critical literature review.

4. Results and discussion

4.1. Household and biophysical characteristics
This section in general deals with a simple description of sample households referring to their 
demographic and socio-economic characteristics. As shown in Table 4, the average age of the 
sample households head was 42 years and that implies the majority of the household heads are in 

Table 3. Operational definition of variables
Variables Definition Type Exp.Sign
Dependent variable
Rice variety use Households that used 

improved rice variety 
takes 1 value and 0 for 
local rice cultivar

Dummy

Independent Variables
Age Age of the household 

head in completed years
Continuous ±

Sex Sex of the household 
head (1 for male 0 for 
female)

Dummy +

Educational background Education level of the 
household head (1 for 
read/write and 0 
otherwise)

Dummy +

Experience in rice 
cultivation

Rice cultivation 
experience in years

Continuous +

Household size Number of persons in the 
household

Continuous ±

Plot number Number of plots in the 
household

Continuous ±

Cooperative membership Cooperative membership 
of the household (1 for 
members and 0 
otherwise)

Dummy +

Road access Access to the road (1 for 
yes and 0 otherwise)

Dummy +

Off/non-farm income Income generated from 
off/non-farm activities in 
ETB

Continuous +

Land-owned size Land owned of the 
household in hectare

Continuous ±

On-farm income Income generated from 
on-farm activities in ETB

Continuous +

Frequency of extension 
contact

Frequency of extension 
contact in a number

Continuous +

Lack of credit access Lack of credit access (1 
for yes and 0 otherwise)

Dummy -

Inputs price Affordability of available 
rice inputs to the 
household (1 for yes and 
0 otherwise)

Dummy +
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the productive age group for crop cultivation. The majority of the total sample households 
(92.26%) were male-headed. The proportion of household heads that can read and write (50.32) 
was almost equivalent to those who were not able to read and write (49.68%). The average 
experience in rice cultivation of the household heads was 12 years. It is relatively smaller than 
the experiences of the households in other crops cultivation. It is because rice is a newly intro-
duced crop for the study area as well for Ethiopia. The average household size of the sample 
households was 5. It is almost similar to the national rural household size which is 4.9 persons per 
household (Central Statistical Agency [CSA], 2007). The average on-farm income was 16,136.36 
ETB,1 while the average off/non-farm income was 1,656.13 ETB. The figures depict that a higher 
portion of the total income has been generated from the production of a crop which implies 
households perused minimum livelihood diversification.

The average land-owned size by the sample household was 0.73 hectares which is relatively very 
high compared with the national rural land owned size (Food and Agriculture Organization [FAO],  
2018). In addition to having a relatively higher farmland size, the average number of farm plots in 
sample households was 4, which indicates that the sample households have a better chance to 
access the three rice ecosystems (upland rice, lowland rice, and irrigated rice) to cultivate different 
rice varieties. Having a higher number of plots is assumed to increase the probability or likely to 
allocate their piece of plot to try for improved rice variety. Furthermore, it is an opportunity for the 
sample households to minimize production and marketing risks by growing different crops.

4.2. Institutional and infrastructural characteristics
Concerning the institutional characteristics, as shown in Table 5, more than half of the sample 
households (54.19%) were members of the inputs cooperative to create access to crop intensifica-
tion inputs including chemical fertilizers and improved crop varieties. The credit which is one of the 
most important agricultural inputs assumed to enhance the utilization of improved seeds, chemi-
cal fertilizers, pesticides, and labor was accessible for almost half (49.03%) of the sample house-
holds. Similarly, a bit higher than half (54.83%) of the sample households had better access to the 
road which could facilitate rice market participation both from the inputs and output sides. 
Moreover, the coverage of public-based extension services was found to be relatively high, 
where sample households were visited by the development agent and district-level experts with 
an average of more than 3 days per cropping season.

4.3. Adoption and diffusion of improved rice varieties
The dataset contains 155 rice-growing households, and of these, about 85% were non-adopters, 
while about 15% were adopters (see, Table 6). These figures indicated that farmers in Fogera plain 
dominantly use local rice cultivar, known as X-Jigna. Similar phenomena also happened in some 

Table 4. Household and biophysical characteristics
Variables Mean/frequency St.dev./Percent
Age 42.43 12.46

Sex (Male = 1) [143] [92.26]

Educational background (able to 
read & write = 1)

[78] [50.32]

Experience in rice cultivation 12.10 5.05

Household size 5.4 2.26

On-farm income 16,136.36 11,199.06

Off/non-farm income 1,656.13 3,374.80

Plot number 4.22 2.205

Land-owned size 0.73 0.44

The bracket [] indicated that frequency and percentage of categorical variable 
Source: own data, 2021 
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countries in Africa (Nonvide, 2021). However, from ample options of improved rice varieties, 
peculiar progress has been recorded on the utilization of Shaga, which is the recently released 
variety for the lowland rice ecology with an attainable yield of 5.0 and 6.8 tonnes per hectare at 
farmers’ and research fields, respectively (Ministry of Agriculture [MoA], 2020).

