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Abstract

Bishaw, Z., 2004. Wheat and Barley Seed Systems in Ethiopia and Syria. PhD Thesis, Wageningen
University, The Netherlands, 383 pp., with English and Dutch summaries.

In Ethiopia and Syria, wheat and barley are the two most important principal cereal crops grown since
ancient times. Many generations of natural and human selection led into highly adapted and diverse
populations of local landraces. For most of the history of agriculture, plant improvement and seed
selection were farmer-based activities carried out as an integral part of crop production. With the
development of commercial agriculture, plant breeding and seed production evolved into different
disciplines. The wheat and barley seed systems were studied in Ethiopia and Syria to obtain an insight
into the functioning of formal and informal seed systems with emphasis on understanding: the flow of
information on new agricultural technologies; farmers’ perception, criteria and adoption of modern
varieties; farmers’ seed sources and indigenous knowledge in seed management practices; quality of
seed planted by farmers and its constraints; and on-farm wheat and barley diversity.

Farmers use multiple sources of information such as the formal (extension services, development
agencies, research institutions, media broadcast) or the informal (own experience, relatives,
neighbours, other farmers, local traders) sources to acquire knowledge on varieties and/or agronomic
packages for crop production. Most wheat growers (over 90%) are aware of and have information on
modern varieties, agrochemical inputs (fertilizers, herbicides, etc.) and agronomic packages. In Ethiopia,
the formal extension service was the main source of information for new technologies generated by
research through its recently introduced agricultural package programme, comparatively more so than
in Syria where fellow farmers (relatives, neighbours and other farmers) were the major source of
information. Neighbours and other farmers were the second most important informal sources of
information particularly for modern varieties partly due to the lateral varietal diffusion through
traditional seed exchanges.

Farmers grew three broad categories of wheat varieties, i.e. recommended, ‘obsolete’ or landraces.
An extensive use of modern wheat varieties and production packages was found among wheat growers
in both countries. In Ethiopia, the majority of farmers grew modern bread wheat varieties (76%
recommended and 10% obsolete varieties), and applied fertilizers (97%) and herbicides (64%) to their
wheat crop. Similarly, wheat farmers in Syria used modern varieties from the recommended list
(97%), fertilizers (100%), herbicides (93%), storage pesticides (41%), and seed treatment chemicals
(90%). However, the use of modern varieties and associated technologies was negligible for barley
growers in Syria except for the use of fertilizers (56%). Although seven modern barley varieties were
released none of them were widely adopted because of farmers’ preferences or lack of varietal
adaptability. The entire barley area (99%) was planted with a local landrace Arabi Aswad in north-
eastern Syria. Developing crop varieties with high yield and yield stability for agro-ecologically
diverse durum wheat growing environments in Ethiopia or agro-climatically variable marginal
environments typical to barley production areas in north-eastern Syria still remains a challenging task.

About 26 technological and socio-economic criteria were identified by farmers for adopting new
modern wheat and barley varieties or for evaluating those currently grown on their farm. Grain yield,
grain colour, grain size, marketability and food quality (feed quality for barley), appeared most
important in both crops and transcended all regions. Ethiopian farmers also consider tolerance to pests
very important given their awareness of the susceptibility of the existing wheat varieties to major rust
diseases. In Syria, non-lodging, frost tolerance or drought tolerance were additional agronomic
characteristics farmers were seeking from new wheat varieties. Some wheat local landraces were
highly preferred by farmers because of their unique adaptation to diverse agro-ecological zones, stable
yield, grain quality, marketability and for traditional food preparation. Most farmers in Syria had



positive perceptions of the barley local landrace where one third saw no disadvantage in growing it.

Farmers’ seed acquisition from external sources was dynamic reflecting their response to specific
technical and socio-economic factors associated with farming. Farmers used four main sources of seed
for planting: (a) own saved seed from the previous years’ harvest; (b) seed obtained from relatives,
neighbours or other farmers; (c) seed purchased through local markets or grain traders; and (d) seed
purchased from the formal sector. The informal farmer-to-farmer seed exchange was the major initial
source of wheat and barley varieties as well as for seed used for planting each year. In Ethiopia, the
informal sector accounted as an initial source of modern varieties for 58% of the wheat farmers and as a
source of seed for planting for 92% of farmers in the 1997/98 crop season. In Syria the formal sector was
the main initial seed source of modern wheat varieties where it accounted for nearly 60%, but
provided wheat seed for only 24% among sample farmers in the 1998/99 crop season. Almost all
barley farmers (87%) as expected initially sourced their current seed stock from informal sources
(relatives, other farmers, neighbours or local markets). Farmers had a positive perception of seed both
from formal and informal sources and were generally satisfied with the quality of seed obtained from
different sources. Farmers purchased seed from the formal sector because of likely perception of high
physical purity, chemical treatment, or as a strategy to acquire new varieties. Moreover, most farmers
were also satisfied with the quality of own saved seed or that obtained from other informal sources due
to its timely availability, less or no transaction costs or lack of credit facilities, adaptable varieties and
certified seed.

Farmers’ perception of seed influenced them to practise different on-farm seed management
approaches to maintain the quality of their wheat and barley seed through selection (46-67%), cleaning
(83-90%), treatment (4-90%), separate storage (64-76%) or informal assessment of physiological
quality (3-34%). Almost all wheat and barley growers recognized the difference between grain and
seed and attributed these to physical purity, absence of weeds, big kernel size, good germination, free
of insect damage. The responsibility for on-farm seed management was shared between men and
women, who had a distinctive role to play.

In Ethiopia, the mean physical purity and germination of wheat seed was 99 and 96%, respectively
and the majority of samples reached the minimum purity and germination standards. In Syria, mean
physical purity and germination for wheat was 98% and 86%, respectively whereas for barley the
average analytical purity was 95% and germination was 86%. However, the quality of wheat seed
samples was higher than that of barley seed samples where most of the samples (90 and 28% for purity
and germination, respectively) failed to meet the minimum official seed standards. Highly significant
differences in seed quality were observed for seed samples collected from different regions and dis-
tricts for wheat and barley crops in both countries. However, there was limited significant difference
in physiological quality of seed samples obtained from different sources, but not in physical quality.

Several seed-borne fungi such as Drechslera sativum, Septoria nodorum and Fusarium grami-
nearum, F. poae, F. avenaceum, and F. nivale including storage fungi were recorded across samples
from different wheat growing region of Ethiopia. Among fungal pathogens isolated from wheat seed,
83.6% of samples were infected with D. sativum (average infection rate of 1.9%) and 74% of the sam-
ples with Fusarium graminearum (average infection rate of 1.5%). Infection with loose smut (Ustilago
tritici), common bunt (Tilletia spp.) and seed gall nematode (Anguinatritici) was low where only 11.2,
2.3 and 8.6% of the samples were infected, respectively. In Syria, 68 and 14% of wheat seed samples
were infected with common bunt and loose smut, respectively. The average loose smut infection was
0.8%. The majority of barley seed samples were also infected with covered smut (Ustilago
hordei=85%) and loose smut (83%) in varying proportion. The average loose smut infection for barley
was 18%. Seed health quality of wheat was better than of barley in terms of the frequency (number of
samples) and intensity of infection (% infection).

On-farm varietal diversity in terms of the number of varieties/landraces grown and area coverage
were quite low both for wheat and barley. Farm level surveys showed low spatial diversity where a



few dominant wheat varieties occupied a large proportion of area. These few wheat varieties were also
grown by the majority of farmers threatening the diversity of local landraces. In Ethiopia, the five top
wheat varieties were grown by 56% of the sample farmers and these varieties were planted on 80% of
the total wheat area whereas for Syria it was 78 and 81%, respectively in the same order. In case of
barley one single local landrace was grown in the entire survey area. The weighted average age of
wheat varieties was 13.8 years for bread wheat in Ethiopia and 10.8 years for wheat in Syria showing
low varietal replacement by farmers, an indicator of low temporal diversity. The coefficient of
parentage analysis showed that the average and weighted diversity for bread wheat was 0.76 and 0.66,
respectively in Ethiopia and for bread wheat (0.73/0.42) and durum wheat (0.85/0.73) in Syria. The
field experiments showed significant variations for desirable agronomic and phenotypic traits diversity
such as plant height, grain yield, and yield components (spike length, spikelets spike™, kernels per
spike™, seed weight) among wheat and barley varieties and/or local landraces. This study combined
farmer surveys, laboratory analysis and field experiments to better understand farmer’s perception and
adoption of modern varieties (and associated technologies) and to investigate on-farm genetic diversity
and seed quality suggesting alternative ways for improving and strengthening the national seed
system. Moreover, the study used extensive secondary data to draw a synthesis on the future direction
of the national seed sector in developing countries in general and of the Ethiopian and Syrian seed
industry in particular.

Key words: Wheat, Triticum spp., Barley, Hordeum vulgare L., Seed Systems, Formal Seed Sector,
Informal Seed Sector, National Seed Programme, Seed Source, Seed Selection, Seed
Management, Seed Quality, Genetic Diversity, Ethiopia, Syria.
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General Introduction



Chapter 1

General Introduction

1.1. Introduction

Seeds play a key role in human history and agriculture. First, seeds are instrumental in
the domestication of wild species into cultivated plants. Prehistoric humans (probably
women) were the first to recognize the value of seeds as planting material (Dominguez
et al., 2001). Since then seeds played a central role in agricultural development.

Second, seeds are reproductive organs representing both continuity and change of
the species. Seeds are a means for spatial and temporal dispersion for plant popu-
lations. They embody the genetic combinations that determine the inherent charac-
teristics of plants, and thus their adaptation to the agro-ecosystems in which they grow.
For example, the inherent seed characteristic such as dormancy optimizes germination
over an extended period of time and helps the geographic spread of plants and survival
of species.

Third, seeds have certain unique quality characteristics. Apart from the genetic
quality, the physical quality (freedom from weeds), physiological quality (germination
capacity and vigour) and health quality (freedom from seed-borne pests) standard are
key features of seed quality. Farmers have refined over time the techniques of main-
taining these quality attributes as part of crop selection and seed retention under the
environment in which they operate.

Fourth, seeds provide the bulk of food for mankind. Each year about 60% of all
agricultural food crops are grown from seed producing over 2.3 billion tonnes of grain
excluding horticultural crops. At present we depend on 30 crops, many of these are
cereals grown for their grains, where the three most important food crops, i.e., wheat,
rice and maize account for 75% of global cereal consumptions (SAM, 1984).

Therefore, from both a biological and a technological viewpoint, seeds are the pil-
lars of our livelihood and food security. Any policy and regulatory measures or
technological advances that affect seeds will have a profound effect on the livelihood
of mankind worldwide.

1.2. Seeds as Agricultural Resource Base

Seeds played a critical role in agricultural development since prehistoric man domesti-
cated the first crops 10,000 years ago. The domestication of wild species into crop
plants probably started with the collection, storage and utilization of seeds not only for
food, but also for planting, a major step in the evolution of settled agriculture. The
domestication of plants was a gradual transformation from hunting and gathering to
sedentary agriculture rather than a sudden revolution. During this process conscious

2



General introduction

and unconscious selection occurred, leading to significant modification of many of our
crop plants from their wild ancestors into highly adapted and diverse population of
local landraces.

According to Buddenhagen and Richards (1988) domestication of wild species into
cultivated crops has probably altered natural adaptation very little in the centres of
origin. The migration of human populations and/or diffusion of crops from the centres
of crop domestication exposed crops to new biophysical environments. The landraces,
by disseminating into different agro-ecosystems, have acquired new genes or gene
combinations and frequencies to fit into their new environments (Buddenhagen and
Richards, 1988). Thus, farmers’ selection coupled with natural selection conditioned
the adaptation of landraces to their agro-ecosystems.

