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ABSTRACT

Onion (Allium cepa L.) is an important high-value crop grown extensively in Ethiopia,
particularly in the Central Rift Valley (CRV), where the conditions are ideal for both bulb and
seed production. However, the region faces challenges such as low productivity, unauthentic and
counterfeit seeds, poor production practices, and inefficient seed supply systems. This study
assessed the current onion seed sources and production practices, post-harvest handlings, seed
supply systems, and associated challenges and opportunities among smallholder farmers. A
cross-sectional research design was employed using multistage sampling techniques. Data were
analyzed using IBS SPSS software and Microsoft Excel. The results showed that majority of
farmers obtained seeds from informal sources such as local markets (18.80%), shops (21.37%),
and other farmers (17.10%). Open-pollinated varieties were the most commonly used (70.20%),
with hybrid varieties being less popular (8.28%). Traditional seed production practices were
predominant, with high seed rates, local varieties, and intensive field managements. Post-harvest
losses were around 10-20% in quantity and quality. Seed sources were significantly associated
with access to extension services (P<0.05). Seed losses were found to be positively and
significantly correlated with poor storage practices (1=0.42, P<0.01). Unauthenticated seed
sources, weak institutional linkages, limited extension services, inadequate seed processing
facilities, and fragmented seed distribution systems were major challenges. In conclusion,
strengthen formal and intermediate seed systems through establishing public-private partnership
(PPP) networks and enforcement of national seed policy, proclamation, regulation, and standard
for produced and imported seeds. Enhancing access to certified seeds and establishing formal
distribution networks are crucial measures to decrease the prevalence of poor quality seeds and
boost productivity for sustainable development. This contributes to some of the Sustainable
Development Goals like Zero Hunger, No Poverty, Decent Work and Economic Growth,



Responsible Consumption and Production, and Climate Action. These findings provide valuable
insights for policymakers, seed producers and other stakeholders looking to improve onion seed
systems in Ethiopia and similar agro-ecological situations.

Keywords: Allium cepa, Onion Seed systems, Seed sources, Post-harvest practices, Seed
handlings, Smallholder farmers, Central rift valley.

1. INTRODUCTION

Onion (Allium cepa. L.) is one of the most important vegetable crops grown in Ethiopia. It is a
valuable vegetable crop worldwide [1]. As a bulb crop, it is extremely important in the daily diet
and income generation for producers and traders. It is also widely grown for local consumption,
nutritional values and medicinal properties [2]. Moreover, it is mainly produced by smallholder
farmers as a source of cash income and for flavoring the local stew ‘wot’ [3, 4]. Worldwide,
annual onion bulb production is 108,260,011.29 tons [5] with area coverage of 5,719,714
hectares. In Ethiopia, the estimated area coverage of onion is 3,041 hectares with an annual
production of 38,163.52 tons of bulbs. Its productivity in the country, including the Central Rift
Valley area is low with a national average yield of 12.55 tons per hectare compared to the
world’s average yield of 18.93 tons per hectare [5]. However, global countries should contribute
in the 2030 Agenda of Sustainable Development Goals (SDGs) like Zero Hunger, No Poverty,
Decent Work and Economic Growth, Responsible Consumption and Production, and Climate
Action [6], through increasing seeds production and productivity.

The potential benefits from increasing the use of quality seeds of a diverse range of crop varieties
by farmers are widely acknowledged as it increases food security through improved crop
productivity [7]. Increasing the quality of seeds can increase the yield potential of the crop
significantly and is one of the most economical and efficient inputs to agricultural development
[8]. The availability of viable and vigorous seed at planting time is important for achieving the
targets of agricultural production, while good quality seed acts as a catalyst for realizing the
potential of other inputs [9]. Seed production is a vital part of onion growing and is a highly
specialized business [10]. Onions are considered as biennial crops in true seed production. They
complete the vegetative phase from raising seedlings to mother bulb production in the first
season. The mother bulbs are used as planting material for true seed production in the second
season. The demand for quality true seeds is increasing with prices from season to season [11].
The production of high-quality onion true seeds requires technical skill and knowledge.

Crop productivity is increased by the use of quality seeds of high-yielding varieties and judicious
use of fertilizers and water. It is estimated that, all other factors remaining the same, the use of
quality seed of high-yielding varieties increases crop yield by 15-20% [12]. The productivity of
open-pollinated onion true seed in Ethiopia varies from 1 ton to 1.3 tons per hectare [3]. This
productivity is low compared to some other countries in the world [13], which is 2 tons per



hectare. The low productivity of onion true seeds in the country is due to availability of poor
quality seeds among other factors. However, the reasons for the delivering of poor quality seeds
of onions from farmers are not clearly identified so far. Most farmers rely on informal seed
systems, characterized by poor-quality recycled seeds that are often susceptible to diseases and
exhibit low germination rates [14]. The current seed production system in Ethiopia is
characterized by a mix of formal, intermediate, and informal sectors with smallholder farmers
relying heavily on saved seeds and local markets [15]. While the formal and intermediate seed
sectors provide certified seeds, their reach is limited, leading to dependency on informal seed
sources that may lack genetic purity and physiological quality [16].

The seeds available in the local markets or shops either imported from abroad or produced in the
country are poor in quality [3]. Climate change impacts seeds production by altering crop
phenology, such as germination, flowering, pollination, seed filling, and harvesting. These
changes impact seed size, dormancy, yield, and quality [17]. Previous studies reported research
gaps on agronomic practices of onion crop in Ethiopia in general and the Central Rift Valley
region in particular [18,2,19] reported that the production of vegetables, including onion bulbs
was affected by biotic and abiotic factors. However, no studies have been carried out so far on
the status of open-pollinated onion seed production, sources of seeds, perception of seed quality,
adulteration of seeds, pre-harvest production practices, and post-harvest handling practices in
Ethiopia, particularly in the Central Rift Valley. Moreover, onion seed supply systems,
challenges, and opportunities were rarely investigated and documented across locations for
policy-makers, onion seed producers, and agro-dealers. Therefore, the objectives of this study
were to: (1) investigate the onion seed sources and current seed production practices, (2)
examine farmers' perception of seed quality and preferences for onion varieties, (3) assess the
onion seed replacement and planting rates, (4) identify and document challenges and
opportunities associated with quality seed production, and (5) Provide possible recommendations
that contribute for the global sustainable development goals.

2. METHODOLOGY

2.1 Selection of the Study Area

The study areas were purposively selected for their significance in onion production in
Ethiopia. The field survey was conducted in two major onion-producing zones in the Central
Rift Valley: East Shewa and West Arsi in the Oromia National Regional State (Fig. 1). A total
of 8 Woredas and 13 markets were visited across these regions. One Kebele per Woreda was
included in the study (Table 1). The selection of study sites was based on factors such as
production potential, cultural and agro-ecological differences, and the importance of onion
seed production systems in the regions.

2.2 Description of the Study Sites



East Shewa zone is situated between 38 ° 03" to 40 ° 05" E longitude and 7 © 04'to 9 ° 10’ N
latitude, covering an area of approximately 13,766.50 km?. This zone comprises five Woredas
(Boset, Lume, Bora, Dugda and ATJK) (Figure 1). The altitude in the zone varies from 538 to
3100 meters above sea level (m.a.s.l.). The average annual rainfall ranges from 458 to 518
mm, with about 67% of the total rainfall occurring mainly from June to September, peaking in
July and August [20]. The annual average minimum and maximum temperatures in the CRV
ranged from 13.4 to 14.2 °C and from 27.5 to 28.7 °C, respectively [21]. The climate in the
area is classified as semi-arid and sub-humid based on the moisture index. The dominant soil
types in the East Shewa zone are Andosols, Vertisols, Rendzinas, Phacozems, and Fluvisols
[22]. The zone has a total of 965,093 household heads [23]. The total number of population in
the zone is 2,185,839, with 1,111,129 males and 1,074,710 females [24].

West Arsi zone is spans from 38 © 00’ to 40 ° 00" E longitude and from 6 ° 00’ to 7 ° 35’ N
latitude, covering an area of approximately 12938 km?. This zone comprises three Woredas
(Shashamanne, Nagelle Arsi and Heban Arsi) (Fig. 1). The altitude in the zone ranges from
500 to 3200 meter above sea level (m.a.s.]). Annual rainfall in the area ranges from 600 mm
to 1400 mm during the main rainy seasons. The average monthly temperature varies between
15 and 20 °C. The dominant soils in the zone are Orthicluvisol, Eutric Combilsols, and
Vertisols. The total number of household heads in the West Arsi zone is 1,647,746 [23]. The
total number of population in the zone is 2,998,140 with 1,480,435 males and 1,517,705
females [24].
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Fig. 1 Representative Map of the selected zones and specific Woredas in Ethiopia

Source: Own field survey data (2024 to 2025)

Fig. 2 Farmer’s (a) and research’s (b) EGS multiplication fields visited during survey work.




2.2 Research Design and Pretest Questionnaires

A cross-sectional research design was employed to collect data at a single point in time. The
survey included both qualitative and quantitative data. The study aimed to examine onion seed
sources, some pre-harvest seed production practices, post-harvest seed production and handling
practices, and storage conditions among farmers across locations at the time of investigation.
Zones, Woredas and Kebeles with high onion production were purposefully selected. A checklist
of draft questionnaires was prepared and a pretest survey was conducted with key informant
interviews from Adami Tullu Jido Kombolcha (ATJK) and Dugda Woredas, one Kebele from
each. Key informants were purposively selected from each Kebele to pretest prepared
questionnaires. All key informants were asked the same set of questions, designed to be easily
understood. The pretest of questionnaires was made to ensure the inclusion of all necessary
parameters in the final questionnaires. Nine household heads were purposively selected and
interviewed to test the data collection instruments, assess questionnaires clarity for respondents,
estimate interview time, and revise the questionnaires. Finally, interviews were made with
randomly selected from list of onion producers and suppliers.

2.3 Sample size determination

Multistage sampling procedures were utilized in this study and a total of 302 household heads
were selected from eight Kebeles using simple random sampling with probability proportional to
sample size (PPS) starting from May 2024 (Table 1). The sample size for this study was
calculated using the formula provided [25]. The formula for calculating the sample size (N) is
given by;

o

FETT eeeeeeeeeeeeeeee e (1)
N

n=
1+

no: Cochran’s sample size computed using the formula for ideal sample size;
N: the size of the population;

For this study, the number of smallholder farmers engaged in onion cultivation was known to be
1387 household heads. Thus, the result of this computation indicates that the number of sample
is 302.

385
=T 385-1
1+ 357

n = 301.76 = 302

Table 1 Sample sizes of smallholder farmers interviewed and FGDs in different sites of the
eight Kebeles in the study

Selected  Selected Selected Total No. No.of No.of Proportion Number of




*zones *Woredas *Kebeles of HHHs HHHs Sample of sampled FGDs

part. in prod. size per No. of Participants
vegetable  onion  zone HHHs
production in each
Kebele
Boset Doni
kombe 897 184 40 24
Lume Koka
East Naggwo 1040 107 23 14
Shewa Bora Ma}hma 225
bari 761 178 39 21
Dugda Bakale
girrisa 807 274 60 24
ATIK Edo gojola 862 288 63 24
Shashamanne Karara
West fillicha 572 91 20 14
) Nagelle Arsi  Kararu 504 80 77 17 15
Arsi
Boku
Heban Arsi wolda 512 185 40 24
Total 8 8 5955 1387 302 302 160

Note: *Kebele is the lowest administrative unit. *Woreda is administrative unit higher than Kebele, and *zone is
large administrative structure positioned below the region that contains several Woredas in Ethiopia,
HHHs=Household heads, Sources: Woredas Agricultural Offices (WAO) (2024 to 2025)

2.4 Sampling procedures

A multi-stage sampling approach was used to select study areas and representative samples of
household heads, with a focus on onion seeds/bulbs producers. The selection of zones in the
first stage was made on onion production potential, while Woredas and Kebeles were chosen
in the second stage through participatory discussions with vegetable experts and development
agents (DAs). Onion producers were randomly selected from the list of onions producers in
the selected Kebeles, and onion seed producers were purposively chosen. Interviews were
conducted with selected onion producing respondents and seed producers. The sample size in
each Kebele was determined using probability proportional to sample size (PPS) based on a
sample frame from Woreda Agricultural Offices and Kebeles development agents. A total
numbers of 302 household heads were selected and interviewed. Sixteen focus group
discussions (FGD), two from each Kebele were held with onion producers to approve or
disprove the data collected from individual farmers.