Furthermore, within three consecutive cropping seasons, Shaga’s percentage share of the area 
covered by improved and total cultivated was reached about 73 and 12, respectively, while 
X-Jigna’s percentage share of the total cultivated area has decreased from 95 to 84 (see, 
Table 7). These numbers unequivocally show that great strides have been made in replacing the 
longstanding, dominant, and local rice cultivar X-Jigna with the promising improved rice variety 
Shaga. It also depicted that, in the study districts, the diffusion prospect of Shaga was found to be 
highly encouraging.

4.4. Comparative analysis of X-Jigna and Shaga
This section tries to address the influence of farmers’ perception of the phenotypic traits on the 
decision to use rice varieties using the explanatory analysis method. It also tries to investigate the 
relative advantages of X-Jigna and Shaga comparatively, referring to researchers’ data as well as 
using rice-growing farmers’ and district-level agriculture experts’ perspectives. Accordingly, as 
shown in Table 8, the grain yield of Shaga exceeds X-Jigna by more than a ton per hectare both 
in research and farmer fields despite X-Jigna exceeding Shaga in milling recovery. Results of FGD 
and key informant discussions with members of rice-growing households and experts, respectively, 
indicate that, in terms of phenotypic traits, X-Jigna comprehensively outperforms the majority of 
improved rice varieties which were assumed to have better productivity in the Fogera plain.

Meanwhile, Shaga exceeds X-Jigna in grain yield performance, is competent in biomass yield, 
and, above all, complements the existing production challenge of X-Jigna, which is susceptible to 
rice sheath rot disease. For instance, a study done by Bigirimana et al. (2015) in Rwanda indicated 
that rice sheath rot has become a highly destructive disease with a yield loss of up to 85%. 
Furthermore, farmers involved in FGD explained that Shaga has higher relative advantages over 
X-Jigna related to resistance to disease and shattering in a situation of high wind and rain. In 
general, farmers explained that X-Jigna has shown a tendency of losing its genetic potential as it 
has stayed for more than 3 decades in the production system without any support from respon-
sible formal institutions to maintain its genetic purity.

Table 5. Institutional and infrastructural characteristics
Variables Mean/frequency Std. Dev./percent
Road access (yes = 1) [85] [45.16]

Lack of credit access (yes = 1) [76] [49.03]

Frequency of extension contact 3.23 3.28

Cooperative membership 
(member = 1)

[84] [54.19]

The bracket [] indicated that frequency and percentage of categorical variable 
Source: own data, 2021 

Table 6. Rice varieties adoption status of sample households
Variety use status Freq. Percent
Local cultivar (variety) 131 84.52

Improved variety 24 15.48

Total 155 100.00

Source: Own data, 2021 
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According to farmers’ response in the FGD, with all of its limitations, using genetically pure seeds 
would allow X-Jigna to maintain its higher grain yield and thereby compete, if not outperform, the 
current grain yield potential of Shaga. Furthermore, despite farmers being well aware of the 
existing grain yield advantage of Shaga over X-Jigna, evidence showed that rice-growing farmers 
perceived and experienced that Shaga does not have a steady grain yield as of X-Jigna for so long. 
As farmers explain, using Shaga seed from their own saved source for more than three consecutive 
years has shown a radical decline in grain yield. Searching for access to reliable seed sources and 
shifting the production area to relatively highly fertile farmland were mentioned as the possible 
way-outs taken by rice-growing households to maintain the yield stability of Shaga.

On the other hand, X-Jigna is more popular in the market because of its white caryopsis color. 
Concerning grain sales value, according to farmer responses, X-Jigna was worth 12.7% more than 
Shaga. Currently, farmers in the study area have given value to the income generated from rice 
biomass sales. Accordingly, despite Shaga having a competitive biomass yield, the demand of 
a high labor force for threshing leads to deterioration in the quality of biomass, which ultimately 
affects its market value compared with X-Jigna. Again, in the FGD, X-Jigna growers might acquire 
an extra 2800 ETB advantage over Shaga on a hectare of land from rice biomass. On the contrary, 
Shaga significantly exceeds X-Jigna in terms of some traits related to consumption (softness of 
Injera2 and high flour density). As shown in Table 9, using an equal amount of rice flour, Shaga 
gives a chance to produce an extra 117 injera over X-Jigna. In general, taking the importance of 
further in-depth comparative analysis of the two varieties for compressive phenotypic traits as 
a prerequisite, referring to the selected parameters and with existing socio-economic, institutional, 
and infrastructural situations, Shaga was found to be highly competitive with X-Jigna based on the 
perception of rice-growing farmers in the study area.

