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Chapter 1. INTRODUCTION

1.1. Background and Justifications

Rice (Oryza sativalL.) is a semi aquatic annual grass from the Poaceae family,
Monocotyledonae class of angiosperm plants (Mohapatra and Sahu, 2022). It grows under a
variety of climatic, hydrological, and edaphic conditions. Rice cultivation at latitudes ranging
from 40°S to 53°N and elevations ranging from below sea level to more than 2,000 m
demonstrates its broad adaptability (IRRI,1986). Rice, a tropical and subtropical plant,
requires a high temperature (20° to 40°C). It suffers from high temperatures in the lower
elevations of the tropics and low temperatures in temperate regions (Verma, 2019). Rainfall
amount and distribution are the most important weather factors in rainfed rice ecologies
(upland, lowland, and flood-prone). A minimum of 200-300 mm of water per month is

considered sufficient to produce a good crop of rainfed rice (Verma, 2019).

Rice is a significant worldwide commercial and essential food crop that supplies nutrition and
energy for over 50% of the global population (Fukagawa and Ziska, 2019). Rice is well
recognized as a primary staple food and a crucial commodity for ensuring food security in
Africa. Over 750 million individuals in sub-Saharan Africa (SSA) partake in its consumption
(Roy-Macauley, 2019). Rice is a significant crop of economic and scientific importance,
mainly cultivated and consumed in Asian and African countries (Kurniawan et al, 2019). The
demand for rice is experiencing a tremendous rise due to shifts in consumer tastes, accelerated

urbanization, and a growing population (Roy-Macauley, 2019).

Rice was recently introduced to Ethiopia and was strongly associated with the quest to address
various challenges of various public interventions during the Derg regime, particularly those
related to settlement and food security (Dawit Alemu, 2019). Rice was first introduced in
Gambella (1973-1982), Pawe (1985-1988), and the Fogera plain (early 1980s) (Dawit Alemu,
2019). However, its production spread across many suitable rice production areas in the

country, including Amhara, Oromia, Benshangul, Southern Nations Nationalities and Peoples,
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Gambella, and Tigray regional states (Dawit Alemu 2019). The contribution to increased
farmer income, job creation, and animal feed sources has been widely recognized. Rice
consumption in Ethiopia has increased in line with increased production, contributing to
increased farmer income, job creation, and animal feed sources, which has been well

recognized (Dawit Alemu 2019).

According to the CSA report, rice cultivation has expanded significantly over the last decade,
with total land area under cultivation increasing from approximately 10,000 ha in 2006 to
more than 91,000 ha in 2022. Despite these efforts, consumer demand has far outstripped
supply, with rice imports accounting for 76% of Ethiopian rice consumption (Dawit Alemu
and Abebaw Assaye, 2021). Ethiopia's average national rice productivity (2.8 tones ha-1) is
quite low in comparison to the global average productivity (4.8 tones ha-1), despite the fact
that 6 tones ha-1 have been reported on research fields (Abebaw Dessie, 2018). However, rice
research and development remains constrained by a lack of farmer-preferred varieties, a lack
of improved agronomic packages, low input utilization, terminal drought, low temperature
effect, biotic stresses, soil fertility decline, a lack of irrigation facilities, an erratic rainfall
pattern, and pre and post-harvest management issues (MoARD,2010)

The National Rice Research and Development Strategy of Ethiopia (NRRDSE) revealed that
the rainfed rice cultivation potential is approximately 30 million ha (5 million ha highly
suitable and 25 million ha suitable), and 3.9 million ha suitable for irrigated rice production
(MoARD, 2010). However, approximately 91,122.35 hectares of land were cultivated,
yielding 280,633.323 tonnes. This accounts for 0.9% of national cereal crop area and 0.96 %
of national cereal crop production (CSA, 2022). According to the 2022 report from the Central
Statistical Agency (CSA), the Amhara Region is the largest producer, accounting for 64% of
total area planted and 68% of national rice production. Within Amhara, the South Gonder
Zone primary contributed 77.46% of regional rice production (CSA, 2022). However,
Libokmkem woreda is one of the major rice-growing area in the South Gonder Zone. The area
covered by rice production has increased considerably linked with expansion of production in

wetland and upland areas and the introduction of suitable rice varieties for the various agro-



ecologies. Even though there is a huge potential and increasing demand for the crop, lack of
high yielding varieties, terminal moisture stress and low soil fertility, disease and cold effect

are the constraints that restrict the expansion and productivity (Abebaw Dessie, 2018).

Seed is an important agricultural input as well as a means of introducing new technologies
.Improving seed quality can greatly increase crop yield potential, making it a highly cost-
effective and efficient factor in agricultural development post-harvest management (Girma
Abebe and Amanuel Alemu, 2017). Improving seed quality is critical for increasing crop
quantity as well as quality. An effective seed system can determine the maximum contribution
of high-quality seed (Fikir Desalew, 2021).The production of seeds needs a comprehensive
framework that incorporates the required expertise, knowledge, and specialty, all of which are
implemented by a seed system in various ways. The seed system should play a significant role
in acquiring the necessary seeds to enhance crop yield (Fikir Desalew, 2021).

The seed system in Ethiopia encompasses all the intricate organizational, institutional, and
individual activities involved in the growth, reproduction, processing, conservation,
distribution, and commercialization of seeds (Girma Abebe and Amanuel Alemu, 2017).
Smallholder farmers engage in several seed systems to ensure they buy the desired amount and
quality of seeds necessary for their crops and to effectively sell their produce (Abebe Atilaw
and Lijalem Korbu, 2011). The Ethiopian seed system may be categorized into three
components: formal, informal, and intermediary (ATA, 2015). These systems differ in terms
of their scope, procedures and relative contributions to specific crop production (Fikir
Desalew, 2021).

The formal seed system in the Ethiopian context is a system that involves a chain of regulated
activities from variety development to end use (Abebe Atilaw and Lijalem Korbu, 2011;
Louwaars, 2007). This system consists of several interconnected components, such as variety
development, release and registration, seed multiplication, processing, seed quality control,

certification, and the distribution of modern varieties in the form of quality seed, all aimed at



the goal of promoting higher yields, increased incomes, and food security (Ojiewo et al,
2020).

In the Ethiopian context, the informal seed system refers to the practice of seed production and
distribution that does not involve a legal seed certification process and lacks quality control
measures, thereby not ensuring minimal quality standards (Dawit Alemu et al, 2010). It can
also be defined as a mass quantity of seeds from both local and improved crop varieties
produced in a way different from the formal certification system (Dawit Alemu et al, 2018). It
is a dominant seed system in Ethiopia and the world. Approximately 90% of the seed utilized
by smallholder farmers was obtained through the informal seed sector (source). It is relatively
cheaper and easily accessible in rural farming communities. Additionally, its sustainability is
more assured compared to the formal seed system (Dejen Bekis, 2021). Farmers saved seed
and farmer to farmer exchange still dominate the rice seed system in SSA (Roy-Macauley,
2019).

The recently acknowledged intermediary seed system exhibits characteristics shared by both
the formal and informal seed systems, resulting in overlapping properties. The intermediate
sector refers to business-oriented community-based groups, such as producer cooperatives or
unions that are involved in the production and distribution of noncertified seed of both modern
and local varieties (ATA and MoA, 2017). Their contribution is especially significant for
crops that have limited investment interest from commercial seed companies and for crops that
are less extensively covered by state seed organizations (Dawit Tsegaye et al, 2017).

1.2. Statement of the Problem

Rice is one of the most important crops in Ethiopia's Fogera Plain, supporting the farming
community's livelihood. The attraction of this golden grain is evident in the growing number
of farmers embracing rice cultivation (Dawit Alemu et al. 2019). This expansion contributes
not only to increasing land dedicated to rice, but also to a remarkable surge in Ethiopia's

overall rice production, particularly in the western Amhara region (MoARD, 2010; Yohannes



Tesfaye et al, 2012). Rice is critical to Ethiopia's food security, in addition to its economic
significance. The crop provides small-scale farmers a wealth of nutritional and economic
benefits. Rice plays an important role in Ethiopian families' poverty reduction and income
generation (Dawit Alemu and Thompson, 2020).

Even though the country has potential for rice crops source seed production is confronted with
series of bottlenecks in the national rice seed systems: Amongst these bottlenecks, seed quality
is the major one(Yonas Sahlu, 2012). The availability of quality rice seed is a critical factor in
boosting rice productivity and production in Ethiopia (Yilikal Melak et al. 2024). The quality
of the seed has a significant impact on crop success in terms of yield and product quality, as
well as contribution to food security and market value. Girma Abebe and Amanuel Alemu
(2017) found that quality seed alone contributes up to 45% of total production. In addition to
poor seed quality, Ethiopia's rice seed system suffers by access to rice seed from unreliable
seed sources, ineffective delivery systems, weak linkage among rice seed value chain actors,
and other issues (Yilikal Melak et al, 2024).The performance of the rice seed sector is still
weak, particularly in terms of accessibility and availability of high-quality seed from improved

varieties, as well as seed replacement rates (Amsalu Ayana and Dawit Alemu, 2019).

Despite research efforts on seed systems for other crops, such as tef, wheat, and maize (MoA
2020), there is a significant research gap regarding the seed system of rice in Ethiopia. The
lack of comprehensive studies on rice seed system and seed quality specifically for the study
area limits our understanding of how the different rice seed systems operate and the
association between seed systems and seed quality and their need for improved seed systems.
Additionally, the informal seed system, where farmers save, select, and exchange seeds,
delays their access to modern technologies for crop improvement. Louwaars and De Boef
(2012) suggest that a sustainable integrated seed system, combining both formal and informal
systems, is essential for enhancing agricultural productivity. Therefore, understanding the
dynamics of the rice seed system, seed quality and farmer preferences is critical to developing

a more efficient rice seed system.



1.3. The Objectives of This Study

1.3.1. General objective
To assess the existing rice seed system and analyze the different seed quality attributes of rice

seed in Libo Kemkem woreda.
1.3.2. Specific objective
Assess and quantify the existing rice seed systems in Libo Kemkem woreda.

Analyze the different seed qualities attributes (physical purity and physiological quality) of
rice seed accessed through the existing seed system in Libo Kemkem woreda.



Chapter 2. LITERATURE REVIEW

2.1. Rice distribution and its Importance

Rice is primarily farmed in tropical regions and requires approximately 1,800 mm of annual
precipitation (MoA, 2022). It is cultivated worldwide, with a total land area of 161 million
hectares harvested for rice production in 2018 (KPMG, 2019). The global production of rice
paddy amounted to approximately 700 million tons, with Asian countries accounting for 90%
of (640 million) tons. Sub-Saharan Africa generated over 3.5% (19 million tons) of the total
production, while Northern Africa contributed around 0.8% (6.2 million tons). Latin America
and Central America, combined with the Caribbean, accounted for approximately 3.7% (27
million tons) (KPMG, 2019). Rice accounted for approximately 8.3% of the world's major
crop production (FAO, 2023). In Africa, rice accounted for approximately 3.8% of the main
crop yield and 4.7% of the global rice production (Wu et al, 2023). Despite its current modest
share, the demand for rice in sub-Saharan Africa is increasing at over 6% annually due to
population growth, urbanization, and changes in consumer preferences, surpassing any other
staple food (Arouna et al.,2021).

Rice is a recent introduction to Ethiopia, which was firmly linked with the quest for addressing
various challenges of different public interventions during the Derg regime, which were
mainly related to settlement and food security. The first areas of rice introduction were
Gambella (1973 — 1982), Pawe (1985 — 1988), and the Fogera plain (early 1980s) (Dawit
Alemu, 2019). However, of these areas, the Fogera plain remained one of the major rice
production areas that has demonstrated huge agrarian changes associated with rice
introduction and its commercialization(Dawit Alemu, 2019). Rice cultivation in the seasonally
flooded plains started as a pilot in Jigna and Shaga cooperatives in Dera and Fogera Districts
in South Gondar Zone, Ethiopia (Dawit Alemu, 2019). According to MoARD (2010), the
number of farmers engaged in rice production is also growing year after year. Currently,
Amhara, the Southern Nations, Nationalities, and Peoples Region (SNNPR), Oromiya, Somali,
Gambella, BeniShangul Gumuz, and Tigray regions are the major rice-producing areas in

Ethiopia.



Rice is the main dietary staple for about 3.5 billion people, which is over half the global
population (KPMG, 2019). Providing over a quarter of the calories for approximately half of
the population (Wu et al, 2023). The most significant regions where rice consumption is
prevalent include Asia, South America, and Sub-Saharan Africa (KPMG, 2019). Rice is a
significant food crop worldwide and is gaining economic importance in Ethiopia due to
changes in dietary habits and its integration with traditional food products (Taye Tadesse,
2019). It has great potential to contribute to food security and even generate foreign currency
from its exports (Halos-Kim, 2015).

The crop has found its way into local diets because it is viewed as compatible with traditional
food and drink-making (Dawit Alemu and Thompson, 2020). In many parts of the country
(especially in areas where rice is produced), injera (traditional flat bread) is now made by
mixing a small amount of rice flour with teff flour. This blending is favored by consumers due
to their growing preference for the lighter colored injera that rice provides (Dawit Alemu and
Thompson, 2020). During the earlier period, there was a growing trend to make traditional
drinks such as Tela (black beer) and Areki (liquor) from rice (Dawit Alemu and Thompson,
2020).