2.5 Data collection approaches and sources

A field survey involving a combination of qualitative and quantitative data collection methods
was undertaken from May 2024 to September 2025 to collect data from representatives of
various onion producers’ and suppliers with value chain actors, and services providers.
Survey questionnaires, containing both open and close-ended questions aligned with the study



objectives were prepared for interviews. The questionnaires were tailored to local conditions,
and ten well-trained enumerators with experience in household surveys and knowledge of the
local culture and languages (Afan Oromo and Amharic) were employed to collect the data for
this study.

Primary data were collected through key informants/ experts interviews, household heads or
farmers’ interviews and farmers’ focus group discussions (2 FGDs per Woreda or Kebele).
Horticultural experts from zonal, Woredas and Kebeles level (DAs) were interviewed as key
informants on onion seeds production, handling and supply or marketing. In total, 15
horticulture experts (20% female) and 13 Agricultural Development Agents (23% female)
were interviewed using a checklist developed for the purpose of gathering data. Additionally,
interviews were conducted with two seed field inspectors (50% female) and two lab
technicians (50% female) from the Oromia Region Agricultural Produce and Inputs Control
Authority in Asella and Shashamanne cities. Interviews were made with randomly selected
household heads from list of Kebeles’ onion producers. In total 302 household heads (~30%
female) were interviewed using semi-structured questionnaires to gather information on
demographics, socio-economic factors, seed production practices, seed sources, seeds storage
conditions, seed delivery systems, seed or variety preferences, replacement rates, seed
processing and handling, challenges, and opportunities in the onion seeds production.

Focus group discussions (FGDs): In each of the study sites, data collection started by introducing
the study to the Kebele DA and lead farmer, who were generally grassroots development workers
and administrators of the Kebeles, respectively. Subsequent focus group discussions (FGDs) with
a mix of male, female, and youth farmers helped to explore the local context of onion bulb and
seed production, identify important actors, and understand sources and markets of onion seeds.
These discussions also explored the society's awareness of the onion supply chain. Additionally,
discussions continued on farming practices and onion seed systems with onion farmers. The
FGDs lasted for 1.3 to 2 hours. Two FGDs per Woredas or Kebeles was conducted. In each
Kebele of the selected Woredas, mixed of women, men and youth group participated in one FGD
sessions. The size of each FGD ranged from six to twelve (6-12) participants to ensure everyone
had enough time to share ideas. In total one hundred and sixty (16% female, 52% male and 32%
youth) persons provided the necessary qualitative data for this study. In each Kebele participant
of FGD was not the part of the individuals participated in the formal interviews. All discussions
were guided by checklists prepared for the purpose of the study.

Secondary data were collected from various reports that were available from zonals, Woredas
and Kebeles level agriculture offices of the study areas. In addition, desk reviews were made
using relevant published materials and websites of national and international organizations like
Ministry of Agriculture (MOA), Central Statistical Agency (CSA), EHDA, Ethiopian Institute of



Agricultural Research and Ethiopian Revenue and Customs Agency, and FAOSTAT. Data
obtained from various sources were triangulated and checked for consistency before analyses.

2.6 Conceptual framework

Onion is a vital vegetable crop globally, with significant contributions to economy, nutrition,
medicinal properties, and flavors. In Ethiopia, it is grown extensively under rain fed in the
“Meher” season and under irrigation in the off season for local consumption, local markets,
exports, and planting for true seed production that playing a crucial role in the rural economy and
job creation. Despite its potential for economic and health benefits, production and productivity
have not reached the required levels, leading to inconsistent trends and limited benefits for
farmers [26, 27]. Several factors contribute to the low levels of onion production. According to
[28] onion production is significantly influenced by gender, age, educational level, production
experience, land covered by onion, and household size has a significant influence on onion
production; and challenged by timely and adequate supplies, inadequate irrigation and unfair,
high cost of major production inputs. Besides, the low productivity could be attributed to the low
fertility of soil, inappropriate use of fertilizer, limited availability of quality seeds and minimal
applications of modern inputs with appropriate agronomic practices used [29]. Conceptual
framework of this study was developed based on review of relevant literatures and empirical
evidences of dependent and explanatory variables demonstrated in Fig. 3. The variables
considered in this framework encompass socio-demographic variables, actors involved in EGS
production. Seed production practices, Institutional factors, market related variables, and seed
governing rules were considered. Socio-demographic variables include sex, age, educational
level, marital status, livelihood style and household size. Seed production practices taken into
account are farmland allocated for bulb and seed production, mother bulb and true seed
production experience, seed sources and acquisition techniques, criteria for selecting quality
seeds, replacement periods, reasons for replacement, seed quality perception, types of onion
seeds used, and variety preferences. Also seed handling practices that influence onion seed
production are harvesting time, harvesting rounds, drying, threshing and cleaning. In the onion
production practices seed supply chain is the most important which include exchange between
farmers, shops to farmers, market to farmers, and their combinations. Market factors (like market
access, price stability, brokers’ involvement, and etc.) influenced on onion seeds’ market
participation.



/Socio—demographic factors: \
-Sex
-Age

KActors in EGS \

-Educational levels
-Family size
-Marital status

{

ﬁed production practices: \
-Allocated farmlands for seeds
-Sources of seeds
-Criteria to select source of seeds
-Seeds selection
-Onion bulbs production experiences
-Onion seeds production experiences
-Access to improved seeds
-Access to local seeds
-Farmers’ perception of seed quality
-Farmers’ preferences of variety
Seed handling practices:
-Harvesting time,
-Harvesting rounds
-Drying,
-Threshing
-Cleaning
-Storage conditions,
Seed supply chain:

- Enhanced seed
accessibility,
sustainability, and
resilience to
improve seed

supply.

ﬂnstitutional factors: \

S

10

production and supply:
-Research centers
-Cooperative unions
-Seed enterprises
-Farmers

-NGOs

-Group of community
Market factors:
-Access to market
-Price stability
-Brokers involvement

/

-Access to credit
-Access to extension
services

-Access to regulatory
bodies

Seed governing rules:
-Seed policy

-Seed proclamation
-Seed regulation
-Seed standards
-Certification

o

-Farmers to farmers exchange
-Shops to farmers
-Markets to farmers

-Combinations
-Price stability /

Fig. 3 Conceptual framework of the onion seed production and supply chain, Sources: Own
conceptualization (2025) and literatures [30].

2.7 Model fitness for this study

Previous studies have highlighted the most commonly used approach to empirically analyze
productivity is to employ a production function as a starting point [31]. A production function, in
its broadest sense, establishes a connection between output (Y) and various inputs (X), with both
variables potentially being vectors. A specific functional form of the production function needs
to be selected in empirical analyses. In line with [32], it is assumed that a firm’s value added is
determined by various functional forms, including linear, quadratic, square root, trans-log, and
Cobb-Douglas. We have opted to employ the linear production function estimated using the
ordinary least squares (OLS) model. This choice was made due to its exceptional flexibility and
suitability in analyzing farm-level data when compared to other functional forms. Moreover, it is
value noting that the aforementioned models assume that all explanatory variables must be
continuous. However, in the context of onion production, there exist both continuous and
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categorical variables that influence the outcome. Consequently, the chosen linear production
function model holds great potential, as it allows for the incorporation of explanatory variables in
various forms, thereby enabling the generation of efficient estimates [33]. Accordingly, the
estimation of the production function focuses on the linear production function model. The
mathematical multiple linear regression formula is:

Yi == BO + leli + BZXZi + -+ Bkai + LS (2)

Equation (4) represents the multiple linear regression model that we need to estimate, where
Y; is vector of onion production (outcome); Po = Intercept (expected value of Y when
all X=0); PB1,B2,...,px = Regression coefficients (slopes) representing the change in Y for a
one-unit change in Xj, holding other predictors constant; Xii,X2i,...,Xki = a set of independent
(explanatory or predictor) variables which affects onion production including socio-economic,
demographic, production, institutional and farm related factors; and ¢; is a vector error of term
(residuals, representing unexplained variation).

2.8 Data analysis

The data were analyzed using the IBM SPSS version 23 software and Microsoft Excel based
on the objective of the study. Descriptive and inferential statistics, along with relevant
statistical tests were employed to analyze the quantitative data. Chi-square test was used to
analyses the relationship between socio-demographic and onion production factors across
farmers and agro-ecological locations. Qualitative data were analyzed using a five-point
Likert scale ranking, narration, and interpretation to provide meaningful insights. Linear
regression analysis was used to analyze dependent and independent variables that predict the
major factors affecting onion seed productivity such as production practices, handlings and
supply chain systems. Multiple Linear Regression (MLR) Model was used for both
descriptive and inferential statistics, based on the objective of the study. It is considered as
descriptive to summarize relationships between variables where regression coefficients
(B\betaP) act to measure association [34]. Again it considered as inferential to generalize the
findings from a sample to a population and test hypothesis (t-tests, F-tests, p-values) and
confidence intervals for coefficients [35, 36]. Test whether one variable is statistically
significant effect over the other variables.

3. RESULTS

This section provides a socio-demographic characteristic of the respondents. The first section
includes thirteen sub-sections based on the interviews with onion farmers and FGDs, the second
section includes three sub-sections based on the interviews with onion farmers, and the third
section includes seven sub-sections of the interviews with onion farmers, while the last section
includes three sub-sections of FGDs and interviews with onion producers. The 1st section covers
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key aspects of onion production practices, including land allocation, mother bulb and true seed
production, seed sources and acquisition techniques, criteria for selecting quality seeds,
replacement periods, reasons for replacement, seed quality perception, types of onion seeds used,
and variety preferences. The 2™ section includes factors influencing onion seed production such
as true seed rate, production method, bulb rate and size, true-to-type varieties, and planting
timing. The 3™ section include the process of producing onion seeds involving selecting seed
umbels, harvesting rounds, post-harvest processing, seed productivity, packaging materials, and
storage. The last section includes seed supply chain, challenges, and opportunities associated
with onion seed production practices were also discussed.

3.1 Socio-demographic Characteristics

Male-headed households dominate both onion bulbs (70.53%) and seed (74.36%) production
activities as shown in Table 2. In terms of education, the study found that 45.4% of onion bulb
producers and 41.03% of seed producers had only completed primary education (grades 1-4).
Among seed producers, 29.06% had completed grades 5-8. Overall, seed producers had higher
levels of education compared to bulb producers. Regarding livelihoods, most onion bulb
producers (82.45%) and seed producers (76.07%) are engaged in mixed farming. A smaller
percentage of bulb producers (17.55%) and seed producers (23.93%) depend only on crop
production.

Table 2 Socio-demographic characteristics among bulb and seed producers

) Bulbs Seeds
20010_ hi g producers producers Mean +SD
faesltn;%rap 1C tatus N=302 N=117 ean +
Freq. % Freq. %

Male 213 70.53 87 74.36

Sex Female 89 2947 30 2564 291046
<20 0 0 0 0
20-30 39 12.91 14 11.97

Age of 31-40 48 15.89 19 16.24

respondents 41-50 107 3543 43 36.75 46 £10.98
51-60 102 33.77 39 33.33
>61 6 1.99 2 1.71
Illiterate 14 4.64 5 4.27
Adult education 39 12.91 16 13.68
1-4 137 45.36 48 41.03

Educational level 5-8 80 26.49 34 29.06 3.32 +1.12
9-12 16 5.30 5 4.27
College level 12 3.97 6 5.13
Higher education 4 1.32 3 2.56
Married 270 89.40 105 89.74

) Single 21 6.95 8 6.84
Marital status Widowed 0 0 0 0 1.14 +0.44

Divorced 11 3.64 4 3.42
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Crop production only 53 17.55 28 23.93

Livelihood styles Rearing animals only 0 0 0 0

of respondents Both crop production 2.6540.76
and animal rearing
practices 249 82.45 89 76.07

Note: % = Percentage, Freq = Frequency, N= Number of households, SD=Standard deviation, Source: Own field
survey data (2024 to 2025).

The study found that seed producers are more likely to specialize in crop production compared to
bulb producers. The average age of household heads engaged in onion bulb production was 46
years, while for seed production, it was 46.16 years. These ages fall within the productive
working age range in Ethiopia. The average household family sizes were 5.56 for bulb producers
and 5.41 for seed producers, with household labor participation ranging from 1 to 9 members
(Table 3).

