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Seed System and Quality Analysis of Teff [Eragrostis teff (Zucc.) Trotter] in Central Gondar, Northwestern Ethiopia
ABSTRACT
Teff is one of the most important cereal crop used as a source of nutritious staple food and income to many resource-poor subsistence farmers. It has a unique position mainly due to its adaptation to low up to high land environments. Yet, in sufficient seed system and luck of information on quality of economically important parameters, resulted low productivity of teff in studied areas. Therefore, the objectives of this study To evaluate the improvement of the system to contribute for increasing the production and productivity of teff. To identify and document the different actors involved in the teff seed system, including farmers, seed producers, traders, and consumers, and understand their roles and interactions. To analyze the physical and physiological quality of teff seeds available in the local market, including factors such as seed size, purity, germination rate, vigor, and seed health.To examine the extent of formal and informal seed systems for teff in Central Gondar and understand the factors influencing farmers' decisions to use certified or non-certified seeds.To identify the challenges, constraints, and bottlenecks in the teff seed system, including issues related to seed production, quality control, marketing, policy, and farmer access to quality seeds. To propose strategies and recommendations for improving the teff seed system in Central Gondar, including capacity building, awareness programs, policy interventions, and collaboration between stakeholders to address identified challenges A total of 277 sample households were randomly drawn from East and West belesa districts, Amhara region during 2020 cropping season. The data were collected using structured questioner with individual interview. The result of this study revealed that, the informal seed system accounts low dissemination of farmers. The informal seed system should prioritize improving seed quality by increasing awareness and skills of farmers, improving seed quality of early generations and market access.
 Moreover, quality analysis was done in in physiological and physical purity among seed samples, The average mean germination percentage was 88.2% with the range of 76 to 93% and the highest value was recorded for seed obtained from West Belesa (93%) followed by (92.3%) from East Belesa. The lowest vigor index 1 was recorded for from West Belesa because of short root length (199.99cm). The highest vigor index II was recorded for samples collected from Ethiopian Seed Enterprise with 1.68mg mean because of higher seedling dry weight. Hence, to enhance the quality and productivity of teff keep norms of informal seed system, establish intermediary seed system to access easily improved seeds locally and to develop ways to formal seed system. 
Keywords:Keyfarmer,NutritiousandPurityanalys
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CHAPTER 1: INTRODUCTION
1.1. Background and Justification
Teff is originated in Ethiopia and it is the first among cereal crops in coverage of cultivated area in different agro-ecologies and serves as a staple food crop for over 70 million people in the country. Ethiopian farmers have continued growing tef over the millennia due to its relative merits compared to the other cereal crops with respect to husbandry, utilization, and high market prices (Kebebew Assefa et al., 2011) as well as short time of maturity that gives it a relative advantage of drought escape over other cereal crops. The nutritional content of teff is comparable to that of the major world cereal crops but it is superior in minerals and essential amino acids (USDA, 2015). 

Teff (Eragrostis tef (Zucc) Trotter) is a small seeded cereal indigenous to Ethiopia and originated in Ethiopia between 4000 and 1000 BC. Teff is among the major cereal crops in Ethiopia and occupies about 22.6% of the total cereals’ land (Zeleke, 2009). Teff [Eragrostis tef (Zucc.) Trotter] is a domestic wild grass belonging to the family Poaceae, sub-family Chloridoideae (Eragrostoideae), tribe Eragrostidae, sub-tribe Eragrostis, and genus Eragrostis (Watson and Dallwitz, 1992). 

In Ethiopia, teff performs well in medium altitude (1700-2400 masl). The length of growing period considering rainfall of 450 to 550 mm and evapo-transpiration of 2-6 mm day-1 ranges from 60 to 180 days. Depending on variety and altitude, teff requires 90 to 130 days for growth (Haftamu et al., 2009).

In recent years, teff has become popular and the demand for its grain has been increasing in the country as a healthy food in the global market because it’s freedom from gluten and its richness in contents of nutrients (Spaenij-Dekking et al., 2005). Teff is widely cultivated in central and mid north and northwestern parts of the country, including many districts in the Amhara region. Of the top 25 teff producing districts in the country, 15 are located in the Amhara region and the remaining 10 are in Oromia region (Warner et al., 2015). In the main (meher) season of 2019/20, tef fproduction keeps its first rank in terms of area coverage (24.11%) among cereal crops and the crop is produced by over 7.15 million smallholder farmers on about 3.1 million hectares of land with the average grain yield of about 1.85 t ha–1 (CSA, 2020). 

Teff is a hugely important crop to Ethiopia, both in terms of production and consumption. In terms of production, tef is the dominant cereal by area coverage and second only to maize inproduction and consumption CSA (2016). However, it has been historically neglected compared to other staple grain crops, yields are relatively low(around 1.26 tons/hectare), and some farmers under certain conditions sustain high losses which result in reduced quantity of grain available to consumers  Assefa K, Yu JK, Zeid M, Belay G, Tefera H, et al. (2011)..

Seed is the most important agricultural input; it is the basic unit for distribution and maintenance of plant population. It carries the genetic potential of the crop plant. It thus dictates the ultimate productivity of other input, such as fertilizer, pesticide, irrigation, water, etc., which build the environments that enable the plant to perform well (Belachew et al., 2022).
 Saving the best grains, roots or tubers from consumption, farmer’s storage and planting were developed over centuries into structured local seed systems (Mulesa et al., 2021). Farmer seed systems used to produce sufficient quantities of seed for the preferred crops and varieties of optimum quality available for each farming unit every planting season (Alemu et al., 2019). 
The quality of the seed, among others, determines to a large extent the success of the crop in terms of yield and product quality. It, thus, contributes to food security and the value of crop products in the market (Tadele and Hibistu, 2021). The quality of seed encompasses genetic purity, the germination rate, seed health and physical purity of the seed (Oshone and Bekele, 2019). High quality seed is essential for the successful establishment, uniform growth and maximum productivity of agricultural crops and forage species (Bogale et al., 2018). 
This is the need for effective seed quality assurance as an integral part of any seed supply system. As consumers become more discerning, they increasing recognize the relationship between high quality seed and crop performance; thereby increasingly demand for better quality seed (Dias and Ortiz, 2021). It then becomes more important to ensure that seed producers have the necessary technological skills to produce good quality seed, thereby complementing improvements made through new cultivars and improved agronomic practices (Mulesa et al., 2021). 
However, there is little information on informal seed sector, farmers indigenous knowledge in seed selection and maintenance, farmers seed sources, seed quality and seed management practices. Moreover, research work on determining quality of teff used for seed is lacking in various seed system (Wosene and Gobie, 2021). 
1.2  Statement of the Problem
The success of agricultural development depends, among other institutions, on the existence of an efficient production, input supply system and coordination and cooperation among these stakeholders, that is, coordinated seed value chain is needed (Alemu et al., 2019). However because of several reasons agricultural input supply system, agricultural commodity production and agricultural production in Ethiopia is weak and inefficient (Assefa, 2019). 
Some of the inherent causes are absence of coordination in input supply system, lack of using full package technology in production and absence of effective transport network, poor rural urban linkages and presence of too many intermediaries (Feleke, 2018). Based on the quality analysis of teff study conducted by Aliyi et al. (2021) appraised the fact that teff producing small-scale farmers are often constrained by inadequate supply of improved seeds, fertilizer, agrochemicals, market outlets, limited efforts in market linkage activities and credit institutions. 
East and West Belesa districts, which are the study area has been experiencing the above all mentioned problems which may starts from input supply to the final production (Mussema et al., 2022). Therefore the following objectives initiated to identifying the constraints which affect the seed system and production of quality seeds and further measures taken to narrow the gaps: 
1.3 Objectives of the Study
1.3.1. General objective
· To evaluate the improvement of the system to contribute for increasing the production and productivity of teff.
1.3.2. Specific objectives.

     1. To identify and document the different actors involved in the teff seed system, including farmers, seed producers, traders, and consumers, and understand their roles and interactions.

2.To analyze the physical and physiological quality of teff seeds available in the local market, including factors such as seed size, purity, germination rate, vigor, and seed health.

3.To examine the extent of formal and informal seed systems for teff in Central Gondar and understand the factors influencing farmers' decisions to use certified or non-certified seeds.

4.To identify the challenges, constraints, and bottlenecks in the teff seed system, including issues related to seed production, quality control, marketing, policy, and farmer access to quality seeds.


5. To propose strategies and recommendations for improving the teff seed system in Central Gondar, including capacity building, awareness programs, policy interventions, and collaboration between stakeholders to address identified challenges
1.4. Significance of the study
The findings of this study will indicate the factors which affecting seed system  of improved teff  seed variety, and hence, it will be important for better understanding on the determinants of seed system  of improved teff seed in East  and West Belesa  District, central Gondar Zone .In case, the researchers will assess the problem at the district level that helps to provide input to design strategies and policies to minimize factors that affect seed system and Quality analysis  improved teff seed variety of small holder farmers.
 In addition, the findings of the research will help to develop evidence for future research and any other related organization to formulate policy on how to improve seed system behavior of smallholder farmer’s teff producer. In addition to this, Policy makers may require information from the grass root level to formulate policies and strategies to meeting smallholder farmers need in particular and to bring change in agricultural practice in general by minimize such problem to boost agricultural productivity .So, it will help to increase utilization of improved teff seed variety to improve their productivity in the study area.

CHAPTER 2:  LITERATURE REVIEW
2.1. Origin, Taxonomy and Distribution of Teff
2.1.1. Origin of teff
Tef(Eragrostis tef (Zucc). Trotter) is a small-grained cereal grass species that has been grown as a food crop in east Africa for thousands of years (D’Andrea, 2008).

Teff is one of the major and indigenous cereal crops in Ethiopia [ Bultosa, G. 2007]. Teff is a fine stemmed, tufted annual grass characterized by a large crown, many shoots and a shallow, diverse root system. Teff is a unique durable crop grown overa wide range of environmental conditions in Ethiopia and has been utilized as food and supplements for majority of the human diet in Ethiopia [Dekking, L. S., Y. K. Winkelaar and F. Koning, 2005].
 Teff is an ancient tropical cereal that has its center of origin and diversity in the northern Ethiopian highlands, from where it is believed to have been domesticated.