Rice contains a considerable number of calories and a wide variety of essential vitamins,
minerals, and other nutritional values (Mohidem et al., 2022). Its nutrients are superior to
those found in maize, wheat, and potatoes. It is also recognized as a major source of vitamin E
and B5, as well as carbohydrates, thiamine, calcium, folate, and iron. Phytic acid and phenols
are among the phenolic compounds found in rice, alongside sterols, flavonoids, terpenoids,
anthocyanins, tocopherols, tocotrienols, and oryzanol. These compounds have been positively
linked to antioxidant properties and have been shown to help prevent cardiovascular disease
and diabetes (Mohidem et al, 2022).

2.2. The Role of Seed in Agricultural Production



Seed is the most important agricultural input, and it is the basic unit for the distribution and
management of plant populations (Gebremedhin Welu, 2014). Seed significantly contributes
to higher crop production along with other inputs. Increasing the quality of seeds can increase
the yield potential of the crop by significant folds in Ethiopia ( Kassa Tarekegn and Merkine
Mogiso, 2020). The direct contribution of quality seed alone to the total production is
estimated at 45%, which depends on the type of crop (Girma Abebe and Amanuel Alemu,
2017). Seeds provide food, feed, fiber, and fuel. They are also an important delivery system of
genetic information, which is essential for the survival of wild species in the ecosystems and
the production of agricultural crops (Andujar et al, 2012). The significance of seeds as the
vehicle for the most crucial traits in crop development has been recognized since the inception
of agriculture. Starting from 10000 years ago, harvesting seed from the selected plants has
been the basis of crop domestication and consequently of present day agriculture (Louwaars
and Marrewijk, 1996).

The power of a seed is unlimited, and it is an effective agent for change, can overcome
production limitations, and significantly impact the lives of those suffering from hunger
(Ravinder et al, 2007). For a secure seed supply system, it is necessary to ensure a balance
between seed demand and supply. This would give farmers access to adequate quantities of
good-quality seed of the desired type at the required time and at an affordable cost (Ravinder
et al, 2007). Seeds are critical for addressing the dual challenges of food insecurity and
climate change (Mcguire and Sperling, 2011). Farmers depend on the quality seed of
appropriate varieties to attain food security (Chand and KC, 2020). However, recently, both
natural disasters like droughts, floods, and hurricanes, and human-caused disasters like wars
and civil conflicts, have had a growing and severe effect on rural livelihoods and crop
production systems. These disasters have stopped crop production, damaged agricultural
assets, made it difficult for farmers to get the resources they need, and reduced food security.
Addressing the seed security of disaster-affected households, through relief operations, is a
frequent response undertaken by national governments and NGOs to facilitate their recovery
(Otieno et al, 2022).



2.3. Seed System

Seed systems comprise a diverse range of technology, organizational frameworks, and market
and nonmarket institutions that facilitate the availability and utilization of seeds by small-scale
farmers through both formal and informal channels. Seed systems play a crucial role in
guaranteeing the food security of smallholder farmers (Tekeste Kifle et al, 2023). A seed
system is a group of dynamic interactions between demand and supply for seeds that result in
the use of seeds and, eventually, plant genetic resources at the farm level. According to FAO
(2020), the seed system is the social and economic process through which different supply
sources satisfy farmers' needs for seed and other desirable seed characteristics. A seed system
refers to physical, organizational, and institutional components, their actions, and interactions

that determine seed conservation, improvement, supply, and use (Teshome Hunduma, 2021).

Ethiopian seed systems are classified as formal, informal, and intermediate seed systems
(Teshome Hunduma, 2021). Another study by Dejen Bekis (2021) observed that the seed
system is classified into informal, formal, and alternative seed systems with low quality,
quantity, and an intermediate contribution to crop production. Moreover, the development of
intermediate seed systems fills the gap between formal and informal seed systems, which
ultimately improves productivity and food security (Sisay Argaye, 2019). The Ethiopian
Agricultural Transformation Agency (ATA) has identified three seed systems in Ethiopia:
"traditional™ or "informal" seed systems, where farmers save seed from their harvest or
exchange it through social networks for the following planting seasons, gift, borrow, and buy
informally; “intermediate seed systems,” which suggest coordinated actions between the
formal and informal seed sectors; and "formal™ or "commercial” seed systems, where farmers
purchase improved variety seeds through farmer cooperatives, input suppliers, and other
channels (ATA, 2015). Rice seed systems are lagging other crops in both Asia and Africa, and
many farmers still rely on their saved seeds, resulting in considerable losses to productivity

and quality (Taye Tadesse, 2019).

2.3.1. Formal rice seed system
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The formal seed system is referred to as "formal™ because it is predominantly government
sponsored and involves several public agencies (Desta Abayechaw and Kedir Wulchafo,
2021). Formal systems are governed by external regulations through the enforcement of rules
and regulations that govern the production and distribution of seed. This regulation is
primarily carried out by public Seed businesses, but there is a growing trend of specialized
companies operating on commercial principles taking on this responsibility (Jones et al.,
2006).

The formal seed sector, which is dominated by public seed enterprises and a few private seed
companies, plays an important role in supplying certified seed of improved varieties,
especially for commercially viable crops (Taye Tadesse, 2019). It is comprised of established
and formally recognized state and commercial institutions engaged in seed research,
development, and distribution. This system primarily consists of several interconnected
components, including variety development, release and registration, seed multiplication,
processing, seed quality control, certification, and dissemination of modern varieties in the
form of high-quality seed. The ultimate goal of this system is to enhance agricultural
productivity, increase incomes, and ensure food security (Walsh et al, 2015).

The formal sector encompasses the established institutions that are engaged in various stages
of the seed value chain, including research institutions, public seed companies, registered
private producers, and registered seed cooperatives (ATA and MoA, 2015). The formal seed
supply is underdeveloped in numerous developing nations, including Ethiopia. The formal
seed supply sector, both from public and private companies, provided only 10-20% of the
actual demand of the country, and less than 5% of the cultivated area is covered by improved
seed (Fikre Desalew, 2021). Formal rice seed system in Africa Accounts for 10-20%
(Panchbhai, 2022). In Liberia, only 5.3% of rice farmers use certified seeds from agro-dealers

and aid from non-governmental organizations (Dorley et al, 2022).

In general, the actors engaged in rice seed production are research centers that are mainly

engaged in germplasm and variety development as well as in the production and supply of
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early generation seeds (breeder, pre-basic and basic seeds) and certified seed is produced
mainly by the public seed enterprises (Ethiopian Seed Enterprises, ESE; Amhara Seed
Enterprises, ASE; Oromia Seed Enterprises, OSE; and South Seed Enterprises, SSE). There is
only one private seed company engaged in certified rice seed in SNNPR (MoA, 2017). The
status of the rice seed sector described above indicates the prevailing main challenges for the
rice seed sector development are Week seed sector governance, Limited supply of early
generation seed (EGS), Limited incentive for seed companies, Limited recognition to
alternative seed suppliers, Inefficiency in promotion, marketing and distribution, Low level of
implementation capacity of actors. There are also opportunities: Potential of the rice sector,
increased demand of smallholder farmers for adoption of quality seed of improved varieties,
Improvement of the national agricultural research capacity, Improvement of the seed sector

governance, increased interest of development partners (MoA, 2017).

2.3.2. Informal rice seed system

In the Ethiopian context, the informal seed system refers to the practice of seed production and
distribution without a legal seed certification process and without quality control methods that
provide minimum quality standards (Dawit Alemu, 2010). The key features of this system are
its relative benefits in terms of ease of access, simplicity, cost, diversity, decentralized nature,
adaptability, manageability, and the potential to provide immediate and flexible access in
times of uncertainty (Dawit Tsegaye et al, 2017). In sub-Saharan Africa, informal seed
marketing is still the dominant system for seed supply (Fikir Desalew, 2021). The informal
seed system accounted for about 90% of the seed used by smallholder farmers. The cost of this
product is comparatively lower, and it is easily accessible in rural farming communities.
Additionally, its long-term viability is more assured compared to the formal seed system (Fikir
Desalew, 2021).

Rice Farmers in Nepal mostly use seed from their stock in the form of informal seed systems,
which is around 92.3% of total seed requirements (Sapkota et al, 2013). In Africa, the whole

informal rice seed system accounts for 80-90% (Panchbhai, 2022). Particularly in SSA, the
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informal seed system (farmers saved seed and farmer-to-farmer exchange) still dominates the
rice seed system, covering over 80% of the seed share, leading to poor quality and low yields
(Taye Tadesse, 2019). In Tanzania, the informal seed systems (farm saved or recycled seeds)
remain the major (more than 90%) source of rice seed (TOAM, 2015). In Liberia, local
channels of seed supply and maintenance dominate the rice seed system. About 94.7% of
farmers source their seeds from local open-air markets, borrow from neighbors, or save seeds

from previous harvests (Dorley et al, 2022).

The development of the rice seed sub-sector in Ethiopia is encountering multiple challenges in
terms of production, processing, storage, marketing, and utilization. Due to rice being a self-
pollinated crop, a significant proportion (89.5%) of rice farmers engage in the informal
practice of using and/or exchanging grains from prior seasons as seeds (MOANR, 2017). This
trend indicate the huge gap in use of quality seed of available improved varieties of rice at
national level and major dependence of rice farmers on the informal seed system, which
includes use of own farm-seed and/or locally exchanged seed as well as local grain/seed
market, i.e. when farmers opt to use grain purchased from local market for seed purpose
(Sperling et al., 2008).

2.3.3. Intermediate rice seed system

Large commercial and public seed businesses typically overlook locally requested crops and
kinds due to the insufficient demand and profit margins, which are not significant enough to
justify investment for private seed companies (Borma et al., 2013). The recently
acknowledged intermediary seed system exhibits characteristics shared by both the formal and
informal seed systems, resulting in overlapping properties (Dawit Tsegaye, 2017). The
intermediate sector is defined as business-oriented community-based groups (producer
cooperatives or unions) engaged in multiplying and distributing noncertified seed of modern
or local varieties (ATA, 2017). The intermediary seed system encompasses the cultivation and
distribution of seeds by local farmers, who receive financial and technical assistance from

NGOs and breeding institutions, this system is commonly known as the alternative seed
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system (Hirpa et al, 2014). Their contribution is also particularly important for crops where
there is less investment interest by private seed companies and for crops covered by public
seed enterprises. (Dawit Tsegaye et al, 2017). The purpose of the Intermediate Sector is to
officially acknowledge community-based groups as distinct entities, apart from both the
informal and formal sectors (ATA and MoA, 2015).

2.4. Seed Quality

Seed is the vital and basic input of agricultural production on which the performance and
efficacy of other inputs depend (Sanghamitra et al, 2021). Quality seed is critical to
agricultural production: poor seed limits the potential yield and reduces the productivity of the
farmer’s labor (Girma Abebe and Amanuel Alemu, 2017). One of the greatest agricultural
hazards is sowing seeds that cannot produce an abundant crop of the required cultivar (ISTA,
2023). Thus, Seed testing is required to minimize the risks of planting low quality seeds. To
identify the quality problems and their probable cause through determining their quality, that
is, their suitability for planting, to determine the need for drying and processing, and specific
procedures that should be used (Singh et al, 2014). The purpose is to assess if the seed
conforms to the prescribed quality standards or labeling specifications. The main objective of
seed testing is to acquire precise and consistent results regarding the quality status of the seed
samples submitted to the seed testing laboratories. Seed testing is the assessment of the quality

and characteristics of a batch of seeds (Singh et al,, 2014).

Similarly, an ideal rice seed should possess the characteristics of purity, fullness, uniformity in
size, freedom from weeds, insects, diseases, and other non-living substances, and most
importantly, it should be capable of germination (Sanghamitra et al, 2021). Seed quality is a
concept made up of different attributes. The attributes are of interest to different segments of
the industry- to the producer, the processor, the certification authority, and the government or
agency responsible for seed control (Elias, 2018). In technical terms, seed quality can be
broadly categorized into four main components: genetic seed quality, physical seed quality,

physiological seed quality, and Seed health quality ( Hasanuzzaman, 2015) .
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2.4.1. Physical purity

Physical seed quality is defined as the proportion of uncontaminated seeds of the correct crop
species inside a batch of seeds; sometimes, seed size is also accounted for. It is measured by
some components using analytical purity, moisture content, size, appearance, insect bites, and
presence of undesirable materials (Hasanuzzaman, 2015). Physical purity indicates the
proportion of a seed lot that is pure seed of the species concerned (Hasanuzzaman, 2015). The
laboratory analysis identifies and quantifies impurities (seeds of other species and inert matter)
that may occur in the seed lot (FAO and ISTA, 2023). The composition of these components is
consistently represented as a weight% % of the examined seed sample. It is the first seed
quality attribute recognized in seed trade to protect farmers against the use of impure seed,
which is contaminated with seeds of other crops or inert matter. Farmers require seeds that are
uncontaminated with seeds from different crops or weed species or inert matter that may
reduce the quality of their product (ISTA, 2023).

The objective of the percent purity analysis is to separate a working sample into the three
fractions or components of pure seeds, other seeds (weeds, other crops), and inert matter (e.g.,
chaff, stones, broken seeds). The purity analysis result is reported as a percentage for each
fraction, to a precision of one decimal place (FAO and ISTA, 2023). Pure seed refers to the
species stated by the sender, whereas other seeds include seeds, seed-like structures of any
species other than that of pure seed and inert matter that includes soil, sand, stones, chaff,
leaves, cone scales, wings, and pieces of bark, flowers, nematode galls, fungus bodies, such as
ergot, other sclerotic and bunt balls (Hasanuzzaman, 2015).