Table 3 Mean and standard deviation of age and family sizes of household heads among bulb and
seed producers

Onion bulb producers ~ Onion seed producers

Demographic characteristics N=302 N=117

Mean +SD Mean +SD
Age of the household heads (years) 46 +10.98 46.16 +10.57
Total household family sizes (numbers) 5.56 +2.05 5.41 4+2.00

Note: N=Numbers of households, SD=Standard deviation. Sources: Own field survey data (2024 to 2025).

3.2. Associations Between Socio-demographic and Mother Bulb Production

Chi-square test results analyzed the relationship between socio-demographic characteristics and
mother bulb and seed production factors across farmers and Woredas (Table 4). Sex did not
show a significant difference (P=0.473) among individual farmers, but there were highly
significant variations (P<0.001) across Woredas. Age distribution among farmers was not
significant (P=0.462), but there were highly significant variations (P<0.001) across Woredas.
Educational levels did not differ significantly among farmers, while there were significant
disparities (P<0.001) among Woredas. There were no significant differences observed among
farmers (P=0.469) and across Woredas (P=0.907) in marital status. There were highly significant
differences (P<0.001) observed in household family size across Woredas, with no significant
differences (P=0.450) among farmers.

Production factors such as bulb production experiences, land allocation and bulb storage duration
were influencing onion mother bulb production (shown in Table 4). The results revealed that no
significant differences were observed among farmers (P=0.466) and across Woredas (P=0.538)
in bulb production experiences. Farmland allocation did not vary significantly (P=0.456) among
farmers, while highly significant differences (P<0.001) were observed across Woredas. Farmers
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stored bulbs for different periods to produce true seeds and respond to market price fluctuations.
The duration of bulb storage for the market did not vary significantly (P=0.466) among farmers,
while significant differences (P<0.001) were observed across Woredas.

Table 4 Associations between socio-demographic and mother bulbs production factors among
farmers and Woredas

Variables Farmers Woredas
x2 df. P values 12 df. P values

Sex 302.00% 301 0.473" 27.867% 7 0.000%**
Age 1208.00* 1204 0.462™  444.760* 28 0.000%**
Educational level 1812.00% 1806 0.456™  501.942% 42 0.000%**
Marital status 604.00% 602  0.469™  7.639% 14 0.907™
Total HH size (number) 2416.00? 2408 0.450"™  346.634% 56 0.000%***
Bulbs production experiences 906.000? 903 0.466™ 19.740% 21 0.538™
Land covered by onion bulbs 1812.000* 1806 0.456" 177.383¢% 42 0.000%**
Bulbs storage duration 906.000? 903 0.466™  407.502° 21 0.000%**

Note: NS=Non significant, *, **and*** significance at 5%, 1% and 0.1% probability levels, ha = Hectare, Sources:
Own field survey data (2024 to 2025), df=Degree of freedom, P=probability

3.3. Associations Between Socio-demographic and Onion Seed production

Socio-demographic and seed production factors exhibited highly significant associations across
Woredas (P<0.001), while no significant differences were observed among individual farmers
(Table 5). Most socio-demographic and seed production variables did not show significant
associations at the farmer level. Preferences for open-pollinated onion varieties also varied
significantly across Woredas (P<0.001), underscoring the importance of location in variety
selection and supply. Certain factors including sex, marital status, seed replacement rate, seed
production experience, and land covered by onion seeds did not show significant variation
among farmers and across Woredas (Table 5). However, seed replacement rates stood out as an
exception among production variables, suggesting potential challenges related to access to
improved seeds. Seed production experience appeared uniform across farmers, indicating a
shared knowledge base.

Table 5 Associations Between Socio-demographic and onion seed production factors among
farmers and Woredas

Variables Farmers Woredas

x2 df. P values x2 df. P values
Sex 117.000% 116 0.457™ 8.648* 7 0.279"
Age 3159.000* 3132 0.364™ 296.814* 189 0.000***
Educational level 702.000* 696  0.429"™ 198.941* 42  0.000***
Marital status 234.000* 232 0451™ 12.242% 14 0.587™

Total HH size 936.000° 928  0.420"™ 178.271* 56  0.000%***
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Seed sources for seeds producers 1404.000* 1392 0.405™ 228.265* 84  0.000%**
Seed sources for bulbs producers 3624.000* 3612 0.441™ 503.419* 84  0.000%**

Seed replacement rates 117.000* 116  0.457™ 3.673% 7 0.817"
Seeds production experience 302.000* 301 0.473™ 10.903* 7 0.143™
Land covered by onion seeds 468.000° 464  0.439™ 31.642* 28 0.289™
Seeds storage duration 468.000* 464  0.439™ 168.550* 28  0.000%**
Bulbs storage duration for seeds 351.000* 348  0.445™ 85.641* 21  0.000%***
Seeds harvesting frequency 468.000* 464  0.439™ 124.957* 28  0.000%**
Criteria to estimate seed quality 2718.000* 2709 0.448"  433.224* 63  0.000%***
Farmers’ perception on seed quality 2416.000* 2408 0.450™ 431.617* 56  0.000%**
Seed harvest frequency 468.000° 464  0.439™  124.957* 28  0.000%***
Bulbs selection criteria for seeds 936.000* 928  0.420™ 118.786* 56  0.000***
Bulb sizes selection criteria 234.000* 232 0.451™  83.271* 14  0.000%**
Preferences of open pollinated

varieties 3601.000* 3588 0.436™ 89.084* 13  0.000***
Land cultivating frequency 906.000* 903  0.466™ 229.993* 21  0.000***

Harvesting indicators of true seeds  702.000° 696  0.429™  109.184* 42  0.000%**

Sources: Own field survey data (2024 to 2025)

3.4. Determinants of onion seed production factors

The study used multiple linear regression analysis to investigate the impact of socio-
demographic, institutional, and production variables on onion seed production practices. The
OLS estimates in Table 8 provide insights into the factors influencing onion seed production and
quality in the study area. Prior to interpreting the model, the assumptions were checked, and
diagnostic tests were conducted to ensure the data's reliability and the model's fit. Multi-
collinearity diagnostics showed acceptable variance inflation factor (VIF) values below 10.
Various tests were performed to confirm the assumptions of multiple linear regressions, such as
linearity, homoscedasticity, normality of residuals, and multi-collinearity. Scatter plots of
standardized residuals against predicted values were wused to assess linearity and
homoscedasticity, while histograms of residuals and Normal P-P plots were used to check the
normality of residuals.

The test results confirmed that the regression model had a good fit with an R? of 0.646 and an
Adjusted R? of 0.585, indicating that the explanatory variables explained approximately 59.5%
of the variation in the dependent variable. The model accounted for 64.6% of the variation in the
dependent variable, with the remaining 35.4% attributed to other factors not included in the
model. The model also explained 58.5% of the variation in onion seed productivities (Adjusted
R?=0.585) (Table 6). The regression model was statistically significant (F = 10.528, P = 0.000),
showing that the independent variables collectively influenced onion seed production
performance and quality (Table 7). Multi-collinearity was within acceptable limits, and no
serious issues (VIF < 10). The Durbin-Watson statistic was close to 2, indicated independence of
residuals (Table 8). Various factors influenced the dependent variable, including constants (B =
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703.367, P = 0.018), age of respondents (B =4.215, P = 0.027), harvesting rounds of onion seed
umbels (B = 47.421, P = 0.000), storage structure of onion seeds (B = 74.416, P = 0.000), and
perception of onion seed quality (B = -86.394, P = 0.000). Gender, educational level, marital
status, and other production factors did not have a significant impact on the dependent variable
(Table 8). The gender of the household head did not significantly impact onion seed production
among farm households. However, a 1% increase in male-headed onion producers led to a
48.09% increase in production, holding all other factors constant.

Table 6 Regression Analysis by Model Summary

R R Square  Adjusted R Std. Error of ~ Durbin-Watson
Square the Estimate
.804*  .646 .585 152.004 1.610

Note: R=Correlation, R*=Coefficient of determination, Adjusted R? = corrected R?, Std=Standard

Table 7 Regression Analysis by ANOVA?

Sources of variation  Sum of Squares df Mean Squares F P-value

Regression 4135399.561 17 243258.798 10.528 0.000°

Residual 2264320.267 98 23105.309

Total 6399719.828 115

Table 8 Multiple linear regression model estimates coefficients of predictors
Unstandardized Standardized Collinearity
Variables Coefficients Coefficient P- Statistics
Std. b test values
B Error Beta (B) Tolerance VIF

(Constant) 703.367 292.036 - 2408 .018 - -
Gender of respondents 48.093  34.582 .089 1.391 .167 .888 1.126
Age of respondents 4.215 1.875 177 2.248  .027 582 1.719
Educational level 6.369 13.882 .032 459 .647 720 1.388
Marital status -30.532 40.839  -.056 -.748 456 .636 1.573
Seed production experiences  2.879 2.981 .065 966 336 788 1.269
Seed replacement periods .580 451 .082 1.286  .201 .888 1.126
Onion seed sources 1.287 8.235 .010 156 .876 810 1.234
Access to poor quality seeds  134.356 109.372 .091 1.228 222 .661 1.513
Types of onion seeds 32451 46479 .046 .698 487 819 1.221
Farmland allocated for seed  -76.242 93.740  -.056 -813 418 .769 1.301
production
Rate of true seeds -5417  4.626 -.099 -1.171 244 507 1.974
Harvesting rounds of umbels  47.421  6.862 821 6.910 .000 256 3.906
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Storage structures for seeds ~ 74.416  19.812 441 3.756  .000 262 3.819
Storage lengths for seeds -.237 14.373  -.002 -016  .987 297 3.371
Perception of onion seed -86.394 10.929  -.665 -7.905 .000 Sl 1.959
quality

Awareness on quality seeds -22.665 43.535  -.035 -.521 .604 .802 1.247
Average prices of seeds 15.179  22.895 .095 .663 509 175 5.714

Note: B=Unstandardized Coefficients, B=Beta, Sources: Own survey data (2024 to 2025)
a. Dependent Variable: Productivity or yield of open-pollinated onion seeds
3.5. Determination of Onion Production

Onion was identified as an important food and cash crop among surveyed farmers. Farmers
produced onions for single and combined multiple purposes, such as fresh market sales,
household consumption, and planting materials. The majority of farmers were produce for
“consumption, marketing and planting” (63.91%), followed by “marketing and consumption”
(24.17%), fresh marketing only (8.94%), and “marketing and planting” (2.98%). In the West
Arsi Zone, most farmers produced onions for combined purposes of marketing, consumption,
and planting (Fig. 4). Focus group discussions (FGDs) confirmed that farmers usually produce
onions for diverse purposes. The survey further revealed that 38.74% of farmers produced both
onion bulbs and true seed, whereas 61.26% produced only bulbs in the study areas.
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Fig. 4 Purposes of bulb production (N=302) in the study areas of Ethiopia

3.5.1 Land allocation for onion seed production

There were no significant differences among Woredas in farmland allocation for onion seed
production (Fig. 5). Most farmers allocated small plots (around 0.125 ha) for onion seed
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production. Farmers identified several constraints limiting larger-scale seed production,
including labor-intensive, high production costs, climate variability, pest infestations, limited
financial capacity, risk aversion, and lack of crop insurance. However, a few knowledgeable and
capable farmers allocated more land to onion seed production as bulb production, particularly in
Heban Arsi Woreda, where differences in farmland allocation among farmers were observed.
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Source: Own field survey data (2024 to 2025)

Fig. 5. Distribution of respondents (%) by average areas of farmlands allocated for onion true
seeds production (ha) in selected Woredas

3.5.2 Experiences in onion seed production

The survey found that 61.26% of onion producers in selected Woredas lack experience in onion
seed production. Most farmers (over 70%) have less than 10 years of experience, while 26.5%
have 11-15 years, and only 22% have more than 15 years of experience (Fig. 6). Local seed
multiplication, especially at the farmer level, remains underdeveloped, with only a small
percentage of farmers possessing long-term experience in seed production.
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Onion seed farmers (%)
in Woredas by experiences

Names of Woredas

Experience
(years)

B <3 years

m 3-5 years

= 6-10 years
m ]11-15 years
m>15 years

Sources: Own field survey data (2024 to 2025)

Fig. 6 Distribution of respondents (%) in onion seed production experience (years) across

selected Woredas

3.5.3 Experiences in mother bulb production

The survey revealed that onion bulb production has a significant history in the study areas, with
most of the farmers having over 15 years of experience (Fig. 7). However, onion seed production

is still limited in terms of scale and knowledge.
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Fig. 7 Distribution of respondents (%) in bulb production experiences (years) across selected

Woredas
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3.5.4 Sources of onion seeds

The survey findings provide a comprehensive look at how onion seeds are sourced. Most
producers rely heavily on informal like farmers and local markets/shops, and semi-formal
sources like cooperative unions and organized farmers' groups. Formal sources such as research
centers, seed enterprises, seed importer companies, and NGOs were not widely utilized. Informal
sources like shops (36.42%), local markets (16.89%), and other farmers (15.23%) were the
primary sources for onion production (Table 9). In Boset Woreda, neighbors (55.56%) were the
significant dominant seed sources. In Lume Woreda, other farmers (27.30%) and a combination
of other farmers with local markets (27.30%) were significant. In Bora Woreda, local markets
(52.63%) were the primary sources. In Dugda Woreda, shops (45.83%) were the most prominent.
In Adami TJK Woreda, a combination of other farmers with local markets and NGOs (21.43%)
were the largest category, though research centers (14.29%) and cooperatives (17.86%) played
roles. In Shashamanne (57.14%) and Nagelle Arsi (62.5%), the primary sources were other
farmers. In Heban Arsi, shops (36.36%) and own saved seeds (18.18%) were important (Table
10). Only 3.42% of seed producers across all Woredas were accessing improved seeds from
research centers.