According to Tripp (2001), the European exploration and ‘imperial germplasm
flow” since the 16th century (1500 to 1900) greatly accelerated the movements of
crops across the old and new world and contributed to the transformation of agri-
culture. For example, the worldwide dispersal of wheat germplasm and its contribution
to wheat genetic diversity is described in Smale et al. (1996). This crop diffusion has
generated many local landraces well adapted to specific environments and agricultural
practices giving rise to greater genetic variability and diversity of crops which serve as
a germplasm pool for modern plant breeding and seed industry.

1.3. Genesis of Modern Seed Industry
For most of the history of agriculture, crop genetic improvement and seed selection
were farmer-based activities carried out as an integral part of crop production and
without any functional specialization (Turner and Bishaw, in press). Empirical evi-
dence shows that for millennia farmers selected plants from their local landraces and
saved their own seeds for planting. They harvested seed from crops grown on fertile or
new land, collected seed from vigorous plants or of larger grain size and discarded
seed from unwanted plants. These are still the seed selection criteria in traditional
farming systems. Within the community there were also reputable and knowledgeable
farmers who managed their crops better and served as source of seed both in good and
bad harvest years. Moreover, farmers exchanged seeds not only with relatives,
neighbours and other farmers in adjacent villages, but also across large valleys and
geographic regions. Sometimes seeds moved over long distances and were introduced
into new civilizations, regions and continents as part of human migrations, conquests
and explorations (Tripp, 2001).

The history of seed trade is as old as agriculture itself. Farmers exchanged seed in
various traditional forms such as gifts, barter, labour exchange or social obligations.
However, information on when, where and how organized seed production and trade

3



Chapter 1

started, is limited. It is believed that the introduction of new crops and knowledge-
based agriculture including scientific plant breeding, mechanization, intensification
and commercialization at various stages of agricultural development might have
played a key role. Tripp (2001) described the progress of vegetable seed trade in
England from the 13th century in response to a growing demand for seed and the
diversification of the agricultural economy. Thomson (1979) indicated that the intro-
duction of feed crops to European agriculture (300 years ago) was a stimulus for seed
trade in forage crops. In crops such as vegetables and forages, production of food/feed
and seed are different and requires special knowledge and experience. This is in
contrast to crops such as cereals where grain and seed production are essentially the
same and the grain can also be used for seed and easily produced and saved by
farmers. These technical differences might have created demand for seed and led to
specialization in seed production.

The most dramatic impetus for the development of the seed industry was the begin-
ning of the systematic improvement of crops which began about 100 years ago stimu-
lated by the new science of genetics. The rediscovery of Mendelian genetics at the
beginning of the 20th century, and the steady development of scientific plant breeding
based on these principles have been crucial in improving crop varieties. In the 1880s,
the first attempts in scientific plant breeding began and the first plant breeding stations
were established (Kahre, 1990). In Europe, governmental institutions or ‘entrepre-
neurial’ farmer breeders became involved in crop improvement and made available
seed of these new varieties for sale to others by themselves or through local traders
encouraging the nascent commercial seed trade. The advent of modern agriculture
which itself is based on the knowledge of plant breeding and fertilizer use and tech-
nology (Plucknett, 1991) further accelerated the development of the seed industry. In
the United States of America, the development of maize hybrids in the 1930s
transformed commercial plant breeding and seed supply in the country. It created the
foundation for a highly profitable commercial plant breeding industry capable of
investing in crop improvement. The continued specialization in the seed trade brought
significant changes in the seed supply systems giving birth to an organized seed in-
dustry in developed countries (Groosman, 1987). Traditionally seed firms started as
independent, small family enterprises with a division of labour between grain and seed
production. The degree of sophistication and specialization in the seed industry in-
creased over time owing to advances in agricultural science and technology. The
development of modern seed industry took almost three centuries to reach the current
level of progress even in countries with advanced seed programmes — an evolutionary
rather than a revolutionary process.

In many developing countries information on the history of agricultural research



General introduction

and organized seed production prior to 1950s is rather scanty. Early research might
have focused on plantation and cash crops with little attention to food crops. Tradi-
tional farming practices and use of local landraces dominated subsistence agriculture.
The introduction of highly productive semi-dwarf wheat and rice cultivars in the late
1960s and 1970s, which is referred to as the green revolution, probably served as a
first launching ground for organized seed production in developing countries. Thus,
seed of modern varieties coupled with external inputs like irrigation water, fertilizers,
pesticides and better agronomic management, not only acted as a catalyst in increasing
agricultural production (Byerlee and Heisey, 1992), but also brought significant tech-
nological changes in agriculture of developing countries. This stimulated interest in
agricultural research and the establishment of organized seed sector.

Douglas (1980) and Pray and Ramasawmi (1991) proposed a four-stage linear
model to classify and analyse the progress of seed industry development. In Stage 1,
subsistence agriculture dominates without effective variety development where
farmers solely use local varieties and own saved seed. In Stage 2, the development of
modern varieties is progressing and they are replacing farmers’ varieties. Commercial
seed production and increase in use of inputs is evident although the quantity of seed
available is a major constraint due to increased demand for seed. Stage 3 is charac-
terized by a well-established variety development, adequate availability of seed and
wider use of inputs, but inefficient distribution and little private sector participation. In
Stage 4, agriculture is technologically advanced and a national seed industry is fully
integrated and operated largely by the private sector with international links and sup-
ported by effective regulations. The model, however, is based on the experiences of
seed industry development in industrialized countries and failed to recognize the
diversity of farming systems in developing countries. Whether, the progress of seed
industry in developing countries also follows the same course of evolution remains to
be seen.

1.4. Seed System Definitions

The entire seed supply of a country comes from different sources, including on-farm
saved by the farmer or off-farm from commercial sources or local trading depending
on the degree of sophistication in agricultural production, the crop and the environ-
ment. Most of the early literature on seed systems focused on the commercial sector
and several attempts have been made to define the national seed system from this per-
spective (Feistritzer and Kelly, 1978; Cromwell, 1990; Jaffee and Srivastava, 1992).
Feistritzer and Kelly (1978) described a seed programme as a complex and integrated
organizational concept which can be defined as ‘an outline of measures to be imple-
mented and activities to be carried out to secure the timely production and supply of
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seeds of prescribed quality in the required quantity’. This and other definitions
emphasize the quantity and quality of improved seed supplied and the proper timing
and proper place of delivery at a reasonable cost (Venkatsean, 1994) and are biased
towards the organized seed sector. In recent times, the concept of seed systems has
been developed and expanded to include the role of the ‘informal’ sector in seed provi-
sions. Van Amstel et al. (1996) defined the seed system as ‘the sum of physical,
organizational and institutional components, their actions and interactions that
determine seed supply and use, in guantitative and qualitative terms’. Thus, two
distinctive, but interacting seed delivery systems are now recognized: the formal and
informal sectors. The borderline between the formal and informal sector, however, is
imprecise (Turner, 1996; Cromwell, 1997). For example a farmer may have adopted a
modern variety that is the product of the formal sector, but decided to save seed from
his own harvest for next year planting which is produced informally.

1.4.1. Formal Seed Systems

The formal seed system is composed of institutional and organizational arrangements
consisting of all enterprises and organizations that are involved in the flow of modern
varieties from agricultural research to the farming communities. These include several
interrelated components which are described briefly as follows:

Variety development, release and registration Modern plant breeding is a two-step
process, creating genetic variability and selecting from the resulting populations to
identify new varieties that show promising performance under given agro-ecological
conditions. These varieties are evaluated through multi-location trials for yield and
other agronomic characteristics and are officially sanctioned for release, sometimes by
an independent agency, to be used in crop production. The varieties must be distinct,
uniform and stable according to certain set of standards.

Seed multiplication and processing The small quantity of genetically pure parental
material obtained from plant breeding institutions called the ‘breeder seed’ is multi-
plied through a ‘generation’ system often on contracts to produce enough certified
seed to supply it to farmers. In each stage of seed multiplication, the seed is cleaned to
remove contaminants and sometimes treated with chemicals against pests to ensure
quality.

Seed marketing and distribution The production of seed is not an end in itself. Seed
that has been produced and processed, should be marketed and distributed to make
seed available at the right time and place for farmers to use it. In addition to physical
handling of seeds at various stages of production, marketing also includes promotional
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efforts to create awareness and financial provisions to ensure access to seed.

Seed quality control and certification At each stage of operation, i.e., multiplication,
processing, marketing and distribution, a series of measures are taken to ensure that
the varietal identity and genetic purity as well as other seed quality attributes are
maintained. A set of field and seed standards are prescribed and enforced through field
inspection and laboratory testing; sometimes these standards are backed by regula-
tions.

The formal seed system is a distinct, but highly interdependent chain of operations
of which the overall performance can be measured by the efficiency of the different
links in the chain (Pray and Ramasawmi, 1991). Advances in plant breeding research
influence varieties that are developed by agricultural research, but the efficiency in
identifying varieties acceptable by farmers and effective seed production and delivery
systems coupled with appropriate agricultural extension and rural development
policies help in adopting and diffusing modern varieties and seeds.

The formal system comprises of public and/or private plant breeding institutions;
parastastal, private or multinational seed companies; seed certification agencies; and
agricultural input distribution agencies operating within a specified national seed
policy and regulatory framework. In general, it is a vertically organized large-scale
operation, mostly with commercial interests.

Several authors discussed the framework for performance analysis of a formal seed
sector (Pray and Ramasawmi, 1991; Cromwell et al., 1992; Friis-Hansen, 1992). In
reference to developing countries, there are serious concerns on the appropriateness
and choice of varieties available, quantity and quality of seed delivered, seed produc-
tion costs and prices and timeliness of supply (Cromwell et al., 1992; Sperling et al.,
1993b). In many developing countries several policy, regulatory, institutional, tech-
nical and infrastructural constraints contribute to the under-performance of the formal
seed sector (Bishaw and Kugbei, 1997).

1.4.2. Informal Seed Systems

More than 80% of the crops in developing countries are sown from seed stocks
selected and saved by farmers who manage their crops (Delouche, 1982; Osborn and
Faye, 1991; Jaffe and Srivastava, 1992; Almekinders et al., 1994; Venkatesan, 1994;
Alemkinders and Louwaars, 1999). The system has been variously called a farmer
managed seed system (Bal and Douglas, 1992), informal seed system (Cromwell et al.,
1992), traditional system (Linnemann and de Bruijn, 1987), local seed system
(Almekinders et al., 1994) or farmers’ seed system (Almekindersand Louwaars, 1999).
The informal seed system deals with small quantities of seed, is semi-structured,
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operates at the individual farmer or community level (Cromwell et al., 1992), and may
depend on indigenous knowledge of plant and seed selection, sourcing, retaining and
management, as well as local diffusion mechanisms. The informal sector is more
flexible and adaptable to changing local conditions and less dependent on or less
influenced by other external factors.

The informal system comprises a multitude of individual private farmers who select
and save their own seed or exchange seed with others through traditional means such
as gift, barter, labour exchange, cash transactions or social obligations as well as a
diversity of local level seed production initiatives organized by farmers’ groups and/or
NGOs working under no legal norms and certification schemes of the organized seed
sector.

In parallel to the recognition of the informal sector in seed supply (Cromwell et al.,
1993, Almekinders et al., 1994) there is also growing interest in farmer participatory
approaches in genetic resource conservation (Worede, 1992), plant breeding (Sperling
et al., 1993a; Ceccarelli et al., 2000; Almekinders and Elings, 2001) and germplasm or
variety evaluation (Abidin et al., 2002). The informal seed system can also be linked
to local germplasm conservation, crop improvement and use (Worede, 1992; Tesemma
and Bechere, 1998), and plays an important role in seed security of local landraces at
the household and community levels. Turner and Bishaw (in press) discussed the
potential linkages between participatory plant breeding and seed supply system to ex-
ploit farmers’ knowledge in crop improvement and rapid diffusion of varieties. They
advocated national policies recognize the role of participatory plant breeding and
support the establishment of small seed enterprises for production and marketing of
varieties developed through these approaches.