2.4.2. Thousand Seed weight

Thousand seed weight (TSW) is simply the measurement of the weight of 1000 seeds. It is a
common analysis usually performed after the analytical purity test. The results of the TSW,
together with the germination rate, give important information to end users and allow them to

calculate how many seeds per hectare are needed to be sown for different establishment rates
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(FAO and ISTA, 2023). The TSW can vary widely depending on the growing conditions
within and between seasons: Within species (e.g., beans), a wide range of TSW results can be
obtained (FAO and ISTA, 2023). The sample of seed lot is screened to simulate what would
happen when the seed lot is cleaned and processed, and then 1000 seeds are weighed to
produce the weight of 1000 seeds in grams. It has the advantage of calculating sowing rates

accurately, and during screening, a small-sized seed could be removed (Fuziana et al, 2011).

2.4.3. Moisture content

Moisture content (MC) of cereal grains is one of the most important characteristics for
determining seed quality. Maintenance of seed quality during storage is imperative to the
propagation of food plants, as seed is the first link in the food chain and the ultimate symbol of
food security (Bakhtavar and Afzal, 2021). In storage, seeds are preserved under regulated
environmental conditions to maintain their viability, but initial seed quality and seed moisture
contents are major contributing factors to seed longevity (Bakhtavar and Afzal, 2021). It is
important to determine the proper time for harvesting and the potential for safe storage (Tahir
et al., 2023). Therefore, it is recommended that storage with low moisture levels (12%) or
below (10%) is the best to preserve rice seed quality (Sadaka and Rosentrater, 2022).
However, at higher moisture levels (14%), the availability of oxygen in storage is more
harmful to seed lifespan and quality. It is also an important factor in determining the market
price, because the dry matter of grain has more value than the water it contains (Sadaka and
Rosentrater, 2022).

2.4.4. Physiological seed quality

Physiological quality refers to the ability of a seed to germinate and includes components like
germination capacity, viability, vigor, and characteristics related to dormancy (Hasanuzzaman,
2015). The germination percentage is a measure of the seed's capacity to sprout and develop
into a plant in its natural environment (Basu and Groot, 2023). A germination test determines
the percentage of seeds that are alive in any seed lot. The level of germination in association
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with seed vigor provides a good estimate of the potential field performance (Basu and Groot,
2023).

Seed Vigor is an important aspect of seed quality. It is a quantitative trait which is responsible
for overall seed performance in terms of rate and uniformity of seed germination, seedling
growth, emergence ability under unfavorable environments, and post storage performance
(Basu and Groot, 2023). Seed vigor is controlled by genetic factors, initial seed quality,
production environments, harvesting, and storage conditions (Basu and Groot, 2023). Seed
vigor is a crucial factor that significantly impacts the performance of agricultural seeds. The
crop production and resource use efficiency are dependent upon the effective establishment of
plants in the field. The vigor of seeds determines their capacity to germinate and establish
seedlings quickly, evenly, and strongly in various conditions (Finch-Savage and Bassel,
2016).

Viability refers to the ability of a seed to undergo germination and develop into a typical
seedling. As a result, it is commonly used interchangeably with the "germinating capacity."
From a biological perspective, a seed can be classified as either viable or non-viable based on
its capacity to germinate and develop into a healthy seedling. Therefore, only collections of
seeds, known as seed lots, can demonstrate varying levels of viability (Hasanuzzaman, 2015).
In another sense, Viability refers to the extent to which a seed is alive, actively undergoing
metabolic processes, and has enzymes that can facilitate the necessary metabolic reactions for
germination and the growth of a seedling (Hasanuzzaman, 2015). The viability of a seed is
crucial for it to fulfill its biological function. Consequently, if a physically uniform seed of a
suitable type lacks sufficient germination and vigor, or if it does not sprout when sown, it will
be ineffective. The distinction between grain and seed lies in their germination potential, since
grain may or may not germinate, while seed must germinate. The high percentage of

germination is a crucial technical condition for seeds, as stated by Reed et al. (2022).
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Chapter 3. MATERIALS AND METHODS

3.1. Description of the Study Area

The study was carried out in 2024 in Libo Kemkem Woreda, South Gondar Administrative
Zone of the Amhara National Regional State, Ethiopia. Libo Kemkem Woreda is one of the 13
rural Woredas found in the South Gondar administration zone. Of 31 rural kebeles in the
woreda; 18 engage rice production. The area is suitable for mixed agriculture-livestock
production. The mean annual rainfall ranges from 900 to 1,200 mm, the altitude varies from
1,800 to 2,000 meters above sea level, the mean annual temperature is 25-28°C, and the
relative humidity is 31-52.7%, which enables farmers to cultivate a diverse range of crops
(LKWAO, 2024). The total population of the Woreda are 268,511. Of which, 136,553 are
males and 131,958 are females (CSA, 2024). The total area of the Libo Kemkem woreda is
951.49 square kilometers. Looking at patterns of land use of the Woreda, cultivated land
(34,694 ha), forest land (1,420 ha), bush/shrub land (5,937 ha), water bodies (38,366 ha),
grazing land (8,947 ha), and other uses (7,633 ha) (LKWAOQO, 2024). Like many rural areas of

the country, the farming techniques used by the majority of people are traditional.
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3.2. Sources of Data and Methods of Data Collection on the Survey

3.2.1. Sample size determination and sampling techniques
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selected as the top rice production area of the Amhara region.

Yemane

The study employed multistage sampling. First, the South Gondar Zone was purposely
Second, based on the
distribution and economic importance of the rice crop in the zone, Libo Kemkem Woreda was
selected. Third, three kebeles were chosen purposely, representing kebeles in the woreda. The
sampling frame included information about the list of rice-growing kebeles in the woreda and
rice-producing households. The study employed a sampling determination technique
(1967).



Where N is the population size, n is the sample size, and e is the level of precision (9 % in this
study). Accordingly, the study used 120 households as respondents from the total number of
4487 rice growing farmer household heads in the study areas. The sample size for each
kebeles was determined by using a proportionate systems. Sample households were selected
from the three kebeles using systematic random sampling techniques based on the number of

rice producer households.

b Nh
=—X
n N n

Where, nh =Sample size of the kebele, Nh = Total rice producer of each kebele N = Total rice
producer of the sample kebeles and n = Total sample size of the study kebeles.

Table 3.1. Number of rice producer household in three kebele and sample size of each kebele

No Selected Rice producer households Sample size of
kebele in each kebele each kebele

1 Shina 1385 37

2 Bura 2067 55

3 Yifag 1035 28
Total 4487 120

3.2.2. Surveying methods

A questionnaire was developed to gather information on farmers’ farming and cropping
practices, farmers’ seed sources, seed management practices, perception of farmers’ seed
quality, adoption of modern varieties, seed access for rice production, and socio-economic
factors. Before developing the survey questionnaire, a discussion was held with Woreda-level
governmental organizations on the actual rice production status of the Woreda, seed sources,
seed coverage, variety preference, and the involvement of different stakeholders in rice seed

production, seed distribution, and marketing.

Pre-tests were conducted with five households to evaluate the survey instrument. Moreover,

three experts in the subject area were consulted for the draft questionnaire. Based on the
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feedback from the pretests and the experts, questions that were ambiguous, unclear, out of
context, difficult to be addressed by farmers and repetitive were adjusted or removed. Three
enumerators were trained to gather appropriate and correct information from the respondents.
A one-day training session was facilitated for the enumerators to understand the objectives of
the study, their key responsibilities, the work procedures, and the questions. Enumerators were

involved in both the pretests and full data collection.

3.2.3. Survey data collection

Data were collected from both primary and secondary sources. Primary data were
collected from sample farmers using structured questionnaire. Secondary sources
included published and unpublished documents, government reports, and strategy

documents.

3.3. Data Collection Method in the Laboratory

To test the seed quality parameters, sample seeds were collected from the respondent
farmers, who were participated in the survey. Samples were collected from both farmers
who accessed seed either through the formal seed system or the informal seed system
based on the survey data. For representing farmers who accessed seeds through the
informal seed system, sample seeds were collected from a total of 25 farmers. With a
similar fashion for representing farmers who accessed seeds through the formal seed
system, seed samples were collected from 20 farmers. 300 g of seed was considered from
each of the samples collected for the laboratory experiment. Accordingly, laboratory
analysis was made for various seed quality parameters in relation to the sources of the
seed. The laboratory tests were conducted at the Amhara Quality and Safety Authority,

Bahir Dar branch. The procedures for various seed quality tests are explained below.

3.3.1. Analysis of physical purity (Analytical purity)
Seed samples from both formal and informal seed systems were collected and reduced to

a working sample, and only 70 g of seeds were used in laboratory tests. Each working

21



sample was separated into three purity components: pure seeds, inert matter and other
seeds (FAO and ISTA, 2023), and their respective weights were recorded for each
replicate. Each component was weighed on an analytical balance to the nearest two
decimal places, and the percentage of each component was computed using the following

formula:

) weight of pure Seed
Purity (%) = —; _ x 100
weight of working sample

3.3.2. Thousand Seed weight determination

Thousand Seed Weight (TSW): Thousand seed weight was determined by counting from
the pure seed fraction and weighing eight replicates of 100 seeds, and their mean weight
was taken and multiplied by 10 (ISTA, 2023).

3.3.3. Moisture content

Moisture content was determined by using the oven drying method. Five-gram seed was taken
from each sample, finely grinded and put in less than 8 diameter containers and was covered
by aluminum foil for pre-dry measurement. Then samples were dried in oven dry adjusted at
temperature 130°C+/- 1°C for two hours. At the end of two hours, containers were placed in
desiccators to cool for 30 minutes. After cooling, the containers were weighed with their cover
and contents, and the moisture content was determined according to (ISTA, 2023).

2— M3

—— X
M2 — M1 100

Moisture content (%) =

Where
M; - is the weight of the container and its cover in grams
M, _ is the weight of the container, its cover, and its contents before drying, in grams

M3 - is the weight of the container, its cover, and contents after drying in grams
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3.3.4. Determination of physiological quality

Standard seed germination: The germination test was conducted by following the
procedures outlined by ISTA (2023), where pure seed components were separated during
purity analysis on all seed samples collected from both formal and informal sources. The
final count was carried out on the 14th day after planting. On the final day of the
germination test, seedlings were evaluated into normal seedlings, abnormal seedlings, and
dead seeds to calculate the percentage of each, the germination was calculated and
expressed in percentage as follows:
Total number of normal seedlings

Cermination (96) — x 100
ermination (%) total number of planted seed

Speed of germination: The standard germination tests only distinguish between normal
and abnormal seedlings. However, variation in seedling size and vigor is likely to occur
within the category of “normal seedling”. Therefore, to distinguish the variation among
normal seedlings, the speed of germination was conducted by taking one hundred seeds
from each of the samples and planting them independently on a germination paper. It was
kept at room temperature until no further germination was taking place. Starting from the
fourth day up to forty days of planting, normal seedlings were counted and removed each
day, and the speed of germination was calculated by dividing the number of normal
seedlings counted each day by the number of days during which they were counted

according to Maguire (1962).

Speed of germination (day)
__ number of normal seedling ... + number of normal seedling

days of firs count days of final count

Seedling shoot and root length: The seedling shoot and root length were assessed after
the final count in the standard germination test. Ten normal seedlings were randomly

selected from each of the samples. The shoot length was measured from the point of
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attachment to the cotyledon to the tip of the primary leaf using a graduated ruler, and the
mean values were calculated and expressed in centimeters. In the same way, the root
length was measured from the point of attachment to the cotyledon to the primary root
using a graduated ruler, and the mean values were calculated and expressed in
centimeters The average shoot or root length was calculated by dividing the total shoot
length or root length by the total number of normal seedlings measured, according to
(Abdul-Baki and Anderson, 1973).

Seedling dry weight: Seedling dry weight was measured after the final count in the
standard germination test. Ten randomly selected seedlings from each sample were cut
free from their cotyledons, placed in the envelopes, and dried in an oven at 80 + 1 °C for
24 hours. The dried seedlings were weighed in grams, and the average seedling dry
weight was calculated as suggested by Fiala (1987).

total seedling dry weight

Seedling dry weight (g) = number of samples

Vigor index-1 and Vigor index-11: For each of the seed sources (i.e., formal vs informal
seed sources), two vigor indices (V.1 and V.1I) were calculated. Seedling vigor index V.I.
was calculated by multiplying the standard germination percentage by the average sum of
the seedling length on the final day of the germination test. Seedling vigor index V.1l was
calculated by multiplying the standard germination percentage by the mean seedling dry

weight.
Vigor index | = Germination % % [Root length + Shoot length (cm)] (Abdul-Baki and

Anderson, 1973).
Vigor Index Il = (Seedling dry weight X Germination (%))/ 100 (Kharb et al., 1994)
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3.4. Data Analysis

3.4.1. Survey data analysis

The survey data collected through interviews from 120 households were analyzed using the
Statistical Package for Social Sciences (SPSS v27.0). Descriptive statistics such as mean,

frequency, minimum, maximum, and percentage values were used for analyzing the data.