Table 9 Sources of onion seeds for bulb producers (N=302) in this cropping season
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Name of Woredas

Sources of onion seeds Boset Lume Bora Dugda Adami Shasha  Nagelle Heban Total
TIK Manne  Arsi Arsi
N % N % N % N % N % N % N % N % N %
Own saved 0 0 0 000 O 000 7 1186 1 159 0 O 0 000 3 732 11 3.64
Relatives 0 0 3 1304 1 25 0 000 0 000 0 O 0 000 0 000 4 1.32
Neighbors 17 425 0 000 2 513 4 678 0 000 0 O 0 000 0 000 23 7.62
Other farmers 0 0 11 4783 7 1795 2 339 7 11.11 10 50 9 5294 0 0.00 46 1523
Local market 0 0 0 000 15 3846 14 2373 2 317 5 25 4 2353 11 2683 51 16.89
Shops 22 55 3 13.04 13 3333 31 5254 17 2698 0 O 0 0.00 24 5854 110 36.42
Research centers 0 0 0O 000 O 000 O 000 7 11.11 0 O 0 000 O 0.00 7 2.32
Cooperative Union 0 0 0 000 1 256 1 169 3 476 0 0 0 000 1 244 6 1.99
NGOs 0 0 0O 000 O 000 O 000 9 1429 0 O 0 000 2 488 11 3.64
Other farmers and local 1 25 6 2609 0 000 O 000 O 000 0 O 0 000 O 0.00 7 2.32
markets
Other farmers, local markets 0 0 0O 000 O 000 O 000 9 1429 0 o0 0O 000 O 000 9 2.98
and NGOs’
Relatives and neighbors 0 0 0O 000 O 000 O 000 8 1270 0 O 0 000 O 0.00 8 2.65
Other farmers, local markets 0 0 0O 000 O 000 O 000 O 000 5 25 4 2353 0 000 9 2.98
and shops
Total 40 100 23 100 39 100 59 100 63 100 20 100 17 100 41 100 302 100
Sources: Own field survey data (2024 to 2025)
Table 10 Sources of onion seeds for seed producers (N=117) in this cropping season
Name of Woredas
Sources of onion seeds Boset Lume Bora Dugda Adami Shasha Nagelle Heban Total
TIK Manne Arsi Arsi
N % N % N % N % N % N % N % N % N %
Own saved 0O 000 O 000 O 000 2 833 0 000 0 000 O O 2 18.18 4 342
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Relatives 0 000 2 1818 0O 000 O 000 O 000 O 000 o0 O 0 000 2 1.71
Neighbors 5 5556 0 000 1 526 2 833 0 000 O 000 O O 0 000 8 6.84
Other farmers 0 000 3 2730 3 1579 1 417 4 1429 4 5714 5 625 0 0.00 20 17.10
Local markets 0 000 0 000 10 5263 4 1667 1 357 1 1429 2 25 4 3636 22 18.80
Shops 3 3333 2 1818 3 1579 11 4583 2 714 0 000 O O 4 3636 25 2137
Research centers 0 000 1 910 O 000 O 000 4 1429 0 000 0 O 0 000 5 4.30
Cooperative Union 0 000 O 000 2 1053 4 1667 5 1786 0 0.00 0 O 0 000 11 940
NGOs 0O 000 O 000 O 000 O 000 3 1071 O 000 O O 1 9.09 4 3.42
Other farmers and local 1 1111 3 2730 0 000 O 000 O 000 O 000 0 O 0 000 4 3.40
markets

Other farmers, local markets 0O 000 O 000 O 000 O 000 6 2143 0 000 0 O 0 0.00 o6 5.13
and NGOs’

Relatives and neighbors 0O 000 O 000 O 000 O 000 3 1071 O 000 O O 0 000 3 2.56
Other farmers, local markets 0O 000 O 000 O 000 O 000 O 000 2 2857 1 125 0 0.00 3 2.56
and shops

Total 9 100 11 100 19 100 24 100 28 100 7 100 8 100 11 100 117 100

Sources: Own field survey data (2024 to 2025)
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3.5.5 Acquisition of onion seeds

Farmers and other onion producers mainly bought onion seeds through buying from informal
sources like other farmers, relatives, neighbors, local markets, and shops, while others from
research centers, cooperative unions, and NGOs. In Lume, Shashamanne, and Nagelle Arsi
Woredas, other farmers were the primary seed suppliers. The study found that only 9.4% of seed
producers obtained their seeds from cooperative unions, and 4.3% from research centers (Table 9
and 10).

3.5.6 Seed sources selection criteria

The primary factor influencing seed source choice was seed availability, cited by 44.70% of
farmers (46.22% in East Shewa and 40.26% in West Arsi) zone (Table 11). Seed price was the
second most important factor (30.46%). Agronomic traits such as disease resistance (15.23%),
drought tolerance (3.31%), and yield potential (2.32%) were less commonly considered, while
shelf life was not selected at all.

Table 11 Sources of onion seeds selection criteria

Name of zones

Seeds source selection criteria Fast Shewa West Arsi Total
N % N % N %

Availability of seeds 104 4622 31 40.26 135 44.70
Prices of seeds 68 3022 24 31.17 92 30.46
Yield potential 6 2.67 1 1.30 7 2.32
Seeds quality 4 1.78 1 1.30 5 1.66
Resistance to diseases 33 14.67 13 16.88 46 15.23
Tolerance to drought 6 2.67 4 5.19 10 3.31
Adaptability 4 1.78 3 3900 7 2.32
Total 225 100 77 100 302 100

Sources: Own field survey data (2024 to 2025)
3.5.7 Quality seed selection criteria

The primary factor for farmers in selecting quality seeds (24.17%) was trust in the seed sellers,
especially in Bora (46.15%) and Lume (30.43%) Woredas (Table 12). The second most
significant criterion was a combination of seed plumpness and color (22.85%). In Boset, 62.5%
of farmers emphasized plumpness and color. In ATJK, Shashamanne, and Nagelle Arsi Woredas,
farmers considered a holistic approach, taking into account combining plumpness, size, color,
and trust.



Table 12 Criteria to estimate high quality seeds of onion from different sources (true seeds)
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Name of Woredas

. o Boset Lume Bora Dugda Adami Shasha  Nagelle Heban Total

Seed selection criteria , _

TIK manne Arsi Arsi

N % N % N % N % N % N % N % N % N %

Seed plumpness 2 5 4 1739 0 000 3 508 4 635 0 O 2 11.76 8 1951 23 7.62
Seed size 0 0 4 1739 5 1282 1 169 9 1429 5 25 5 2941 5 1220 34 11.26
Seed color 0 O 2 870 11 2821 16 27.12 1 1.59 1 5 1 5.88 1 2.44 33 10.93
Trust on organizational or personnel 13 325 7 3043 18 46.15 21 3559 4 6.35 4 20 O 0.00 6 14.63 73 24.17
Seed plumpness, trust of organizational
or personnel 0 O 6 260 O 000 O 000 0 0.00 0 o0 0 0.00 0 0.00 6 1.99
Seed plumpness, seed size, seed color
and trust of organizational or personnel 0 0 0 000 O 000 O 0.00 18 2857 10 50 9 5294 0 0.00 37 1225
Seed plumpness, seed size, seed color 0 0 0 000 0 000 O 000 9 14.29 0 0 0.00 0 000 9 2.98
Seed size and trust of organizational
or personnel 0 O 0 000 0 000 O 000 9 1429 0 O 0 0.00 0 000 9 2.98
Seed plumpness and seed size 0 o0 0 000 O 000 O 000 9 1429 0 O 0 0.00 0 0.00 9 2.98
Seed plumpness and seed color 25 625 0 000 5 12.82 18 30.51 0 0.00 0 0 0 0.00 21 5122 69 22.85
Total 40 100 23 100 39 100 59 100 63 100 20 100 17 100 41 100 302 100

Sources: Own field survey data (2024 to 2025)
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3.5.8 Seed or variety replacement periods

The survey revealed that 88.89% of farmers replaced their onion seeds within three years, while
92.31% in West Arsi and 87.91% in East Shewa zones (Table 13). The most common
replacement frequency was every 4 to 5 years (36.75%), followed by 6 to 7 years (22.22%), and
2 to 3 years (17.09%) (Fig. 8). Longer replacement periods (6-7 years) were more frequent in
West Arsi (34.62%) zone. Approximately 11% of farmers do not replace their seeds at all.

Table 13 Check whether farmers replace their onion seeds or not in the last three years

Asked whether they replace their onion Name of zones Total

S East shewa West Arsi
seed or variety in the last three years N % N % N o
Yes 80 8791 24 92.31 104 88.89
No 11 12.09 2 7.69 13 11.11
Total 91 100 26 100 117 100
Sources: Own field survey data (2024 to 2025)
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Fig. 8 Onion seed or variety replacement periods among zones
3.5.9 Reasons for onion seed or variety replacement

The survey found that 7.79% of farmers in West Arsi and 3.11% in East Shewa zones replaced
seeds primarily to introduce new varieties (Table 14). Farmers considered multiple traits
simultaneously, such as pest resistance, drought tolerance, and yield. In East Shewa, 7.56% of
farmers specifically chose seeds for a combination of age, yield, and resistance. The most
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significant factor for replacement in both East Shewa (54.67%) and West Arsi (50.65%) zones’
farmers’ was the lack of saved seeds and timely availability.



Table 14 Seeds or variety replacement reasons of farmers among the zones

Name of zones

Farmers selected several seed sources to obtain onion seeds for planting purposes, why? East Shewa West Arsi Total

N % N % N %
To replace old seeds or variety 7 3.11 6 7.79 13 4.30
Search for better seed quality 3 1.33 0 0.00 3 0.99
Search for better seed or bulbs yields 4 1.78 1 1.30 5 1.66
Search for better resistant to diseases and insect pests 5 2.22 0 0.00 5 1.66
Search for better tolerance to heat and drought 4 1.78 1 1.30 5 1.66
Since no own seed or variety 3 1.33 1 1.30 4 1.32
Since timely available in the area 4 1.78 1 1.30 5 1.66
To replace old variety, to replace old seed, better seed qualities, better seeds/bulbs yields,
better resistance to diseases and insects pests, better tolerance to heat and drought, since no
own seeds/ variety and since timely available in the areas. 12 5.33 11 1429 23 7.62
To replace old variety, to replace old seed, better seed qualities, better seeds/bulbs yields,
better resistance to diseases and insects pests. 17 7.56 8 1039 25 828
To replace old variety, to replace old seed, better seed qualities, better tolerant to heat and
drought and since no own seeds/ variety. 7 3.11 0 0.00 7 2.32
To replace old variety, to replace old seed, better seed qualities, better resistance to diseases
and insects pests and since no own seeds/ variety. 9 4.00 0 0.00 9 2.98
To search for better seed qualities, better resistance to diseases and insects pests and since no
own seeds/ variety. 9 4.00 0 0.00 9 2.98
To search for better seed qualities, better resistance to diseases and insects pests and since
timely available in the areas. 9 4.00 0 0.00 9 2.98
To replace old variety, to replace old seed, better seed qualities, better seeds/bulbs yields,
better resistance to diseases and insects pests, and since timely available in the areas. 9 4.00 0 0.00 9 2.98
To search for better seed qualities, better resistance to diseases and insects pests, and better
tolerant to heat and drought. 0 0.00 9 11.69 9 2.98
Since no own seeds/ variety and since timely available in the areas. 123 54.67 39 50.65 162 53.64
Total 225 100 77 100 302 100

Sources: Own field survey data (2024 to 2025)



3.5.10 Farmers’ perception on onion seed quality
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The survey found that majority of respondents (29.47%) perceived quality seeds as those free
from rot, diseases, weeds, and mixtures, possessing "true to type" physical characteristics (Table
15). In West Arsi, 31.17% prioritized seeds free from deterioration with good color and size,
while 28.89% in East Shewa had similar views. West Arsi farmers showed a significantly higher
preference for medium-to-large seed sizes (29.87%) compared to East Shewa (7.56%). East
Shewa farmers focused more on single traits (physical purity), whereas West Arsi farmers

preferred multi-trait combinations.