1.5. Changing Seed Industry

1.5.1. Perspectives of Seed Industry in Developed Countries

Until the 1960s and 1970s, the seed industry in developed countries consisted of
mainly independent small- and medium-scale private enterprises or agricultural co-
operatives producing seed for limited national and international markets (Groosman et
al., 1991; McMullen, 1987). Most public plant breeding organizations conduct basic
and applied research including development of new crop varieties whereas the public
and private seed companies are responsible for commercialization of these varieties.
Some larger seed companies are involved both in adaptive research and are dealing
with hybrid seeds whereas smaller companies dominate non-hybrid seed markets.

Emergence of Multinational Seed Companies (MNCs) The picture started to change
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where the seed industry has been gradually transformed from family-operated small to
medium enterprises and consolidated into multinational seed companies through
mergers and acquisitions. In the 1970s and 1980s consolidation of independent seed
firms into transnational corporations went with greater speed. The last two decades
have seen the mergers of seeds, agrochemical and biotechnology companies. The main
attraction was the diversification of the product portfolio and the opportunities recog-
nized in the complimentary roles of seed trade and agrochemical business such as
pesticides (Groosman et al., 1991; Tripp, 1997a).

According to recent estimates the world wide market for agricultural seed is worth
US$45 to US$50 billion a year (www.worldseed.org) of which about one-third is
commercial proprietary seed (private sector), one-third is produced by governments or
publicly funded institutions (public sector) and one-third is the value of seed saved by
farmers which appears to be an even distribution among the three sources. However,
nearly 40% of the commercial business is accounted for by hybrid seed sales in
various crops which are dominated by large multinational seed companies (MNCs).

Emergence of Agricultural Biotechnology Advances in molecular biology already
opened new frontiers, opportunities and challenges in plant breeding and seed supply
systems. For example, MNCs and private biotechnology companies entered the USA
seed industry in the early 1960s (Groosman et al., 1991). The last two decades have
seen massive investment in genetic engineering and lately a substantial increase in area
planted to genetically modified crops. Such mergers have been prompted by the
potentials offered by genetic engineering and increased globalization of the seed
industry. According to the International Seed Federation estimates, the area cultivated
with transgenic crops (mostly herbicide tolerant, insect tolerant, etc.) jumped from 2.8
million in 1996 (www.worldseed.org) to 58.7 million ha in 2002 (www.isaa.org) in a
matter of half a decade and will continue to increase in the coming years. The 21st
century will probably see an expansion of genetically modified crops throughout the
world to meet the demands of increased food production. Although not yet com-
mercially exploited the potential benefits to be accrued from application of new
Genetic Use Restriction Technologies (GURTS) such as Variety-GURTs and Gene-
GURTSs need further analysis (Louwaars, 2002).

In developed countries, the enactment of plant variety protection, decline in public
plant breeding programmes, emerging plant biotechnology and globalization of the
seed industry are the key factors with great impact on the structural changes of the
seed sector (McMullen, 1987; Groosman et al., 1991). However, most of the attention
is principally focused on crops with hybrid seed technology and a few important cash
crops. In case of many self-pollinated or non-commercial crops farmers are still the
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main source of seed even in developed countries (Jaffee and Srivastava, 1994; Ghijsen,
1996).

1.5.2. Perspectives of Seed Industry in Developing Countries

In parallel to the evolution of the seed system in the industrialized world, organized
seed programmes in developing countries have a relatively short history. International
Agricultural Research Centres (IARCs) are instrumental in the establishment of
national plant breeding programmes, thus laying the foundations of the seed industry
in many developing countries. The birth of organized seed supply is linked to the
success of the green revolution stimulated by the availability of short stature, input
efficient and management responsive wheat and rice varieties emerged from the
IARCs. These successes motivated many governments to establish public research
organizations to develop new varieties and parastatal corporations to deliver improved
seeds to the farmers.

Establishment of the Public Seed Sector Since the 1960s many seed projects have been
supported and/or executed by external donors such as the Seed Improvement and
Development Program (of the Food and Agriculture Organization of the United
Nations), the International Bank for Reconstruction and Development (World Bank),
the United States Agency for International Development and other regional and inter-
national organizations (Douglas, 1984; Cromwell, 1990; Venkatesan, 1994) which
were designed to introduce the same model based on seed sector development in
industrialized countries (Groosman et al., 1991). These projects were implemented
with government participation primarily with social and developmental objectives,
fully subsidized and less market-oriented. They are above all successful in putting in
place the key physical and institutional infrastructure of the national seed industry.

The formal sector made significant contributions through variety development and
provision of seeds, at least for a few crops and in most favourable environments of de-
veloping countries. There is a steady progress in adoption of modern varieties across
different environments and farmer groups. It is estimated that about 80% of the wheat
(Heisey et al., 2003), 70% of the rice (Tripp, 2001) and 60% of the maize (Morris et
al., 2003) area in developing countries is planted with modern varieties. However,
despite huge investments through bilateral and multilateral donor assisted projects and
massive government subsidies the performance of the majority of the public seed
companies did not meet the expectations of many governments and donor agencies.
These directly imported seed industry development models partly failed because they
were based on large-scale, mechanized and commercial agriculture of industrialized
countries. They often overlooked the diversity of agriculture and farming systems

10



General introduction

(Groosman et al., 1991), farmer’s indigenous knowledge and local seed systems
(Bishaw and Kugbei, 1997), poor infrastructure and the vagaries of climate.

Emergence of the Private Seed Sector In most developing countries the seed industry
lacks the participation of private sector and strong market orientation, the key features
for successful seed enterprise development elsewhere. Seed production and
distribution is quite often handled by state enterprises, extension services, rural
development programmes or farmers’ cooperatives (Tripp et al., 1997) which are often
bureaucratic, inefficient and less market-oriented.

In the 1980s, in response to new economic realities and demands from the inter-
national financial institutions and donor agencies, many governments implemented
structural adjustment programmes as a step towards a market economy. Such deregula-
tion and decentralization of public sector activities affected the agriculture sector in
general and the seed sector in particular. In some countries governments introduced
reforms for state seed enterprises to operate with financial and management autonomy
to remain efficient, competitive and profitable whereas in other countries the govern-
ment encouraged the outright privatization of the seed sector (Turner et al., 2000).

Some governments undertook policy and regulatory reforms and provided invest-
ment opportunities and financial incentives to stimulate the private sector and to attract
both foreign and domestic investment in the seed sector. As a result domestic and
foreign companies started operating in the seed sector through direct investment or
joint ventures in some countries of West Asia and North Africa region (e.g., Egypt,
Morocco, Pakistan and Turkey).

Local Seed Systems and NGOs Small-scale farmers occupy a larger proportion of
cultivated land and farming population and the environment of production in devel-
oping countries (Byerlee and Heisey, 1992). Ceccarelli et al. (1996) cited that about
1.4 billion people are still dependent on agriculture in stress environments; and that
resource-poor farmers practise approximately 60% of global agriculture and produce
only 15 to 20% of the world’s food. For the majority of small-scale farmers depending
on minor crops, living in less favourable environments and remote areas, provision of
modern varieties and seeds remains a challenge for agricultural development. At pre-
sent there is a growing recognition of alternative seed delivery systems that exist at a
community level. Such initiatives complement the formal programme in supplying
seed to small-scale farmers in less favourable environments and less accessible remote
areas through a decentralized system of seed production and marketing (Kugbei and
Bishaw, 2002). Such local seed supply systems can also be linked to participatory
plant breeding initiatives as well (Turner and Bishaw, in press).
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Both natural and man-made disasters can have devastating effects on agriculture
and seed supply systems. Man-made disasters such as internal strife and conflict dis-
place the population and disrupt agricultural production. Natural disasters such as
recurrent drought deplete seed stocks making farmers vulnerable to food insecurity.
The history of Non-Governmental Organizations (NGOs) in the seed sector started
owing to the recurrence of man-made and/or natural disasters particularly in develop-
ing countries. Since the 1970s, several NGOs are active in relief operations and
emergency seed supply in these countries. As part of a rural development programme
some NGOs are also involved in informal approaches to encourage local seed supply
by the farming communities (Cromwell et al., 1993). Some NGOs encourage conser-
vation of local germplasm while others promote the diffusion of modern varieties
especially to small-scale farmers. Most of the activities, however, are uncoordinated
and haphazard with serious problems of long-term sustainability in the absence of ex-
ternal support.

1.6. Evolution of a Seed Regulatory Framework

The emergence of the seed regulations was a response to evolution of technical and
economic changes in the seed industry usually prompted by the desire of the society
for government intervention (Tripp, 1997b). The structural changes to traditional agri-
culture brought by new crop improvement techniques and the arrangements for seed
production and marketing required new institutions to regulate the industry. These
changes entailed setting of standards against which quality had to be determined,
establishing the agency to monitor that procedures were followed to reach desired
standards and enforcing the standards to make sure that they were observed. The
regulations of particular relevance to seed systems are: (a) variety regulation for test-
ing, release and registration; (b) seed regulation prescribing field and seed standards
for certification; (c) plant variety protection to protect breeders of new varieties; (d)
seed trade regulation setting specifications for seed import or export; and (e) quaran-
tine regulation for exclusion of exotic pests (insects, diseases and weeds).

1.6.1. Seed Quality Concepts

Seed quality is a multiple concept made up of different attributes (Thomson, 1979). In
technical terms, seed quality can be broadly categorized into four main components:
(a) genetic seed quality, (b) physical seed quality, (c) physiological seed quality, and
(d) seed health quality. Plant breeders through selection, introduction and/or hybridi-
zation using conventional or modern biotechnological tools develop new crop varieties
for use by farmers. The genes and combinations of genes constituted in the variety
define the genetic seed quality and therefore its potential attributes such as grain yield
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and other agronomic traits. The physical, physiological and health quality of seed con-
tributes towards realizing these potentials of the variety. The recognition of these
quality parameters led to the establishment of field and seed standards and different
test methods and procedures to verify whether the seed for sale meets these standards.
Therefore, seed quality control and certification is a series of procedures designed to
maintain and make available high quality seed of improved crop varieties, so as to
ensure desirable standards of varietal identity and genetic purity and other quality at-
tributes. The control can be achieved through strict supervision of seed production and
processing operations and checking them against minimum field and seed standards.
Through time these procedures and methods have been refined, standardized and up-
dated in response to changing circumstances and usually backed by legislation.

1.6.2. Variety Regulation and Seed Certification

The beginning of scientific crop improvement enabled breeders or farmers to develop
new crop varieties and make available the seed by themselves or through local traders.
However, maintaining the identity and purity of these new varieties became a great
challenge. According to Parsons (1985) and Hackleman and Scott (1990), for example,
‘Fultz’ wheat distributed first in 1871 was reported under 24 names and ‘Silvermine’
oats introduced in 1895 was grown under 18 different names. The emergence of sys-
tematic plant breeding brought two important developments in the seed industry. The
first development was the immediate need of maintaining the varietal identity and
purity of the new varieties for seed production and distribution to farmers: varietal
certification. The second aspect was the need for developing a systematic procedure
and criteria for introducing new varieties to commercial seed production: varietal
evaluation and recommendation. In recognition of these problems, initially voluntary
associations of breeders, merchants and farmers were established to organize and con-
trol seed multiplication of new varieties (Thomson, 1979), which gradually evolved
into what is now commonly called seed certification. However, these schemes were
often developed independently without any knowledge from what happened in other
countries (Svensson et al., 1975) and later improved and expanded to meet the chal-
lenges in plant breeding, seed production and farmers' interests (Parsons, 1985;
Hackleman and Scott, 1990). The development of seed certification in Western Europe
and elsewhere was described by ISTA (ISTA, 1967) and in 1990 edition of Plant
Varieties and Seeds.