3.4.2. Laboratory data analysis

The laboratory data collected from forty-five farmers were analysed by using the Statistical
Package for the Social Sciences (SPSS version 27.0) software. Twenty-five samples, which
were collected from farmers who accessed seed from informal sources, and twenty samples
collected from farmers who accessed seed from formal sources were compared for their
performance in relation to the various seed quality parameters. Hence, the mean percentage of
seed quality parameters was computed using a Wést. It aimed to compare seed sources. The
formula for the independent t-test is:

X1-X72

s21  s22

71 T2

t =

Where:- X™1 and X2 are the sample means of the two groups, s*1, and s°2 are the sample

variances of the two groups, and n1 and n2 are the sample sizes of the two groups.
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4. RESULTS AND DISCUSSION

4.1. Demographic Characteristics of the Respondents

The mean age of the respondents was 45 years, ranging from 25 to 78 years (Table 4.1).
This shows that most of the respondents was under the economically active age group.
About 87% of the respondents were males, and the remaining were females. The mean
farming experience of the respondents was 23 years, with a range from 5 to 55 years
(Table 4.1). Farming experience that farmers acquire through time is supposed to
positively influence farmers’ perception of adopting new technologies, including seeds
(Hunegnaw Amare, 2015). Studies show that the rice-growing experience of the
household head positively contributed to improved seed usage. Extended farming
experience could help farmers to acquire better farming knowledge and skills in rice
production, management, and agriculture input utilization (Afework Hagos and Lemma
Zemedu, 2015). The age of a farmer was used as a measure of experience, and
experienced farmers were often expected to use modern technologies. Older producers
had more experience than younger ones since they had the means and prior expertise to

take on greater responsibilities for trying new technology ( Tadie Mirie , 2022).

The mean family size of the respondents was 6.21 persons per household, with a range
from 2 to 10 persons (Table 4.1). Farmers with a large family size are expected to be
more likely to adopt improved rice technologies. The household size is mostly used as a
proxy for labour availability. In a situation where the adoption of agricultural technology
places labour constraints during the adoption process, households with large family sizes
are advantageous (Solomon Estifanos et al., 2021). Household size positively influences
the decision to use improved rice seed and associated technologies (Afework Hagos and
Lemma Zemedu, 2015). Studies show that family size positively and significantly
determines the amount of formal seed utilized by households (Hunegnaw Amare, 2015).

The mean working male and female size in the household was 2.34 and 2.06, respectively

(Table 4.1). Working family size is hypothesized to be significant and positively related
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to the probability of adoption. Increased production may require an increased
involvement of household members. Families with a regular supply of active labour do
not face a shortage of labour that may be needed to adopt and manage technologies
(Assefa Admassie and Gezahegn Ayele, 2011). The size of economically active labour in
households significantly affects the decision to improve rice farming (Afework Hagosl
and Lemma Zemedu, 2015).

The study indicated (Table 4. 1) that the average size land of the household is 1.10, with a
standard deviation of 0.38, the maximum is 2 hectares, and the minimum is 0.5 hectares.
The average land holding of the household (1.10ha) is equal to the regional (1.14ha) and
higher than the national average (0.84_ha) (CSA, 2020). Moreover, the average size of
rented land is 0.56 ha with a standard deviation of 0.28 ha, with maximum (1.5 ha), and
minimum (0.25 ha). About 76% of the respondents had rented land. Farm size determines
the adoption of technologies. Studies show that farmers with larger farm sizes adopt
technology faster than those with smaller ones (Assefa Admassie and Gezahegn Ayele,
2011; Afework Hagos and Lemma Zemedu, 2015). Land size affected the probability of
improved seed utilization positively and significantly( Hunegnaw Amare, 2015).

Table 4.1. Demographic and socioeconomic characteristics of the respondents.

Variable Mean Min Max
Age of the household 44.68 25 78
Farm experience 22.48 5 55
Family size 6.21 2 10
Working male family member (13-65 2.34 0 5
years)

Working female family member (13-65 2.06 0 5
years)

Total household own land size (ha) 1.09687 0.5 2

Total household rented land size (ha); n=92 = .55745 | 0.25 1.5

Regarding the education status of the respondents, 36.7% of the sample farmers can only

read and write, and 31.7% were illiterate. On the other hand, 22.5%, 7.5%, and 1.7% of

the respondents attended elementary schools, secondary schools, and College and above,

respectively (Table 4.2). The low literacy level of farmers affects their adoption rate for
27



new agricultural technologies, which eventually results in low production and
productivity (Paltasingh and Goyari, 2018). A study conducted by Solomon Estifanos et
al. (2021) found that education can raise awareness and enhance the decision-making
capability of adopting new agricultural technologies. Farmers with better education can
easily access and process information (Bekele W. Feyisaisa, 2020). Concerning the
marital status of the interviewed households, 95.8% of them were married, 2.5%
widowed, and 1.7% divorced (Table 4.2). Nearly one-fifth of the respondents had at least
one leadership position in the community, i.e., community-based organization,
cooperative, and religion (Table 4.2). Farmers in leadership positions do have access to
better agricultural technologies. About 11 percent of respondents participate in off-farm
income in addition to farm activities (Table 4.2). The availability of off-farm income is
hypothesized to influence the adoption of agricultural technologies. Generating additional
income from off-farm activities can be used to purchase or possess the new technology
(Solomon Estifanos et.al, 2021). Farmers who engaged in off-farm activities have more

financial resources to purchase improved varieties ( Chete, 2021).
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Table 4.2. Education, social status, and off-farm engagement of the respondents

Variable Frequency | Percent Cumulative

Level of education

Iliterate 38 31.7 31.7

Can read and write 44 36.7 68.3

Primary education (grades 1-8) 27 22.5 90.8

Secondary education (grades 9-12) 9 7.5 98.3

College and above 2 1.7 100.0

Total 120 100.0

Marital status

Married 115 95.8 95.8

Divorced 2 1.7 97.5

Widowed 3 2.5 100.0

Households position in the community

Leadership in the formal administration 22 18.3 18.3
Leadership in the CBO 9 7.5 25.8
Farmers’ cooperative leader 5 4.2 30
Leadership in the religion 4 3.3 33.3

No position 80 66.7 100

Household engagement in off-farm activities

Yes 13 10.8 10.8

No 107 89.2 100

4.2. Households" Access to Irrigable Land

About 98% of the sample households reported accessing irrigable land for diverse crop
production (Table 4.3). Households’ access to irrigable land is expected to generate
income in addition to the main season and increase the annual income of the household.
The presence of irrigable land is hypothesized to positively and significantly affect the
use of agricultural inputs. Irrigation made significant contributions to households' annual
farm income (Sisay Melaku, 2024). Participation in irrigation has a significant, positive
effect on farm households’ income (Kalle Hirvonen and Elia Machado, 2024). Farm
income has a positive and significant effect on the utilization of crop production inputs by

smallholder farmers (Gichangi et al, 2019). Farmers who got income from their annual
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agricultural production could invest some proportion of the income to purchase farming
inputs (Mideksa Dabessa et al, 2021).
Table 4.3. Crops produced by irrigation

Crop Percent
Onion bulb 66.1
Teff 83.9
Oats 82.2
Tomato 29.7
Wheat 23.7
Pepper 3.4
Garlic 17.8
Onion seed 8.5

4.3. Farming practices of the household

4.3.1. Major corps households cultivate

For this study, all respondents are rice producers. Results show that three-fourths (91) of the
respondents produce tef and about two-thirds (82) pulses such as grass pea and chickpea.
Nearly two-fifths (70) of the respondents produce various vegetables, including tomato, onion
bulb, garlic, onion seed and pepper (Figur4.1). This result was confirmed by the kebele
development agent and woreda experts. Oat is produced as a major crop for rice producers.
Oats in these kebeles are produced by a double cropping system after harvesting rice with

residual moisture.
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Figure 4.1 Crops that households cultivate besides rice (N=120)
4.3.2. Household’s land allocation for rice cultivation and its productivity

According to the data (Table 4.4), the respondents planted an average of 0.755 hectares of rice
during 2023, with individual allotments varying between 0.25 and 2.25 hectares. According to
CSA (2022), the average landholdings of rice and cereals in Ethiopia are roughly 0.41 and
0.63 hectares, respectively. According to the study's findings, the respondents planted more
rice on their land than the country as a whole. This implies that the respondents in the research
area devote a higher percentage of their land to growing rice than the national average, which
may be a reflection of regional differences or a preference for rice as a main crop. This result
aligns with the findings of Sabates et al (2021), who noted that in Ethiopia's Fogera Plain, rice
cultivation is prominent, with an average of 0.62 ha of land for rice cultivation.

Studies by Ayele Tesfahun and Adane Melak (2024) titled Examining the Influence of Rice
Farmers' Characteristics on Extension Service Sources: Insights from Northwestern Ethiopia
indicated that the average rice cultivated land size was 0.653 hectares. Similar studies by
Abebaw Assaye et al (2023) on the adoption of improved rice technologies in major rice-
producing areas of Ethiopia: The average area of land that a household cultivated for rice
production was 0.735 ha, ranging between 0.0625 ha and 3.5 ha of land that produced rice.

The mean area allocated for rice for non-adopters and adopters was found to be 0.81 ha and
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1.13 ha of land, respectively (Afework Mesfin and Lemma Zemedu, 2018). The average
cultivated rice farm per rice producer in Fogera today is 0.83 ha, ranging between 0.25 ha and

3 ha (Tegegne Misganaw and Mathias Becker, 2019).

Land allocation, yield, and productivity have gradually increased over the course of three
consecutive production years (2021-2023), as shown in Table 4.4. According to the data
between 2021 and 2023, the average area devoted to crop production increased slightly, from
0.70 hectares to 0.76 hectares. The total yield increased steadily at the same time, rising from
an average of 35.59 quintals in 2021 to 41.77 quintals in 2023. This growth in yield
corresponds with a consistent improvement in yield per hectare, which increased from 47.57
quintals per hectare in 2021 to 52.27 quintals per hectare in 2023. These patterns suggest a
positive trajectory in both land use efficiency and agricultural output. This result is supported
by (Mare Addis et al, 2019; Tegegne Misganaw and Mathias Becker, 2019). Scholars like
Minten et al. (2018) have emphasized that such productivity improvements are critical for

addressing food security and enhancing smallholder incomes in Ethiopia.

However, the comparatively modest increases in land distribution indicate that
productivity gains rather than expansion are more responsible for yield increases. Recent
studies in the Fogera district have identified several factors contributing to increased rice
yields. According to Tesfaye Molla et al (2022), socioeconomic and biophysical factors
caused productivity variance among HHSs throughout the rice ecosystem. Despite steady
land allocation, the productivity trend indicates better agricultural practices, such as using
high-yield crop varieties or improved farming methods (FAO, 2017). Findings by Tadie
Mirie et al. (2022) indicated that the adoption of technology and agricultural extension
services has been significant in increasing Ethiopia's smallholder productivity. Other
findings, Abebaw Assaye et al (2023), Adoption of contemporary agricultural
technologies (better cultivars and inorganic fertilizer) and integrated farm management
systems is thought to be crucial for increasing agricultural productivity. These findings
align with prior research emphasizing the potential for smallholder farmers in Ethiopia to
boost output through technological and knowledge-based interventions rather than land
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expansion. As noted by Wudineh Getahun et al. (2023)Productivity can be significantly
increased by intensification strategies that emphasize the effective use of existing land,

particularly when supported by institutional and infrastructure investments.

Table 4.4. Land allocation, production, and productivity of rice yield

Land, yield and productivity in | Minimum | Maximum | Mean
three production years

Land allocate/ ha_2023 0.25 2.25 0.76
Total yield /qu__ 2023 9 165 41.77
Productivity /ha 2023 34 73.6 52.27
Land allocate /ha 2022 0.25 2.25 0.73
Total yield/qu 2022 8 151 36.93
Productivity/ha 2022 28 72 47.77
Land allocate /ha_2021 0.25 2.25 0.70
Total Yield/qu 2021 7 145 35.59
Productivity/ha_ 2021 28 69.33 47.57

4.3.3. Rice seed rate by the households and method of planting

According to the data (Table 4.5), 40 percent of the respondents use a seed rate of 100—
150 kg ha-1, 54.2% use 151-200 kg ha-1, and 5.8% use more than 200 kg ha-1. In the
Fogera plain, the suggested seed rates were 100 kg ha-1 for lowland rice production and
120 kg ha-1 for upland rice production. According to Zelalem Tadesse H W (AD10), the
economic analysis of rice seed rates in the Fogera plain indicates that the most profitable
treatment in the study area is the combined use of a rate of 120 kg ha-1 and 20 cm row
spacing. For the rain-fed lowland rice cultivation habitat in the Fogera plain, a seed rate
of 100 kg ha-1 and row spacing of 20 cm was preferable and recommended (Zelalem

Tadesse H W, 2D19).

Other studies by Tilahum Tadese et al. (2007) also reported that for lowland rice
production in Fogera plains, a seed rate of 140 kg ha-1 by broadcast, planting method was
recommended for x-Gigna and Gumara varieties. In this study, about 60% of the

respondent farmers used more than 151 kg ha-1 seed per hectare. According to these
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results, a sizable percentage of respondents used seed rates that were higher than advised,
which may have raised production costs without increasing yield benefits. Thus
coordinating seed rate practices with these research-based recommendations could
improve rice farming's productivity and profitability. Excessively high seed rates may
result in diminishing returns, possibly as a result of increased intra-species competition,
while moderately elevated rates can increase yields ( Yechale Mengie et al., 2021).