Table 15 Perception of farmers’ on onion seed quality

Name of zones

Farmers’ perception on onion seed quality East Shewa  West Arsi Total

N % N % N %
Seeds color/ plumpness 21 933 1 1.30 22 7.28
Free from deterioration or rots 29 12.89 5 6.49 34 11.26
Medium seed size 15 6.67 9 11.69 24 7095
Free from mixtures of other varieties 32 1422 2 2.60 34 11.26
Free from mixtures of other crop 12 533 2 260 14 4.64
Seeds color/ plumpness, free from deterioration or
rots, small and large seed size, free from diseases, free
from mixtures of other varieties and free from
mixtures of other seed crops. 65 28.89 24 31.17 89  29.47
Seeds color/ plumpness, free from deterioration or
rots, small seed size, medium seed size, large seed
size, free from diseases, free from mixtures of other
varieties and free from mixtures of other crops. 5 222 7 9.09 12 397
Seeds color/ plumpness, free from deterioration or
rots, free from diseases, free from mixtures of other
varieties and free from mixtures of other crops. 6 267 4 519 10 3.31
Seeds color/ plumpness, free from deterioration or
rots, medium seed size, large seed size, free from
diseases, and free from mixtures of other crops. 5 222 0 0 5 1.66
Seeds color/ plumpness, medium and large seed sizes,
and free from deterioration or rots, diseases, mixtures
of other varieties and other seed crops. 17 7.56 23 29.87 40  13.25
Seeds color/ plumpness, free from deterioration or
rots, and medium seed size 18 8 0 0 18 596
Total 225 100 77 100 302 100

Sources: Own field survey data (2024 to 2025)

3.5.11 Classes of onion seeds used by farmers
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The majority of farmers (67.88%) preferred local varieties where 67.11% in East Shewa and
70.13% in West Arsi zones. Only 10.6% of farmers used improved varieties exclusively, while
12.25% used a combination of both local and improved varieties (Fig. 9).
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Fig. 9 Classes of onion seeds using by farmers
3.5.12 Onion varieties used by farmers

Bombey Red is the dominant variety (48.01% overall), particularly in East Shewa (51.21%)
zone. Naffis adoption was higher in West Arsi (37.14%) than in East Shewa (23.67%) zone.
Adama Red was marginal at 2.17%. Regarding hybrids, Red Passion-F1 led with 48% adoption
(57.14% in West Arsi), followed by Caramelo-F1 (28%). Jamber-F1 was found exclusively in
East Shewa (Table 16) zone.

Table 16 Open-pollinated and hybrid onion varieties currently using by farmers

Name of zones
Open-pollinated onion varieties East Shewa West Arsi
N % N % N %

Total

Bombey red 106 51.21 27 3857 133 48.01
Adama red 4 193 2 286 6 2.17
Naffis 49 23.67 26 37.14 75 27.08
Bombey red and Robaf 48 23.19 15 2143 63 22.74
Total 207 100 70 100 277 100

Hybrid onion varieties
Red passionF1 8 4444 4 57.14 12 48
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JamberF1 5 27.78 0 0.00 5 20
CarameloF1 5 27.78 2 2857 7 28
RussetF1 0 0 1 1429 1 4
Total 18 100 7 100 25 100

Sources: Own field survey data (2024 to 2025)
3.5.13 Preferences for onion varieties

High bulb yield was the top priority for 52% of hybrid growers and 38.3% of Open-pollinated
variety growers (Table 17). In West Arsi zone, 42.86% of hybrid growers prioritized multi-trait
combinations (pest resistance and drought tolerance), whereas in East Shewa zone, only 5.56%
respondents looked for multi-trait combinations, with most focusing on yield plus one extra trait.

Table 17 Preferences for open-pollinated and hybrid onion varieties

Name of zones

Preferences for open pollinated onion varieties East Shewa  West Arsi Total
N % N % N %

Highest bulbs yields 85 41.06 21  30.00 106 38.27

Diseases and Insects resistant 7 338 0 0.00 7 2.53

Early mature 0 0.00 1 1.43 1 0.36

High market demand and price 0 0.00 2 280 2 0.72

Low price of seeds 1 0.48 1 1.43 2 0.72

High quality seeds. 2 097 1 143 3 1.08

High market demand and price, diseases and insects

resistant, drought and heat tolerance, early maturity,

low perishability, easily seeds availability, low price

of seeds and high quality of seeds. 1 048 1 143 2 0.72

Highest bulb yields and early maturity. 0 0.00 1 143 1 0.36

Not applicable (NA). 0 0.00 4 571 4 1.44

Highest bulb yields, diseases and insects resistant,

and high market demand and price, and highest bulb

yields and early maturity. 18 870 7 10.00 25 9.03

Highest bulb yields, and high market demand and

prices. 4 193 0 0.00 4 1.44

Highest bulb yields, diseases and insects resistant,

early maturity, and high seed quality. 44 21.26 6 8.57 50 18.05

Highest bulb yields, diseases and insects resistant,
high market demand and price, easily seeds
availability and high quality of seeds. 39 18.84 2 286 41 14.80

Diseases and insects resistant, early maturity, drought

and heat tolerance, low perishability, high market

demand and prices, easily seeds availability and low

prices of seeds. 6 290 23 3286 29 1047
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Total 207 100 70 100 277 100
Preferences for hybrid onion varieties

Highest bulb yields, 10 55.56 3 4286 13 52
Highest bulb yields, diseases and insects resistant,

drought and heat tolerances. 1 5.56 3 42.86 4 16
Highest bulb yields and high quality seeds. 3 16.67 1 1429 4 16

Highest bulb yields, diseases and insects resistant,
drought and heat tolerances, high market demand and
prices, and high seeds quality. 4 22.22

o
o
N

16

Total 18 100

|

100 25 100

Sources: Own field survey data (2024 to 2025)

3.6. Major onion seed production practices
3.6.1 Practices for mother bulb and seed production

Onion True Seed and Mother Bulb Rates: The survey revealed that farmers in the study areas
used significantly higher true seed rates for onion bulb production than standard
recommendations. The majority of farmers in East Shewa (78.02%) and West Arsi (76.92%)
zones applied a seed rate of 16 to 20 kg/ha (Fig. 10). Most farmers (61.54%) used a mother bulb
rate of 4 to 5 tons/ha for true seed production. However, in the East Shewa zone, some farmers
planted mother bulbs up to 12 tons/ha (Fig. 11).
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Fig. 10 Onion true seeds rate (Kg/ha) for mother bulb production
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Fig. 11 Mother bulbs planting rates for true seed production (tons/ha)

Mother Bulbs Planting Times: Among the surveyed farmers majority of them (79.49%) were
planted mother bulbs between October and November. This trend was more pronounced in the
East Shewa zone (85.71%). Farmers in the West Arsi zone showed higher variability, with
30.77% planting between September and October and 11.54% between November and
December to synchronize with low temperatures to induce flowering.

Seed Production Systems: Farmers in both zones exclusively utilize a two-stage "seed-to-bulb"
and "bulb-to-seed" approach. True seeds are sowed on the beds, raised seedlings transplanted for
mother bulb production, and then high-quality bulbs are selected, stored, and replanted to
produce the next generation of true seeds (Table 18). The "seed-to-seed" method was not
observed. Due to the biennial nature of onions and a reliance on seasonal rain rather than
controlled environments, farmers produce seed only once per year.

Table 18 Onion true seeds production methods and rounds per year

Name of zones
Techniques of onion seeds production East Shewa West Arsi
N % N % N %

Total

Seeds to bulbs 91 100 26 100 117 100
Bulbs to seeds 91 100 26 100 117 100
Seeds to bulbs and bulbs to seeds 91 100 26 100 117 100
Seeds to seeds 0 0 0 0 0 0

Total 91 100 26 100 117 100

Onion true seeds production rounds per year




33

Once 91 100 26 100 117 100
Twice 0 0 0 0 0 0
Total 91 100 26 100 117 100

Sources: Own field survey data (2024 to 2025), Note: Due to multiple responses no add up.
3.7. Harvest and post-harvest processes for onion true seed production

3.7.1 Selection of seed umbels: Farmers practiced seed selection processes at a single or
multiple stages approaches based on crop physiognomies and farmers knowledge. In the pre-
harvest stage, 21.37% of farmers demarcated high-performing field sections (Table 19), while
others selected large umbels before or after harvest to thresh separately for the next planting
season. Selection varied by zone, but the emphasis remained on selecting large umbels and
cleaning seeds to maintain physical and physiological seed qualities.

Table 19 Stages of seed selection for the next planting season

Name of zones

Stages used to select high quality true seeds East Shewa  West Arsi Total

N % N % N %
Select large umbels in the fields 0 0 3 11.54 3 2.56
Demarcate good section of fields before harvest 16 1758 9 34,62 25 2137
Select after dried, threshed and cleaned 2 2.20 0 0 2 1.71
Select large umbels after harvested 7 7.69 0 O 7 5.98
Select large umbels after harvest, select after dried,
threshed and cleaned 58 63.74 14 5385 72 6154

Select large umbels in the fields, select after dried,

threshed and cleaned and select large umbels after

harvested 5 5.49 0 O 5 4.27
Select large umbels in the fields, demarcate good

section of fields before harvest and select large

umbels after harvested 3 3.30 0 0 3 2.56

Total 91 100 26 100 117 100

Sources: Own field survey data (2024 to 2025)

3.7.2 Harvesting standards and rounds: The majority of farmers (62.64% in East Shewa and
69.23% in West Arsi) harvested seeds when the umbels or seeds were physiologically well-dried
(Table 20). In East Shewa, farmers showed variability in harvesting when seed umbels exposed
or opened from 10 to 40% as a cue, while West Arsi farmers were more uniform, harvesting
when seed umbels opened from 30 to 40%.

3.7.3 Seed Processing and Productivity: Common practices included drying, threshing,
cleaning, sorting, washing, grading, packing and sealing. In East Shewa zone, seed washing and
re-drying were specifically reported. While most waited for umbels to dry, 16.24% threshed
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seeds before the umbels were fully dried (Table 21). On-farm productivity of onion true seeds for
60.68% of farmers ranged between 0.5 and 0.7 tons/ha (Fig. 13).

3.7.4 Seed Packaging and Storage: Polypropylene bags (non-hermetic) were the dominant
packaging material (58.97%), followed by plastic sheets (30.77%). PICS bags (hermetic) were
used by a very limited number of farmers (Table 22). Storage durations varied: 51.28% of
farmers practiced long-term storage (over 13 months), while 24.79% stored seeds for only 3
months (Table 23). Short-term storage (3 months) was more frequent in West Arsi (37.04%) than
in East Shewa zone.