4.5. Continuous independent variables by variety use decision
The mean difference of independent variables between X-Jigna and improved rice varieties use 
was compared using an independent t-test. As shown in Table 10, there was a significant mean 
difference between the local cultivar and improved variety users in age and land owned size at 5% 
and 1% levels of significance, respectively. Results showed that households using local rice cultivar 
were younger and had larger farmland than households using improved variety varieties. The local 
cultivar X-Jigna has many demanded traits in production, marketing, and utilization perspectives. 
Household heads in the younger age group passionately take into consideration the demanded 
traits of the cultivar for their production decisions.

Table 7. Percentage share of rice cultivated area by variety in the study district

Year

Total Rice 
Cultivation 
area (ha)

X-Jigna 
area 
(ha)

Improved 
area (ha)

Shaga 
area 
(ha)

Shaga % 
share from 
improved

Shaga % 
share from 

total

X-Jigna % 
share from 

total
2019 22,295 21,118 1,177 112 0.10 1 95

2020 22,323 20,337 1,986 756 0.38 3 91

2021 22,363 18,753 3,610 2,634 0.73 12 84

Source: Authors’ analysis from district-level agricultural office data 

Table 8. Grain yield and milling recovery-based comparative analysis of X-Jigna and Shaga

Rice variety

Yield (ton/ha) Milling Recovery 
(%) (b) a*b (ton)Research field Farmers field(a)

X-Jigna 3.64 3.5 75.61 2.65

Shaga 4.84 4.5 71.01 3.20

Source: Own data, 2021, FNRRTC, 2021, and Fogera District Agriculture Office, 2021 
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Furthermore, rice-growing households mainly living in bordering Lake Tana (waterlogged area) 
dominantly rely on X-Jigna despite having a fear of yield loss due to genetic potential loss, 
primarily emanating from a lack of institutional support to maintain its genetic purity. The sample 
households using improved rice varieties had smaller land-owned size compared with their coun-
terparts. Rice-growing households having a smaller land-owned size are assumed to have surplus 
production for their consumption and the market merely attained through improving yield, which 
requires utilization of improved rice varieties, like Shaga. This assumption is being witnessed by 
farmers in FGD as it outperforms the dominantly cultivated rice X-Jigna.

4.6. Categorical independent variables by variety use decision
As shown in Table 11, the chi-square test result revealed that there were no relationships between 
the rice variety use decision and the independent categorical variables that were hypothesized to 
influence decision on adoption of improved rice varieties by rice-growing households, including 
sex, educational background, cooperative membership, road access, and lack of credit access.

4.7. Drivers of adoption of improved rice varieties by rice-growing households
Identifying drivers of adoption of improved rice varieties and thereby resulting replacement of the 
longstanding, dominant, and local rice cultivar X-Jigna was estimated using a logit model. The 
Wald chi-square value of 39.716 was statistically significant at the 1% level of significance, 
showing that the explanatory variables included in this model are jointly explained the dependent 
variable. From the estimation result, the coefficients of the model indicate how a given variable 
influences the likelihood or probability of rice variety use decision (Table 12). The result of the 
logistic regression analysis was interpreted using marginal effect. In the estimation process, 14 
explanatory variables were included in the model. Out of them, six variables, including age, 
education, experience in rice cultivation, land-owned size, and road and credit accesses had 
significant influences on farmers’ decision to use improved rice varieties.

The age of the household head was statistically significant at 1% and had a positive influence on 
farmers’ decision to use improved rice varieties. The coefficient indicated an increase in age by 
1 year increases the likelihood of using improved rice varieties by 0.4%. The same result was also 
found in the work of Udimal et al. (2017). This may be due to the reason the majority of young rice- 
growing farmers get farmland from their parents, primarily situated in wetland areas that are 
highly suitable for growing the local cultivar X-Jigna.

The educational background of the household head was statistically significant at 5% and had 
a positive influence on farmers’ decision to use improved rice varieties. The coefficient indicated an 
increase in education level by 1 year increased the likelihood of using improved rice varieties by 
7.6%. Household heads with relatively higher educational background have a probability of acces-
sing different sources of information to make an information-based decision on technology 
utilization like the Shaga variety, which is currently demanded by many rice-growing households. 