The data shown (Table 4.5) indicates that the predominant rice planting method among
the surveyed households was broadcasting, with all 120 respondents (100%) employing
this technique. In addition to broadcasting, 25.8% (n=31) of households adopt row
panting, while the majority (74.2%) do not. Transplanting, the most labor-intensive and
time-consuming method, is almost entirely absent among the surveyed households, with
only one respondent (0.8%) employing this technique, which is used by the majority
(99.2%) of respondents who do not use this technique. The study, which was done by
Dawit Alemu et al (2018) indicates farmers practice both broadcasting and row planting
of rice (direct row seeding or transplanting. The majority of farmers in the study area (75
percent) used the broadcasting system of rice planting, while 25% practiced row planting
(Tadesse Zenebe, 2023). The adoption rate of rice row planting in the major rice-
producing areas of Ethiopia was 23% (Abebaw Assaye et al, 2023).

Table 4.5. Rice seed rate and method of planting

Practices Frequency Percent
Seed rate (kg/ha)

100-150 48 40
151-200 65 54.2
>200 7 5.8
Planting method

Broadcasting 120 100
Row planting 31 25.8
Transplanting 1 0.8

4.3.4. Agricultural inputs used for rice cultivation
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The distribution of household urea fertilizer usage for rice cultivation indicates that
58.3% of households apply less than 200 kg per hectare, 31.7% apply between 200-250
kg/ha, 6.7% apply 251-300 kg/ha, and 3.3% apply 301-350 kg/ha and for NPS fertilizer
usage for rice cultivation 2.5% of households apply less than 100 kg/ha, 73.1% apply
between 100-150 kg/ha, 21.8% apply between 151-200 kg/ha, and 2.5% apply more than
200 kg/ha (Table 4.6). The recommended rate of fertilizer by the Minister of Agriculture
was 350-121 kg/ha of urea and NPS for lowland rice and 250 -121kg /ha of urea and NPS

for upland rice production in the Fogera plain.

Generally, in this study, about 96.7% of respondents utilized urea at rates below 301
kg/ha, and only 3.3% utilized it at 301-350 kg/ha. This indicates that the majority of
respondents used urea fertilizer less than the recommended amount. In the case of NPS,
about 73% of respondents used 100-150 kg/ha, 2.5% less than 100kg/ha, and 24.4 %
greater than 150 kg/ha. Appropriate fertilizer application is an important management
practice for improving soil fertility and rice production (Mar H W, AD20). Therefore,
promoting awareness of efficient fertilizer practices among farmers is essential to

optimizing yields and minimizing potential negative environmental impacts.

The data (Table 4.6.) indicates that 70.8% (n=85) of respondents used pesticides for rice
production management: From pesticide user households, 57.6% (n=49) used
insecticides, 56.5% (=48) applied herbicides, and 29.4% (n=25) used fungicides. This
suggests a higher reliance on insecticides and herbicides compared to fungicides. The
results are consistent with findings from Nacorda et al (2019) Who observed that 87.9%
of rice farmers depended on pesticides, with insecticides being the most commonly used
at 58.3%, followed by herbicides at 29.16%. Similarly, a study in northern Thailand
reported that 84.6% of rice farmers used insecticides, 63.2% used herbicides, and only
7.1% applied fungicides (Kongtip et al, 2018). These comparisons highlight a prevalent

trend of prioritizing insect and weed control over fungal issues in rice cultivation.
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Table 4.6. Fertilizers and pesticides used for rice cultivation by households

Agricultural Frequency Percent Agricultural Frequency Percent
inputs inputs
Apply NPS 119 99.2
Fertilizers
Yes 120 100 <100 3 2.5
Fertilizer type 100-150 87 73.1
Urea 120 151-200 26 21.8
<200 70 58.3 >200 3 2.5
200-250 38 31.7 Pesticides 85 70.8
251-300 8 6.7 Fungicides 25 29.4
301-350 4 3.3 Insecticides 49 57.6
Herbicides 48 56.6

4.3.5. Rice crop rotation

The study area's cropping system is diversified, according to data on crop rotation
practices in rice fields. The most commonly rotated crops are pulses (83.1%) and oats
(76.3%), followed by vegetables (61.9%) and teff (53.4%) (Figure 4.2). This suggests that
farmers are using crop rotation techniques to increase income diversification, manage
pests, and improve soil fertility overall. The productivity of rice and the characteristics of
the soil can be greatly improved by varied crop rotations, especially those that include
legumes (Yang H W, 2D2@). Crop rotation that is more varied has the potential to enhance
soil health and increase system output, improve soil qualities, like better soil water
absorption and storage, lower production risk and uncertainty, improve soil and
ecological sustainability, and possibly diversify their revenue streams by implementing
varied crop rotations (Shah H W, 2DXD).Moreover, the inclusion of vegetables points to
an increasing awareness among farmers of market-oriented and nutritionally diverse

farming systems.

36



90 83.1 83.1
80
70 61.9
60 53.4
é 50
S 40
30
20
10
0
Pules Otas Vegetable Teff
Crop

Figure 4.2. Served house hold rice crop rotation (N=120)

4.3.6. Crops replaced by rice and the reason for the replacement

About 98.3% of surveyed households showed that many crops had been replaced with
rice cultivation, while 1.7% had no information about the replacement (Table 5.7). This
indicates that rice cultivation in the study area led to significant shifts in traditional
cropping patterns. The production of native crops like finger millet fell by 97.5% (n=),
sorghum by 58.5%, and Niger seed (nug) by 43.2% as a result of this major shift to rice
farming. Teff, lentil, chickpea, and sunflower were substituted with rice by 39.8%,
24.6%, 16.1%, and 13.6% of the respondents, respectively (Table 4.9). The higher
financial returns and rice's suitability for the agro ecological conditions of the area
probably played a role in farmers' strategic decisions to make the shift to rice farming, as
indicated by these changes. The production of Niger seed, chickpeas, teff, and oats in the
wetlands has significantly decreased as rice's role in the agricultural system has increased
(Dawit Alemu et al, 2018). Following the growth of rice production in the wetlands,
niger seed production ended towards the end of the 1990s (Dawit Alemu et al, 2018).
Before large-scale rice production was introduced, traditional multiple cropping systems
were used, including teff, maize, niger, finger millet, chickpea, and lentil (Mare Addis et
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al., 2019). The introduction and subsequent intensification of rice cultivation have led to

a reduction in grazing lands (Dawit Alemu and Thompson, 2020).

According to the data, 100% (n=118) of responding households cited the belief that rice
yields more than other crops as their main reason for switching from traditional crops to
rice cultivation (Table 4.9). This is consistent with research by Dawit Alemu and
Thompson (2020), who found that farmers in the Fogera Plain have switched to rice
because of its higher economic returns per unit area, replacing crops like Niger, teff,
chickpea, and sorghum. The low resistance of traditional crops to flooding was another
reason given by 83.9% of respondents for the shift (Table 4.7). Once viewed as a
challenge, the foggy conditions of the Fogera plains are now a benefit for rice cultivation

because the crop grows well there (Dawit Alemu and Thompson, 2020).

Another important factor is marketability; 38.1% of respondents emphasized the
favorable market demand for rice (Table 4.7). Promoting rice as a "millennium crop™ by
the Ethiopian government has increased its market share and inspired farmers to start
growing rice (Mohapatra, 2012). Furthermore, 20.3% of respondents noted that
traditional crops do not support double cropping (Table 4.9). Rice's compatibility with
double-cropping systems allows for increased land use efficiency and income
diversification (Dawit Alemu et al, 2021). These factors collectively illustrate the
strategic decisions by households’ transition to rice cultivation, driven by agronomic

advantages and economic incentives.

38



Table 4.7. Crops replaced by rice, and the reasons for the replacement

Have replaced the | Frequency| Percent | Reason for  Frequency Percent

crop replacement

Yes 118 98.3 Low vyielder than 118 100
rice

No 2 1.7 Low flooding 99 83.9
resistance

Replaced Used for double 24 20.3

crop cropping

Finger millet 115 97.5 Rice marketability 45 38.1

Teff 47 39.8

Sorghum 69 58.5

Nug 51 43.2

Lentil 29 24.6

Chickpea 19 16.1

Sunflower 16 13.6

4.3.7. Household weeding practice

The data indicates that among households surveyed, the majority (78.3%) perform weeding
three times during the rice-growing season, while 13.3% engage in weeding four times, and a
minority of 8.3% conduct weeding twice (Table 4.8). The recommended weeding frequency of
rice was three to four times. In this study, 91.7% of the respondents applied the recommended
weeding frequency. The results are consistent with Dawit Alemu et al. (2018) who noted that
weeding is usually done three to four times a season in the Fogera plain, and farmers estimate
that this alone accounts for roughly half of the total cost of producing rice. Rice requires better
management techniques, particularly when weeding (Ejigu Mulatu, 2024). 99.4% of the
respondents practiced hand weeding, which accounts for 46.9% to 51.8% of the total costs of
rice production in the study area, where weeding occurs three to four times a year ( Meron
Abebe, 2016).

According to the data, all of the households surveyed use family labor exclusively for rice
weeding tasks, and 62.5% of them add hired labor to this, while 37.5% (45 households) do not
use any additional labor (Table 4.8). The high labor demands among these households

underscored the difficulties associated with the labor-intensive nature of rice cultivation,

39



especially weeding, which requires a significant amount of manpower. Research by Yared
Deribe et al (2019) revealed that weeding could account for as much as 66% of the labor
needed to produce rice and that both family and hired labor are needed to handle this crucial
task efficiently. In Fogera Plain, 54% of rice farmers hired labor for weeding operations
(Tilahun Gebey et al, 2012).

Table 4.8. Weeding practice and source of labor for weeding

Weeding practice Frequency Percent
Hand weeding 120 100
Frequency of weeding

Two times 10 8.3
Three times 94 78.3
Four times 16 13.3
Total 120 100
Source of labor Multiple responses

Family labor 120 100
Hired labor 75 62.5

4.3.8. Household land access and source of land

The data indicates that a significant majority, 85% (n=102) of the surveyed households
experience rice land shortages, while only 15% do not face this issue (Table 4.9). This
prevalent land scarcity among rice farmers in the study areas to solve the shortage of land
is a critical concern, as it directly impacts their capacity to meet the increasing demand
for rice land. Out of rice land shortage experience surveyed households, 98% (n=100)
addressed rice land shortages by renting additional land, while 40.2% (n=41) engaged in
land-sharing arrangements driven by the need to expand cultivation areas and limited
landholdings (Table 4.9).

Dawit Alemu et al (2021) claim that land rental mechanisms in Fogera Plain facilitate
the transfer of land from those unable to manage it effectively to those seeking to
augment their farming operations. Land-sharing arrangements, though less common, also

play a significant role in mitigating land shortages (Bichaye Tesfaye et al.,2023).These
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agreements often involve crop-sharing systems, where tenants and landowners divide the
produce based on predefined terms (Bichaye Tesfaye et al.,2023).This indicates that land
rental and land-sharing practices have contributed to the intensification and

commercialization of rice farming in the study area.

Table 4.9. Household land access and sources of land

Households land Frequency Percent
accesses

| Land shortage 102 85
Source of Land
Rented land 100 98
Sharing land 41 40.2

4.4. Rice seed Production

4.4.1. Experience in rice seed production

According to the survey results, about 16.7% (n=20) of the respondents had prior experience
producing rice seeds (Table 4.10). They joined the cooperative as members recently. All are
members of the seed producer cooperative actively operationalized in the district. The
cooperative is a member of Guna seed union that is the dominant seed supplying entity in
South Gondar zone. There are no public or private seed producers actively engage seed
production in the woreda. Members of the seed cooperatives have better technical efficiency
than non-members (Abera Gemechu et al, 2025). Additionally, the results show that roughly
59.2% of respondents are open to a contractual seed production arrangement with other big
private and public seed companies. Market guarantee, access to certified quality seed and
premium seed price are the major reasons mentioned by the interviewees to engage in the
contractual seed production agreement (Table 4.10). Contract-based seed production
arrangement is the dominant seed marketing modality of the seed producer cooperative in
Ethiopia (Dawit Tsegaye et al, 2017).
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Table 4.10. Current seed production experience and future contractual seed production

Seed production experience Frequency Percent
Yes 20 16.7
No 100 83.3
Total 120 100

Willingness to engage in contract-based seed
production arrangement

Yes 71 59.2
No 49 40.8
Total 120 100
Reasons for engagement (n=71)

Market guarantee 70 98.6

To access quality seed 71 100

Add, 20% price 71 100

4.5. Rice Seed Source

4.5.1. Source of rice seed

The results in Figure 4.3 show that in 2024 cropping year farmers were accessed rice seed
both from formal and informal source. About 74% of respondents accessed rice seed from
informal sources and 26% from formal sources. From informal source most of the respondents
(30.8%) used seed purchased from the local market, followed by their stock (21.7%),
exchanges with neighbors or relatives (13.3%), and access to revolving seed (8.3%). In line
with this, many studies found that the local market was the primary source of seed in most
developing countries. According to McGuire and Sperling (2016), over 90% of seed is
obtained through informal systems, which include farmers' stocks, social networks, and
informal markets, with the latter, local markets, serving as the core of farmer seed supply for
approximately 51% of total smallholders. Smallholder farmers make liberal use of local
markets for seed both during normal and stressful times (Sperling et al, 2008). According to
Kangile et al (2018) farmer-managed seed systems provided 90% of the rice seed used by

Tanzania farmers.
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In the Ethiopian rice seed system, the informal seed source remains the primary source, with
formal channels often unable to meet farmers' diverse varietal needs and timely supply
(Yilikal Melak et al, 2024).Local markets are more important for farmers to get seed during
emergency situation (Sperling et al, 2008). Furthermore, poorer farmers consistently rely
more on local markets than wealthier farmers; however, all types of farmers (more than 60%
for legumes) obtain some seed from markets for a variety of reasons (Sperling et al, 2021).
The dominance of local markets indicates that farmers prioritize accessibility and
affordability, even if seed quality and genetic purity are not guaranteed (McGuire and
Sperling, 2016).