Table 20 Important indicators to harvest onion seed umbels

Names of zones
East Shewa  West Arsi  Total
zone zone
N % N % N %
Harvest when 10-20% of seeds exposed 3 330 0 0 3 2.56

Indicators to harvest onion seed umbels

Harvest when 20-30% of seeds exposed 12 13.19 0 0 12 10.26
Harvest when 30-40% of seeds exposed 9 989 4 1538 13 11.11
Harvest when well dried 57 62.64 18 69.23 75 64.10
Harvest arbitrary 4 440 1 385 5 4.27
Harvest when enough labor exist 4 440 2 7.69 6 5.13
Harvest when seed price high 2 220 1 385 3 2.56
Total 91 100 26 100 117 100

Sources: Own field survey data (2024 to 2025)

Most producers (65.81%) harvested seeds multiple times (1 to 3 rounds) per season. Notably, in

East Shewa zone 23.08% of farmers harvested more than 13 rounds in a single harvesting season
(Fig. 12).
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Sources: Own field survey data (2024 to 2025)

Fig. 12 Distribution of respondents (%) by onion true seed harvesting rounds (Numbers)

Table 21 Post-harvest seed management practices among the zones

Name of zones

Post-harvest seed management practices East Shewa  West Arsi Total

N % N % N %
Washing seeds by clean water after threshed 4 440 0 O 4 342
Re-drying the soaked seeds 4 4.40 0 0 4 3.42

Dry umbels after harvest, threshing after dry, clean

by blowing seeds in the air, sorting seeds, grading

seeds, packing and sealing. 50 5495 17 6538 67 57.26
Dry umbels after harvest, threshing after dry, clean

by blowing seeds in the air, sorting seeds, washing

by water, re-drying the seeds, packing and sealing. 19 2088 4 1538 23 19.66
Threshing without drying, clean by blowing seeds in

the air, sorting seeds, packing and sealing. 14 1538 5§ 1923 19 16.24

Total

91 100 26 100 117 100

Sources: Own field survey data (2024 to 2025)
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Fig. 13 Productivity (tons/ha) of open pollinated onion true seeds across the zone

Table 22 Storage structures or containers for onions true seeds

Packaging materials for Name of zones Total




onions true seeds East Shewa  West Arsi
N % N % N %
Cloth bags 3 3.33 0 0 3 2.56
Plastic sheets-local 24 26.67 12 4444 36  30.77
Polypropylene bags 54 60 15 5556 69 5897
PICS bags 2 2.22 0 0 2 1.71
Cloth bags and polypropylene bags 7 7.78 0 0 7 5.98
Total 90 100 27 100 117 100
Sources: Own field survey data (2024 to 2025)
Table 23 Storage longevity for onions true seeds
) Name of zones
SS;g(rle;ge length of onions true Fast Shewa  West Arsi Total
N % N % N %

3 months 19 21.11 10 37.04 29 24.79

6 months 7 7.78 0 0 7 5.98

9 months 1 1.11 5 1852 6 5.13

12 months 15 16.67 0 0 15 12.82

> 13 months 48 5333 12 4444 60 51.28

Total 90 100 27 100 117 100

Sources: Own field survey data (2024 to 2025)

3.8. Onion seed supply chain

36

The survey found that interviews made with farmers and key informants (experts, DAs, Kebele
leaders, and model farmers) identified that the onion seed supply system in Ethiopia operates
through three primary channels: the formal, intermediate, and informal seed systems. These

systems involve a network of actors including research institutions, seed companies, enterprises,
cooperative unions, traders, and farmers. The identified processes cover how seeds were
produced, multiplied, distributed, and accessed by farmers ((Fig. 14). Focus Group Discussions
(FGD) confirmed the results obtained through interviews made with individual farmers’ and key

informants.
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3.8.1 Constraints in onion seed supply

The major constraints in onion seed supply were summarized in Table 24. The main constraint
was limited public and private sector engagement in seed multiplication and supply (65.81%). A
significant number of respondents identified limited popularization of varieties (64.96%) and
awareness creation (63.25%) as major bottlenecks. Furthermore, limited local production of
quality seeds (60.68%) and weak seed quality control and certification (62.39%) were prominent.
Agro-ecological challenges and limited identification of farmland suitability for commercial seed
production were each cited by more than 60% of respondents. Significant variations of
constraints were observed across locations and individual farmers. Farmers in the East Shewa
zone reported higher percentages of constraints compared to West Arsi zone. The East Shewa
zone also had a larger number of seed-producing farmers.

Table 24 Major constraints in onion seed supply

Name of zones
Constraints in onion seed supply East Shewa West Arsi
Freq. % Freq. % Freq. %

Total

Limited public and private sectors engagement 65 7143 12 46.15 77 65.81

Limited popularization of varieties 64 70.33 12 46.15 76 64.96
Limited awareness creation 60 6593 14 53.85 74 63.25
Agro-ecological challenges 58 63.74 16 61.54 74 63.25
Limited identification of suitable farm lands 61 67.03 12 46.15 73 62.39
Weak seed quality control and certification 60 6593 13 50 73 62.39
Limited quality seed supply (EGS) 58 63.74 13 50 71 60.68
Limited local production of quality seeds 60 6593 11 4231 71 60.68
Shortage of new crop varieties 55 60.44 13 50 68 58.12
Total 91 100 26 100 117 100

Sources: Own field survey data (2024 to 2025), Note: No add up to 100% since respondents mentioned multiple
responses

3.9. Challenges in onion seed production

The majority of farmers (90.7%) identified infested storage rooms as the most significant factor
for poor quality, ranking it as extremely important (Table 25) with a low standard deviation
(0.516). Infected seeds and harvesting conditions were ranked second (75.5% extremely
important), while unfavorable storage conditions were ranked third (72.2%). Infected storage
bags were ranked fourth (38.7% extremely important). Conversely, 88.1% of farmers considered
insect damage the least important factor in seed storage. Under field condition majority of
farmers (79.5%) rated diseases and insect pests as a serious constraints (Table 26). Majority of
farmers (76.8%) influenced by high input prices, and substantial percentage of farmers (69.9%)
reported low productivity as a challenge. Lack of true-to-type varieties (61.3%) and untimely
availability of inputs (66.2%) were also significant problems. Shortage of farmland (64.2%),
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limited irrigation facilities, and shortage of pollinators were rated as minor or least severe

problems.

Table 25 Causes of onion poor seed quality

Five point Likert Scales

. Extremely  Very Moderately Slightly  Not at all
Causes of onion poor . . . .
seed quality 1mportant important ~ Important  1mportant 1mportant Mean SD Ranks
@) 2) 3) “4) (5)
N % N % N % N % N %

Infected seeds/harvesting
conditions 228 755 47 156 25 83 03 1 0.3 1.34  0.673 2
Insect damages 1 03 3 1.0 8 2.6 24 79 266 88.1 482 0546 S
un conducive storage
conditions 218 722 52 172 20 6.6 23 5 1.7 144 0.848 3
Infected storage bags 117 38.7 119 394 59 19.5 1.3 3 1.0 186 0842 4
Infested storage rooms 274  90.7 20 6.6 4 13 07 2 07 114 0516 1

Sources: Own field survey data (2024 to 2025), Note: No add up due to multiple responses, 1=Extremely important,

2=Very important, 3=Moderately Important, 4=Slightly important and 5=Not at all important

Table 26 Onion true seeds production constraints
Are the following Five point Likert Scales
factors your major Notatalla Minor Moderate Major problem Serious
constraints facing you problem (1) problem (2) problem (3) (4) problem (5) Mean SD
maeomishtd N % N % N % N % N
Shortage of farm lands 18 6.0 194 642 53 175 9 3.0 19 63 241 0917
Lack of irrigation
facilities 52 172 176 583 59 19.5 15 5.0 0 0 2.12 0.744
Less emphasis given by
government in the last
three years 52 172 9 3.0 25 8.3 216 71.5 0 0 334  1.150
Lack of credit 39 129 18 6.0 200 662 36 119 9 3.0 2.86 0.893
High input price 0 0 9 30 28 93 232 768 33 109 396 0.566
Timely un availability
of inputs 34 113 9 3.0 41 13.6 200 66.2 18 6.0 3.63 0.878
Lack of true to type
varieties 9 3.0 33 109 0 0 75 24.8 185 61.3 441 0.906
Poor seeds or input
quality 15 5.0 18 6.0 7 23 237 78.5 25 8.3 3.86 0.713
Limited knowledge and
skills 27 8.9 34 11.3 198  65.6 34 11.3 9 3.0 326 0.784
Occurrences of diseases
and insect pests 37 123 0 0 0 0 25 8.3 240 795 444 0.890
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Weeds prevalence 43 142 33 109 202 669 6 2.0 18 6.0 2.75 0935
Flower aborting 58 192 9 30 59 195 176 583 0 0 3.17  1.165
Low productivity 0 0 13 67 222 211 699 23 76 385 0.538
Labor constraints 70 232 22 73 201  66.6 9 3.0 0 0 249 0.881
Limited of budget 35 116 33 109 207 685 18 6.0 9 3.0 278  0.840
Shortage of waters due
overloads 49 162 42 139 192 63.6 19 6.3 0 0 2.60  0.832
Birds damage on fields 26 2222 38  32.48 48 41.03 4 3.42 1 0.86 2.28 0.879
Shortage of pollinators
(honey bee) 60 5128 40 34.19 16 13.68 1 0.86 0 0 1.64 0.748
Sources: Own field survey data (2024 to 2025), Note: No add up due to multiple responses, 1= Not at all a problem,
2=Minor problem, 3= Moderate problem, 4= Major problem and 5=Serious problem
3.9.1 Correlation between onion seed production constraints
A strong negative correlation (-0.717) was found between the shortage of farmlands (SFL) and
the lack of emphasis given by the government (LEG). Positive correlations were found between
timely unavailability of inputs (TUI) and high input prices (0.583), as well as lack of true-to-type
varieties (0.430). The absence of true-to-type varieties also correlated strongly with government
negligence (r = 0.578) (Table 27). Weed prevalence (WP) was linked with labor constraints
(0.613) and low productivity (0.510). A negative correlation existed between farmer knowledge
and pest occurrence (r = -0.138*). A strong negative correlation (-0.717) was found between the
shortage of farmlands (SFL) and the lack of emphasis given by the government (LEG). Positive
correlations were found between timely unavailability of inputs (TUI) and high input prices
(0.583), as well as lack of true-to-type varieties (0.430). The absence of true-to-type varieties
also correlated strongly with government negligence (r = 0.578). Weed prevalence (WP) was
linked with labor constraints (0.613) and low productivity (0.510). A negative correlation existed
between farmer knowledge and pest occurrence (r = -0.138%).
Table 27 Correlation between onion seed and bulb production constraints
Onion seeds and bulbs production constraints SFL LIF LEG LC HIP TUI LTTV PSIQ
Shortage of farm lands (SFL) 1
Lack of irrigation facilities (LIF) 3647 1
Less emphasis given by government (LEG) 71725747 1
Lack of credit (LC) -286™ -.089  .092 1
High input price (HIP) 054 -4457 293" -018 1
Timely un availability of inputs (TUI) -2197 -429" 3717 2107 583" 1
Lack of true to type varieties (LTTV) 279" -.090 578" -.003 3267 4307 1
Poor seeds or input quality (PSIQ) -077 1337 035  -2147 -378° 070 .086 1
Onion seeds and bulbs production constraints LKS ODIP WP FA LP LCs LB SWDO
Limited knowledge and skills (LKS)
Occurrences of diseases and insect pests (ODIP) -.138" 1
Weeds prevalence (WP) 238" -189" 1
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Flower aborting (FA) -009 239" 418" 1

Low productivity (LP) -006 .042 510" 720" 1

Labour constraints (LCs) 108 -.030 .6137 712" 707" 1

Limited of budget (LB) -213% 286" 067 283" 124" 243" 1
Shortage of waters due overloads (SWDO) -132° 013 3467 7117 5917 465 148"

Sources: Own field survey data (2024 to 2025), Note: * Correlation is significant at the 0.05 level (2-tailed), **
Correlation is significant at the 0.01 level (2-tailed)

3.10. Opportunities for onion seed production

The survey found that there were several opportunities to produce onions, such as high market
demand, export potential, and agro-ecological suitability in the East Shewa and West Arsi zones.
Demand for hybrids and disease-free seeds are increasing, as many farmers currently use local
seed varieties. Ethiopia currently imports a significant volume of hybrid seeds. EIAR and
regional centers are actively participating in releasing open-pollinated improved onion varieties.

4. DISCUSSIONS

4.1. Socio-demographic Characteristics

The observed dominance of male-headed households in onion bulb and seed production aligns
with previous studies in Ethiopia [30], which emphasized gender disparities in high-value crop
production. This dominance of male-headed households (87%) reported in onion production,
indicated a consistent trend at the national level. This gender imbalance is often attributed to
factors like access to resources, extension services, and market linkages that favor male farmers.
Furthermore, Samuel [37] and [38] noted that female farmers in Ethiopia face challenges in
engaging in high-value crops production like onions due to time constraints, market
uncertainties, and lack of capital. The current study suggested that female participation is further
limited in seed production, which requires more technical knowledge, inputs, and risk-taking
compared to bulb production.