In Germany, listing varieties in terms of morphological characteristics and
performance was started as early as 1905, whereas in Sweden seed certification was
started in 1888 (Tripp, 2001). Field inspection started in Canada in 1905 and in some
states of the USA by 1913 (Hackleman and Scott, 1990). The establishment of the
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International Crop Improvement Association (later Association of Official Seed Certi-
fying Agencies, AOSCA) in 1919 (Parsons, 1985) was the first attempt to standardize
varietal certification schemes in North America. Since 1958 the Organization for
Economic Cooperation and Development (OECD) seed schemes have been
operational (Thomson, 1979) with a membership now of over 50 countries
(http://www.oecd.org). These organizations standardized certification schemes and put
in place variety evaluation, release and registration procedures for accepting and
listing varieties and strict generation control to maintain the identity and purity of the
variety.

Similarly, advances in botanical science also led to the recognition of physical and
physiological quality of seeds when in 1869 the first seed testing station was estab-
lished in Germany (Thomson, 1979). Later on the practice spread to other European
countries and elsewhere. Subsequently, the need for standardization of definitions,
methods, materials and equipment for quality tests culminated into the establishment
of international or regional organizations such as the International Seed Testing Asso-
ciation (ISTA; http://www.seedtest.org) and the Association of Official Seed Analysts
(AOSA,; http://lwww.aosa.org) in 1924 and 1908, respectively. The test procedures are
refined and updated regularly with further advances in knowledge of seed science and
technology.

To date the AOSCA and OECD seed certification schemes to maintain varietal
identity and genetic purity, and the rules, procedures and methods for evaluation of
seed quality attributes of the ISTA and AOSA are universally accepted and widely
used in seed programmes of many countries. These certification schemes and seed
associations established standards for seed quality attributes and developed procedures
to achieve uniformity in seed quality assessment both in the field and laboratory. The
EU variety and seed regulation is a good example of regionally harmonized seed
certification scheme for member countries.

Likewise, the governments enacted national seed regulations to support the imple-
mentation of these schemes. The ‘Adulteration of Seeds Act’ of the United Kingdom
in 1869 could probably be the first seed act to put quality control on legal footing.
However, compared to the long history of organized seed production many developed
countries enacted comprehensive seed regulations fairly recently. In some countries
the governments established public certification agencies whereas in others private
industry associations were formed to implement and enforce these regulations.

However, as the seed industry advanced the need for quality assurance programmes
also changed which is based on the concepts of International Standards Organizations
(1SO 9000) where product excellence can be ascertained by setting rigorous guidelines
and requirements for processes and facilities and these are validated by auditing the
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processes. To date the new concepts of quality assurance and accreditation
programmes have emerged as guiding principles for the seed industry (Svajgr, 1997).
In recent years many larger seed companies with well established research and quality
control programmes are establishing own self-monitoring quality assurance
programmes and use brand names instead of traditional seed certification. The
International Seed Testing Association is now offering an accreditation programme for
governmental or private company seed testing laboratories wishing to issue ISTA
certificates. Similarly, the OECD seed scheme is also experimenting an accreditation
programme for field inspection and seed sampling.

It should be noted that the compulsory and voluntary seed certification schemes
which exist today and are followed by different countries have emerged owing to the
regional variations in approaches in the early development of variety release and
registration and seed quality control systems.

1.6.3. Plant Variety Protection

Intellectual property rights (IPR) are considered a useful tool to promote private
investment in research and development. The interest in IPR of plants emerged in the
19th century linked to the remuneration for breeders who developed new varieties and
later consolidated into various laws in Europe in the 1920s and the USA in the 1930s
to protect new plant varieties. Some of the early examples are use of patents in USA
(Tripp, 2001) and plant variety acts in the Netherlands (Ghijsen, 1996). In 1961, the
Union Internationale pour la Protection des Obtentions Végétales (UPOV) was estab-
lished to protect breeders of new plant varieties by providing an exclusive property
right on the basis of a set of uniform and clearly defined principles
(http://www.upov.org). The 1991 UPOV Convention is a latest in a series providing a
legal framework for plant variety protection. At the beginning of 2003 UPOV mem-
bership has reached 52 countries with potential for further expansion, as more
countries are obliged to put in place an internationally acceptable mechanism for plant
variety protection under the TRIPs agreements of the World Trade Organization.

1.6.4. International Seed Trade

From the outset, the drive for standardization arises from the movement of seed in in-
ternational trade, but tariff and non-tariff barriers remain an impediment. In 1924, the
Fédération Internationale du Commerce des Semences (FIS) was initially established
to represent the private sector interest and to facilitate global seed trade. It promotes
uniform trade rules and arbitration procedures for international seed trade. It also
represents the interests of private plant breeders by encouraging plant variety protec-
tion. In 2002, the seed federation and plant breeders association were merged to form
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the International Seed Federation (ISF) representing the seed trade and plant breeders
in 68 countries worldwide (http://www.worldseed.org).

Tripp et al. (1997) and Louwaars (1996) described the key features and limitations
of variety and seed regulations and their introductions to developing countries. Most of
these regulations are influenced by past historical relationships and donor supports of
the seed programme development. They are excessively strict and inflexible limiting
the range of varieties, the quality of seed available and movement of the seed within or
across national boundaries, thus severely limiting opportunities for national and/or
international seed trade. Tripp (1995) argues that regulatory reforms must be seen as a
continuous process, and sufficiently flexible to respond to and promote the evolution
and diversification of the national seed sector in developing countries.

1.7. Summary

Since the 1960s, the national seed industry in developing countries has made
significant progress particularly in more favourable environments and for few major
food crops. To summarize, today it is common to find a mix of multinational
companies, parastatal corporations, domestic private companies, small enterprises,
cooperatives or farmers associations, NGOs, individual producers operating side by
side in seed supply in many developing countries (L6pez-Pereira and Filippello, 1995).
The public sector has a major role in crop research, seed production and quality
control, promotion and provision of credits and capacity building for the balanced
development of the national seed system. The private sector, which includes a range
from individual seed producer-sellers to small, medium, and large seed enterprises,
continues to produce and market seed for their niche markets (Bishaw and Kugbei,
1997). More and more countries are developing strategies to stimulate pluralistic seed
industries. Therefore, national governments are expected to develop and adopt flexible
policy, regulatory, institutional and technical options to optimize this diversity at
national, regional and global levels.

Given the historical development of the seed industry described above, the national
agricultural research systems and national seed programmes in Ethiopia and Syria are of
relatively young history. The advent of modern agriculture in both countries started
with the establishment of national agricultural research systems in the mid 1960s
(ICARDA et al., 1999) and the establishment of the national seed programmes in the
mid to late 1970s (Gurmu et al., 1998; Radwan, 1997). The national governments have
made huge investments in crop improvement and seed supply in view of national policy
for achieving food self sufficiency and food security in the country. However, there is
limited information on the functioning of the formal and informal sectors of wheat and
barley in both countries.
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1.8. Statement of the Problem

Bread and durum wheats are the two most important wheat species widely grown
worldwide. According to CIMMYT’s world wheat survey the West Asia North Africa
(WANA) region is the second major rain-fed wheat production zone in the developing
world next to South Asia (Byerlee and Moya, 1993). In the year 1990 the wheat area in
WANA covered 25.2 million ha accounting for 36% of the total area of the wheat crop
in developing countries. The area planted to modern varieties in WANA was only 42%
compared to 88% in south Asia and 82% in Latin America. In 1997, the area covered
by modern varieties has increased to 66% in WANA, 86% in Asia and 90% in Latin
America (Heisey et al., 2003). Many countries do not differentiate between bread and
durum wheats in reporting area planted and harvested, yields, and production. How-
ever, about 10% of the world’s wheat area is covered by durum wheat of which 90%
or approximately 11 million ha is cultivated in the drier areas of the Mediterranean
(Nachit, 1998) which also includes most of the WANA region. Syria is the third most
important durum wheat producing country in the WANA region next to Turkey and
Morocco (Belaid, 2000). Ethiopia is the largest producer of wheat in Sub-Saharan
Africa with a potential expansion of the area to 1.3 million ha (Geleta et al., 1994).

Barley was domesticated in the fertile crescent of the Near East over 10,000 years
ago. Today the area is still home to a tremendous variety of plant types and their wild
relatives. In the Central and West Asia and North Africa region barley plays an
important role as feed and forage crop in the crop-livestock production system.
However, in many developing countries the crop still remains an important food crop
(e.g., Ethiopia and some North African countries). From 19 million ha of barley grown
by developing countries, 72, 19 and 6% is grown in WANA, Central Asia and Latin
America, respectively (Aw-Hassan et al., 2003) with an average yield of about 1 tonne
ha™ (Tahir et al., 1997). Syria is one of the major producers of barley in the CWANA
region. Although high adoption levels of up to 50% have been reported for some
countries, the major producers registered less than 5% (including Syria) with an
overall average of 14% in selected WANA countries (Aw-Hassan et al., 2003).

Syria is located in the Fertile Crescent, one of the centres of origin and diversity of
both tetraploid and hexaploid wheats and barley. The Ethiopian highlands exhibit one
of the unique centres of genetic variability and diversity of tetraploid wheat and barley
as well. In the past much of the wheat area was planted with landraces selected and
maintained by farmers over millennia. But this landscape is changing fast and modern
varieties developed by scientific plant breeding are replacing the genetic diversity and
variability that existed in the field. Most traditional local landraces of wheat are being
replaced and losing ground to isolated marginal areas particularly in Syria because of
low productivity and competition from productive modern varieties to meet surplus
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production for the market.

In the West Asia North Africa region, including Ethiopia and Syria, agriculture
plays an important role in the national economy employing a large workforce, contrib-
uting to the gross domestic product, providing raw input for the industry and valuable
foreign exchange earnings. Most governments have invested significant resources into
strengthening their agricultural research systems and national seed programmes to
increase production and productivity in the agricultural sector of the economy. It is
believed that the availability of high quality seed of a wide range of adaptable crop
varieties to farmers is one of the key elements for achieving food security and reducing
rural poverty.

The national seed industries comprise of formal an informal seed sectors. The status
of the formal seed supply system varies from country to country, but it is largely
dominated by the public sector and relies heavily on subsidies with very limited or no
participation of the private sector except in few countries and with few crops. Despite
more than three decades of investment in agricultural research and formal seed supply
systems by bilateral and multilateral organizations, the formal sector is currently
unable to meet more than 10% of seed needs of farmers in the region. The adoption of
improved varieties varies across countries, crops, farming systems and production
environments and is generally very low except for a few cereal crops (Bishaw and
Kugbei, 1997).

The analysis of national seed industries in 22 countries of the Near East and North
Africa revealed substantial variation in their seed programme development and only
few countries could claim a well-functioning formal seed supply system (FAO, 1999).
In all countries seed production and supply of most cereals, legumes, vegetables and
forage species is invariably underdeveloped and currently far from meeting the seed
needs of farmers. The organization of the national seed industry is suffering from policy,
regulatory, institutional and technical constraints as described by Bishaw and Kugbei
(1997).