 Ethiopia is harboring landraces of teff with a wide array of phenotypic diversity, and also wild progenitors and related wild species. Studies of the phenotypic and molecular diversity in teff were assessed based on phonologic, morphological and DNA markers (Solomon Chanyalew et al., 2013). Within the genus Eragrostis 43% of the species seem to have originated in Africa, 18% in South America, 12% in Asia, 10% in Australia, 9% in Central America, 6% in North America and 2% in Europe (Costanza, 1979). Of the 54 Eragrostis species listed in Ethiopia, 14 (or 26%) are endemic (Seyfu Ketema, 1997). The fact that several endemic and non-endemic species of Eragrostis, some of which are considered the wild relatives of tef, are found in Ethiopia and, in addition, the fact that the genetic diversity for tef exists nowhere in the world except in Ethiopia, indicates that tef originated and was domesticated in Ethiopia. Ethiopia is the Center of origin and diversity of tef (Vavilov, 1951). In a study to trace the origin and domestication of tef and identify the species related to it, a noticeable difference between tef and related species is the complete absence of glands in the cultivated species (Ponti, 1978).
2.1.2. Taxonomy of teff
The recent genotyping by sequencing (GBS) study involving40 Eragrostis species and 42 teff lines showed that the wild Eragrostis species were more diverse than the tef cultivars indicating the usefulness of wild species in enriching the tef gene pools (Girma et al. 2018).

Tef is an allotetraploid (2n = 4x = 40) plant whose diploid progenitor(s) is not yet known. Eragrostis pilosa which is also an allotetraploid is the closest relative and possibly the immediate wild progenitor of tef (Ingram and Doyle 2003).

The close relationship between teff and E. pilosa was also evidenced by the successful hybridization between these two species (Tefera et al. 2003). Generation mean analyses in different crosses revealed additive and epistemic gene effects in controlling grain yield of teff, while triple-test cross analysis also showed epistemic gene interactions for the same trait(Tefera and Peat 1996, 1997a, b). 
Similarly, these studies also implicated epitasis gene actions for other important quantitative traits including grain yield per panicle, panicle mass, tiller number, harvest index, plant height, panicle length, and days to panicle emergence and maturity.

Based on these inheritance patterns, selection at early generations after crossing was not suggested (Tefera et al.2001). Instead, delaying the selection to the later generations was recommended to increase the frequency of homozygous individuals in the population. Hence, segregating tef population scan be handled by a combination of modified bulk population method and modified pedigree breeding method.
2.1.3. Distribution of teff
Within the genus Eragrostis 43% of the species seem to have originated inAfrica, 18%in South America, 12% in Asia, 10% in Australia, 9% in Central America, 6% in NorthAmerica and 2% in Europe (Gallaher et al.,2022). Of the 54 Eragrostis species listed in Ethiopia, 14 (or 26%) are endemic (Gizaw et al., 2018). 
The fact that several endemic and non-endemic species of Eragrostis, some of which are considered the wild relatives of tef, are found in Ethiopia and, in addition, the fact that the genetic diversity for tef exists nowhere in the world except in Ethiopia, indicates that tef originated and was domesticated in Ethiopia (Assefa et al., 2015) and Ethiopia is the center of origin and diversity of tef. (Jesovnik et al., 2017) stated that a noticeable difference between tef and related species is the complete absence of glands in the cultivated species progenitors of tef, he states, are therefore likely to have been glandular plants and the present-day distribution of glandular representatives of closely related species may provide evidence for the original area of tef domestication. 
Although (Barretto et al., 2021) done a survey of the collections of E. pilosa, E. aethiopica, E. cilianensis, E. minor a n d E. barrelieri at the herbarium of the Royal Botanic Gardens, Kew, to ascertain the distributions of glandular plants of these taxa in Africa, Asia and Europe and prepared maps to show the geographical distribution of glands in these species.
2.2.  Production and Importance of Teff
Ethiopia is the largest teff producer in the world. Although teff is found in almost all cereal growing areas of Ethiopia, the major areas of production are the central and highland areas (Tadele and Hibistu, 2021). It can resist water-logging conditions associated with these regions, however, initial germination of the seed requires specific attention to prevent seed rot in the ground (Tadesse et al., 2022).  
In 2017, Teff accounts for 24% of the grain area, followed by maize 17% and sorghum 15%. Amhara and Oromia are the two major regions, and collectively, the two regions account for 85.5% of the teff area and 87.8% of the teff production (Lee, 2018). It is a reliable low risk crop, and can be planted in late May similar to millets. Late plantings have the advantage to control emerged weeds by tillage prior to planting, which can be significant since teff is a poor competitor with weeds during the early growth stages (Kuzovkina et al., 2016). 
Planting of teff requires a firm moist seed bed, similar to planting for alfalfa (Roseberg et al., 2018). To affect good soil moisture-seed contact due to the extremely small seed size. Seeding rates varies from 2.3–9 kg ha-1, with 5–8 kg ha-1 generally recommended (Rurinda, et al., 2020). Teff should be seeded 12–15 mm deep either broadcast or in narrow rows (Mihretie et al., 2021).
Teff is a multipurpose crop which has a high importance for the Ethiopian diet and culture. In Ethiopia, teff provides two-thirds of the daily protein intake (Fikadu  et al., 2019). It is not only important for human nutrition, but also as fodder for livestock, or as building material. Teff is the main ingredient to prepare injera, a sourdough-risen flatbread. During meals, it is often eaten with meat or ground pulses and sometimes it is also eaten as porridge (Awulachew, 2021). Moreover, teff can be used to prepare alcoholic drinks, called Arake or Katikalla or Beer, called Tella or Fersso (Tadele and Hibistu, 2022).  
Finally, due to its high mineral content, it also mixed with soybeans, chickpeas or other grains to manufacture baby foods (Deribe and Kassa, 2020). According to a study in Ethiopia, farmers indicated a preference among consumers for white teff over darker colored varieties (Tadele and Hibistu, 2021). As a nutritious fodder, it used to feed ruminants in Ethiopia and horses in the United States. It is a source of animal feed, especially during the dry season, and it is often preferred over straw from other cereals (Barretto et al., 2021). 
Teff grass can be used as a construction material when mixed with mud to plaster the walls of local grain storage facilities (Duguma, 2020).In Ethiopia tef is traditionally grown as a cereal crop (Gelaw and Qureshi, 2020). The grain is ground to a flour which is mainly used for making a popular pancake-like local bread called enjera and sometimes for making porridge (Satheesh and Fanta, 2018). The grain is also used to make local alcoholic drinks, called tela and katikala (Tadele and Hibistu, 2021). 
Tef straw, besides being the most appreciated feed for cattle, is also used to reinforce mud and plaster the walls of tukuls and local grain storage facilities called gotera (Alemu and Tesfaye, 2016).  Tef grain, owing to its high mineral content, has started to be used in mixtures with soyabean, chickpea and other grains in the baby food industry. Enjera made from tef is traditionally consumed with wot, a sauce made of meat or ground pulses like lentil, faba bean, field pea, broad bean and chickpea. 
This indicates that the traditional way of consuming tef with wot, is wise, since the Wot, supplements the lysine deficit in tef and provides a better balanced diet (Gizaw et al., 2018). Legesse et al. (2020) suggested that fenugreek (Trigonella foenum- graecum) is a good supplement if used with tef. In some regions of Ethiopia, e.g. Wello, women usually prepare enjera by adding some fenugreek to tef to improve its baking quality. Because of this, the enjera becomes softer and has a shiny appearance. 
Thus women should be encouraged to continue this traditional practice and be made aware that their practice not only has the benefit of improving the baking quality of the enjera but also of supplementing its protein content, especially lysine (Terefe, 2017).The most popular and widely preferred form of enjera is prepared from unmixed pure tef flour. The next preferred injera is the one prepared by mixing tef flour with the flower of other cereals such as barley, wheat, maize or sorghum (Barretto et al., 2021). 
Tef is predominantly grown in Ethiopia as a cereal crop and not as a forage crop. However, when grown as a cereal, farmers highly value the straw of tef and it is stored and used as a very important source of animal feed, especially during the dry season. Farmers feed tef straw preferentially to lactating cows and working oxen. Cattle prefer tef straw to the straw of any other cereal and its price is higher than that of other cereals (Fikadu et al., 2019). 
According to Barretto et al. (2021), the quantity and quality of residues from various cereal crops vary greatly depending on the crop species. Wheat and barley usually give high straw yields, though of inferior quality. Among cereals, tef straw is relatively the best and is comparable to a good natural pasture. The same source indicated that the performance of animals on residue diets is also known to vary depending on the crop species. The highest daily weight gain was obtained using tef straw (Gebreziabhear, 2016). 
Dry-matter in take and daily weight gain were lowest for wheat straw, 5.0 kg and 352 g/head respectively. Daily feed in take was the highest for tef. The chief value of tef as a hay crop lies in its palatability, high nutritive value, narrow albumin ratio (for a grass hay), high yield, rapid growth, drought resistance and ability to smother weeds (Gelaw and Qureshi, 2020). In South Africa tef is grown as a forage crop. According to Taddesse (1969), teff produces more than twice as much forage as weeping love grass (Eragrostis curvula), producing an average of 14.5 t/ha of green material in 3 months (Kahsay, 2004) 
This again shows that teff has a great potential to serve as a forage crop. Hence it can be used as a dual or multipurpose crop, i.e. for both cereal and forage. Both the amount of teff straw produced as well as its price clearly indicate the important role that tef straw plays as a crop-residue livestock feed in Ethiopian agriculture (Abebe, 2020).
2.3.  Constraints of Teff Production
The major challenges in tef production were recently reviewed (Assefa et al. 2017) where two categories of bottlenecks were identified. The two constraints are technical and socio-economic. The main technical problems involve: (i) relatively low productivity coupled with widespread use of landraces and traditional husbandry practices along with minimal or sub-optimal inputs (Ferede 2013); 

Application of nitrogenous fertilizers aggravates lodging incidence in tef since the stalks of the plants become large and eventually fall over on the ground irreversibly.

On the other hand, the major non-technical or socioeconomic constraints include: (i) lack of attention to the research and development of tef both at the global and

local level; (ii) limited availability of adequate quality and quantity of seeds of improved varieties; (iii) weak extension systems and research–extension linkages for disseminationof improved tef technologies; and (iv) lack of credit system for supporting smallholder farmers.

Tef is the dominant cereal in Ethiopia ranking first in area coverage (accounting for 30% of the area) and second to maize in terms of volume of production (Getahun Bekana et al., 2022). Despite its indispensable importance in the Ethiopian agriculture, the production and productivity of tef is low with the national average standing at 1.85 t ha-1 (CSA, 2020). 
The major yield limiting factors are lack of cultivar that tolerant to lodging, acidity, drought and pests (Genanew Tessema et al., 2012). Besides, the grains are also often lost in the harvesting and threshing process because of their minute size (Tadesse Ebba, 1975). Seeds are basic agricultural input. More importantly quality seeds of any preferred varieties are basis of improved agricultural productivity since they respond to farmers needs for both their increasing productivity and crop uses (Palmer, 2005). Unavailability of quality seeds at the right place and time coupled with poor promotion system, is one of the key factors accounting for limited use of improved seeds, which further contributing for low agricultural productivity in Ethiopia. Poor availability and promotion of improved seeds is due to inefficiency of the seed systems of the country (Abebaw Assaye et al., 2015).