Despite the prevalence of informal sources, formal institutions play an important role in seed
distribution, although their reach is limited. Results show that the cooperative union provides
16.7% of the seeds and the Fogera National Rice Research and Training Center (FNRRTC)
contributes 9.2%. Both public and private seed companies have a limited role in rice seed
production. However, FNRRTC, in collaboration with farmer organizations, plays a
commendable role in in the rice EGS and certified seed production (Yilikal Melak et al,
2024).
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Figure 4.3. Households’ seed sources in 2023-2024
4.5.2. Seed of local rice varieties

X-jigna is the dominant local rice variety in the study area. Nearly 80% of the respondents
said that they frequently use this variety, which is a key factor for farmers’ varietal preference.
97% of the respondents used X-jigna for its high yielding attribute (Table 4.11). Yield
remains the most important factor influencing farmer decisions in rice-producing regions
(Ghimire et al, 2021). The strong preference for marketability (84.9%) emphasizes the
economic rationale behind varietal adoption, which is consistent with Dhakal and Mishra
(2022), who stated that marketability was farmers' varietal preference. Furthermore, the
demand for X-Jigna is not solely based on economic returns, but also reflects its multipurpose
use-value described by 79.5% of the respondents. Farmers prefer X-jigna for its straw value
for animal feed. The multipurpose use of a given variety increases the cultivar's resilience in
farmer adoption and dissemination, as supported by Walker and Alwang (2015). They further
described that the high rate of varietal adoption depends on the combined attributes, including

yield, market, and household requirements.

Historically, X-jigna was introduced from North Korea and adopted and recommended by
Korean scientists in the mid-1980s. The Koreans assisted Fogera farmers in establishing large-
scale production of X-jigna, which has been produced in the area for approximately thirty
years (Dawit Alemu et al, 2019). X-Jigna is better adapted to the Fogera plain than other
lowland ecosystems in Ethiopia (Mulugeta Atnaf, 2021). Despite its long history of
production, it has demonstrated good performance in terms of grain yield and biomass yield,
with good palatability, disease resistance, phenotypic acceptability, tillering capacity, and
white caryopsis color (Dawit Alemu, 2019; Mulugeta Atnaf, 2021). Farmers prefer this variety
because it produces high-quality Enjera commands a premium price in the market due to its

white caryopsis, and has a higher biomass (Abebaw Assaye et al, 2023).
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Table 4.11. Preference of farmers for X-Jigna cultivar

Reasons Frequency Percent (n=73)
High yielding 71 97.3
Marketability 62 84.9

Straw for animal 59 79.5

feed

Food quality 48 65.8

The data in Table 4.12 shows that 96.7% accessed X-jigna seeds from local markets,
indicating a strong reliance on market-based exchanges for seed access. Furthermore, 72.8%
obtained seeds through social networks such as farmer-to-farmer exchanges, neighbors, or
relatives, while 57.6% use their own saved seeds. The most common source of rice seed was
identified as the market and direct farmer-to-farmer seed exchange (Dawit Alemu et al,
2019). McGuire and Sperling (2016) argue that farmer seed exchanges, as well as local
markets, are critical pathways for maintaining crop diversity and adapting to local agro

ecological conditions.

Table 4.12. Main seed sources of the local cultivar, X-Jigna

Source of X-Jigna Frequency Percent (n=92)
Own saving 53 57.6

Exchange with farmers, 67 72.8
neighbors, relatives

Local markets 89 96.7

Farmers cooperatives 2 2.2

(Jigna Cooperatives)

4.5.3. Seed of improved rice varieties

The findings show that 99.2% of respondents said they used different improved rice varieties.
Selam, Shega and NERICA-4 are the dominant improved rice varieties grown in the study
area. Table 4.13 depicts the typical attributes of the three varieties. Selam and Shega varieties,
both released for lowland environments by FNRRTC, and NERICA-4 by Pawe ARC typically

for upland rice environment.
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Table 4.13. Descriptions of selected improved rice varieties that households used

Variety Type Year of Maintaining Typical characteristics
name release research center
Selam Lowland 2020 Fogera High  vyielder, cold
NRRTC/EIAR tolerance, lodging
tolerance, pest
resistance, grain weight,
milling quality, white
caryopsis color
Shega Lowland 2017 Fogera High  vyielder, early
NRRTC/EIAR maturity, better disease
resistant, shattering
resistant, easy thresh
able
Nerica Upland 2006 PARC/EIAR Early maturity,
4 drought tolerance,

good yield
potential, white
seed color, grain
weight

Note: PAWE-Pawe Agricultural Research Center; Fogera NRRTC-Fogera National Rice

Research and Training Center; EIAR-Ethiopian Agricultural Research Center

Almost all respondents (99.2%, n = 119) had grown at least one of the improved rice varieties.
At the time of survey, 58.8%, 56.3%, and 21.1% of the respondents used Selam, Shaga, and
NERICA-4, respectively (Table 4.14). More than 90% of the respondents said that they used

either of the three varieties frequently due to the preferred agronomic traits, market value. The

frequent use of varieties suggests that they are likely to align well with farmers' priorities in

these areas. Previous research suggests that once farmers adopt an improved rice variety that

performs well in their agro ecological condition, they tend to stick with it, especially when

extension support and seed access are reliable (Spielman and Smale, 2017).
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Table 4.14. Households used the three improved varieties of rice

Variety Farmers used (n=119) Farmers frequently grow percent
Frequency Percent Frequently Percent

Selam 70 58.8 69 98.6

Shega 67 56.3 67 100

Nerica-4 37 21.1 34 91.9

4.5.4. Farmers’ reasons for using improved rice varieties

In this study, respondents were asked to explain why they frequently grew the improved rice
varieties. Farmers prefer Selam rice variety due to its high yield (100%), its white seed color
(92.9%), higher market value (92.8%), grain weight (76.8%), and milling quality (53.6%)
(Figure 4.4). The findings are in line with Abebaw Dessie et al. (2023) who reported that
farmers preferred Selam variety over other rice varieties due to its higher grain yield, uniform
maturity, large number of grains per panicle, and cold tolerance. Farmers consider not only
agronomic traits when choosing varietals, but also post-harvest characteristics and consumer

preferences. Grain weight is a trait because it influences total yield and market value.

Concerning Shega variety, respondent farmers chose it due to its agronomic benefits such as
early maturity (97%), high yield (85.1%), shattering resistance (91%), and disease resistance
(32.8%). Moreover, a reasonable number of farmers preferred it for better market value as
report by 16.4% of the respondents (Figure 4.4). Better yield and earliness reported as
preferred traits in the rice growing areas in Ethiopia (Tadesse Zenebe et al.,2023). Similarly,
Ndeko et al. (2025) also reported vyield and maturity besides taste, and pest

resistance/tolerance.

The NERICA-4 rice variety is widely cultivated due to its preferred agronomic traits. Figure

4.4 shows that the variety is primarily chosen for its drought resistance and high yielding

attributes as mentioned by 97.1% of respondents. Grain weight, reported by 76.5% of the

respondents, also mentioned as preferred trait of NERICA-4. Arouna et al (2021) state that
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NERICA varieties are widely used in Sub-Saharan Africa for their adaptability to rain-fed
upland conditions and consistent high yield performance under drought stress. Farmers prefer
NERICA-4 for both its yield stability, better grain quality, and shorter maturation period
(Mghase et al, 2020).
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Figure 4.4. Farmers’ reasons for using frequently improved rice varieties

4.5.5. Purchase certified seed of improved rice varieties

Results of the survey showed that 88% (n=105) of the respondents purchased certified seed of
improved rice varieties. Of which, about 30% of them purchase certified seed every three
years. The other 30% purchase every other year, and about 12% between two and five years
(Figure 4.5). Duration of seed recycling varies among respondents. There are several factors
responsible for rice seed reuse, including the self-pollinating nature of the crop, the seed cost,
and seed availability. Rice farmers obtained certified seeds of improved varieties from a
diverse seed source (Abebaw Assaye et al.,2023; MoA, 2022).
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The tendency to replace seeds every two to three years is consistent with practices observed in
other cereal crops in Ethiopia. For example, a study of bread wheat farmers in northwest
Ethiopia discovered that the average seed replacement interval was three years (Yekoye
Abebaw et al, 2023). Similarly, research on teff and wheat seed systems found that about
47.8% of farmers replaced wheat seeds every three years to maintain yield advantages and
market preferences (Abera Gemechu et al, 2024). However, about 27% of the interviewees
stated that they purchase annually. According to information from the district, farmers engage
in contractual seed production arrangements with the Guna Seed Producer Cooperatives
Union, which purchases rice seed every year as part of the agreement.
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Figure 4.5. Frequency of purchase of certified seed of improved rice varieties

4.5.6. Access and acquisition of certified seed of improved rice varieties

Table 4.15 describes the seed sources for certified seed of improved varieties and the means of
acquisition. Guan seed cooperative union is the dominant source of certified rice seed in the
area, as reported by 84% (n=105) of the interviewees. The contribution of public seed
enterprises to deliver certified seed to farmers is limited, and only 7% of the respondents have
reported. One-fifth of the respondents accessed seeds from public research centers. Research

centers, by mandate, provide early generation seeds (breeder, pre-basic, and basic seeds).
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Their role in the supply of certified rice seed is limited. As research, they usually supply early
generation seed to other producers, which further multiply and supply certified seed to
farmers. Farmers’ cooperative unions play a critical role in improving the seed supply in
Ethiopia (Addisu Getahun, 2020; Dawit Tsegaye Sisay et al, 2017). Cooperatives reduce
transaction costs and improve distribution efficiency for certified seeds, making them the most
dependable channel for many farmers (Esubalew Mekuriaw, 2023; Abate et al, 2015).

Regarding the means of acquisition, results show that most farmers (91.4%) purchase certified
seed using cash. Reasonable number of farmers also acquired through exchanges (16.2%) and
free of charge (15.2%). Some NGOs purchase the seed from suppliers and distribute it to
farmers free of charge. Acquiring certified seed of improved varieties through credit is not a
common practice. The findings align with those of Karta Kalsa (2019) and Yekoye Abebaw
(2023), where more than 80% of the respondents purchased certified bread wheat seed using
cash. In another study in the central highlands of Ethiopia by Mekonen Haile (2023) 66% of
the respondents accessed certified malt barley seed directly in cash, 18% by credit, 13.7% for

free, and only 2.3% received it by exchange.

The cash-dominated acquisition pattern suggests that improved seed is regarded as a valuable
input worthy of financial investment. However, it raises concerns about affordability and
inclusivity, particularly among resource-poor farmers. Farmers' ability to adopt improved
agricultural practices and technologies is hampered by a lack of credit (Lubaale et al.,2024).
The dominance of cash-based acquisition may limit resource-poor farmers' ability to adopt
improved varieties, exacerbating income disparities in agricultural productivity (Workineh
Ayenew et al., 2020). More recent evidence from Bedru Babulo et al. (2022) shows that
credit-based seed access is still underdeveloped in many rural areas, limiting inclusive access
to high-yield varieties. Adesiyan and Ayodeji (2024) noted that poor access to credit prevents
farmers from expanding their farms and lowers their ability to bear the cost of recommended
agronomic practices. As a result, strengthening local cooperative structures while diversifying
acquisition mechanisms may promote more widespread and consistent adoption of improved

rice technologies.
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Table 4.15. Access and acquisition of certified seed of improved rice varieties

Access Frequency Percentage (n=105)
Public seed enterprises 7 6.7

Research originations 19 18.1

Cooperatives union 88 83.8

Acquisition Frequency Percentage (n=105)
Cash 96 91.4

Credit 3 2.9

Free charge 16 15.2

Exchange 17 16.2

4.6. Farmers' Training and Access to Information
4.6.1. Training

Figure 4.6 below shows the training topics farmers received. As seen, most training
topics focused on varietal selection, production, and post-harvest management as
described by 65%, 82% and 87% of the respondents, respectively. Training in processing,
food preparation, and marketing is limited. This shows a limitation in addressing the
training topics across the rice value chain. Ayele Gashu et al (2024) reported that
training farmers in the areas of seed processing and marketing is limited. Innovative
training programs provide farmers with essential knowledge and skills (Raji et al, 2024).
More opportunities to participate in rice technology-related training programs increased

farmers’ adoption of rice technologies (Hadush Hagos et al, 2018).
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Figure 4.6. Types of training household access (n=61)

4.6.2. Information access on rice varieties selection, production, marketing,

Table 4.16 shows that most households obtain information regarding rice varieties
selection, production, management, and marketing from relatives, extension agents, and
fellow farmers. This shows that peer informal learning and communal knowledge
circulation are important assets towards agricultural information exchange in the study
area. As noted by Zebenay Shitaye et al (2024), Informal networks, including family
members and peer farmers, are influential sources of agricultural information, providing
context-specific, practical knowledge about farming practices. Farmer-to-farmer
communication networks can help bridge the knowledge gap and increase agricultural
productivity (Adamaagashi et al, 2023). However, information from fellow farmers is
limited for post-harvest management and processing. A quite large number of
respondents accessed information from extension and research systems as major

information sources.