The informal seed supply system, an indigenous knowledge based farmer managed
seed production, remains one of the main sources of seed for farmers in the WANA
region. This system has been largely ignored by the earlier investments in the seed
sector and its vast potentials are untapped. A great amount of literature and information
Is available on variety development, seed production and quality control in the formal
seed sector (Cromwell et al., 1992). On the other hand there is little information on the
informal seed sector; farmers’ indigenous knowledge in plant and seed selection and
maintenance; farmers’ seed sources, seed quality and seed management practices;
farmers’ perception of new varieties, adoption behaviour and diffusion of new varieties
and seed.
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The main objectives of this study are therefore to understand the functioning of the
national seed sector with particular reference to wheat and barley crops in Ethiopia and
Syria focusing on the informal seed sector. The study combines field surveys, labora-
tory tests, field experiments and secondary data in analysing the seed system in both
countries. The specific objectives of the study are to:

. Study wheat and barley seed systems in Ethiopia and Syria to understand the func-
tioning of the national seed sector with particular reference to the informal sector;

. Study and characterize farmer’s perception and adoption of existing varieties and
associated technologies and criteria for adoption of new varieties to assist breeders
to focus on farmers’ preferences;

. Study and document farmers’ indigenous knowledge of on-farm plant and seed
selection and seed management practices as a means to strengthen and develop
responsive seed delivery systems;

. Study the physical and physiological quality of wheat and barley seed used by
farmers and its relation to source of seed and seed management practices of
farmers;

. Study the occurrence and distribution of major wheat and barley seed-borne
diseases and assist in developing an on-farm seed treatment strategy and tech-
nology; and

. Understand the on-farm genetic diversity of both modern varieties and local land-
races used by farmers in terms of agronomic and morphological characteristics and
associate with farmers’ preference for these varieties.

1.9. Thesis Outline

The thesis is organized into seven main chapters. Chapter 1 gives an overview of the
evolution of the seed industry both in industrialized and developing countries high-
lighting current perspectives and future trends in seed sector development. Chapter 2
describes the wheat seed system in Ethiopia based on the survey conducted among
farmers focusing on the adoption of wheat varieties and associated technologies. It
highlights the organization of the Ethiopian wheat seed system and farmers’ percep-
tion and use of modern varieties, farmers’ seed source and management practices and
any constraints perceived by farmers. Chapter 3 describes the wheat and barley seed
system in Syria based on the survey conducted among farmers focusing on the adop-
tion of wheat and barley varieties and associated technologies. It highlights the organi-
zation of the Syrian seed system and farmers’ perception and use of modern varieties,
farmers’ seed source and management practices and any constraints perceived by
farmers. Chapter 4 discusses the seed quality of wheat and barley seed samples focus-
ing on physical and physiological parameters whereas Chapter 5 will provide an
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insight into the seed health quality of wheat and barley seed with particular reference
to the occurrence and distribution of major seed-borne diseases on samples collected
from farmers in respective countries. In Chapter 6 the diversity of wheat and barley
varieties collected from farmers will be presented based on spatial and temporal diver-
sity, coefficient of parentage analysis and on morphological and agronomic charac-
teristics measured in field experiments. Chapter 7 will provide a synthesis and
conclusions of the study in both countries.
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Chapter 2

Farmers’ Wheat (Triticum spp.) Seed Sources and Seed
Management in Ethiopia

2.1 Abstract

Ethiopia is the largest producer of wheat in Sub-Saharan Africa with a potential
expansion to 1.3 million ha. A substantial investment has been made in agricultural
research to improve wheat production and productivity to attain national food self-
sufficiency. Farm level data on farmers’ perception and adoption of modern wheat
varieties, source of information on new agricultural technology, wheat seed sources
and on-farm seed management practices were collected from farmers in four major
wheat growing areas of the country. A total of 304 farmers growing wheat during the
1997/98 crop season were interviewed in Arsi, West Shoa, North Shoa and East
Gojam zones. Most wheat growers were aware of and had information on modern
wheat varieties, agronomic packages and agrochemical inputs where over 90% state
having knowledge of these agricultural technologies, the formal extension system
being the major source of information. There is an extensive adoption of new
technologies where the majority of farmers grow modern wheat varieties (76% on
recommended list and 10% ‘obsolete’ varieties), apply fertilizers (97%) and herbicides
(64%) to their wheat crop. Although a wide range of modern wheat varieties were
adopted, ET 13 (West Shoa, North Shoa and East Gojam) and Pavon 76 (Arsi) were
found predominant and each was grown by 20% of the farmers replacing previously
popular varieties such as Dashen and Enkoy, presently grown by less than 10% of the
farmers. Farmers have identified as many as 26 technological and socio-economic
criteria for adopting and continuously growing a particular wheat variety on their farm.
However, grain yield, food quality, marketability, grain colour and grain size appeared
to be the most important criteria and transcended all zones. The traditional farmer-to-
farmer seed exchange played a significant role for lateral diffusion of modern varieties
and as a major source of seed for planting wheat crop in any given year. The informal
sector was an initial source of modern wheat varieties for 58% of the farmers, through
neighbours/other farmers (36%), relatives (7%) or local trading (15%). Moreover, the
majority of farmers sourced their wheat seed informally whereby 79% used retained
seed or sourced off-farm from neighbours (9%) and local traders/markets (3%) for
planting wheat during the survey year. In contrast, the formal sector was the initial
source of wheat varieties for 40% of farmers, but only 8% of farmers purchased
certified seed in the 1997/98 crop season. Farmers’ positive perception of seed
influenced them to practise different management approaches to maintain the quality
of their wheat seed through on-farm selection (67%), cleaning (83%), chemical
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treatment (4%), separate storage (65%) or informal assessment of seed quality (34%)
whereas the responsibility was shared between men and women with each playing a
distinctive role. The adoption and diffusion of modern bread wheat varieties and
associated technologies appeared to be higher than for other crops, although largely
remained informal. However, given the diversity and complexity of agro-ecological
zones and farming systems overlaid by socio-economic conditions of the farmers,
agricultural research is lagging behind in solving the major production constraints of
Ethiopian agriculture. It is imperative, however, for the government to put in place a
sound national policy for addressing and strengthening agricultural research, transfer
of technology, input delivery, and grain pricing and marketing responsive to the needs
of the farmers. Within this context, it is important to recognize the role of the national
seed system, both formal and informal, to create a competitive, efficient and
sustainable seed industry.

Key words: Ethiopia, wheat, Triticum spp., formal seed system, informal seed system,
seed source, seed selection, seed management, seed storage.

2.2. Introduction

Ethiopia is located in the horn of Africa between longitudes 33° W and 48° E and
between latitudes 3.4° S and 15.4° N. It is one of the largest countries in Sub-Saharan
Africa with an area of 112 million ha where 65% of the land is suitable for arable
agriculture, but at present only 15% is cultivated. In 2003, the population reached an
estimated 70 million with an annual growth rate of 3%.

Three major climatic zones are recognized in relation to altitude and temperature:
Dega (cool highlands) above 2400 m asl where temperatures range from near freezing
to 16 °C; Woina dega (temperate medium highlands) from 1500-2400 m asl and
temperatures from 16-30 °C; and Kola (hot tropical and arid lowlands) below 1500 m
asl and daytime temperatures ranging from 27 °C to 50 °C. The main rainy season
(meher) is from June to September preceded by short rains (belg) from February to
April in some highland areas. The mean annual rainfall varies from 100 mm in the
northeast to more than 2400 mm in the southwest showing large spatial and temporal
variability.

The country has 18 major and 49 sub-agro-ecological zones where crops and
cropping patterns evolved over millennia giving rise to an array of unique germplasm
adapted to local conditions. According to Vavilov the region is an important primary
and secondary centre of domestication for some 38 crop species (Worede, 1992) where
early introductions of Mediterranean crops such as wheat, barley and chickpea acquired
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tremendous genetic variability and diversity (Demissie and Habtemariam, 1991).

Agriculture is the oldest industry and means of subsistence contributing to over
85% of employment, 50% of gross domestic product and 90% of export. The most
productive agriculture is carried out in the mid- to high-altitudes above 1500 m asl
where over 95% of the cropped lands are found and over 80% of the country's
population resides. During 1999/00 main (meher) crop season cereals, legumes and
other crops including oilseeds occupy 82, 13 and 5% of the total area of 8.2 million ha
under crop production (CSA, 2000). Smallholder farmers cover 96% of cultivated land
and dominate the agricultural sector.

2.3. Government Agricultural Policy

Agriculture is the foundation of the national economy and plays a major role in the
socio-economic development of the country. In 1991, the Government launched the
agriculture-led industrialization development strategy (ICARDA et al., 1999) where
emphasis is put on linking research with development through well focused and
targeted transfer of appropriate technology to farmers. The agricultural development
strategy is aimed at promoting growth, reducing poverty and attaining food self-
sufficiency while protecting the environment through safe use of improved
technologies. The agricultural package programme is spearheaded through demon-
stration and provision of modern varieties and required inputs such as improved seeds,
fertilizers and pesticides as well as better access to credit facilities.

2.4. Wheat Production Trends

Wheat is one of the major cereal crops in the Ethiopian highlands, between 6° and 16°
N and 35° and 42° E, at altitudes ranging from 1500 to 2800 m asl (Gebremariam,
1991a) and predominantly grown in the southeastern, central and northwestern regions
of the country. From seven wheat (Triticum) species grown in Ethiopia, bread wheat
(Triticum aestivum L.) and durum wheat (Triticum durum Desf.) are the dominant
species (Demissie and Habtemariam, 1991; Gebremariam, 1991b; Tesemma and
Belay, 1991).

Ethiopia is the largest producer of wheat in Sub-Saharan Africa with a potential
expansion of the area to 1.3 million ha (Geleta et al., 1994) and wheat ranks fourth in
terms of area and production and second in terms of productivity among food crops
(Table 2.1). The area of wheat increased from 769,000 ha in 1995 (CSA, 1998) to
1,025,000 ha in 2000 (CSA, 2000) an impressive increase of 33% whereas grain
production showed a modest increase of 18% compared to the expansion of an area
devoted to wheat production. This could be attributed to rather stagnant productivity
with an average yield of 1.26 t ha™' during the same period, 24% and 48% below
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Table 2.1. Area, production and yield of major crops in Ethiopia from 1994/95 to

1995/96 1996/97 1997/98 1998/99 1999/00 Average

1999/00 crop season.
1994/95
Areain ha ('000)
All crops 6960.2
Cereals 5746.0
Legumes 878.5
Oil seeds 322.9
Others 12.8
Wheat 769.3
% all crops 11.1
% cereals 13.4
Production in tonnes ('000)
All crops 7044.5
Cereals 6154.2
Legumes 774.9
Oil seeds 109.1
Others 6.2
Wheat 1023.9
% all crops 14.5
% cereals 16.6
Yieldintonnesha™
All crops 1.01
Cereals 1.07
Legumes 0.88
Oil seeds 0.34
Others 0.48
Wheat 1.33
% all crops 131.7
% cereals 124.3

7948.5
6652.6
904.4
377.7
13.9
882.1
11.1
13.3

9279.1
8269.7
814.2
187.9
7.4
1076.3
11.6
13.0

1.17
1.24
0.9
0.5
0.53
1.22
104.3
98.4

8072.4
6688.6
905.4
461.2
17.3
772.2
9.6
11.5

9645.2
8629.3
802.6
203.3
10.0
1001.6
10.4
11.6

1.19
1.29
0.89
0.45
0.58
1.3
109.2
100.8

6852.7
5601.9
837.6
383.5
29.7
787.7
11.5
14.1

7359.7
6498.8
680.2
164.5
16.2
1106.8
15.0
17.0

1.07
1.16
0.81
0.45
0.55
1.41
131.8
121.6

8016.3
6744.7
875.4
374.8
6.2
987.1
12.3
14.6

8583.9
7683
931.9
156.8
12.1
1113.8
13.0
14.5

1.07
1.14
0.84
0.45
0.57
1.13
105.6
99.1

8216.7
6747.5
1044.9
408
16.3
1025.3
12.5
15.2

8890.9
7741.3
959.5
179.5
10.8
1212.6
13.6
15.7

1.08
1.15
0.92
0.44
0.67
1.18
109.3
102.6

7677.8
6363.5
907.7
388.0
16.0
870.6
11.33
13.68

8467.2
6205.9
667.3
166.8
10.5
1089.2
13.03
14.74

1.10
1.18
0.87
0.44
0.56
1.26
114.5
106.8

Source: Central Statistical Authority, Statistical Bulletin Numbers 171, 189, 200 and 227
reporting years 1997, 1998, 1999 and 2000, respectively.