2.4.  Teff Seed System in Ethiopia  
Seed systems are composed of set of dynamic interaction between seed supply and demand, resulting in farm level utilization of seed and thus plant genetic resource (Sisay et al., 2017). The seed system is essentially the economic and social mechanism by which farmers’ demand for seed and various traits they provide met by various possible sources of supply (Kansiime and Mastenbroek, 2016). 
The term seed system represents the entire complex organization, individual and institution associated with the development, multiplication, processing, storage, distribution and marketing of seed in any country (Alemu et al., 2019). The seed system includes traditional (or informal) system and the non-traditional (or formal or commercial) systems. Legal institutions such as variety release procedures, intellectual property rights, certification programs, seed standards, contract laws, and law enforcement are also an important component of the seed system of any country. 
They help determine the quantity, quality, and cost of seeds passing through the seed system (Alemu, 2015). Seed systems, formal or informal, fulfill a series of functions that are basic prerequisites for expecting the best possible productivity from a crop in a specific situation. Healthy, viable seed of the preferred variety needs to be available at the right time, under reasonable conditions, so that farmers can use their land and labor resources with the best yield expectations (Green et al., 2018). 
The wrong variety, sown at the wrong time with infected seed of poor germination potential, will seriously limit a farmer’s expectation of production and productivity. Thus, any seed system has multiple functions to fulfill for a range of farmers, farming conditions, and crops in a village, region, or country. A seed system can be assessed at any time according to how well it fulfills these functions. Conditions, situations, groups of farmers, or crops can be identified under which the specific system works well (Baumuller, 2018).
Activities undertaken to supply seeds to farmers include research and development, multiplication, processing, distribution, and uptake. Other activities that may occur in conjunction with these include transport and storage, as well as quality control (such as seed certification). Seed provision to farmers also includes activities undertaken to influence the process, such as: pricing, financial and technical support, provision of inputs, communication and coordination, as well as market research and promotion. Finally, policy formulation underpins seed systems, defining the boundaries and opportunities for the conduct of all seed system activities (Alemu et al., 2019).
2.4.1. Formal seed system
Formal seed system as a sector comprises all seed program components, namely; plant breeding, seed production, processing, marketing, extension, quality control and certification that interact among themselves and usually regulated by law (Kuhlmann and Dey, 2021). The formal seed sector was set up and organized with the principal goal of diffusing quality seed of improved varieties developed by formal breeding programs. The principal sources of materials for formal breeding programs are the ex situ collections of gene banks. 
Gene banks contain materials that were originally collected from farmers’ systems that are in the case of cultivated plants materials that were developed and maintained by farmers (Anteneh and Mekbib, 2013).  The formal system has been relatively successful for well-endowed, high-potential areas, but much less successful in more variable, marginal areas. This is partly explained by the fact that improved varieties tend to be poorly adapted to farmers’ preferences and production environments (Dixon et al., 2019). 
In general, plant breeders have lacked understanding about what farmers in these areas need, developing only few, genetically uniform products for on-farm testing. Evaluation and selection of new materials was on-station, where conditions are different from those in the target environment (Joshi, 2017).The formal seed system can be characterized by a clear chain of activities. It usually starts with plant breeding and promotes materials for formal variety release and maintenance. Regulations exist in this system to maintain variety identity and purity as well as to guarantee physical, physiological and sanitary quality (Ali et al., 2021). 
Seed marketing takes place through officially recognized seed outlets, and by way of national agricultural research systems. In formal seed production, seed multiplication occurs through several generations rather than continually recycling the seed of one generation, to avoid building up physical or genetic   contamination over time in the same lot of seed (Ayalew, 2020).
A major challenge for formal seed supply is to produce sufficient seed of all varieties needed, and deliver it to farmers in a timely manner. This requires considerable organization, time, and space, and incurs risks due to costs and production. To start with, significant area and effort is involved in seed production, though this varies by crop according to its multiplication rate (i.e. how much usable seed is produced per seed sown (Alemu et al., 2020). 
The study made by Montenegro (2017) signify that, the formal system focuses more on the interests of the seed company, and has more access to biotechnology and plant breeding techniques, so this seed system generally neglects the indigenous knowledge. The market is dominated by a few suppliers with potentially serious implications for technology choice and price fixing.Understanding seed demand among small-scale farmers is particularly crucial for crops whose seed cannot be produced economically by centralized seed companies. 
Such crops include self-pollinating crops (e.g. the common bean, groundnuts, and rice), vegetative propagated crops (e.g. potatoes, sweet potatoes, cassava) and crops with limited seed demand (e.g. indigenous vegetables, forages, open pollinated maize) (Bhargava and  Srivastava, 2019).
In the majority of the countries in the sub-region, the formal seed systems do not meet the seed demand of the growers. The small quantities are produced at very high costs due to   decentralized system which does not render itself to the realities of the traditional groundnut crop; the non-adaptation of seed legislation to the needs of the small-scale producers; the complex system of evaluation and certification of the varieties and the high cost of improved seed compared to the farmers seed (Mastenbroek, 2015).
2.4.2. Informal seed system
Informal or on-farm seed system, vary among country, region and crops. They rely on seed-saving practices, that is, keeping parts of the harvest for planting in the next season. The system usually plants local varieties of seed kept from the previous year’s harvest, obtained from neighbors and/or the local market (Mcguire and Sperling, 2016). This is the predominant system for food crops in subsistence agriculture. It is estimated that in developing countries, the informal seed system is responsible for more than 80% of the total area planted with subsistence crops (Munyi and Dejonge, 2015). 
Informal seed system is very resilient system, which is very active even without the support of public or private institutions. On farm seed system are essential for improving food security for developing countries. They will likely to continue to be the main source of seed for subsistence crops in the world. This system is not market oriented; seeds are usually produced for consumption. Some surplus can be bartered with neighbors or sold to local grain dealers (Mulesa et al., 2021).
For small-scale farmers in developing countries, management of seed is of crucial importance and forms an integral part of their crop production systems. For many centuries, farmers have developed and maintained their own plant genetic resources, based on local means of seed production, selection and exchange (Azeez et al., 2018). Newly introduced varieties are subject to farmers’ experimentation, and when adopted they become part of the local gene pool. In many cases, this integration involves physical mixing of seeds and spontaneous crossing with other materials. 
The informal seed sector has strong local character, without necessarily being confined to a small geographical area (Odhiambo et al., 2016).Majority of medium land holders and almost all large holders use own-saved seeds for sowing while small farmers depend heavily on external sources for seeds. Over 70% of small farmers depend on other sources for groundnut seed (Ayamga, 2018). Most of the small and medium farmer’s source groundnut seed from other farmers, unorganized markets, money lenders, fertilizer/pesticide dealers, and subsidized groundnut seed from government agencies (DasGupta, 2015). 
Distribution of seeds by government agencies is mostly delayed. As a result, they often end up losing cropping seasons. A detailed over view of farmers seed sources and seed distribution channels is often relatively complex with farmer groups obtaining seeds of different crops and varieties from different sources at different times. However, it is possible to identify three main groups of farmers with regard to seed sourcing behavior  those who are secure, those who make a choice and those who don’t. Seed secure farmers tend to maintain their own varieties with limited influx of new varieties (McGuire and Sperling, 2016). 
2.4.3. Integrated seed system 
One of the principles of the concept of Integrated Seed Sector Development (ISSD) is that it recognizes the existence and importance of the informal seed system, with farmer saved seed. Still the dominant source of seed to smallholder farmers in Sub-Saharan Africa, mainly because of the nature of their traditional crops and local varieties, in which the formal system is not interested (Mastenbroek et al., 2021).
Another principle of ISSD is that besides the informal seed system, it
promotes the development of the formal seed system, and the integration of both systems at different stages of the seed value chain, i.e. .conservation, breeding, seed multiplication and marketing (Westengen et al., 2023). Thus fundamental principles of the integrated seed sector development (ISSD) concept is the need to develop a twin track approach, where the effectiveness of both the informal seed systems and the formal seed system can be improved, and through a concerted effort ensuring that proper integration is promoted at every component of the seed value chain. 
The formal and informal system may be integrated through, for example, supporting Community Biodiversity Management (linking conservation and diffusion); involving farmers in participatory plant breeding experiments (linking breeding and selection), farmer representation in official variety release trials (linking release and selection), establishing farmer producer units for early generation seed (linking release and production), supporting local seed business development (linking multiplication and production) and promoting the establishment of agro- dealers at local level (linking marketing and diffusion) (Weltzien and Christinck, 2017). 
The integration of the formal and informal systems will benefit both and thus the whole seed system to adequately respond to the seed demand addition, ISSD recognizes the importance of both the public seed sector, which generally approaches the seed value chain from a development perspective, and the private sector, where markets and profits are driving the chain (Mastenbroek, et al., 2021). In the latter, business may take place at different levels, and the sector may support large scale seed companies (focusing on few commercial crops and varieties), nationally operating seed companies (often producing quality seed of varieties bred by the public sector), local seed businesses (operating in a niche of quality seed of locally demanded crops and varieties), as well as agro-industries (requiring seed of specific crops, varieties and quality, operating with a closed value chain). 
The ISSD concept promotes that the different seed systems within a country should be supported with a policy framework and specific actions, building on their strengths, and the type of crops and varieties, and seed they address (Hambloch et al., 2021).
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Figure1. Integration between formal and informal seed systems (Hambloch et al., 2021).
2.4.4. Farmer-based seed production
Improving farmer based seed production schemes and revitalizing informal seed supply for local crops and varieties is crucial for the development of the seed sector in the country. Supporting the informal seed sector will help to maintain genetic resources and to increase productivity so as to attain food security and improve farmers’ livelihoods (Hlatshwayo et al., 2021). 
Some attempts have been made to improve seed supply by working with farmers through contractual seed production with Farmers’ Producers Cooperatives and through farmer-based seed production and marketing units, which was set up first by the NSIA and lately by the ESE.
Farmer-based seed production can be initiated by establishing small-scale farms which can produce sufficient improved seeds to satisfy the needs of the local community. Such farms can be managed privately by groups of farmers or under community control. The decentralized seed farms could be supplied annually with foundation seed from the research stations/seed industry, and could concentrate their activities on seed multiplication and marketing to the community (Katwal et al., 2015).
2.5. Quality of Seed
The seeds which are having high genetic purity, physical purity, high germination and vigor, low moisture content and with the absence of infection to pest and disease (free from seed borne fungi infection especially Aflatoxins) are called good quality seeds (Njonjo, 2018).  
Humidity also becomes important in storage for seed viability (Subramanyam et al., 2017). Seed quality is established in the field and cannot be improved after harvest. Setting up of management plans and cultural practices that produce high quality seed is very important in the teff seed enterprise. It is important to get a high pod yield in a seed crop to ensure lower seed prices for the farmers and more profit to seed growers (Kameswara et al., 2017).
2.5.1. Physical purity 
Physical purity analysis refers determining the purity of the seed lot by weight or by number, most commonly by weight of the other matter than the crop seed present in the working sample (Pedrini and Dixon, 2020). The working sample is separated in to pure seed, other seed and inert matter. The physical purity percentage is determined by weight, and this purity analysis is used to determine the identity of the various species of the seeds and inert matter particles consisting of the sample. Those all seeds must be identified by scientific name, using the ISTA list of stabilized plant names. According to ISTA, standard the purity analysis for groundnut should be 96% pure seed for certified seed, inert matter 4% and other crop seeds none (Diederichsen, 2019).
 2.5.2. Germination and vigor
Germination test is an indication to the establishment of normal plant under favorable condition (Finch-Savage and Bassel, 2016). Generally, if the seed to be tested is clean, with a reasonable quality and not dormant, results of germination test performed under optimal laboratory conditions will have a positive correlation with emergence under practical sowing condition. The germination test shall always be done with seeds from the pure seed fraction of the purity test; the pure seed shall be done in replicates of 100, 50, or 25 seeds (Marcos Filho, 2015). 
The seeds are spaced uniformly on a moist substratum; spacing is based on the size of the seed. The distance between seed should not be less than 1 to 5 times the width or diameter of the seed (Kidanemariam et al., 2021). In case of groundnut germination test the recommended substrate for germination tests are between paper and using sand substratum where seeds are pressed either on the surface of the sand or planted on the sand (Prasad, 2023). 
The germination test requires 20-30 0c and the first count for germination taken 5 days after planting (Laekemariam et al., 2016).   In case of vigor testing put the seeds at 40-45 0c and 100% relative humidity for periods ranging up to seven days then observe (measure) the shoots and roots with higher vigor which have normal shoots and roots with the stress condition ( Dinkale and  Zewdu, 2019).
2.5.3. Teff seed health
A number of diseases (mainly caused by fungi) and pests are known to attack teff, but only a few are of economic importance, mostly in specific localities and production years (Mamo, 2019). Among the diseases, leaf rust (Uromyces eragrostidis), head smudge (Helminthosporium miyakei) and damping off (Drechslera spp. and Epicoccum nigrum) are the most important. Low plant densities and early sowing reduce the damage caused by leaf rust and damping off, respectively. 
Fungicides that control these two diseases have been identified at experimental level, although there are no known cases of field applications (Corkley et al., 2021). Breeding for resistance has not been carried out because of limited genetic variation in resistance and the sporadic nature and environmental specificity of the diseases. No viral or bacterial diseases are known (Rubio, et al., 2020).
Pests known to attack germinating teff seeds and seedlings include the weed, Wollo bush-cricket (Decticoides brevipennis), the red teff worm (Mentaxya ignicollis), grasshoppers, ants and termites (Assefa et al., 2022). The black teff beetle (Erlangerius niger) attacks the inflorescence. Among the weeds, annual grasses cause the biggest damage. The parasitic weed Striga hermonthica (Delile) Benth, the recently introduced invasive weed Parthenium hysterophorus L. and the cosmopolitan weed Convolvulus arvensis L. have also become problematic. Hand weeding and crop rotation, particularly with pulses, are the most common methods in dealing with these weeds in teff; the use of herbicides is very limited. Stored teff grains are not attacked by storage insects, but rodents can be a problem (Degefa et al., 2020). 
CHAPTER 3: MATERIALS AND METHODS
3.1. Description of the Study Areas
The study was conducted in East and West Belesa Districts Central Gondar Zone, Amhara National Regional State, Ethiopia. West Belesa is found at about 80 km far from zonal capital city Gondar and 140 km far from the regional cit Bahir dar. About 47% of the district is plain with gentle to flat slopes, 41% mountainous with undulating to steep slopes and 12% of it is valley in relief. It is agro ecological zone Kola (53%). The maximum and minimum temperature the district is 33.5 0C and 10 0C, respectively. The soil types of the district include black soil (65%), red soil (10%) and brown which account (25%). The annual rainfall of the district is estimated to be 1200 mm–1800 mm (WBWARD, 2018) and its altitude that varied between 1,200 and 1,800 meters above sea level. 