The major sources of information for the farmers were the public extension service of the

districts, friends in the neighborhood, and Family members (Abebaw Assaye et al, 2023;
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Mekonnen Sime et al, 2021). The major sources of information for the farmers were the
public extension service of the districts, friends in the neighborhood, and Family
members Mekonnen Sime et al, 2021). The farmer training centers (FTC) are the place
where the extension system disseminates information to farmers (Zebenay Shitaye et al,
2024). On average, 19% to 34% of the respondents accessed information from NGOs.

The role of radio, television and other electronic media is quite low.

Table 4.16. Household access to information on rice (n=120)

Sources of Rice Rice Post-harvest = Rice Rice Rice food
information varieties | production ' management = marketing | processing @ preparation
Fellow farmers 81.7 54.2 46.7 54.2 40 54.2
Relatives 65 85.8 73.3 79.2 65 86.7
Extension agents 67.5 70 70.8 65 65 53.3
Research centers 42.5 48.3 50 50 50 42.5
NGOs/development | 28.3 33.3 29.2 25.8 19.2 34.2
partners

Radio and | 13.3 9.2 3.3 21.7 1.7 7.5
television

Other  electronic | 5.8 0 0.8 1.7 0 2.5

media

4.7. Rice seed quality perception

4.7.1. Rice seed quality perception

Farmers’ perceptions concerning rice seed quality are displayed in Table 4.17. All
farmers perceive that rice quality should be assessed against germination percentage, and
seeds should be free from weeds, inert matters, and other crops. The findings show that
most farmers recognized the effects of shriveled seed and non-uniformity of seed as seed
quality parameters. Half of the respondents also perceive seed vigor as one of the main

quality parameters.

The disparity of farmers’ perception highlighted the need for better farmer education and

seed extension services, particularly in communicating the importance of intangible seed
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quality attributes. According to Sperling and McGuire (2010), effective seed quality
training that focuses on both physical and physiological traits can help farmers make
better decisions and promote the use of high-performing seed varieties. The findings of
this study indicate that, while fundamental knowledge of seed quality is strong, nuanced
understanding, particularly of field performance indicators such as vigor and uniformity,
remains limited. Bridging this knowledge gap may result in more consistent yield

increases and improved seed selection practices among smallholder rice farmers.

Table 4.17. Household perceptions on rice seed quality (n=120)

Variables Yes No

High germination 120 (100) 0 (0)
Seed free from weeds 120 (100) 0 (0)
Seed free from inert matters 120 (100) 0 (0)
Seed free from other crops 120 (100) 0 (0)

Not shriveled seed 75 (62.5) 45 (37.5)
No insect/disease damage 119 (99.2) 1(0.8)
Uniformity in the field 65 (54.2) 55 (45.8)
Good vigor in the field 49 (40.8) 71 (59.2)

4.7.2. Households' measures to address the issue of rice seed quality

Farmers use a variety of management practices to address seed quality issues, with a
strong emphasis on both traditional and improved practices. The most widely adopted
measures include storing seed in separate storage facilities (99.2%), cleaning seed during
sowing (98.3%), and selecting other crops and varieties of the same crop during
harvesting (97.5%) Figure 4.7. These practices are consistent with research findings,
which emphasize the importance of post-harvest and pre-planting management in
ensuring seed purity and viability. For instance, Thijssen and Zewdie Bishaw (2008) and
Louwaars (1994) emphasized the importance of on-farm seed selection and storage as
critical components in improving seed quality and preserving varietal integrity among
smallholder farmers. Furthermore, threshing on a separate plot (93.3%) reinforces

households' emphasis on avoiding seed contamination and maintaining the genetic purity
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of rice seeds.

However, the rate of removing volunteer plants (1.7%) is not a common practice in the
study area. This indicates a potential lack of awareness or labor capacity to carry out such
tasks, which could jeopardize seed quality in subsequent planting seasons. These findings
are echoed in the work of Louwaars and de Boef (2012), who argue that while farmers
possess valuable indigenous knowledge on seed selection, gaps exist in integrated seed
health management, particularly concerning pre-planting field sanitation. Generally, the
findings suggest that while households apply effective practices at key stages especially
storage and harvesting there is still a need for enhanced support and extension services to

improve practices like volunteer plant removal and the broader use of certified seed.

Percent (n=120)

Remove volunteer plants | 1.7
Remove off type during growing [INNEEGEGEGEGEENN 775
Threshing separate plot  [INENEGEGEGEENN 933
Select during harvesting NG 975
Seed cleaning during sowing [N o83
Store Separate storage [N 992

0 20 40 60 80 100 120

Figure 4.7. Households’ management to address seed quality issues

4.8. Rice Seed Quality Assessment

4.8.1. Physical quality analysis of rice seed collected from different sources
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Table 4.18 presents a comparison of rice seeds accessed through formal and informal
seed systems in terms of physical quality parameters. These include seed purity, the
presence of other seeds, and inert matter. The results of the physical quality test revealed
a highly significant (P=0.000) difference between formal and informal seed systems for
pure seed, inert matter, and a significant (P=0.05) difference for other seed.

The mean percentages of pure seed obtained through formal and informal seed systems
were 98.8% and 96.8%, respectively. This finding aligns with Yekoye Abebaw et al
(2023), who stated that highly significant (P = 0.000) differences were observed between
formal and informal bread wheat seed sources for pure seed, other crop seed, weed seed,
and inert materials. Nigussu Bekele et al (2019) noted that the purity of seeds varied
significantly among chickpea seed sources. Esuyawkal Demis et al. (2020) found a
significant difference in physical purity among rice seed sources. The physical purity of
the samples collected from the formal seed system can fulfil the Ethiopian seed quality
standards set for pre-basic and basic seeds (98%). In comparison, the samples collected
from the informal seed systems were approaching the Ethiopian seed quality standards
established for certified (C3) seed classification (96%).

Although significant variations were observed between informal and formal sources for
other seeds, the effect size is small. This implies that both systems contribute to seed
production free from other seeds. This may be due to farmers' traditional knowledge for
maintaining the seed purity, as highlighted by Almekinders and Hardon (2006
demonstrates that informal systems, despite lacking formal quality control, frequently
benefit from indigenous knowledge and community-based seed networks, which have

their own informal quality standards and norms, particularly for staple crops such as rice.

The percentage of inert matter differed significantly between the two systems. The
informal seed samples contained significantly more inert matter (mean = 3.19%) than the
formal seeds (mean = 0.16%). Esuyawkal Demis et al (2020) found a significant

difference in inert matter among rice seed sources. This suggests that informal seed
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sources are more susceptible to factors such as dust, husks, and broken grain. The
findings emphasize the importance of proper cleaning during seed processing. According
to Louwaars and de Boef (2012), formal systems typically use mechanized cleaning and
grading technologies, which result in less contamination and better seed handling

practices.

Table 4.18. Comparison of rice physical quality between formal and informal seed systems

Variable Seed systems Two-sample t- Effec
test results t size
Formal (n=20) @ Informal (n=25) |t (df=43) @ P value
Mean (SD) Mean (SD)

Pure seed (%) 98.8(0.41) 96.8(0.55) 13.727 | 0.00 0.50
Other seed (%) 0.00(0.00) 0.01(0.02) -2.074 0.05 0.02
Inert matter (%) 0.16(0.41) 3.19(0.54) -1343 0.000 0.49
1000 seed weight | 26,10 (0.50) 24.74(0.71) 7.232 0.000 0.63
Moisture content | 11.16(0.17) 11.29(0.09) -4.427 0.000 0.13

4.8.2. Thousand Seed weight of bread wheat seed collected from different

The difference between rice seed accessed from formal sources and informal sources for
thousand seed weight (TSW) was found highly (P=0.000). The mean TSW values of
seeds from formal and informal sources were 26.10g and 24.74g, with medium-large
effect size. This suggests that seeds from formal sources are generally more robust and
uniform in size, which can enhance seedling vigor and yield potential. The TSW is an
important indicator of seed quality, as it influences sprouting, seed potential, seedling
growth, and plant performance (Afshari et al, 2011). It can differ from crop to crop,
between crop varieties, and even year to year or field to field of the same variety
(Deivasigamani and Swaminathan, 2018). Varietal characteristics, production, and post-

harvest management practices may affect the TSW (McGuire, 2022).

4.8.3. Moisture content of rice seed collected from different sources

57



Moisture content revealed a highly significant difference (P=0.000) between formal and
informal seed sources. Formal seeds contain slightly less moisture (11.16%) than
informal seeds (11.29%), though below the maximum moisture content (13%)
determined in the Ethiopian seed quality standard (Table 4.18; Appendix Table 2).
According to Li et al. (2020), the lower the seed moisture content, the better the seed
longevity. Studies by Setegn Gebeyehu et al. (2019) noted that the average seed moisture
content of formal sector seeds was significantly lower than that obtained from informal
sector sources. A study by Nigussu Bekele et al (2019) indicates that seed sources and
seed classes had a significant impact on moisture content. Formal systems frequently
have access to appropriate drying and storage facilities, which reduces the risk of
spoilage. Variations in moisture content between the samples collected from different
seed sources could result from poor pre-harvest seed management practices and post-
harvest handling during processing, and particularly during storage conditions.

4.8.4. Standard germination test of rice seed collected from different sources

The standard germination test results, presented in Table 4.19, reveal significant
differences in the proportion of normal seedlings and dead seedlings between rice seeds
obtained through formal and informal seed systems. The findings show that formal seed
systems produce higher-quality seed, particularly in terms of germination performance
and seed viability. The average percentage of normal seedlings for the formal seed
system was 86.2%, compared to 80.04% for the informal system. This difference is
statistically significant (P = 0.000). This finding aligns with Yekoye Abebaw et al.
(2023), who noted a highly significant (P=0.000) difference in the proportion of normal,
abnormal, and dead seeds of formal and informal bread wheat seed sources in the
northwest of Ethiopia. The standard germination was significantly (P < 0.05) affected by
the seed source and seed class (Nigussu Bekele et al., 2019). Proper seed quality
management greatly influences the quality of seedlings and germination (Wijewardana et

al., 2019). Although the germination percentage of seeds differed significantly between
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formal and informal seeds, both met the minimum Ethiopian rice quality seed standards

(80%) for breeder, pre-basic and basic seeds (Appendix Table 2).

Although the mean percentage of abnormal seedlings was slightly higher in seeds
obtained through the informal system (9.48%) than in the formal system (8.25%), the
difference was not statistically significant (P = 0.180). This implies that both systems
produced similar proportions of abnormal seedlings. Despite the absence of statistical
significance between sources for abnormal seedlings, the observed trend reinforces the
need to improve seed quality assurance, particularly in informal systems. Genetic
mutations, variations, and seed handling and processing quality can all have an impact on
seedling development (Muhizi et al., 2024). It aligns with the report of Chhabra and
Singh (2019), who noted that abnormal seedlings are more likely to occur when seeds are

not properly stored and conditioned.

There was a significant difference in the percentage of dead seeds between the two
systems. Seeds from the informal system had a higher mean of 10.44% dead seedlings
compared to 5.55% in the formal system (P = 0.000). Research has shown that seed
viability deteriorates faster under uncontrolled conditions, which are common in farmer-
saved seed systems (Rubyogo et al, 2010). Informal seed systems, which frequently rely
on farmer-saved seeds or local markets, can be contaminated, have mixed varieties, and
lose viability over time (Westengen and Brysting, 2014).

Table 4. 19. Comparison of standard germination variables between formal and informal seed

Variable Seed systems Two sample t- Effect
test results size
Formal Informal t(df=43) | pvalue
(n=20) (n=25)

Mean (SD) | Mean (SD)
Normal seedlings (%) 86.2(5.75) 80.04(2.90) 4.368 0.000 4.39
Abnormal seedlings (%) | 8.25(3.68) 9.48(2.35) -1.361 0.180 3.01
Dead seedlings (%) 5.55(3.52) 10.44(2.65) -5.324 0.000 3.06
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SD=standard deviation and df= degree of freedom

4.8.5. Rice seed vigor test collected from different sources

Several seedling vigor parameters were used to evaluate the physiological quality of rice
seeds accessed from formal and informal seed sources. These included seedlings, root
length, shoot length, dry weight, germination speed, and vigor indices | and Il. The
results, summarized in Table 4.20, indicate statistically significant differences between
the formal and informal seed sources across all tested variables (P < 0.000). This suggests
that seed vigor was generally higher in seeds obtained through formal channels. The
mean seedling root length was significantly longer in the formal seed system (9.90 cm)
than in the informal one (8.12 cm). Similarly, seedling shoot length was higher in the

formal system, averaging 9.26 cm compared to 8.01 cm in the informal system.

Results of the current study align with the findings of Yekoye Abebaw et al (2023), who
evaluated bread wheat seed sources. They found highly significant (P=0.000) differences
between formal and informal bread wheat seed sources for seedling shoot length, speed
of germination, vigor index | and vigor index |1, and a significant difference (p<0.05) for
seedling root length and seedling dry. The average seedling length also varied
significantly among the seeds collected from different seed sources for various crops
(e.g., Nigussu Bekele et al, 2019; Negi et al, 2024).