The education levels found in this study where a large portion of producers only completed
primary education that reflect limited rural access to formal schooling, as supported by [39].
Similarly, a study by [40] found that a high proportion of smallholder farmers in Ethiopia operate
with low levels of formal education, particularly in onion-producing regions like East Shewa and
West Arsi zones. However, this study found that seed producers had slightly higher levels of
education, which differs from previous research [41, 42] that reported seed production was
predominantly done by older, less-educated farmers using informal systems. This shift may
suggest a growing commercialization and professionalization of onion seed systems, attracting
better-educated individuals seeking market-oriented opportunities [43]. It may also reveal
targeted efforts by NGOs and development programs to involve youth in higher-value
agricultural ventures [44].
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The strong reliance on mixed farming observed in this study reflects how rural households
integrate crop production with livestock to ensure food security and income stability [45]. The
[43] highlights the importance of such integrated farming systems in increasing resilience to
climate and market shocks. The trend toward crop specialization among seed producers aligns
with emerging seed systems, where factors such as access to knowledge, extension services, and
market incentives can influence farmers to focus on the production of high-value crops [41].

The average age of the household heads falls within the productive working age range in
Ethiopia, suggested that onion seed and bulb production are dominated by adults who likely have
both experience and decision-making capacity for labor-intensive agriculture. This aligns with
previous studies by [46] and [47], indicating that middle-aged individuals are most active in
onion farming. Furthermore, the findings on household family size align with a [48] report and
research by [49] in the East Shewa zone. This data highlights the importance of family labor in
onion production systems; larger household sizes provide more labor availability to support
various stages of production, post-harvest handling, and cost-saving measures, particularly in
smallholder frameworks where access to hired labor may be limited.

4.2. Associations Between Socio-demographic and Mother Bulb Production

The significant variations in sex and age across Woredas suggest localized demographic trends.
The gender disparities observed at the Woreda level align with previous studies by [50] and [51],
which found location-dependent gender roles in agriculture. Also [41] noted gender disparities in
seed systems, indicating that these patterns may vary across crops and socio-economic factors.
The highly significant variations in age distribution across Woredas highlight the need for
targeted policy interventions based on local age trends.

Similarly, the disparities in educational levels among Woredas align with [52], who emphasized
the importance of considering localized demographic trends in policy planning, as well as [41]
and [53], who noted the need to address educational disparities locally in agricultural
interventions. Conversely, marital status showed no significant differences, which align with
[54], who found that marital status has limited influence on crop production practices compared
to educational levels and size of farmland allocation. The findings revealed that larger household
family sizes clustered in certain Woredas suggests impacts on labor availability in more agrarian
or resource-dependent areas. This is consistent with [55], who noted that regional variations in
household size affect agricultural labors.

The consistent of production factors like bulb production experiences among farmers’ reflects
findings by [56], who reported that onion production experience among smallholders is generally
long-standing across regions. However, farmland allocation for bulb production varied
significantly across Woredas. This suggests that while allocation strategies are consistent among
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individual farmers, they are seriously influenced by geographic locations, a finding supported by
[57], who found that local landholding patterns determine land allocation. Finally, the significant
differences across locations in bulb storage duration highlight how post-harvest practices are
influenced by local infrastructure, climate conditions, and market dynamics. This supports
previous studies [58] that demonstrated regional disparities in storage infrastructure that can
result in diverse and localized seed conservation approaches.

4.3. Associations Between Socio-demographic and Onion Seed production

The lack of significant associations at the farmer levels suggests that individual traits like sex,
marital status, seed replacement rate, seed production experience, and land covered by onion
seeds have limited influence on seed production activities. This aligns with previous studies by
[53] and [56], which highlight the greater impact of external factors. The uniformity in seed
production experience suggests the presence of community learning and informal seed exchange
networks, in line with [58] research. The significant differences in varietal preferences among
Woredas stress the importance of local adaptation, climate, and farming practices in seed
selection. This is consistent with the findings of [59] and [60], who emphasize the location-
specific nature of varietal preferences in informal seed systems. The consistent seed replacement
rates emphasize on the challenges of limited availability and high costs of quality seeds, as noted
by [43] and [53]. This indicates that local institutional capacity, market access, and agro-climatic
conditions play a more significant role in seed production and varietal adoption than socio-
demographic factors. These findings emphasize the importance of tailored policy interventions
and extension services to enhance seed access and adoption in local contexts.

4.4. Determinants of onion seed production factors

The data was analyzed using a Multiple Linear Regression model due to the quantitative nature
of the dependent variable and the presence of multiple explanatory variables. The study
identified significant factors influencing onion seed production practices, including seed sources,
production experience, farmland allocations, replacement periods, perception of seed quality,
types of onion, harvesting rounds, and socio-demographic factors such as sex, age, educational
levels, and marital status. The normality of residuals was assessed using histograms and normal
P-P plots to ensure the validity of subsequent t-tests for individual coefficient significance and F-
tests for overall model fit. Linearity and homoscedasticity were evaluated through scatter plots of
standardized residuals against predicted values. In onion and vegetable production regression
models, homoscedasticity assumptions are often challenged by variables like farm size or
unequal inputs resource access [30].

In studies on onion production, factors such as farming experience, age of the household head,
and land size allocated to onion production often show significant overlap [46, 61]. Research on
onion production constraints and input efficiencies in smallholder landscapes consistently
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highlights these factors, as various environmental and structural constraints can impact
production outcomes. The size of the onion farm also plays a crucial role, with a one-unit
increase in farm size leading to a 9.3% rise in production, assuming other variables remain
constant [30]. Household experiences in onion production contribute to improved production
outcomes, as farmers gain familiarity with the production environment and enhance their
expertise in onion cultivation. Experienced farmers also demonstrate better administrative skills
that benefit their production and handling practices [29].

The use of standard residual scatter plots ensures that the error term (€) maintains a constant
variance across all levels of the predictors, validating the use of ordinary least squares (OLS) for
estimating the relationship between dependent and independent variables. An R2 value of 0.646
indicates that 64.6% of the total variance in onion seed production practices is collectively
explained by the specified predictors in the linear regression model. However, the Adjusted R2
decreases to 0.585 (58.5%). Unlike R2, which increases with the addition of new variables, the
Adjusted R2 penalizes the model for including predictors that do not significantly enhance
explanatory power [62]. The difference between R2 and Adjusted R2 suggests that some
variables in the model may have limited or insignificant predictive value, reducing the overall
effectiveness of the model. The remaining 35.5% of the variation is influenced by unaccounted
factors outside the model, such as climate, biotic stresses, agronomic practices, and institutional
factors in onion cultivation. Multi-collinearity diagnostics revealed that the Variance Inflation
Factor (VIF) and tolerance values for all independent variables were within acceptable limits, as
noted by [30]. This confirms that collinearity between variables is manageable, allowing for the
isolation of each predictor's unique impact on onion production. The Durbin-Watson statistic
value was close to 2, indicating the absence of first-order autocorrelation in the residuals [63].

4.5. Determination of Onion Production

The dominance of combined production objectives indicates that onion production serves both
subsistence and commercial functions for smallholder farmers. The greater emphasis on bulb
production compared with seed production suggests that farmers prioritize immediate market
returns and household consumption over the technically demanding seed initiative. Similar
observations were reported by [64], who noted that farmers commonly dedicate specific portions
of land to bulb and seed production according to market demand and production capacity. Focus
group discussions (FGDs) confirmed that farmers usually produce onions for diverse purposes.
The findings also indicate that onion seed production remains a specialized activity practiced by
a limited proportion of farmers, likely due to its higher technical and financial requirements.

4.5.1 Land allocation for onion seed production

The predominance of small farmland allocation for onion seed production suggests that the
farmers are still considered risky and resource demanding practices. Similar findings were
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reported by [53] and [56], who associated limited farmland allocation with high input costs,
technical complexity, and insufficient extension support. The larger farmland allocation observed
among a few experienced farmers indicates differences in technical knowledge, resource access,
and production capacity. Previous studies [41] showed that farmers with better training and
access to agricultural inputs are more likely to engage in seed production activities. Similarly,
Food and Agriculture Organization [43] emphasized the role of extension services and technical
support in expanding seed production capacity. The observed differences in Heban Arsi Woreda
may therefore be linked to better irrigation access, extension services, and local seed demand,
consistent with the findings of [65].

4.5.2 Experiences in onion seed production

Lack of seed production experience highlights a gap in practical knowledge and seed production
expertise, leading to a reliance on external seed sources. This dependency can result in increased
costs and unpredictability, especially for smallholder farmers [66]. The study highlights the
importance of pluralistic seed system development to achieve seed security, supporting similar
recommendations [41]. Despite awareness, the majority of farmers continue to depend on
external suppliers, indicating slow progress in decentralizing seed production. Limited extension
services and logistical difficulties in rural Ethiopia contribute to the gap in agricultural extension
efforts [67]. This suggested that onion seed production may have higher technical barriers,
limiting local farmer engagement.

4.5.3 Experiences in Mother Bulb Production

Limited scale and knowledge in mother bulb production indicated a gap in the seed value chain.
Previous studies [68, 28] have shown that expertise in bulb production does not ensure
proficiency in seed production, which requires additional technical, institutional, and market
skills. Also [56] noted a disparity between large-scale bulb and small-scale local seed production
due to limited knowledge and inadequate infrastructure. While [58] and [69] suggested long-term
crop cultivation often involves informal seed production, [43] emphasized that experience alone
is not enough without effective policies and market incentives. Our survey supports this,
showing that despite a long history of onion farming, seed system development remains weak in
the Woredas.

4.5.4 Sources of Onion Seeds

The reliance of farmers on informal seed sources, highlighted the importance of informal seed
systems for smallholders, as supported by [70]. The exchange of seeds among neighbors
indicated strong reliance on local networks, while challenges like seed degeneration contribute to
the low use of saved seeds [71]. The limited involvement of formal institutions reflects weak
linkages between research centers and farmers [72]. Variations across Woredas suggest localized
seed networks influenced by infrastructure and social trust [41]. Cooperative unions and
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organized groups of seed producers serve as semi-formal sources that complement formal
systems. However, the low access to improved seeds indicates a need for better linkages [72].
While policy promotes pluralistic seed systems, these results revealed a weak integration in
practice, disconnecting seed system design from farmer-level realities. The use of multiple
sources (shops, local markets, and farmers) indicated a strategic and adaptive approach by
farmers not previously emphasized in older literatures.

4.5.5 Acquisition of Onion Seeds

The seed acquiring system through buying was a common practice among smallholders from
informal sources due to limited technical and financial capacity. The overall uptake of low
formal sources suggested that despite efforts by research centers to ensure quality, farmers
prioritize accessibility and flexibility. However, this preference carries risks such as poor
germination and susceptibility to diseases [73]. Previous studies [28] attribute the low usage of
cooperative unions to weak institutional presence and distrust in seed quality.

4.5.6 Seed Sources Selection Criteria

The results suggested that farmers prioritize easy access and affordability over quality-related
factors or agronomic performance. This indicated that structural and informational limitations
play a significant role in decision-making, aligning with reports by [74]. The low consideration
for performance traits suggested a lack of awareness or capacity to evaluate improved varieties.
As noted by [75], high-quality seeds enhance productivity, but this benefit is not realized when
selection becomes transactional rather than strategic due to limited knowledge as supported by
[76].

4.5.7 Quality Seed Selection Criteria

The survey revealed that the majority of farmers rely on trust, emphasizing its importance in
situations where formal quality assurance is lacking. The survey found that the majority of
farmers rely on trust, emphasizing its importance in situations where formal quality assurance is
limiting, this is supported by [41]. Visual cues like plumpness and color are used as proxies for
embryo development and maturity [77]. These variations across regions suggested that local
conditions and cultural norms highly influence seed choices [78]. The reliance on visual
inspection and social networks further underscores the weakness of formal quality control in
Ethiopia [43].

4.5.8 Seed or Variety Replacement Periods

The findings of seed replacement periods align with recommendations that seeds should be
replaced every 2 to 5 years to maintain germination [79]. The longer intervals in West Arsi likely
indicated challenges in seed access and financial constraints as supported by [41]. The low
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percentage of farmers in East Shewa who replace seeds only when new ones are available
(5.49%) suggested the inconsistencies of market supply. Furthermore, environmental factors like
climate change and a lack of extension support contribute to the risk of seed degeneration for
those who do not replace seeds regularly [78].