Table 9. Market value and flour density-based comparative analysis of X-Jigna and Shaga

Rice variety

Market price 
of milled rice 
in ETB/100 kg

Gross market 
value of grain 
in ETB ha −1 

(a)

Gross market 
value of 

straw in ETB 
ha −1(b)

Total product 
and by- 
product 

market value 
in ETB ha1 

(a + b)

Number of 
Injera per 

100 kg of rice 
flour

X-Jigna 2350 62,275 10,400 72,675 525

Shaga 2050 65,600 7700 73,300 642

Source: Authors’ analysis from own, FNRRTC, and district-level agricultural office data 
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This result is consistent with the findings of Hagos and Zemedu (2015), Amare and Simane (2017), 
Feyisa and Yildiz (2020), and Massresha et al. (2021).

Experience in rice cultivation was statistically significant at 5% and had a negative influence on 
farmers’ decision to use improved rice varieties. The coefficient indicated that an increase in rice 
cultivation experience by 1 year decreases the likelihood of using the improved rice varieties by 
0.7%. The result implied that most experienced rice-growing farmers preferred the local X-Jigna 
over the majority of improved rice varieties. As shown in the FGD, although Shaga and X-Jigna 
were to be found to be highly competitive referees to different rice phenotypic traits, a remarkable 
number of rice-growing farmers had feared on yield stability of Shaga for so long. To maintain 
Shaga's yield potential, farmers were forced to shift their rice cultivation land to naturally more 
fertile land or have to buy improved rice seed from reliable seed sources every year. Similar results 
were also reported by Gizaw (2008).

Road access was statistically significant at 10% and had a positive influence on farmers’ decision 
to use improved rice varieties. The coefficient indicated that having good road access increases the 
probability of using improved rice varieties by 5.5%. The household dominantly cultivated X-Jigna 
was located in a remote area, whereas the recently released and highly accepted improved rice 
variety, Shaga, was cultivated by households having better road access. Theoretically, if there is 
access to roads that connect rural farm households with the market, smallholder farmers can 
easily transport what they produce to the market, which in turn probably increases the farmers’ 
confidence to produce demand-based commodities for the market through the use of improved 
agricultural production inputs. This result is consistent with the findings of Zegeye et al. (2022).

Land-owned size was statistically significant at 1%. The coefficient revealed that a one-hectare 
increase in land ownership decreases the probability of using improved rice varieties by 18.5%. This 
implies that households with smaller plots of farmland were forced to use improved rice varieties 
with higher productivity potential, like Shaga, to make up for rice produce shortfalls brought on by 
a shortage of farmland. A similar finding was also obtained by Massresha et al. (2021).

Credit access was statistically significant at 5% and had a positive influence on farmers’ decision to 
use improved rice varieties. The coefficient indicated that access to credit increased the probability of 

Table 10. The mean comparison of continuous independent variables using t test

Variables

Local Variety 
Use (n = 131)

Improved 
Variety Use 

(n = 24)
St Err t-valueMean 1 Mean 2

Age 41.53 47.33 2.74 −2.1**

Experience in rice 
cultivation

12.22 11.50 1.12 0.65

Household size 5.31 5.92 0.50 −1.2

Plot number 4.28 3.92 0.34 1.05

Frequency of ext. 
Contact

3.27 3.00 0.731 0.38

Sqrt Off/non-farm 
income

21.48 10.99 7.89 0.19

Land-owned size 0.81 0.61 0.111 4.05***

Total on farm 
income

16,099.8 16,335.8 3,653.67 0.92

***p < .01, ** p < .05, * p < .1 
Source: Own data, 2021 
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using improved rice varieties by 5.4%. This means the recently developed improved rice variety Shaga 
has been distributed dominantly through formal or semi-formal seed institutions, including unions, 
cooperatives, and farmer groups, which require finance. Although rice-growing households have 
a higher propensity to take credit from formal institutions, participants of the FGD had capitalized 
that the challenges and bureaucracy in getting government credit institutions like ACSI (Amhara 
Credit and Saving Institution) highly influence their decisions in taking credit. In reverse, the local rice 
cultivar X-Jigna did not go through the formal and semi-formal seed institutions since it is not 
officially released or registered following the protocol of the national variety releasing committee, 
seed availability is primarily accomplished through the farmer-to-farmer exchange, a non-monetary 
form that does necessitate credit access. Similar results were reported by Tura et al. (2010).