Whereas, East Belesa found at about 120 km far from zonal capital city Gondar and 180 km far from the regional city Bahir Dar. It is bounded by Janamora district in the north, South Gondar zone in the south, West Belesa district in the west and Waghimra special zone in the East. Agriculture is the main income source of the society in the study area. It involves subsistence rain fall cultivation of crops and livestock production (Agriculture office socio economic basic data, 2018).
The soil types of the district include black soil (45%), and brown which accounts (55%).The total land area of the district is 181,755 hectare which comprises a total of 30 rural kebeles/peasant association/administrative (EBWARD, 2018). There are two agro ecological zones in the district namely Kola (low land) <1500 m. a. s. l and Woina dega (midland) >1800 m. a. s .l. Minimum and maximum temperature of the district is 18 oC and 29 oC, respectively. The annual rain fall ranges between 700 mm–1200 mm, with a medium period of summer rain season (EBWARD, 2018).
3.2. Data Types and Sources
 Primarily, the data for this study were collected from primary source using multiple data gathering instruments such as semi structured house hold level survey/questionnaires. Primary data were collected through focus group discussion and individual interviews on household characteristics (household type, distribution of household by educational status, age, and family size), household resource base characteristics, farmers’ adoption and seed source, farmers’ agronomic practices and perceptions, contractual seed production practices, partners’ involvement and coordination. 
In addition, primary data on seed system and quality analysis were collected. It were collected through informal and formal surveys from key informants such as farmers, zonal and Woreda agricultural experts and office heads. 
3.3. Sampling ttechniques and Sample size
Multistage sampling techniques were employed to select districts, kebeles and interviewed farmers. In the first stage, two Districts (East and West Belesa) from central Gondar zone were selected purposively, based on their potential in teff production by consultation with zonal agricultural experts. In the second stage, two Kebeles in each District were selected based on the Woreda agricultural office expert’s recommendation purposively, according to the place favorability for research. An entire list of teff producers is prepared by Village Agricultural Extension officer (VEOs). 
In the third stage, a total of 277 household heads from the list of the household in the two districts were randomly selected for interviewing based on proportional probability to size sampling techniques. To determine the sample size of household, statistical formula of Yamane (1967) is used. 
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Where; n = designates the sample size;
            N = designates total number of populations and
            e = designates for level of precision or margin of error (for this study 8% (0.08)                    were taken arbitrarily.
Table 3.1.  Sample size determination
	District
	Kebele
	Sampling frame
	Sample size

	East Belesa
	Chama Qorach
	572
	56

	
	Dengora
	881
	85

	West Belesa
	Tala
	431
	56

	
	Baja
	615
	80

	Total sample size
	2499
	277


Source: East and West Belesa Districts Agriculture Office (2020).

 3.4. Treatments and Experimental Design in Laboratory 
The laboratory experiment consists of twelve (12) treatments (Nech teff, Key teff and Sergegna from two districts and four Kebeles (Chamaqorach, Dengora, Baja and Tala) were used. The experiment was arranged l by a completely randomized design and replicated three times. 
3.5.    Data Collection 
 3.5.1. Survey data collection 
For seed system, both primary and secondary source of data were used to achieve the specific objectives. Both quantitative and qualitative data were collected using different data collection methods. Primary data were collected through a face to face interview with contact/sample household heads using a semi-structured questionnaire.  
The interview question and survey questionnaire were prepared in English and translated into local language (Amharic). The translated interview questionnaires and survey questionnaire were pre- tested for necessary modification and further editing to ensure its clarity and fullness for generating important information from the respondents’. Interviews were carried out by trained data collectors which are working with small holders which are known as development agents (DAs). 
The survey was conducted after thoroughly explaining the purpose of the interview to the interviewees. 
As a secondary data, the supplementary data were gathered from reports of district agriculture and other relevant institutions in the study areas. Further secondary data were gathered from previous studies and different publications. 
3.5.2. Laboratory experimental data collection
For seed quality analysis physiological quality (standard germination percentage, seed vigoristy, and seedling emergence percentage and rate) and physical purity (purity percentage of pure seed inert maters and other crop seeds) were collected and determined.
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Source (Nega and Gudeta, 2019)
The emergence percentage was calculated by dividing the number of emerged seedlings by the number of seeds planted for each seed lot and multiplying the product by 100.
3.6. Data Aanalysis 
 Data were analyzed using descriptive statistics with the help of tables and percentages. Frequency tabulation also used for statistical description non quantifiable information from open and closes ended questions and observations were analyzed through qualitative description. Qualitative data were analyzed through narration, triangulation, explanation and interpretation of the issue. Whereas, the quantitative data were analyzed using simple descriptive statistics which are important in understanding the different characteristics of sample units. By applying descriptive statistics such as frequency, mean, percentage, and standard deviation were used in the process of comparing socio-economic, demographic and institutional characteristics of households. In addition, statistical software applications like SPSS and STATA software were used to analyze data. 
For seed quality analysis, treatments were laid out in Complete Randomized Design (CRD) for laboratory and seedling emergence tests. Treatments were assigned randomly and each treatment was replicated four times. The collected data from laboratory experiments were transformed, then subjected to analysis of variance using SAS (9.4) and treatment means were separated using LSD (list significant different) Test.
CHAPTER 4: RESULTS AND DISCUSSION
4.1. Teff Seed System Analysis
4.1.1. Farmer’s characteristics and household resource bases 
The mean number of male and female family members above 15 years old who helped the farmer during crop production (economically active work force) was 1.48 (SD = 0.68), 1.44 (SD = 0.61), respectively, the mean number of male and female family member less than 15 years was 2.72 (SD = 2.38), 3.44 (SD = 2.26), respectively, in East Belesa district. Male and female family member less than 15 years were contributing to farm labor was non-significant (P > 0.05). 
These findings were roughly similar for both districts. However, male family members greater than 15 years were highly significant different (P < 0.01) between the two districts. Farmers in both districts were sharing labor during plowing, harvesting, and threshing of the teff.  This analysis was very important to estimate the production and productivity of teff from today up to the future, to assess the technologies for cultivation and distributions of different varieties, and for value chain analysis. Human power and animals were very necessary for the production of Nech, Key and Sergegna teff in the study districts.