Seedling dry weight also differed significantly. Seeds from the formal system had a
higher mean dry weight (0.170 g) than those from the informal system (0.133 g), with a
highly significant difference (P = 0.000) Table 4.20. This could be attributed to the higher
nutritional reserves in formal seeds and better post-harvest management practices.
According to Aigbe et al (2016), there was a significant difference in the dry weight of
seedlings from the different seed sources at a 0.05 significance level.

The rate of germination was significantly higher in seeds obtained from formal sources

(15.09) than in informal ones (12.97), Table 4.20, confirming the presence of more
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vigorous seed lots in the formal system. Higher germination speeds ensure early seedling
establishment and improve the crop's ability to withstand environmental stress. This
observation is consistent with Zewdie Bishaw's (2004) findings, which emphasize the
effect of rapid germination on the field performance of the crop, particularly under

adverse conditions.

Furthermore, vigor index | and Il revealed statistically significant differences between the
two systems. Vigor index | was significantly higher in formal seed samples (1,654.76)
than in informal ones (1,292.99), whereas vigor index Il was 14.66 in the formal system
and 10.72 in the informal system. These findings indicate that seeds produced in formal
systems not only germinate faster but also produce more robust seedlings. In agreement
with the current findings, a bread wheat study by Yekoye Abebaw et al (2023) revealed
that both vigor index | and Il showed a highly significant (P=0.000) difference between
samples taken from formal and informal seed systems. According to Ochieng et al
(2012), who noted that attribute variation is due to differences in seed storage practices,
seed moisture content, and growers' knowledge of seed handling and production, all of
which tend to be more favorable in formal seed systems. High-vigor seeds can improve
seed germination and seedling emergence, increase crop yield and reduce the cost of

agriculture production (Wu et al. 2017).

Table 4.20. Comparison of vigor tests between formal and informal seed systems

Variables Seed systems Two sample Effect
t-test results size
Formal (n=20) Informal t(df=4 p value
Mean (SD) (n=25) 3)
Mean (SD)
Seedling root length | 9.90 (0.97) 8.12 (1.45) 4,930 | 0.000 1.26
Seedling shoot | 9.26 (0.87) 8.01 (1.07) 4.250 | 0.000 0.98
length
Seedling dry weight | 0.170 (0.008) 0.133 (0.009) | 14.420  0.000 0.008
Speed of 15.09 (0.89) 12.97 (1.07) | 7.046 | 0.000 1.00
germination
Vigour index | 1,654.76 1292.99 5.822 | 0.000 207.14
(203.95) (209.62)
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Vigour index Il 14.66 (1.185) 10.72 (0.96) | 12.337 0.000 1.07
SD=standard deviation and df= degree of freedom

Chapter 5. CONCLUSION AND RECOMMENDATIONS

5.1. Conclusion

The study found that approximately 74% of farmers' seed sources come from informal seed
systems, which predominate in the study area's rice seed systems. Local markets, farmer-to-
farmer exchanges, and own savings remain the primary means of seed access, while the
contribution of public and private seed producers is minimal. The majority of farmers (83.3%)
have no prior experience in rice seed production, almost 60% are open to engage
in contractual seed production because of the premium prices, quality assurance, and market
guarantees. Due to its high yield, marketability, and multipurpose use, the local X-Jigna
variety is still the most widely grown, while the dominant improved varieties, Selam, Shega,
and NERICA-4, are valued for their agronomic traits, seed color, marketability, and potential
yield. Seed quality tests confirmed that formal seed sources outperformed informal ones in
purity, moisture content, thousand-seed weight, germination percentage and vigor testes,
though both sources met the national minimum seed standards of purity, moisture content and
germination percentage. Farmers showed limited knowledge of physiological qualities like
vigor and uniformity, but they were highly aware of the fundamental seed quality attribute,
such as germination, cleanliness, and purity. Conventional seed management techniques like
cleaning and storing seeds separately are frequently employed, but procedures like eliminating
volunteer plants are still disregarded. Varietal selection and post-harvest management receive
the majority of training and information on rice production; marketing, processing, and value
addition receive less attention. For information, farmers mostly rely on unofficial networks of
communication (such as family and other farmers) and public extension services; the mass

media still plays a minor role.
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5.2. Recommendation

Farmers in the study area relied primarily on informal seed sources due to a lack of formal
seed coverage. To increase rice seed availability and productivity, it is critical to design
mechanisms that integrate formal and informal seed systems and encourage farmers,
cooperatives, public and private sector to participate in seed production and marketing.
Contract-based seed production schemes should encourage greater farmer participation by
connecting them with public and private seed enterprises to ensure market access and price
stability. Continuous training in pre- and post-harvest seed handling, including cleaning,
drying, and storage practices, should be provided, as well as raising awareness of
physiological seed quality attributes such as vigor, uniformity, and field performance.
Participatory varietal selection and conservation of the X-Jigna variety should be encouraged,
along with efforts to improve its purity and disease resistance through formal breeding
programs. Introducing flexible seed acquisition systems, such as credit-based and revolving
seed schemes, would make seeds more affordable and accessible to resource-poor farmers.
Furthermore, training should extend beyond production to include seed processing, marketing,
and value addition to increase farmers' income and sustainability along the rice value chain.
The use of radio, television, and digital platforms should be strengthened to complement

extension services and ensure the timely dissemination of agricultural information.
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7. APPENDIX

Appendix 1. List of Questioner

Part 1. General information

Peasant Association/Kebele:
Argo-ecological classification: i) Dega i) Weynadega i) Kola
Date of the interview:

Name of the respondent:

Code

Name of the interviewer: Sign:

Part 2. Household demographic characteristics

1.
2.
3.

i)

Age of the respondent: years old

Sex of the respondent: 1. Male 2. Female

Marital status of the respondent

Single ii) Married iii) Divorced iv) Widowed

Highest educational attainment of the respondent

Iliterate (unable to read and write)

Able to read and write

Primary education (grade 1-8)

Secondary education (grade 9-12)

College and above

Family size of the household?i) Male i) Female
Number of family members under economic active age (13-65 years old)
Male i) Female

Farming experience of the respondent: years
Respondent’s engagement in farming:

Full time i) Part-time

Does the household engage in off-farm activities? 1) Yes ii) No
If yes, which off-farm activities?

77



1. On farm daily labor 5. Sell of charcoal/ fuel
2. Non-on farm daily wood

labor 6. Pension

3. Petty trader 7. Remittance

4. Monthly salary 8. Others (specify)

11.  Land holding size of the household
1) Own land ha
2) Rented land ha
12. Do you have irrigable land? i) Yes ii) No
13.  Which crops you grow using irrigation?
14.  What is your position in the community?
1. Leader (cabinet member) in the kebele
2. Community-based organization (e.g., Ider, Equb etc) leader
3. Religious leader (e.g., Priest, Imam)
4. Others (specify)
5. No position
Part 3. Farming and cropping information of the household

15.  What are the major crops the household cultivates?
1) Rice 2) Teff 3) Oats 4) pulse 5) Vegetable 6) Fodder

16. Do you grow rice every year 1) Yes 2) No

17. How much land you allocate for rice production? How much yield obtained?

Year (EC) | Area Yield
(ha) Q1)

2015/16

2014/15

2013/14

18.  If not, why don’t you grow rice every year?

19. Which planting method do you practice for rice cultivation?
a) Broadcasting b) Row planting 3) Transplanting
20. The amount of seed rate you use for rice cultivation? kg/ha
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21. Do you use chemical fertilizers for rice production? 1) Yes 2) No
22. If yes, which fertilizer types and amount?

Fertilizer Yes/No Fertilizer use (kg/ha)

Urea

DAP

NPS

Others (please
specify)

23. Do you use organic fertilizer for rice production? 1) Yes 2)No
24. Do you practice crop rotation? 1) Yes 2) No
25. Which rotation crops do you use for rice?
1) Teff 2) Oats 3) Finger millet 4) pules 5) Vegetable 6) Fodder
26. Is there any crop that totally replaced (out of production or significantly reduced) due
to rice cultivation in the area? 1) Yes 2) No
27. If yes, which crops?
28. What are the reasons for replacement?

29. Do you use pesticides for rice production? 1) Yes 2) No
30. If yes, which pesticides?
1) Fungicides 2) Insecticides 3) Herbicides

31. Do you do hand weeding for rice production? 1) Yes  2) No
32. If yes, what is the average frequency of hand weeding per production period?

33. Which sources of labor does a household have for rice hand weeding?
1.) Family labor 2) Hired labor
34. Does household’s land size a major problem for rice cultivation? 1) Yes 2)
No
35. If yes, how does the household address the shortage of land size?
36. Do you have experience in rice seed production? Yes (1)  No (2)
37. If yes, since when?
38. Your experience in rice seed production as:
1. Contract farming with seed companies (government, private,)
2. Production with group of farmers (as one of the group members)
3. Production with cooperative (as member of the cooperative)
4. Production individually
5. If others (please specify)
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39. Would you like to have contractual seed production arrangement with potential
buyers in the future? Yes (1) No (2)

If yes, why?

40. Are you organized in cluster for rice seed production?

1) Ye

2) No

41. If yes, what advantage do you get via cluster-based rice seed production?

Part 4. Rice seed sources
42. From where did you access rice seed for the first time?
43. What was your source of seed for rice in 20167

44. Do you use local rice varieties? 1) Yes 2) No

45. If yes, please name of the local rice varieties.
Name of the Main Do you If vyes [3],
local rice attributes  of frequently why?
variety [1] the variety [2] grow this [4]

variety? (yes,
no) [3]

[1] Refers local varieties; not released and registered through formal procedures
[2] Agronomic and/or quality attributes
[3] Ask every year, every two years, every three years ...

46. What are your main sources of local rice seed?

1) Own saving 3) Community gene bank Farmers’
2) Exchange with 4) Model farmers cooperatives
farmers,  neighbors, 5) Purchase from local 7) Others (specify)
relatives markets

47. Do you use improved rice varieties? 1) Yes 2) No

48. If yes, please name the improve varieties you use [varietal preferences].

Name of
improved rice
variety [1]

Main attributes
of the variety

[2]

Do you frequently
grow this variety?

(yes, no) [3]

If yes [3], why?
[4]
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Name of Main attributes Do you frequently If yes [3], why?
improved rice of the variety grow this variety? [4]
variety [1] [2] (yes, no) [3]

1)

1)

[1] refers released and registered through formal procedures

[2] Agronomic and/or quality attributes

[3] Every year, every other year, every three years ...

49. Where do you normally obtain/access certified seed of improved rice varieties from?

1)Public seed 4) Cooperatives/unions
enterprises 5) NGOs

2) Public research 6) Others (specify

orgs

3)Private seed

companies

50. How do you access improved seed of rice varieties?
Cash 2) Credit 3) Free of charge 4) others (specify)

51. Do you purchase certified rice seed? (1) Yes (2) No
52. If yes, how often do you purchase?
Every year 2) Every Two years 3) Three years 4) Irregular from three to five years

Part 5. Training and source of information about improved rice varieties
53. Did you participate in any rice related trainings [consider in the past two years/24

months]? (1) Yes (2) No
54. If yes, what kind of trainings did you participate in?

1) Rice variety selection 4) Rice marketing 7) Others
2) Rice production 5) Food preparation from (specify)

3) Rice post-harvest rice

management 6) Rice processing

55. From where do you get information regarding rice production, management, and
marketing?
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Information about

Source of
Information

Rice
varieties

Production

Rice
management

Rice
marketing

Food
processing

Fellow farmers

Relatives

Extension service

Research centers

NGOs/development
partners

Radio, television

Other electronic media

Part 6. Rice seed quality perceptions

56. How do you perceive the quality of rice seed?

Quality parameter

Yes/No

Higher germination of seed

Seed free from weeds

Seed free from inert matters

Seed free from other crops

Not shriveled seed

No insect/disease damage

Uniformity in the field

God vigor in the field

57. What measures do you take to address the issue of rice seed quality? List them
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Appendix Table 1. Area covered (ha) by main crops and production (ton) in Libo Kemkem
Woredafor the past five years.

Crops 2019/20 2020/21 2021/22 2022/23 2023/24

Area Producti Area Product Area Producti- Area Product Area Producti-

Rice 11723  640772.5 13500 542988 13500 810505 13500 609381 20024 1103185
Maize 5756 268232 5758 302030 5499 238194 6600 138300 5848 257608

Teff 44745 95562 4349 68880.8 4750 84248 4750 47190 3750 58500

Wheat 4763 130725 4767 119425 4600 116798.2 5304 106246 5822 202195
Barely 2569.5 53621 2568 584775 2500 83805 2500 59010 1333 37937

Source: Libo Kemkem Woreda Agricultural Office Annual Report (2024)
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Appendix Table 2. Minimum Seed Certification Standards of OPV rice seed in Ethiopia

Laboratory standard Breeder Basic Certified Certified Certified Certified Method of
[Pre- 1 2 3 4 test
basic

Pure seed (min %) 98 98 97 97 95 95 ES 472
Other crop seed (max

0.05 0.05 0.05 0.06 0.1 0.2 ES 473
%) '
Infected seed (max %) N NS NS NS NS NS ES 476
Inert matter (max %) 1.95 195 1.95 2.24 2.24 4.9 1.95
Germination (min %) 80 80 80 80 80 80 ES 474
Moisture content (max

13 13 13 13 13 13 ES 478

%)

N.S = Not specified
Source: Ethiopian National Seed Quality Standard
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