African and world averages, respectively.

Wheat is exclusively grown under rainfed conditions both by small-scale peasant

farmers and large-scale state farms. Earlier reports indicated that durum wheat

occupies 60% whereas the remaining 40% is occupied by bread wheat (Geberemariam,
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1991a). These figures are rapidly changing as local durum wheat landraces are rapidly
replaced by more productive, improved bread wheat varieties (Negatu et al., 1992). It
is still difficult to get precise estimates of bread and durum wheat production as
statistical abstracts put the two species together, and farmers largely fail to distinguish
the difference between the two species in terms of use (Negatu et al., 1992).

2.5. Wheat Consumption Trends

Wheat is a staple crop in the highlands of Ethiopia. In the 1980s, most of the wheat
grain produced by small-scale farmers was consumed or retained as seed on the farm
and little surplus (19.4%) went to the market (Adissu, 1991). During the same period,
43% of domestic (mostly from state farms) and imported grain market was comprised
of wheat grain. Almost 90% of the grain was sold to the Ethiopian Food Corporation
and Urban Dwellers Association and 81% was processed to flour. The calorie and
protein contribution of wheat relative to other common cereals varied from 11 to 16%
for energy and 15 to 20% for protein requirement (Bekele, 1991). A recent statistics
shows that wheat consumption in Ethiopia is 34 kg caput™ (Curtis, 2002).

Wheat is used for preparation of traditional foods such as injera (pancake like
bread), dabo (fermented bread), hambasha/kitta (non-fermented bread), nifro (boiled
grain), kolo (roasted grain), dabokolo (snacks made from bread flour), kinche (craked
and boiled grain) and genfo (porridge). Some of these food items are prepared for daily
consumption whereas some are used for specific purposes during special occasions.
Moreover, wheat is also used for brewing local drinks such as tela (fermented local
beer) and areke (distilled local spirit).

Wheat straw is primarily used as livestock feed during dry season and stubble
grazing in integrated crop-livestock farming systems. It is also used as a fuel at times
of scarcity and as a component of plaster for the construction of local houses and grain
storage facilities.

2.6. Structure of National Seed Industry

In Ethiopia, the national seed system is composed of formal and informal sectors. In
Chapter 1, we have defined the formal and informal sectors and what constitutes each
element in the national seed industry. In this section, we look into those components
within the Ethiopian context and describe briefly the beginning of formal agricultural
research, crop improvement, extension service, seed production and supply in the
country.

2.6.1. Formal Seed Sector
In the highlands of Ethiopia, farmers have practised agriculture based on crop
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production for millennia. Despite the long history of agriculture in the highlands of
Ethiopia, modern crop improvement and technology have been introduced very
recently. The establishment of Jimma and Ambo Agricultural Technical Schools (1942
and 1947) and Alemaya College of Agriculture and Mechanical Arts (1953), was the
beginning of formal agricultural research in Ethiopia (ICARDA et al., 1999). Later on
the Institute of Agricultural Research (1966), the Chilalo Agricultural Development
Unit (1967) and the Wolaita Agricultural Development Unit (1970) became
operational.

Agricultural Research The Institute of Agricultural Research (IAR) was formally
established as a semi-autonomous public institution with a mandate to conduct and co-
ordinate agricultural research at the national level. Agricultural technology generation
and transfer originally adopted a departmental approach, but was later reorganized in
1987/88 and included commodity-oriented research and zonal/regional oriented
research using both high and low external input technologies (Mekuria, 1995).

In 1997, the agriculture research sector was restructured and renamed the Ethiopian
Agricultural Research Organization (EARQO) absorbing different research centres and
institutions previously affiliated to the Ministry of Agriculture and the institutes of
higher education. Agricultural research centres are now based at federal and state
levels representing major agro-ecological zones, although arid and semiarid zones are
least addressed. EARO has five main departments with major allocation of financial
and human resources to crop related research because of the government strategy
emphasizing food self-sufficiency. EARO has strong collaborative research with
international agricultural research centres (CIAT, CIMMYT, ICARDA, ICRISAT,
IITA) for introducing and developing new crop varieties. Apart from EARO, the
institutes of higher education such as the Alemaya University, the Debub University
and the Mekele University are also involved in agricultural research.

Wheat Research The historical development of bread and durum wheat research was
reviewed by Gebremariam (1991b) and Tesemma and Belay (1991), respectively
including breeding objectives, progresses and constraints. A concerted effort in wheat
improvement started in 1966 with the establishment of the IAR and by 1976 it has
been reorganized into bread and durum wheat and coordinated by Holetta and Debre
Zeit agricultural research centres, respectively. The wheat breeding strategy is two
fold: improving local materials through selection and incorporating specific characters
from exotic materials. From the outset, the main objectives of wheat breeding are to
develop high-yielding stable varieties with resistance to major diseases and insects and
strong straw whereas at times tolerance to abiotic stresses such as drought and
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waterlogging and grain quality such as virtuousness, grain colour and size are
considered (Gebremariam, 1991b; Tesemma and Belay, 1991). In durum wheat, the
emphasis shifted towards the use of landraces in breeding programmes and focused on
specific rather than wide adaptation.

The wheat variety development and release procedures pass through several stages,
a minimum of six to seven years from initial identification of promising lines to
eventual release of the variety for seed multiplication (Tesemma and Belay 1991;
Gebremariam, 1991b).

Agricultural Extension Haile et al. (1991) reviewed the historical development of agri-
cultural technology transfer in Ethiopia since its early inception in 1908. Formal
extension was started in 1953 with the establishment of the Alemaya College of Agri-
culture and Mechanical Arts combining research, training and extension. In 1963, the
agricultural extension was formally transferred to the Ministry of Agriculture (MoA)
and went through different phases of reorganizations: comprehensive integrated
package projects (1967, CADU; 1970, WADU), Minimum Package Program I (1975,
EPID), Minimum Package Program II (1980); Training and Visit (1986, World Bank)
and modified Training and Visit (1988, PADEP). At present, the agricultural package
programme through the Extension Management Training Plots aims at demonstrating
and popularizing modern crop varieties with associated technologies. The District
(Woreda) Agricultural Development Department has a mandate to disseminate the
package programme and introduces new varieties and agronomic practices through
development agents who have direct contacts with farmers and peasant associations
(Gebeyehu et al., 2002).

In 1974, the IAR/EPID joint research and extension programme was established
with a focus on adaptive research to develop technology recommendations for
different agro-ecological zones. In 1985, Research and Extension Linkage Committees
(RELCs) were established at national and regional levels. RELCs were responsible for
providing overall guidelines for reviewing/prioritizing problems to be addressed by
researchers, reviewing/approving research findings and recommendations, and
monitoring the operation of research-extension linkages. The responsibilities included
verification, demonstration, popularization and training of new technologies.

Despite several efforts in reorganizing the extension service, there has been a weak
linkage between extension and agricultural research. Lack of appropriate education
including in-service training, lack of proper information and communication between
research and extension, lack of participation in IAR’s on-farm research and inadequate
infrastructure were some of the drawbacks of the extension service in Ethiopia (Stroud
and Mekuria, 1992; Mekuria, 1995).
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Wheat Technology Transfer Since 1958, the Ministry of Agriculture, Alemaya
University of Agriculture and IAR conducted several demonstrations through which
many wheat technologies have been transferred to farmers including modern varieties.
The demonstrations have shown that, under normal environmental conditions, modern
bread and durum wheat varieties with an improved package of cultural practices can
yield up to 2.5 and 1.8 t ha”', respectively. The demonstrations (0.25 ha each)
consisted of improved recommended package (variety, seed rate, fertilizer rate/type
and weeding) versus farmer’s method comprised of the traditional wheat production
practices at each site.

Agricultural Input Supply The Ministry of Agriculture was not only responsible for
conducting adaptive research and transfer of technology, but also played a key role in
provision of inputs, particularly fertilizers and pesticides. The Agricultural Input
Supply Enterprise (former AISCO, now AISE) has the primary responsibility of input
supply (fertilizers, pesticides, seeds and credit) for the peasant sector. AISE operates
under the Ministry of Agriculture and collates demands, arranges the importation and
distribution of inputs with strong emphasis on fertilizers and pesticides. AISCO
managed over 600 distribution centres throughout the country although little has been
achieved in certified seed marketing and distribution.

National Seed Policy In 1993, a national seed industry policy and strategy was
formulated and the National Seed Industry Council (NSIC) was established under
Proclamation No 56/1993 (amended by Proclamation No 122/98) as an advisory body
to the Government. The key policy objectives were to build a sustainable national seed
industry by establishing efficient and effective seed production and supply systems
through the participation of public and private sectors, improved institutional linkages
and appropriate regulatory oversight.

In 1993, the National Seed Industry Agency (NSIA) was established as an
executing arm of the Council and served as a focal point for policy and regulatory
functions of the seed sector. Moreover, the agency played a pivotal role in developing
protocols for variety release and registration and seed quality control and certification.
Since 2002 NSIA was reorganized into a National Agricultural Inputs Authority
entrusted with the responsibility to implement and control the enforcement laws for
production and trade of agricultural inputs such as seeds, fertilizers and agricultural
pesticides. However, such policy reforms did not bring tangible changes where a
single public seed enterprise continues to dominate the national seed sector.

Seed Laws and Regulations A Ministerial Regulation Number16/1997 was enacted to
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cover registration of new crop varieties; seed producers, processors and distributors;
seed quality control; and seed trade. The Seed Proclamation No. 206/2000 is
comprehensive and provides a strong legal framework for the quality assurance and
protection of the interests of all stakeholders. Moreover, field and seed standards
prepared for 74 crops were officially issued for implementation. NSIA (now NAIA) is
building the necessary technical and institutional capacity to implement and enforce
the standards.

Variety Development Systematic crop improvement and variety development for major
crops began in 1966 with the establishment of IAR (now EARO), a semi-autonomous
public organization. It is a principal plant breeding institution, undertaking
responsibilities for cereals, legumes, oilseeds, fibres, horticultural and forage crops.
Prior to 1997, bread and durum wheat improvement were under the jurisdiction of [AR
and Alemaya University of Agriculture, respectively. At present, Debre Zeit and
Kulumsa Agricultural Research Centres, the principal research centres located in
major wheat production regions of the country coordinate bread and durum wheat
improvement, respectively.

Variety Release The variety release system evolved over a long period since the
establishment of the National Crop Improvement Conference in 1967. From 1984,
variety release became the responsibility of the National Variety Release Committee
(NVRC). In 1992, the NVRC was legally affiliated to the National Seed Industry
Agency. The NVRC proposed a reform of its current structure and functions and
elaborated procedures for variety release and registration not only of agricultural
crops, but also of horticultural, fruit and tree crops.

Plant breeders carry out a minimum of two to three years regional or national trials
in at least three to five different agro-ecological zones before submitting an application
to NVRC for variety release. The variety should be tested for yield and important
agronomic characters compared with standard varieties or local checks. A complete
data set of the promising variety proposed for release must be submitted to NVRC for
review and approval to enter verification trials. The varieties will be evaluated for one
more season under farmers’ management practices along with established local or
modern cultivar(s) in relatively large plots (100 m® at two to three sites), the so-called
on-station and on-farm verification trials.