Table 4.1. Family size and livestock number, farmers age, year of farming experience and amount of land allocated in 2021.
	      Item
	West Belesa
	East Belesa
	t-test

	
	Mean
	SD
	Mean
	SD
	

	Male>15 years
	1.96
	1.05
	1.48
	0.68
	-2.66**

	Female>15 years
	1.43
	0.66
	1.44
	0.61
	0.04ns

	Male<15 years
	2.22
	1.29
	2.72
	2.38
	1.27ns

	Female<15 years
	2.61
	1.87
	3.44
	2.26
	1.96ns

	Number of Cattle
	5.82
	3.39
	12.1
	4.62
	7.75**

	Number of Oxen
	2.00
	1.29
	3.52
	1.43
	5.57**

	Farmers Age
	42.76
	7.49
	44.8
	12.09
	0.98ns

	Farming experience
	14.86
	5.33
	15.90
	6.45
	1.07ns

	Own land
	1.62
	0.65
	2.34
	0.74
	5.18**

	Hired land
	0.75
	1.33
	0.53
	0.32
	-3.39**

	Share cropped
	1.50
	0.68
	0.83
	0.67
	-5.01**


Note: SD = standard deviation,* = significant at (P < 0.05), ** = highly significant (P < 0.01) and ns = non-significant (P > 0.05)
Furthermore, between the two districts the mean number of cattle and oxen were highly significant (P < 0.01) (Table 4.1). The average age of household head from sample farmers (n=100) was about 44.8 years (SD = 12.09) with the range from 28 to over 70 in East Belesa, 42.76 (SD = 7.5) with the range from 20 to over 55 in West Belesa district. Only 15% were over 55 years of age. 
More than 50% of the farmers were above the average age indicating less involvement of younger generation in farming. The mean years of farming experience was about 16 years (SD = 6.45) in East Belesa whereas, 15 years (SD = 5.33) in West Belesa district. Farmers in the two districts were not statistically different in their ages and years of farming experience (Table 4.1).
About 98% of farmers had holding rights over the land they cultivated whereas the rest were landless and worked being hired and shared crop land. Farmers (n=277) had previous experience having hired (94% farmers) and shared cropped (90% farmers) from female headed households or old age or lazy farmers additional land for teff production. The two districts were highly significant different (P < 0.01) in their average size of own land, hired and sharecropped land holding (Table 4.1). 
Table 4.2. House hold type characteristics and educational level of the respondents
	Item
	West Belesa
	East Belesa

	
	N
	%
	N
	%

	House hold type characteristics’

	Male headed
	130
	95.59
	133
	94.33

	Female headed no husband
	6
	4.41
	8
	5.67

	Educational level of the respondent

	Illiterate
	72
	52.94
	89
	63.12

	Elementary 
	41
	30.15
	27
	19.15

	Junior 
	23
	16.91
	25
	17.73


The household characteristics of the interviewed farmers were almost all male headed which is 95.59% at West Belesa and 94.33% at East Belesa. The education level of the respondents was grouped under illiterate, elementary and junior. Thus, at West Belesa 52.94% of the respondents were illiterate, 30.15% of them are educated at elementary level and 16.91% of them are educated at junior school level. Similarly, at East Belesa 63.12% of the respondents were illiterate, 19.15% of them are educated at elementary level and 17.73% of them are educated at junior school level (Table 4.2). It has an effort in promoting seed technology of teff crop production by consider the social, economic, institutional and psychological characteristics for better adoption of seed technology in teff crop production.
4.1.2. Local landraces  grown and farmers’ seed system
Almost all the interviewed farmers had grown teff in both districts. The landraces they grown includes, Tikur (key), Sergenga and Nech. Farmers told that, Nech teff seed has pale white color and is the variety favored by all farmers. Tikur teff variety, its selling price was lower, color deep brown, narrow adaptation and it had low land coverage in every season production than other teff varieties from both districts. Most of the interviewed farmers did grow (80%) Tikur, Nech and Sergenga teff types. 
The seed system of farmers was dominantly dependent on the farmers’ varieties. This is in agreement with the finding of Otieno G. et.al. (2021) on sorghum in eastern Ethiopia. These landraces were local varieties discovered to have more than one name depending upon the localities they were grow. These varieties were normally grown on different soil type. Main advantages of the farmers’ varieties were the seed quality they had, the seed was readily available and it was cheaper than the improved teff varieties. According to Brookes, G. (2022), at least 80% of the seed of the main food crops is produced by the farmers themselves, a figure that is confirmed in other reports and also in this study.. 
4.2. Seed Quality Analysis
A sample of 1 kg seed was drawn from the farmers’ saved seed intended for planting purpose to make laboratory seed quality analysis. Seed samples of 1 g from different sources were obtained for laboratory tests including purity, vigor and seed-health tests. Each sample was sorted to three components that include pure seed, other crop seed, and inert matter. The components were weighed on precision balance to the nearest two decimal places and the percentage of each component was determined (ISTA, 1996).
4.2.1. Physical quality 
Based on the result of ANOVA analysis (Table 4.3), there is no significant difference between each types of teff which gathered from different Kebeles in both East and West Belesa districts. The physical quality of seed sampled ranged from 98 % and 99.33 %.  Means the highest pure seed recorded from Sergegna teff in Baja both Chama Qorach and Baja Kebeles of East and West Belesa districts respectively. But seed physical purity also affected by inert material and other crop seeds. The highest inert material recorded from Sergegna teff in Tala Kebele and the lowest inert material recorded from Key teff in Dengora Kebele were 1.5 % and 0.92 % respectively. 

On the other hand, other crop seeds also reduced the physical quality of teff. The maximum percentage of other crop seed (1.07 %) recorded from Sergegna teff and Key teff in both Dengora and Tala Kebeles. While the lowest percentage of other crop seed recorded from Nech teff in Chama Qorach Kebele which is 0.5%. However high significant difference observed on inert materials among treatment, but there was no significant difference among treatments on purity percentage and other crop seeds.

The results showed that the physical quality of seed from the informal sector was equal or comparable to the seed from formal sector. The purity analysis test showed that all of the 12 collected seed samples were greater than 96% which were physically pure by the minimum national seed standard for certified seeds class including teff seed in Ethiopia. There was no difference in physical purity level between seed samples of different so. The analytical purity of 12 seed samples was significantly different for only other crop seed (P < 0.05) (Table 4.3). 
In this study, almost all 12 samples were with inert matter contamination of less than 2% as prescribed in the standard (Table 4.3). All seed samples maintained the minimal analytical purity percentage and other plant seeds (weed seed) except inert matter contamination. Because farmers lack proper storage condition, at threshing floors or transportation. Kumar and Kalita,  (2017) reported that most of the samples collected from farmers satisfied the physical purity standards set for wheat seed production in Ethiopia which is agreeable with teff in this study. Similarly, a high level of contamination with dirt, stones, and weed seeds would greatly reduce the value of the seed to farmers (Kebede et al., 2021). 
Table 4.3. Analytical physical purity test
	District
	Kebele
	Teff Variety 
	Pure seed
	Inert mater
	Other seed

	East Belesa 
	Chama Qorach 
	Nech 
	99 a
	1.0b
	0.5a

	
	
	Key 
	98 a
	1.33ab
	1.07a

	
	
	Sergegna 
	99 a
	1.0b
	0.60a

	
	Dengora 
	Nech 
	98.33 a
	1.5a
	1.07a

	
	
	Key 
	99 a
	0.92b
	1.07a

	
	
	Sergegna 
	98.67 a
	1.17ab
	0.70a

	West Belesa 
	Baja 
	Nech 
	99 a
	0.95b
	0.83a

	
	
	Key 
	98.33 a
	1.17ab
	0.93a

	
	
	Sergegna 
	99.33 a
	1.17ab
	0.93a

	
	Tala 
	Nech 
	98.67 a
	1.0b
	0.87a

	
	
	Key 
	98.33 a
	1.17ab
	0.93a

	
	
	Sergegna
	98.33a
	1.5a
	1.07a

	Mean 
	
	
	98.58
	1.16
	0.88

	LSD (5 %)
	
	
	1.33
	0.48
	0.83

	Sigd
	
	
	ns
	**
	Ns

	CV 
	
	
	0.43
	14.00
	31.63


Note: * = significant (P ≤ 0.05), ns = non-significant (P > 0.05), ** highly significant ( P ≤ 0.01), sigd =significant difference
Generally, the incidence of the three other weed species in terms of their presence in some of the samples is more important than the crude results of analytical purity. Hence, weed seeds is the most important factor that influenced the physical purity of the teff seed in the surveyed area. Similar findings were reported by other workers in wheat seed. Tujuba, (2020) found that seed source and storage duration on seed quality, yield and yield related traits of soybean glycine max varieties at pawe, northwestern Ethiopia. 
Gadisa, (2019) found significant differences in physical purity, other crop seed and weed seed contamination of wheat seed samples collected from different sources in Ethiopia attributed to the different ways that farmers used to produce, select, save and acquire wheat seeds. Farmers do not conform fully to the Distinctiveness, Uniformity, and Stability (DUS) criteria (Abbandonato et al., 2018). Farmers know their varieties with clear quantitative and qualitative markers for identification of farmers’ varieties when planted alone and together with other varieties (Floro et al., 2018).
4.2.2. Physiological seed quality 
A. Standard germination test 
The value of germination percentage, abnormal seedlings, un-germinated and dead seeds in a working sample during germination was recorded. The overall average mean germination percentage was 88.33% with the range of 85% up to 92.0% and the highest value was recorded for seed obtained from Nech teff in Chama Qorach Kebele of East Belesa (92.0%) followed by Nech teff  (92.25%) from  Tala Kebele of West Belesa. 
Moreover, the majority of samples (nearly 85%) and above the average germination percentage both Belesa districts as prescribed in the Ethiopian National Seed Standard Certified Seed of teff.  Barriga and Fiala (2020). Also found similar results where almost all wheat samples collected from farmers reached the minimum germination standards for certified seed.
There was no significance difference (P > 0.01 and 0.05) in abnormal seedling among different teff seed. More abnormal seedlings obtained from Nech teff from Dengora Kebele in East Belesa was (11.33%) and more un-germinated seed from Nech teff in Tala Kebele of West Belesa was (1.6%) were observed (Table 4.4).  Means the lowest abnormal and ungerminated seed were recorded from Nech teff in Chama Qorach Kebele and Sergegna teff from Dengora Kebele were 5.0 % and 1.0% respectively. Despite of abnormal seedling there was significant different (P < 0.05) in ungerminated seed among each treatment.
More over percentage of dead seed in an experiment determined the physiological quality of teff seed. Based on the result of the ANOVA analysis there was no significant different among each different teff treatments in percentage of dead seed. The result ranged from 1.17 up to 1.75% with the mean value of 1.38%. The lowest number of dead seed (1.17%) was recorded from Nech teff of Baja Kebele in West Belesa district, and the highest number (1.75%) of dead recorded from Sergegna teff of Chamaqorach Kebele in East Belesa district. contractile 
Table 4.4. Standard germination test
	District
	Kebele
	Teff 