5. Conclusion and recommendations
The results of simple descriptive analysis showed that the adoption level of improved rice varieties 
was too low, while specifically, farmers’ decisions on the use of Shaga improved rice variety 
showed promising improvement. In addition, the results of the explanatory analysis revealed 
that Shaga has been chosen over X-Jigna because of its resilience to diseases and shattering, 
high grain yield, and higher floor density. Conversely, with its stable grain yield, white caryopsis 
color for better market value, and higher biomass yield and market value, X-Jigna was chosen 
above many improved rice varieties, including Shaga. Hence, this study concludes that among 
several rice varieties, the local X-Jigna and improved Shaga are highly competitive. Despite their 
competitiveness and farmers’ quest for Shaga’s yield stability, the longstanding, dominant, and 
local rice cultivar X-Jigna is progressively being replaced by the recently developed high-yielding 
improved rice variety Shaga. Moreover, based on the result of logistic regression analysis, findings 
confirm that the age and education level of the household heads and access to credit and road 

Table 11. Relationship of categorical variables with a dependent variable using chi-square test

Local Cultivar
Improved 

Variety Total Chi-Square
Sex Female 10 2 12 0.014

7.63 8.33 7.74

Male 121 22 143

92.37 91.67 92.26

Educational 
background

Not read/write 65 12 77 0.0012

49.2 50 49.63

Read/write 66 12 78

50.38 50 50.32

Cooperative 
membership

No 57 14 71 1.79

43.51 58.33 45.81

Yes 74 10 84

56.49 41.67 54.19

Road access No 75 10 85 1.99

57.25 41.67 54.84

Yes 56 14 70

42.75 58.33 45.16

Lack of credit 
access

No 65 14 79 0.62

49.62 58.33 50.97

Yes 66 10 76

50.38 41.67 49.03

***p < .01, ** p < .05, * p < .1 
Source: Own data, 2021 
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increase the probability of adoption of improved rice varieties, while land-owned size and rice 
farming experience decrease the probability of adoption of improved rice varieties.

Therefore, offering youth-oriented extension services, expanding the informal and formal edu-
cation services, improving road infrastructure, and reducing the bureaucracy of government-based 
credit services should be improved to enhance the adoption of improved rice varieties and con-
tribute to the national target of rice self-sufficiency by 2030.

Finally, some limitations this study has encountered have to be noted. First, gap in preferring the 
mode of adoption. This study stands from the field practitioners’ side, despite; the national agricultural 
extension system of Ethiopia having a strong inclination to push innovations as a package. Second, 
our result showed that the marginal effect of the experience in rice cultivation was negative. Based on 
the justification brought by rice-growing farmers in FGD, this unexpected result could be attributed to 
the risk of using improved rice varieties. Those who have more experience in rice cultivation were 
doubtful of the yield stability of improved rice varieties, including Shaga. A study by Ainembabazi and 
Johnny (2014) investigated the relationship between the adoption of and experience with agricultural 
technologies. The study result showed that there is an inverted-U relationship between the adoption 
of and experience with agricultural technologies. Farming experience is found to be useful in the early 
stages of adoption of a given technology when farmers are still testing its potential benefits, which 
later determine its retention or dis-adoption over time. Hence, future research would address the 
unexpected result in our study which is the negative influence of experience in rice cultivation on the 

Table 12. Econometric model result
Rice varieties 
use Coef. Marginal Effect St. Err. t-value
Age 0.118*** 0.004 0.037 3.17

Educational 
background

1.831** 0.076 0.744 2.46

Experience in rice 
cultivation

−0.198** −0.007 0.082 −2.43

Household size 0.23 0.009 0.177 1.3

Plot number −0.295 −0.011 0.256 −1.15

Cooperative 
membership

−0.485 −0.019 0.592 −0.82

Road access 1.313* 0.055 0.693 1.9

Sqrt off-farm/non- 
farm income

−0.005 0 0.008 −0.62

Land-owned size −4.897*** −0.185 1.134 −4.32

Total on-farm 
income

0 0 0 0.8

Sex 0.402 0.013 1.182 0.34

Frequency of 
extension contact

−0.113 −0.004 0.093 −1.22

Lack of credit 
access

−1.37** −0.054 0.666 −2.06

Inputs Price −1.806 −0.138 1.141 −1.58

Constant −1.481 1.855 −0.8

Number of observations 155 
Chi-square 39.716 
Prob > chi2 0.000

***p < .01, ** p < .05, * p < .1 
Source: Own data, 2021 
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adoption of improved rice varieties to build on our early attempt and to estimate the true effects of 
the variable on rice technologies adoption preferable measured in a full package.
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