A sub-committee composed of NVRC members and other specialists examines the
submitted data and makes field visits to assess the performance. Based on these
evaluations it prepares the recommendations for the NVRC. The NVRC may release a
variety not only on superior yield, but also on the basis of other important characters
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such as grain colour, early maturity, etc., compared to existing standard commercial
varieties or local checks. Apart from agronomic performance acceptable level of
distinctness, uniformity and stability are required to grant a release. Upon the release
of the variety breeders will provide a small quantity of seed to the Institute of
Biodiversity Conservation and Research for long-term storage and to the Ethiopian
Seed Enterprise to initiate seed multiplication. The national wheat programme is
expected to maintain an appropriate quantity of breeder seed for replenishing
commercial seed of the variety.

The Seed Quality Control and Certification Department of NAIA serves as a
Secretariat of the NVRC and maintains the crop variety register. Although it has
established a legal framework of its operation, the committee lacks the expertise,
resources and facilities to implement an impartial and independent variety release
system.

Seed Production In 1956, the Debre Zeit Agricultural Research Center initiated the
earliest seed multiplication scheme where 350 tonnes of wheat seed was distributed to
farmers in Ada (Shoa) and other wheat growing regions of the country through the
Ministry of Agriculture (Haile et al., 1991). Initially the Extension and Project
Implementation Department (MoA) in collaboration with CADU (Chilalo Agricultural
Development Unit) also produced wheat seed at Asasa and Kulumsa in Arsi region
and distributed it to other areas. Prior to the 1970s the formal seed sector was very
much ad hoc and uncoordinated.

In 1976, the National Seed Council (NSC) was set up to formulate recommen-
dations for organized seed production and supply of modern varieties released from
the national programmes. The Ethiopian Seed Enterprise (ESE) was established in
1979 formalizing seed production, processing, distribution and quality control of major
food crops. ESE’s direct sale of seed to farmers has been insignificant throughout its
existence as there were no formally established linkages. In 1990, the Ethiopian
Pioneer Hi-bred Seed Inc. was established dealing with hybrid seed maize and it is still
the only private sector company operating in the country.

EARO and agricultural universities are responsible for maintenance of released
varieties and production of early generation materials, breeder seed and provide ESE
with pre-basic seed. They also produce basic seed on contracts for ESE. ESE operates
seed farms for multiplication of pre-basic and basic seed and produces certified seed
on contract with large-scale state and private farms and small-scale farmers. In
addition, seed was produced and distributed through special on-farm based seed
production and marketing projects launched in 1997 through the financial assistance of
IFAD and SIDA. The former was implemented at the national level whereas the latter
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was at the regional level.

Wheat and maize seeds dominate the formal sector comprising 70 and 22%,
respectively of seed distributed (Table 2.2). Further analysis reveals that few modern
varieties such as Enkoy in the 1980s and K6295, Pavon and ET 13 in the early 1990s
dominated the production accounting for up to 70% of commercial wheat seed
distribution. From 1996 to 1999, the formal sector commercial seed distribution was
60.8% (wheat), 82.4% (maize), 16.2% (tef) and 1.9% (barley) certified seed request
from the main distributors and users such as the Ministry of Agriculture, NGOs and
state farms. At a national level the formal sector covers a very small amount of seed
supply (4.49% for all crops) compared to the total national seed requirement. For
major cereal crops, the commercial seed supply from 1994/95 to 1998/99 covered
0.43, 1.29, 7.00, 12.09 and 1.72% for tef, barley, wheat, maize and sorghum,
respectively, a very tiny segment of the seed industry.

2.6.2. Informal Seed Sector

In the highlands of Ethiopia, farmers have practised agriculture based on crop
production for millennia. Subsistence agriculture predominates throughout the country
and little has changed in terms of farming practices and farm implements, although
some efforts are underway to modernize it. Farmers are accustomed to selecting and

Table 2.2. Amount of seed distributed (tonnes) by Ethiopian Seed Enterprise from
1994 to 1999 crop season.

Crop 1994 1995 1996 1997 1998 1999 Average %
Wheat 12062 10135 9375 8283 11084 8445 9897  69.67
Barley 169 153 273 371 139 67 195 1.37
Tef 2424 434 357 280 52 244 632 4.45
Maize 3610 2632 1889 1668 4253 4550 3100 21.83
Sorghum 294 588 163 7 20 - 179 1.26
Haricot 151 52 113 38 9 3 61 0.43
Chickpea 417 120 - - - 0 90 0.63
Soya bean 14 - - - 0 2 0.02
Lentil 78 - - 1 - - 13 0.09
Field pea 112 - - 1 2 34 25 0.17
Faba bean - - - 23 6 - 5 0.03
Oilseeds' 3 4 3 7 9 6 5 0.04
Total 19320 14131 12174 10680 15575 13349 14205 100

Source: ESE; ' Oilseed crops include noug, linseed and rapeseed.
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saving seed of their local landraces using indigenous knowledge and traditional
practices. This practice still provides the bulk of seed required, up to over 90 to 100%
for some crops. In 1997, a national farmer-based seed production and marketing
project was launched by NSIA in collaboration with Regional Agricultural Bureaus
through financial assistance from IFAD. Likewise, a regional woreda (district)-based
seed multiplication and supply project was also started at the same time through the
assistance of the Swedish International Development Agency in northern Ethiopia.
The main objectives of both projects were to strengthen the informal sector whereby
farmers produce seed for local markets and eventually develop into self-sustainable
rural small seed enterprises.

In the Ethiopian context, the informal sector comprises millions of individual small-
scale farmers, medium-scale estate farmers, small to medium-scale local grain traders,
development-oriented and/or relief operating NGOs, community seed banks and other
local level seed production and distribution. Although over 120 NGOs are operating in
the country, their activities are uncoordinated and little is documented about their seed
operations. In general there is little information on the role of informal sector in the
national seed industry.

2.7. Objectives of the Study

Wheat is a principal staple crop in the highlands of Ethiopia. The crop has been
designated as one of the high priority commodity crops and substantial resources have
been allocated to improve the crop through research. Variety development and seed
production programmes are strong in the country. Since the 1950s several modern
bread and durum wheat varieties have been released along with recommended
production packages (Geberemariam, 1991b; Tesemma and Belay, 1991). The main
wheat breeding objectives are to develop new varieties performing better than varieties
currently grown by farmers, assuming that farmers desire varieties which are high
yielding and tolerant to environmental stresses. Although the diffusion of modern
wheat varieties is believed to be higher than that of other cereal crops, there is still
concern that the substantial gap between yields on research stations and on farmers'
fields will persist (Geleta et al., 1994; Mekuria, 1995). Several technical and socio-
economic constraints for wheat production have been identified. Important ones are
lack of seed of modern varieties, lack of credit and low producer prices (Beyene €t al.,
1991).

There is little study on the adoption of technology prior to the 1990s (Haile et al.,
1991). Most farm-level studies are purely technical and there is little information
available on farmers’ perception of new varieties and associated technologies (Negatu
et al., 1992; Negatu and Parikh, 1999). Moreover, information on farmers’ seed
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acquisition and management and informal exchange mechanisms are not explored

properly. The main general objectives of the current study are:

. to investigate the extent of adoption and diffusion of modern wheat varieties
released by the national agricultural research systems,

« to review farmers’ knowledge and perception of released modern varieties, and

« to understand farmers wheat seed sources and management practices.

Therefore, the main specific goals of the current research were:

« to study wheat seed systems in Ethiopia to understand the functioning of the
national seed sector with particular reference to informal sector,

« to study and characterize farmers’ perception and adoption of modern varieties and
associated technologies and criteria for adoption of new varieties to assist breeders
to focus on farmers’ preferences,

« to study and document farmers’ indigenous knowledge of on-farm plant and seed
selection, farmer’s seed sources and seed management practices as a means to
strengthen and develop responsive seed delivery systems.

2.8. Methodology and Data Collection

A questionnaire was designed to gather information on:

» farmers’ knowledge and source of information of new agricultural technologies,

 farmers’ perception and adoption of varieties and diffusion of modern varieties,

. farmers’ seed source, seed selection and seed management practices, and

. technical (varietal acceptability, seed quality) and socio-economic factors limiting
adoption.

2.8.1. Sudy Areas
The Amhara and Oromoia Regional States were selected purposively based on the
informal assessment and secondary data available from the Central Statistic Authority.
The two regional states together accounted for over 83% of the wheat area and
production in the country (CSA, 1997). The Arsi and West Shoa zones from Oromia
Regional State and North Shewa and East Gojam zones from Amhara Regional State
were selected for the survey (Fig. 2.1). These zones are representing the major wheat
growing zones and also provide contrasting situations in terms of agro-ecological
diversity (climate, wheat types), exposure to and use of modern agricultural
technology, and institutional factors such as proximity to research centres and
agricultural input providers (ESE) and output markets.

The Arsi zone represents the major wheat growing areas in the southeastern part of
the country and is located where the first comprehensive package programme was
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Fig. 2.1. Wheat seed system study areas (in black) in Amhara and Oromoia
administrative regions of Ethiopia.

initiated in 1967 and the main bread wheat research station is located. Since the 1970s
large state farms are involved in commercial wheat production. It is also the major
wheat seed production area where the regional office and basic seed farm of the
Ethiopian Seed Enterprise are located. Therefore, farmers are expected to be aware of
and have better access to wheat varieties and associated technology.

The West Shoa zone represents one of the most important wheat growing areas in
the central highlands. The Holleta Agricultural Research Center is located in this area
and has been involved in wheat research and demonstrating the technology to farmers
for a long time. However, there is no formal seed sector operation and commercial
seed has to be transported over long distances and the availability could be a major
constraint.

The North Shoa and East Gojam zones represent the major wheat production areas
of the country in the central and northwestern parts of the country, respectively.
Moreover, both regions are far from the main agricultural research stations, large-scale
state farms or major operation centres of the Ethiopian Seed Enterprise. These areas
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are expected to be relatively new to the introduction of modern agricultural
technologies including wheat varieties. Commercial seed has to be transported over
long distances and the availability could be a major constraint.

2.8.2. Sampling Procedures

A multi-stage purposive random sampling procedure was followed from higher to
lower administrative levels, with farmers being sampling units. A five-stage sampling
procedure has been adopted involving the selection of administrative regions, zones,
districts, villages and wheat farmers.

First stage: Two major wheat growing regions were purposively selected from all
wheat growing regions in the country, with each region’s probability of selection made
proportional to the area cropped to wheat in the region.

Second stage: Four major wheat growing zones were randomly selected from all wheat
growing zones in the two regions selected, with each zone’s probability of selection
made proportional to the area cropped to wheat in the zones. This self-weighing
sampling procedure resulted in the selection of two zones each located in the two
regions selected.

Third stage: Within each of the four selected zones, at least two adjacent major wheat
producing districts were selected at random from among all districts considered as
main wheat production districts based on the proportional area planted to wheat in the
districts.

Fourth Stage: Within each of the selected districts, two enumeration areas were
randomly selected once again in proportion to the area of wheat grown in the
enumeration areas.

Fifth Stage: Within the enumeration areas, villages and wheat growing farmers were
randomly selected based on the list of farmers from peasant associations. In each
village a minimum of two farmers were selected and interviewed.

2.8.3. Data Collection
A team of four enumerators and two supervisors conducted the survey including the
author. A two-day training course was organized for the enumerators and the
supervisors, which included discussion of the survey objectives, a detailed question-
by-question review of the survey tool, instructional sessions on interviewing
techniques and practice interviews with farmers. After the training, the questionnaire
was pre-tested during the first day of the survey and further discussed with the
enumerators. At the end of each day all questionnaires were checked with the
enumerators and clarifications were made.