Variety 
	Germinated 

Seed
	Abnormal

Seed
	Ungerminated

Seed
	Dead

Seed

	East Belesa 
	Chama Qorach 
	Nech 
	92.0a
	5.0 a
	1.5 ab
	1.25 a

	
	

	Key 
	89.17a
	7.18 a
	1.48 ab
	1.33 a

	
	
	Sergegna 
	86.0 a
	10.0 a
	1.0b
	1.75 a

	
	Dengora 
	Nech 
	85.0 a
	11.33 a
	1.25 ab
	1.67 a

	
	
	Key 
	88.3 a
	9.0 a
	1.08 ab
	1.33 a

	
	
	Sergegna 
	89.67 a
	6.5 a
	1.25 ab
	1.42 a

	West Belesa 
	Baja 
	Nech 
	88.33 a
	8.83 a
	1.35 ab
	1.17 a

	
	
	Key 
	88.83 a
	8.0 a
	1.52 ab
	1.25 a

	
	
	Sergegna 
	88.83 a
	8.0 a
	1.52 ab
	1.25 a

	
	Tala 
	Nech 
	90.0 a
	7.0 a
	1.60a
	1.25 a

	
	
	Key 
	88.83 a
	8.0 a
	1.52 ab
	1.25 a

	
	
	Sergegna
	85.0 a
	11.3 a
	1.25ab
	1.67 a

	Mean 
	
	
	88.33
	8.35
	1.37
	1.38

	LSD (5 %)
	
	
	8.92
	8.83
	0.60
	0.64

	Sigd
	
	
	Ns
	Ns
	*
	ns

	CV 
	
	
	3.4
	33.31
	14.54
	15.56


Note: ** = highly significant (P < 0.01), ns = non-significant (P > 0.05), LSD =list significant different, sigd = significant dfiference.
B. Seed vigor test 
Several physiological tests such as standard germination speed of germination, seedling shoot and root length and seedling dry weight were measured to assess the vigor of teff seed lots collected from farmers from diferent Kebeles of East and West Belesa districts. Although careful root and shoot length measurements were taken for seed from different treatments. Based on the result of the ANOVA there was no significant different among different teff treatments. But the value ranged from 1.35 cm to 1.42 cm and its mean value was 1.39 cm. the lowest value (1.35 cm) was observed from Nech teff in Tala Kebele of West Belesa district and the largest value (1.42 cm) of shoot length was observed from Sergegna teff and Key teff in Baja and Tala Kebeles of West Belesa district respectively(Table 4.5).
Table 4.5. Seed vigor test
	District
	Kebele
	Teff 

Variety 
	Shoot length
	Root 
Length
	Seedling
Dry weight
	Germination
rate

	East Belesa 
	Chama Qorach 
	Nech 
	1.36a
	1.87 a
	0.015b
	5.6 a

	
	

	Key 
	1.40 a
	1.57abc
	0.02 a
	5.69 a

	
	
	Sergegna 
	1.37 a
	1.23bc
	0.02 a
	5.71 a

	
	Dengora 
	Nech 
	1.40 a
	1.17c
	0.018ab
	5.71 a

	
	
	Key 
	1.40 a
	1.18c
	0.018ab
	5.69 a

	
	
	Sergegna 
	1.36 a
	1.55abc
	0.018ab
	5.63 a

	West  Belesa  
	Baja 
	Nech 
	1.36 a
	1.25bc
	0.018ab
	5.69 a

	
	
	Key 
	1.42 a
	1.54abc
	0.02 a
	5.75 a

	
	
	Sergegna 
	1.42 a
	1.54abc
	0.02 a
	5.75 a

	
	Tala 
	Nech 
	1.35 a
	1.66ab
	0.018ab
	5.69 a

	
	
	Key 
	1.42 a
	1.54abc
	0.02 a
	5.75 a

	
	
	Sergegna
	1.40 a
	1.73c
	0.018ab
	5.71 a

	Mean 
	
	
	1.39
	1.44
	0.018
	5.70

	LSD (5 %)
	
	
	0.25
	0.45
	0.0038
	0.17

	Sigd
	
	
	Ns
	**
	**
	Ns

	CV 
	
	
	5.97
	10.49
	6.79
	1.02


Note: : ** = highly significant (P < 0.01), ns = non-significant (P > 0.05), CV = coffecient varieance , LSD = list significant different,  sigd = Significant different, V = vigorus 
Table 4.5. Seed vigor test

	District
	Kebele
	Teff 

Variety 
	Seed .V

Index 1
	Seed .V

Index 2
	Seed

Emergence
	Seed 

Emergence R

	East Belesa 
	Chama Qorach 
	Nech
	80.46a
	1.30b
	92.0 a
	5.0 a

	
	

	Key
	69.12a
	1.72 a
	88.83 a
	7.25 a

	
	
	Sergegna
	62.0a
	1.70 a
	86.0 a
	10.0 a

	
	Dengora 
	Nech
	67.50 a
	1.51 ab
	85.0 a
	11.33 a

	
	
	Key
	65.62 a
	1.59 ab
	88.33 a
	9.16 a

	
	
	Sergegna
	72.82 a
	1.60 ab
	89.67 a
	6.58 a

	West Belesa 
	Baja 
	Nech
	55.55 a
	1.57 ab
	88.33 a
	9.0 a

	
	
	Key
	64.88 a
	1.62 ab
	88.83 a
	8.0 a

	
	
	Sergegna
	64.88 a
	1.62 ab
	88.83 a
	8.0 a

	
	Tala 
	Nech
	66.81 a
	1.47 ab
	90.0 a
	7.0 a

	
	
	Key
	64.90 a
	1.62 ab
	88.83 a
	8.0 a

	
	
	Sergegna
	67.50 a
	1.51ab
	85.0a a
	11.33 a

	Mean 
	
	
	66.83
	1.57
	88.33
	8.39

	LSD (5 %)
	
	
	34.27
	0.39
	8.92
	8.22

	Sigd
	
	
	Ns
	*
	Ns
	Ns

	CV 
	
	
	17.26
	8.41
	3.40
	32.99


Note: ** = highly significant (P < 0.01), ns = non-significant (P > 0.05), CV = coffecient variance, LSD = list significant different, sigd = Significant different, V = vigorus. 

Seed sample of Nech teff from Chamaqorach Kebele of East Belesa district showed the highest root length (1.87 cm) and followed by Nech teff from Tala Kebele of West Belesa district was (1.66 cm). On the other hand the lowest root length (1.17 cm) recorded from seed of Nech teff in Dengora Kebele of East Belesa district. The mean value of root length was (1.44 cm). Also the result indicated that there was high significant different (P < 0.01) among different teff treatments (Table 4.5). 

Seedlings with well-developed shoot and root length would withstand any adverse conditions and provide better seedling emergence and establishment in the field. The result of seedling dry weight (Table 4.5), showed that there was high significant different (P < 0.01) among different teff treatments. The lowest (0.015 g) and the highest (0.02 g) with the mean value of (0.018 g) of seedling dry weight were recorded from the experiment. 
The highest seedling dry weight was recorded from Sergegna and Key teff from Chamaqorach Kebele (East Belesa district) and both Baja and Tala Kebeles (West Belesa district). The lowest seedling dry weight was recorded from Nech teff of Chamaqorach Kebele (East Belesa district).
Shoot emergence took place when the temperature was lowered to 20 0C (Radford and Key, 1993). The highest germination rate (5.71%) was recorded seed sample obtained from both Key and Sergegna teff from both Baja, and Key teff from Tala Kebeles of West Belesa district. While the lowest germination rate was (5.69%) recorded from Nech teff in both Baja and Tala Kebeles of West Belesa district and Key teff from both Chamaqorach and Dengora Kebeles of East Belesa district. However there was no significant different among treatments and the mean value was (5.70%). 

Apart from the other parameters, germination rate was the other method used to test seed vigor. Seeds which have high germination rate can escape drought condition, thus helping to choose early varieties (Maguire, 1962). Similarly, it is the rate at which the seeds are germinating and those seedlings with higher index or highest on first count are expected to show rapid germination and seedling emergence and to escape adverse field conditions (Zewdie, 2004). Seed with a low germination rate can have disastrous effects on a farmer’s income by the time it is apparent that the seed would not germinate; it may be too late to plant again in that season (Nicholas et al., 2007). 
Seed vigor was usually measured by testing the germination rate, seedling weight, root and shoot length of the seed. The lowest vigor index I was recorded for samples collected from Nech teff from Baja Kebele (West Belesa) with (55.55 mg) and the highest value (80.46 mg) was recorded from Nech teff of Chamaqorach Kebele (East Belesa district). This was due to   short root length of teff.  On the other hand the highest vigor index II was recorded from samples collected from Key teff of Chamaqorach Kebele (East Belesa district) was (1.72 mg). There was significant different (P < 0.05) length and vigor index I among the seed samples. Teff seed samples from East Belesa (F1nech) gave the highest values for vigor index I and root length (Table 4.5).
C. Seedling emergence percent and rate 
Mean of seedling emergence percentage from the seed samples was (88.33%) with the range of (85% up to 92%). The mean percentage (88.33%) indicating good percentage of all samples tested for vigor. The maximum percentage of seed emergence (92.0%) recorded from Nech teff of Chamaqorach Kebele (East Belesa district) and the minimum percentage of seed emergence (85 %) was recorded from Sergegna teff in Tala Kebele (West Belesa district). 
The highest seedling emergence rate was recorded from seed sample obtained from Nech teff of Dengora Kebele (East Belesa district) and Sergegna teff from Tala Kebele (West Belesa district).The lowest seedling emergence rate recorded from Nech teff of Chamaqorach Kebele (East Belesa district) was (5.0%). However there was no significant different (P < 0.05) among treatments (Table 4.5). 
5. CONCLUSION AND RECOMMENDATION
5.1. Conclusion