4.5.9 Reasons for Onion Seed or Variety Replacement

The findings of seed or variety replacement reasons align with [79], who noted that while
replacement is ideal every season, farmers often retain old seeds longer than recommended. The
shift towards multi-trait selection in East Shewa aligns with [80] findings, indicated that as farms
diversify, performance becomes more important than just simple availability. The high reliance
on informal markets due to weak local vegetable seed preservation systems confirms the
systemic issues identified by [81]. Variations between zones were probably due to specific agro-
ecological challenges and seed availability.

4.5.10 Farmers’ Perception on Onion Seed Quality

The emphasis on physical purity aligns with [71] as a universal indicator of seed quality. The
strategy focused on the seed health in East Shewa (11.26%) support the [43] assertion that
healthy seeds are viewed as the foundation for germination and yield. The regional differences
suggest that while traditional visual assessment remains common [82], local infrastructure and
extension support are beginning to shift perceptions toward more holistic health and genetic
purity standards.

4.5.11 Classes of Onion Seeds Used by Farmers

The high reliance of respondents on local varieties is consistent with [53] and [83], reflecting
cultural familiarity and the constraints of low-input conditions. The low adoption of improved
seeds is likely linked to high costs and inadequate extension services [56]. However, the 12.25%
of farmers using both types demonstrate a "pluralistic" risk-management strategy, balancing the
productivity of hybrids with the resilience of local seeds [41].

4.5.12 Onion Varieties Used by Farmers

The dominance of Bombey Red is attributed to its storage ability and market demand [2].
However, such high varietal uniformity increases vulnerability to biological shocks [84]. The
significant shift toward hybrids, especially Red Passion-Flcontrasts with previous studies by
[85] and suggests that market incentives and better seed access are finally reaching smallholders.
The exclusive presence of Jamber-F1 in East Shewa reflects localized market differentiation.

4.5.13 Preferences for Onion Varieties
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The universal prioritization of yield confirms its role in supporting household income [39]. The
shift in West Arsi zone toward resilience traits suggests that farmers in mid-to-high altitude
zones face more pronounced environmental challenges [86]. The adoption of more complex
selection criteria in East Shewa zone reflects Rogers’ [87] Diffusion of Innovations theory,
where early adopters move beyond "yield" toward market-oriented traits like seed vigour and
early maturity [88].

4.6. Major Onion Seed Production Practices
4.6.1. Practices for mother bulb and seed production

Onion True Seed and Mother Bulb Rates: The high seed rate (16-20 kg/ha) utilized by
farmers drastically exceeds the recommended 3.5 to 4 kg/ha suggested by [2] and [11]. This
discrepancy likely due to practical constraints such as poor seed quality, lack of precision
seeding tools, and the prevalence of manual seeding, which [89] suggests necessitates higher
rates to compensate for losses. However, this density risks smaller bulbs and nutrient
competition, which negatively affects marketability [89, 2]. Conversely, the mother bulb rate of
4 to 5 tons/ha is below the recommended 6 to 8 tons/ha [2], leading to sub-optimal plant
populations and increased weed pressure. The highest rates (12 tons/ha) found in East Shewa
likely represent an attempt to maximize yield through density, though [89] and [90] warn that
exceeding 10 tons/ha can compromise seed quality. These varied practices reflect a "trial-and-
error" approach common in smallholder systems with limited extension support [41].

Planting Times and Vernalization: The preference for October-November planting aligns with
the requirement for vernalization-exposure to temperatures of 5-15 °C for 6 to 8 weeks to induce
flowering [91]. This timing is consistent with findings by [92] and [93], which identified this
window as optimal for the Central Rift Valley. The avoidance of late planting (December) is
likely a strategic select to escape insufficient chilling and poor bolting [91]. The early planting in
West Arsi (September) zone may be a market-driven strategy to capture early prices, despite the
risk of premature bolting and insufficient time to break dormancy.

Seed Production Systems: The reliance on the "bulb-to-seed" method confirms that farmers
prioritize genetic purity and quality, as this method allows for the selection of true-to-type bulbs
[91]. The absence of the "seed-to-seed" method is logical, given its known inefficiency in
smallholder contexts [89]. The limitation of one production cycle per year highlights biannual
characteristics of onion crops for true seed production.

4.7. Harvest and post-harvest processing in onion seed production

4.7.1. Selection and Timing to Improve Seed Quality: The multi-stage selection approach
observed were on-farm before and after harvested that indicated a sophisticated understanding of
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seed quality determinants, aligning with the importance of multi-stage selection highlighted by
[94] and [95]. Similarly, the prioritization of physiological dryness over early harvest to reduce
post-harvest loss is consistent with [83] and established principles that moisture content dictates
storability [96]. The zonal disparities in stages of seed selection signal likely reflect local
climatic differences, as noted by [97].

4.7.2. Seed Productivity and Yield Gaps: The need for multiple harvesting rounds (up to 13 in
East Shewa) is a result of uneven umbel maturity, a practice [89] identifies as necessary for
maximum seed recovery. However, this high frequency suggests a need for breeding varieties
with uniform ripening to reduce labor costs and seed quality. The observed yield (0.5-0.7
tons/ha) is consistent with other on-farm studies [98] but significantly lower than the 1.2-1.5
tons/ha achieved at research stations for Naffis or Bombey red varieties [99]. This "yield gap" is
likely due to differences in genetic potential, planting density, and pest management [89].

4.7.3. Seed Processing and Storage Risks: While washing seeds (common in East Shewa) can
improve cleanliness, it risks mold and reduced viability if not handled carefully [89].
Furthermore, the 16.24% of farmers threshing un-dried umbels risk physical seed damage and
poor separation efficiency [100]. The highly reliance on non-hermetic polypropylene bags poses
a risk in humid conditions due to moisture exchange. The limited use of hermetic PICS bags
suggests a lack of awareness or market access [101]. Most concerning is the high percentage of
farmers storing seeds for over 13 months. As onion seeds are short-lived and lose vigour rapidly
within 6-12 months under ambient conditions [102, 103], long-term storage without controlled
environments likely leads to significant deterioration of physiological seed quality.

4.8. Onion seed supply chain

The structure of seed supply chain reflects the complex "seed value chain" and management
aspects required for the flow of a new variety to the end-users. The integration of various actors
suggested that variety development is only the first step in a commercial seed range that must be
supported by robust management [104]. This multifaceted system indicated that the efficiency of
the onion seed sector in Ethiopia depends on the coordination between research institutions, seed
enterprises, farmers’ cooperative union and local informal channels to ensure accessibility of
seeds to smallholder farmers.

4.8.1. Constraints in Onion Seed Supply

The high percentage of concern regarding public and private engagement highlights the need for
stronger institutional involvement in onion seed value chains. Similar studies [43, 105] confirm
that collaboration between public research and private producers is crucial for seed availability.
The bottlenecks in popularization and awareness indicate a gap in extension services and
demonstrations. This aligns with [106], who reported that extension services are critical for
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varietal adoption. The concern over the seed quality control suggests that a lack of inspection
weakens trust in seeds, as noted by [107]. Geographically, the higher constraint reporting in East
Shewa could be attributed to greater exposure to seed systems and higher expectations. Finally,
the agro-ecological concerns reflect that onion seed production requires specific environmental
conditions for flowering, which, if mismanaged, affects both seeds yield and quality [108].

4.9. Challenges in Onion Seed Production

The strong agreement on storage sanitation emphasizes a critical need for controlled
environments. This confirms earlier findings by [109] that post-harvest handling is a major
hurdle. The discrepancy regarding insect damage where respondents felt it was a minor threat but
[110] reported it as significant may reflect regional differences in pest pressure. The high rating
of input costs and disease aligns with global literature [89, 111]. The fact that farmers rated
shortage of pollinator as "least important" suggests they may underestimate its role, as literature
indicates pollination is actually critical for seed set [112]. Overall, these findings underscore the
need for policy-level interventions and integrated pest management (IPM). Resource poor
smallholder farmers cannot produce onion seeds since it require intensive work and budget, in
addition to shortage of technical expertise. This could be improved through supporting
smallholder farmers in terms of resources and technical skills which increase productivity.
Similarly, Some of the SDGs of the United Nations listed in the 2030 Agenda like Zero Hunger,
No Poverty and etc. fulfilled by strengthening food systems, support small-scale producers,
improve services, and access to malnutrition that require urgent action [6].

4.9.1. Correlation between Constraints

The negative correlation between land shortage and government support suggests that resource-
scarce areas may be suffering from weak institutional support [65]. The positive correlations in
the input market suggest consistent inefficiencies in accessibility and affordability [111].
Furthermore, the link between flower abortion, labor, and productivity confirms that
physiological stress and labor limitations are primary drivers of yield loss [113]. The negative
correlation involving farmer knowledge suggests that capacity building through extension
services can directly mitigate pest impacts [114].

4.10. Opportunities for Onion Seed Production

Ethiopia’s diverse agro-climatic zones provided a natural advantage for year-round production
and disease reduction [115]. The prevalence of low-quality seeds in the current market represents
a "ready market" for reliable suppliers [116]. Localizing production could save foreign exchange
and improve national self-sufficiency [51]. The emergence of contract farming also offers a path
to better quality control by providing farmers with technical and financial support [117].
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4.11. Limitations of this study

While this study offers potential significant values in contributing a novel conceptual framework
on the onion seed production, handling, supply systems, and associated challenges and
opportunities, several limitations must be acknowledged. Due to binding time and financial
constraints, the study scope was limited to a sample of 302 household heads across eight
Woredas in the Central Rift Valley of Ethiopia, which may restrict the generalizability of the
findings to regions with different agro-ecological and socio-economic conditions. Most
information was based on farmers’ and a few key informants’ responses, which may cause bias
or incomplete reporting. The commodity focus was restricted entirely to onion seed production
systems, neglecting other crops seeds such as tomatoes and peppers. The study's cross-sectional
design with short time field observations prevented the capture of critical longitudinal dynamics,
including seasonal variations, environmental influences, seed price fluctuations, and long-term
production trends. Predominantly the analysis was focused on informal sources with minimal
representation of formal and intermediate channels, meaning it may not fully reflect the systemic
complexity of the broader onion seed value chain. The study limits experimental verification of
seed quality parameters as well as technical evaluations of post-harvest handling technologies
that directly impact seed productivity, longevity, and quality. Consequently, a wider variety of
warm-season vegetable seed productions with longitudinal research design are required to
validate and strengthen the findings across diverse environments.

5. SUMMARY AND CONCLUSION

The study carried out to assesses the onion seed sources, and current seed production practices,
farmers' perception of onion seed quality and preferences for varieties, seed replacement and
planting rates, supply chains, and associated challenges and opportunities in the Central Rift
Valley (CRV) of Ethiopia. The study revealed significant variations (p<0.001) in demographic
and production factors among different locations in onion production at the Woredas level.
However, there were no significant variations among farmers, suggesting homogeneity. Onion
seed production is dominated by smallholder farmers who rely on traditional practices and
informal seed sources, mainly from local markets, shops and farmers’ saved seeds. These
practices often lack quality assurance, resulting in inconsistent seed quality. Seed handling
practices, particularly harvesting, threshing, cleaning, drying, packing, and storage were
generally inadequate, leading to deterioration and degeneration of seeds over time. The seed
supply system is poorly coordinated, with weak integration between farmers, formal institutions,
and intermediate seed producers. Production is further constrained by pest and disease pressures,
limited access to irrigation, agrochemicals, and improved technologies, as well as insufficient
extension services and knowledge gaps in technical seed production practices.

In conclusion, the Central Rift Valley has great potential for onion production despite challenges.
The increasing demand for onions in Ethiopia and regional markets presents opportunities for
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expanding onion seed production. To take advantage of these opportunities, targeted
interventions, such as improving seed quality assurance, production practices, and access to
modern technologies are needed. Strengthening seed systems among key stakeholders including
research institutions, seed enterprises, private sector, farmers' cooperative unions, and regulatory
authorities are crucial. Capacity buildings on storage facilities and technical backstopping for
seed producers. Moreover, strengthening linkages with research-extension and collaborations
among onion producers and suppliers are essential. Sound policies and investments in onion
production and market development are required for sustainable development of the seed sector.
Implementing the milestone strategy on national seed sector, Ethiopia can enhance its onion seed
sector, improve productivity, boost incomes, and enhance food security that contribute to some
of the Global Sustainable Development Goals.
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