The majority of 100% the farmers in the study area are using local varieties areas. The efforts being made by the ministry of agriculture and other organization to develop local seed business using farmers’ cooperatives needs to be strengthened and scaled up to enhance seed supply system. A major strength in having small-scale seed enterprises at village level was the effective link that could form integration between variety selection, seed multiplication, distribution and use, with all stages involving the participation of the smallholders themselves. The farmers found in the study area have, for centuries, used their own seed of land races saved from previous crops, orseed obtained from neighboring farmers, usually in exchange for grain or some other commodity or even in the form of credit to be paid back in kind or cash after harvest for the following reasons; it was accessible, cheap and timely available, varieties well adapted/known and adaptive to the farmers conditions/needs.
Regarding to seed quality analysis, it’s possible that there was a difference in physical purity level between seed samples. The mean physical purity however, ranged between 98.2% from West Belesa to 99.5% from East Belesa and Amhara Seed Enterprise. The results showed that the physical quality of seed from farmers was equal or comparable to the seed from the formal sector (ASE). The purity analysis test showed that almost all of the 12 collected seed samples were greater than 96% which were physically pure by the minimum national seed standard for certified seeds of teff in Ethiopia. 
Almost inert matter was of less than 2% as prescribed in the standard. Averages mean percent of 1.02; other crop seed were identified in the samples with the maximum of 0.9% and minimum of 0.1%. There were significant differences (P < 0.01) in normal and abnormal seedlings among different teff seed of farmers and ASE. More abnormal seedlings obtained from sergegna (16.29%) and more un-germinated seed from nech (1.72%) were observed. 
The lowest vigor index I was recorded for samples collected nech from West Belesa with 199.99 cm mean because of low root length. The highest vigor index II was recorded for samples collected from ESE with 1.68 mg mean because of higher Seedling dry weight. There were significantly different (P < 0.01) root length and vigor index I among the seed samples. Teff seed samples collected from East Belesa gave the highest values for standard germination and root length though the latter was not significant. 
5.2. Recommendation
The efforts being made by the ministry of agriculture and other organization to develop local seed business using farmers’ cooperatives needs to be strengthened and scaled up to enhance seed supply system. A major strength in having small-scale seed enterprises at village level was the effective link that could form integration between variety selection, seed multiplication, distribution and use, with all stages involving the participation of the smallholders themselves. The efforts being made by the agricultural office to supply improved teff variety did not commensurate with the demand. Hence, to circumvent the challenges and establish sustainable seed system in the study area, integrating formal and farmer seed system at variety development, seed production, seed management, seed protection, seed processing and marketing is indispensable. Moreover, to enhance tef and to obtain quality of seed and yield, proper management together with careful harvest and storage of the seeds are very crucial. To enhance teff productivity in the study area through supply of improved varieties and quality seed it is important to integrate formal and farmer (informal) seed system.
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7. APPENDICES
Appendix1. Teff   seed system households’ survey
This section will analytically discuss the formal and informal seed system Teff which will give an input for the development of research study.
 PART ONE: Household information
1.1 Zone: _____________________
1.2 Woreda: ____________________
1.3 Peasant Association: ___________
1.4 Village: _____________________
1.5 Date: _______________________
1.6 Farmer name: ________________
1.7 Serial number: _______________
PART TWO: Farmer Characteristics
2.1. Sex of respondent:
2.2. Household type:
2.3.year of Education of respondent:
2.4. What position does the respondent hold?
2.5. How many years have you been producing   tef  on your own? ________
2.6. Age of respondent: ______________
PART THREE: Household Resource Base
3.1. Of the land you cultivated in 2020/2021, what amount was (IN timad)
Own land: ---------------
Hired land: --------------
Sharecropped: -----------
Land allocated for tef production: --------------------
3.2. Are you a member to any cooperative in your area? 
a) Yes____   
b) No​______
3.3 Sources of agricultural information on tef   production for farmers and frequency of contact/ use 
1.  Do you get advisory services from extension agents? 1) Yes 2) No 
2.  How frequently do the extension agents visit you? 0) never 1) Annually 2) Monthly 3) biweekly 4) Weekly 
3. when does extension agent visit you? a) Land preparation b) During input provision c) During sowing d) whenever disease/ pest occurs E) During credit collection F) others (Specify) 
4.  Do you visit extension agent? 1) Yes 2) No 
5.  If yes, when do you visit?1) During sowing for technical advice 2) During input provision to obtain inputs 3) It depends (any time when there is technical problem)
6. What are your other sources of information and how often you use/ have contact with them?
	Other sources
	How often you contact/use them
	*Means of 
information 
exchange

	
	Never (0)
	Once in ayear (1)
	Monthly (2)
	Weakly (3)
	Daily (4)
	

	Researchers
	
	
	
	
	
	

	Contact farmers 
	
	
	
	
	
	

	Fellow farmers
	
	
	
	
	
	

	PA leaders
	
	
	
	
	
	

	NGO 
	
	
	
	
	
	

	Cooperative 
	
	
	
	
	
	

	Neighbors/ 
Friends
	
	
	
	
	
	

	Input dealer
	
	
	
	
	
	

	Agricultural 
Professionals
	
	
	
	
	
	


*Means of information exchange: 1) Demonstration 2) Field day/visit 3) Training 4) Written Materials (leaflets, manuals, and so on) 5) others (Specify) ----------------------
7. When have you first heard of improved variety of tef? _____________ 
8. from who/ which source? ___________________________ 
9. Which improved variety of tef have you first grown? 
1) Cross37    2) Beset -1     3) Qhonchw   4) others (specify) ________________ 
10. Why did you choose to try this particular variety first? _________________
11. Which improved varieties of tef   you have grown so far and when you have grown them?
	Variety 
	Year first 
Grown
	Duration of use 
	*Reason for 
stopping using
	Variety currently being 
Used

	Cross37
	
	
	
	

	Beset 
	
	
	
	

	Qhonchw 
	
	
	
	

	
	
	
	
	

	Others (specify)
	
	
	
	


* Reason for stopping 
1) Availability of better variety 2) Unavailability of seeds 3) High seed purchase price 4) Low yield in my field 5) disease and pest problem 6) Others (Specify) ----
12.  Have you participated in field day/ visit in the last five years? 1) Yes 2) No 
13. If yes, how many times and who arranged for you? 
No of times------------------------------------------ 
Who arranged for you?  1) Research2) NGO 3) Others (Specify) ----------- 
14. Have you ever received training in Tef   production in the last five years? 
1) Yes 0) No 
15.  If yes, how many times and who arranged for you? 
No of times------------------------------------------ 
Who arranged for you? 1) Research2) NGO 3) Others (Specify) ----------- 
16.  Have you hosted demonstration in the last five years? 1) Yes 2) No 
17. If yes, how many times and with whom you conducted demonstration? 
No of times------------------------------------------ 
With whom you conducted demonstration? 1) Research 2) NGO 3) Others 
(Specify) -------------------------------------------------------------------
Indicate your access to and frequency of use of the following media materials?
	Mass media
	How often you use them

	
	Never (0)
	Rarely (1)
	Occasionally (2
	Often (3)
	Very often (4)

	Radio 
	
	
	
	
	

	Television 
	
	
	
	
	

	Leaflets 
	
	
	
	
	

	Pamphlets
	
	
	
	
	

	Manuals
	
	
	
	
	

	Others
	
	
	
	
	


3.2. Livestock ownership by the end of 2020/2021 production
	Types of animal
	No
	Types of animal
	No

	Cows
	
	Sheep
	

	Oxen
	
	Donkey
	

	Heifers
	
	Poultry
	

	Bulls
	
	Horse
	

	Calves
	
	Others
	

	Goats
	
	Total
	


3.3. Household’s annual farm income from sale of crops /2020/2021 in quintals
	Types crop grown
	Annual
Harvest
	Consumed
	Gift
	Sold
	Total
price

	
	
	
	
	Amount
	Unit
Price
	

	 Tef
	
	
	
	
	
	

	Check pea
	
	
	
	
	
	

	Grass pea
	
	
	
	
	
	

	Faba bean
	
	
	
	
	
	

	Maize
	
	
	
	
	
	

	Wheat
	
	
	
	
	
	

	Others
	
	
	
	
	
	

	Total
	
	
	
	
	
	


3.4. Income from sale of livestock 2020/2021
	Animal type
	Number sold
	Unit
Price
	Total sale price
	Purpose

	Oxen
	
	
	
	

	Cows
	
	
	
	

	Heifers
	
	
	
	

	Bull
	
	
	
	

	Calves
	
	
	
	

	Goats
	
	
	
	

	Sheep
	
	
	
	

	Donkey
Horse
	
	
	
	

	Poultry
	
	
	
	

	Hide
	
	
	
	

	Others
	
	
	
	

	Total
	
	
	
	


3.5. Household size---------------------------------------------
PART FOUR: Seed Sources
4.1. What was your initial source of seed of tef?
4.2. What was your source of seed for tef in 2020?
4.3. In most years, where have you been getting seed of tef?
4.4. In 2019 cropping season where did you get seed of tef?
	SOURCE
	 In 2020

	Own stock
	

	Purchase from farmer
	

	Purchase from trader
	

	Purchase from MoA
	

	Purchase from NGOs
	

	Gift from Research
	

	Gift from MoA
	

	Gift from NGOs
	


4.5 Do you purchase seed? Yes (1) No (2)
4.5. If yes, how often do you purchase seed of tef ?
4.6. Reasons for purchasing certified seed sources?
4.7. Reasons for purchasing seed from local seed sources?
4.8. Distance (km) travelled to buy certified seed?
4.9. Distance (km) travelled to buy from local seed sources?
PART FIVE; Checklist for collecting data from extension agents and key informants
5.1. Do you provide extension service on production in East belesa  and West belesa  District? 1. Yes 2.no
5.1.1. If yes what are the services?
_____________________________________________________________________
5.1.2. If no what are the reason?
_____________________________________________________________________
5.2. Where do the farmers in the district get improved seed tef?
_____________________________________________________________________
5.3. Which improved varieties farmers are provided with?
___________________________________________________________
5.4. What the reason for selecting the improved varieties?
_____________________________________________________________________
5.5. What do you think are farmers’ reason for adopting improved tef varieties?
_____________________________________________________________________
5.6. Are there any dis adoption of improved tef verities? 1. Yes 2. No
5.7. Which crops are being replaced by improved tef varieties?
______________________________________________________________

5.7.1. Why are they being replaced?
_____________________________________________________________________

5.7.2. If yes what are the reasons?
_____________________________________________________________________
5.8. Which seed source do you think the farmers prefer most? Why?
_____________________________________________________________________
5.9. Do you think farmers have access to quality seed? 1. Yes, 2. No

6.9.1. If no what are the reasons for lack of access to quality seed?
5.10. Since the distribution of improved tef varieties are farmers seed secured?
       1. yes          2.no
5.10.1. If no, what are the reasons for seed insecurity?
5.11. Do you provide improved seed management trainings to tef growers?
1. yes                   2.no
5.11.1. is yes, what are the contents of the training?
_____________________________________________________________________

5.11.2. If no, what are the reasons?
_____________________________________________________________________
5.12. Do you supply information to tef growers on time? 1. Yes 2.no
5.13. Do you know what contractual seed production is? 1. Yes 2.no5.14. Are you involved in one way or another (for example, in farmers selection, monitoring, seed purchase etc.) contractual seed production of improved tef varieties?
_____________________________________________________________________
5.15. What are the challenges and opportunities of contractual seed production (farmers-based seed production or community-based seed production?
Challenges___________________________________________________________
Opportunities_________________________________________________________
5.16. What are the services that you provide to tef seed growers in particular and tef producers in general?
_____________________________________________________________________
5.17 Are there any problems that you feel important in production and distribution of improved tef varieties?
_____________________________________________________________________
5.18. General question: how do you see the seed sector development in Ethiopia in general and central Gondar   in particular East belesa and West belesa District? What are the present challenges and what do you suggest for future development?
PART SIX; Checklist to be asked for the group discussion
6.1. Types of improved tef seeds which are available and accessible to smallholder farmers in your area 
6.2. Whether the smallholder’s farmers get access to tef   improved seeds at the right time 
6.3. Percentages of tef farmers who have utilized improved seeds
6.4. Challenges in access to tef   improved seeds in your area. 
6.5. Whether there is any government initiative to ensure both men and women (also male-headed households and female-headed households) get good tef improved seeds at the right time 
6.6. Factors which affect accesses of tef   improved seeds in the area 
6.7. Strategies that the SBDAO Office use to ensure the smallholder farmers get access to tef improved seeds 
6.8. Whether there any capacity building initiatives in the area to ensure both men and women participate fully in the use of improved seeds 
6.9. Whether there is any type of training provided to smallholder farmers on tef improved seeds 
6.10. Any constraints related to extension services that affect the use of improved tef seeds 
6.11. Any other types of constraints related that affect utilization of improved tef 
PART SIVENE; Checklists for collecting data from formal seed systems (ASE, ESE)
7.1. What is your current role in the seed value chain?
7.2. How often do you estimate producers to renew their seeds?
7.3. What is currently the most important source of seed for seed multipliers?
7.4. How important is (type of seed) seed at present in the Ethiopian seed system for this crop?
7.5. How do you see the balance between private entrepreneurs and public services in relation to Tef seed in your region? Can this balance be improved?
7.6. How can the public sector role be improved in the seed VC for tef?
7.7. How can private sector role be stimulated in the seed VC for tef?
7.8. Currently the number of seed inspectors is very limited. Is there scope for 
improvement?
7.9. What would be in your opinion a reasonable price for seed, form the perspective of a seed producer?
7.10. Are the seed users willing to pay this price? What are buying criteria of seed users? Are the buying criteria different for men and women?  In what way?
7.11. Are seed users willing to pay extra for certified seed compared to non-certified seed?
7.12. Are there specialized traders in seed (crops), who buy from other producer and market this? (Informally)
7.13. Is seed production profitable enough when compared to the much easier production of the product? 
7.14. What are the current coordination mechanisms among seed producers and marketers?
7.15. What are current initiatives to improve access to credit for seed multipliers?
7.16. Generally, what approaches would you recommend to efficiently integrate the 
Demand& supply side and promote efficient and responsive tef seed   marketing and supply chain management system in the region?
7.17. What are the opportunities for the enterprise for tef seed production? 










7.2. For what purpose did you use the credit?

1) For purchasing fertilizer 2) For purchasing improved seeds 3) For purchasing 
chemicals 4) Other purpose (Specify) ------------------------
7.3 Have you obtained credit improved tef  in kind?

1) Yes 2) No 

7.3.1. If yes, from where you get and how much did you get?

Source ----------------------------------------------
PART Eight 
8.1. What parameters do you consider important to select among different improved varieties of tef? Put them in order of importance.
	Parameters
	Rank

	Yield advantage
	

	Grain size
	

	Grain color
	

	Time of maturity
	

	Market demand
	

	Price advantage
	

	Storability
	

	Seed production
	

	Others(specify)
	


 Appendix 2. ANOVA analysis
Appendix2.1. ANOVA analysis for purity seed
	Source of variance 
	DF
	SS
	MS
	F Value
	Pr > F

	Replication
	2
	0.67
	0.33
	1.83
	0.18

	Location
	3
	0.30
	0.10
	0.56
	0.65

	Variety
	2
	0.67
	0.33
	1.83
	0.18

	Location * Variety
	6
	3.11
	0.52
	2.85
	0.03


Appendix 2.2.ANOVA analysis for inert material
	Source of variance 
	DF
	SS
	MS
	F Value
	Pr > F

	Replication
	2
	0.26
	0.13
	5.04
	0.02

	Location
	3
	0.10
	0.03
	1.33
	0.29

	Variety
	2
	0.06
	0.02
	1.06
	0.36

	Location * Variety
	6
	1.15
	0.19
	7.34
	0.002


Appendix 2.3. ANOVA analysis for other seeds
	Source of variance 
	DF
	SS
	MS
	F Value
	Pr > F

	Replication
	2
	1.65
	0.83
	10.66
	0.0006

	Location
	3
	0.32
	0.10
	1.36
	0.28

	Variety
	2
	0.25
	0.13
	1.66
	0.21

	Location * Variety
	6
	0.64
	0.11
	1.38
	0.27


Appendix 2.4.  ANOVA analysis for germination test
	Source of variance 
	DF
	SS
	MS
	F Value
	Pr > F

	Replication
	2
	115.17
	57.58
	6.38
	0.007

	Location
	3
	11.06
	3.68
	0.41
	0.75

	Variety
	2
	16.54
	8.27
	0.92
	0.41

	Location * Variety
	6
	113.74
	18.96
	2.10
	0.09


Appendix 2.5. ANOVA analysis for abnormal seed
	Source of variance 
	DF
	SS
	MS
	F Value
	Pr > F

	Replication
	2
	113.60
	56.80
	7.35
	0.004

	Location
	3
	13.19
	4.40
	0.57
	0.64

	Variety
	2
	6.72
	3.36
	0.43
	0.65

	Location * Variety
	6
	98.33
	16.39
	2.12
	0.09


Appendix 2.6.  ANOVA analysis for ungerminated seed
	Source of variance 
	DF
	SS
	MS
	 F Value
	Pr > F

	Replication
	2
	0.63
	0.31
	7.88
	0.003

	Location
	3
	0.30
	0.10
	2.50
	0.09

	Variety
	2
	0.12
	0.06
	1.51
	0.24

	Location * Variety
	6
	0.77
	0.13
	3.22
	0.02


Appendix 2.7. ANOVA analysis for Dead seed
	Source of variance 
	DF
	SS
	MS
	 F Value
	Pr > F

	Replication
	2
	0.36
	0.18
	3.87
	0.04

	Location
	3
	0.34
	0.11
	2.44
	0.09

	Variety
	2
	0.36
	0.18
	3.87
	0.04

	Location * Variety
	6
	0.61
	0.10
	2.22
	0.08


Appendix 2.8. ANOVA analysis for shoot length
	Source of variance 
	DF
	SS
	MS
	 F Value
	Pr > F

	Replication
	2
	0.02
	0.04
	5.12
	0.01

	Location
	3
	0.003
	0.0009
	0.13
	0.94

	Variety
	2
	0.01
	0.006
	0.88
	0.43

	Location * Variety
	6
	0.01
	0.002
	0.30
	0.93


Appendix 2.9.  ANOVA analysis for root length
	Source of variance 
	DF
	SS
	MS
	 F Value
	Pr > F

	Replication
	2
	0.01
	0.006
	0.25
	0.78

	Location
	3
	0.30
	0.10
	4.37
	0.01

	Variety
	2
	0.08
	0.41
	1.81
	0.19

	Location * Variety
	6
	1.40
	0.23
	10.05
	0.0001


Appendix 2.10.  ANOVA analysis for seedling dry weight
	Source of variance 
	DF
	SS
	MS
	 F Value
	Pr > F

	Replication
	2
	0.00001
	0.000006
	3.97
	0.03

	Location
	3
	0.000003
	0.000001
	0.62
	0.6

	Variety
	2
	0.00002
	0.00001
	7.40
	0.004

	Location * Variety
	6
	0.00003
	0.000005
	3.29
	0.02


Appendix 2.11. ANOVA analysis for Germination rate
	Source of variance 
	DF
	SS
	MS
	 F Value
	Pr > F

	Replication
	2
	0.0004
	0.0002
	0.06
	0.94

	Location
	3
	0.02
	0.008
	2.37
	0.10

	Variety
	2
	0.01
	0.007
	2.15
	0.14

	Location * Variety
	6
	0.03
	0.005
	1.57
	0.20


Appendix 2.12. ANOVA analysis for Seed Vigor index 1 cm
	Source of variance 
	DF
	SS
	MS
	 F Value
	Pr > F

	Replication
	2
	1214.96
	607.48
	4.56
	0.02

	Location
	3
	384.58
	128.19
	0.96
	0.43

	Variety
	2
	12.77
	6.38
	0.05
	0.95

	Location * Variety
	6
	776.38
	129.40
	0.97
	0.47


Appendix 2.13. ANOVA analysis for Seed Vigor index 2 cm
	Source of variance 
	DF
	SS
	MS
	 F Value
	Pr > F

	Replication
	2
	0.07
	0.04
	2.12
	0.14

	Location
	3
	0.02
	0.008
	0.45
	0.72

	Variety
	2
	0.2
	0.11
	6.20
	0.007

	Location * Variety
	6
	0.2
	0.03
	1.73
	0.16


Appendix 2.14. ANOVA analysis for Seed emergence
	Source of variance 
	DF
	SS
	MS
	 F Value
	Pr > F

	Replication
	2
	115.17
	57.58
	6.38
	0.007

	Location
	3
	11.06
	3.68
	0.41
	0.74

	Variety
	2
	16.54
	8.27
	0.92
	0.41

	Location * Variety
	6
	113.74
	18.96
	2.10
	0.09


Appendix 2.15. ANOVA analysis for Seed Emergence rate
	Source of variance 
	DF
	SS
	MS
	 F Value
	Pr > F

	Replication
	2
	117.34
	58.68
	7.66
	0.003

	Location
	3
	13.57
	4.52
	0.59
	0.63

	Variety
	2
	6.27
	3.14
	0.41
	0.67

	Location * Variety
	6
	98.17
	16.36
	2.14
	0.08


Note: DF = degree of freedom, SS = sum square, MS =mean sum square.
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