During the survey the enumerators were organized into two teams; each team
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consisting of one supervisor and two enumerators. The survey was carried out during
June and July of the 1997/98 main crop season, which coincides with the main wheat
planting time in the country. A total of 304 farmers were surveyed distributed over
four administrative zones, nine districts and 81 villages located in different regions of
the country. About 141 farmers from Arsi (46%), 69 farmers from West Shoa (23%),
38 from North Shoa (13%) and 69 from East Gojam (18%) were interviewed based on
the proportion of wheat area in respective selected zones. Each farmer was interviewed
using a structured and open-ended questionnaire. Moreover, a sample of 1000 g seed
was drawn from the farmers’ seed intended for planting for seed quality analysis
(Chapters 4 and 5) and to study the diversity of wheat varieties (Chapter 6).

2.9. Results and Discussion

2.9.1. Demographic and Socio-Economic Factors
The descriptive analysis of the demographic socio-economic factors revealed
interesting results. The average age of household head was 41.4 years (SD=14.6;
n=304) with a range from 18 to over 70 years. More than half of the farmers were
below the average age indicating the involvement of younger generation in farming. A
mere 7% were over 65 years of age and seldom assisted by children. About 93% of the
farmers were married with an average number of children of 5.2 and a female to male
ratio of almost 1:1. Children were contributing to farm labour significantly and
considered insurance for the welfare of the family at old age. Farmers who were
illiterate constituted 49%; and 36% of the farmers could read and write. Farmers with
formal education (elementary to high school) constituted 15%, a proportion that may
continue to rise, as the rural population with access to formal education would
probably stay on farm because of limited opportunities in urban employment. Ensermu
et al. (1998) also reported that about 20% of the sample farmers in Chilalo awraja had
some formal education. The increase in education level can play a positive role
through well-targeted extension programmes supporting adoption of new agricultural
technology generated by research. Ferede et al. (2000) reported that farmer education
level influences adoption of new agricultural technologies. These demographic and
socio-economic indicators are in agreement with most diagnostic or technology
adoption studies conducted in recent years in various parts of the country (Gemeda et
al., 2001; Ensermu et al., 1998; Beyene et al., 1998; Hailye et al., 1998; Tirunch et al.,
1999; Ferede et al., 2000).

Agriculture was the main source of income for all farmers and there were limited
opportunities for off-farm income generation as the farm sites investigated were far
away from urban centres and large-scale state farms, except in the Arsi zone where
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farmers had limited opportunities as casual labourers during planting, weeding and
harvesting time. In Ethiopia, off-farm work and income generations by head of the
household are low compared to other African countries (Stroud and Mekuria, 1992).

About 93% of farmers had holding rights over the land they cultivated whereas the
rest were landless and worked with their parents as partners providing labour. In the
Land Reform Declaration of 1975, all land became public property and farmers had no
legal ownership, but holding rights that could be transferred to children or temporarily
rented for contract farming. For example about 45% of the farmers had previous
experience having hired additional land from other farmers for wheat production. Land
redistribution is occasionally carried out by the state where farmers with relatively
larger areas relinquished their rights for the younger generations who enter farming.
This practice not only led to land fragmentation, but also to transfer of rights outside
kinship which was disincentive for any long-term development and investment in
natural resource management and conservation.

Wheat production was practically subsistence; and the majority of farmers neither
hired tractors (77%) for land preparation/planting nor combines (67%) for harvesting.
However, in the Arsi Zone 21.7 or 31.6% of the farmers hired tractors or combine
harvesters, respectively. Hassena et al. (2000) reported that the contribution of tractor
for land preparation is minimal even among farmers in the Arsi region. Moreover,
proximity to a hiring station, topography (accessibility), education level, and wheat
area significantly affected farmers’ decisions to adopt combine harvesting with
negative consequence of increasing income gaps between farmers living in accessible
and less accessible areas (Hassena et al., 2000). An exceptionally low number of
farmers owned tractors (1%) or combine harvesters (1%), indicating the low level of
mechanization of agriculture in general and wheat production technology in particular.
Individual farmers lacked cash outlay and property to invest in large-scale agricultural
machinery for crop production.

2.9.2. Gender Differentiation in Wheat Production

Wheat production includes sequential operations such as land preparation, planting,
weeding, harvesting, transporting, threshing, winnowing, grain storage and marketing.
The family was the major source of farm labour (mostly from members between 15 to
65 years of age) and there appeared to be labour differentials by age and sex. Farming
was considered predominantly the occupation of men, but in a predominantly rural
economy that tells only part of the full story. The role of both men and women in
wheat production is high. During the survey it was found that the relative participation
of women in land preparation was minimal (0.7%) whereas their involvement in
weeding was as high as 85.5%. Women contributed labour in decreasing order to
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weeding (85.5%), threshing (48.7%), harvesting (29.3%), planting (28.6%), and land
preparation (0.7%). Likewise, children between 8 and 14 years old usually provided
labour for the family in land preparation (45.7%), planting (36.8%), weeding (63.2%),
harvesting (45.4%) or threshing (50.7%). In many African countries, studies have
confirmed that the contribution of female labour in traditional agriculture is significant
(>50%). In Ethiopia, earlier studies also showed that generally men are responsible for
farming whereas women and children contribute to weeding, harvesting, threshing and
transporting grain (Asamenew et al., 1993). Although men have an overall
responsibility and contribute to all farm operations and decision-making women can
usually give their opinion (Stroud and Mekuria, 1992). Tiruneh et al. (1999) found that
the decision to grow improved wheat varieties is a joint decision by over half of male-
headed households in central Ethiopia.

Apart from family members, farmers also hired additional labour for wheat
production, particularly for harvesting and weeding. Moreover, the traditional informal
community labour exchange still existed in the form of wonfel and debo where
individual or group arrangements are made to work together particularly at planting,
weeding or harvesting time. Wonfel is in kind labour exchange as part of one’s
obligation and usually arranged between two individuals. The debo is organized on a
group basis particularly during peak planting or harvesting time and a voluntary labour
contribution from individuals to the host who organized the event. The debo can also
function as part of a social gathering where informal exchange of information takes
place. Zegeye et al. (2001) also reported debo and wonfel as two most important
community labour arrangements contributing 24 and 14 work-days among adopters
and non-adopters of modern wheat varieties, respectively.

2.9.3. Cropping Pattern and Land Allocation

Farmers (n=304) in the survey area grew different crops up to a maximum of six field
crops such as cereals, legumes, oilseeds and forage oats (Table 2.3), excluding
vegetables grown by some around homesteads. There is variation in diversity of crops
grown in different regions. In addition to wheat, the two major cereal crops, barley and
tef (Eragrostis tef), were grown by 66.8 and 66.4% of the farmers in the survey areas,
respectively. Maize was grown by 20.4% of the farmers, mostly in the Arsi zone
(Hetosa and Dodota), and in the West Shoa and East Gojam zones. Smaller proportion
of the farmers grew legumes (less than 20%). Faba bean was planted by 16.1% and
predominated in the Arsi Zone, whereas chickpea, lentil and grass pea were mostly
grown in the West Shoa, North Shoa and East Gojam zones. Among oil crops, flax
was most common in the Arsi zone and noug (Guzotia abysinica) in the West Shoa
and East Gojam zones.
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About 280 farmers (92.1%) grew bread wheat varieties compared to 51 (16.8%) for
durum wheat (Table 2.3). Most strikingly, the majority of the farmers grew either
bread (83.2%) or durum wheat (7.9%) which together constituted 91.1% compared to
a mere 8.9% who grew both crops. From the 27 farmers who grew both wheat species,
22 were from the North Shoa region. Durum wheat was grown mostly in the West and
North Shoa regions and no farmer was encountered growing durum wheat in the Arsi
region.

The mean crop/farm area was 2.78 ha (Table 2.3). Almost 40% of farmers had a
total crop area of less than 2 ha; and two-thirds of the farmers (64%) had land below
the average (data not shown). The mean area allocated for crop production varied from
the lowest value of 0.31 ha for lentil and maize (SD=0.11) to the highest value of 1.21
ha (SD=1.06) allocated for bread wheat followed by 0.89 ha for tef (SD=0.68 ha).

The number of crops grown indicated the level of species diversity on the farm
where small-scale farmers were producing ‘multiple’ crops to minimize risk and
maintain household food security (Fig. 2.2). The majority of farmers grew two (24%),
three (27%) or four (28%) crops which together constituted 79% whereas those who
grew one crop only (wheat) accounted for less than 4%. There was a tendency for
farmers in the Arsi zone to specialize on a few crops compared to those in other
regions who grew relatively more crops. The allocation of resources and management
of different crop enterprises by farmers in situations of imperfect market information
(varieties, seed availability, etc.) seems remarkable. However, small-scale farmers by
producing many different crops face severe resource and labour constraints to apply
optimum management practice for maximum return from a single crop enterprise
(Mekuria et al., 1992). For example, tef production directly competes for resources and
labour with wheat (Tessema €t al., 1999) and farmers face serious constraints to carry
out timely farm operations such as planting, weeding, etc, which substantially reduces
the benefits of any improved packages adopted. Moreover, they give priority to tef
instead of wheat for input allocation such as fertilizers, herbicides and hand weeding.

2.9.4. Wheat Production Technology Packages

The generation and transfer of new technology are prerequisites for agricultural
development particularly for an agrarian based economy such as Ethiopia. There are
many factors that influence the technology development including the perception of
the scientist, appropriateness to the farming conditions, economic benefits to the
farmers and then the means for transferring the technology itself. The need for
agricultural technology promotion has been long recognized and formal extension was
started in the 1950s (Haile et al., 1991). Apart from technical constraints, the role of
the extension agent in grain quota system (1980 to 1990) and the villagization
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Table 2.3. Major food crops grown and land allocation by sample farmers (n=304) in

Ethiopia.

Number of farmers growing Land allocation
Crops Arsi  W.Shoa N.Shoa E.Gojam Total % Area(ha) SD
Bread wheat 141 54 31 54 280 92 1.21  1.06
Durum wheat - 17 29 5 51 17 059 0.36
Barley 119 34 3 47 203 67 0.69 0.58
Tef 51 61 36 54 202 66  0.89 0.68
Forage oats ! - 1 1 2 1 050 0.00
Maize 23 4 - 35 62 20 031 0.11
Sorghum 2 3 - 10 15 5 034 0.19
Faba bean 19 16 13 1 49 16 037 0.26
Field pea 14 3 2 - 19 6 048 0.25
Chickpea - 6 16 1 23 g8 038 0.20
Lentil 1 2 10 - 13 4 031 0.11
Lathyrus - 6 25 10 41 14 0.41 0.26
Linseed 11 12 1 4 28 9 058 0.36
Noug - 15 1 18 34 11 0.61 0.46
Total 141 69 38 56 304 100 278 1.83

! _indicates farmers not growing the crop.
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Fig. 2.2. On-farm diversity of crops grown by surveyed farmers in Ethiopia (n=304).
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programme (1986) make them unpopular with the farmers (Mekuria, 1995). The
agricultural package programme has restored farmers’ confidence in the extension
agents, but there are still some underlying fundamental problems.

Sources of Information Most wheat growers were aware of and had information on
modern wheat varieties, agrochemical inputs and agronomic packages. Over 90% of
farmers have knowledge of these agricultural technologies (Table 2.4). In comparison,
the awareness on pesticides and grain storage practices was relatively low and only
43.8% and 65.8% of farmers had information, respectively. The formal agricultural
extension service was the main source of information for new technologies generated
by research such as modern varieties, wheat agronomy, fertilizers and herbicides.
Zegeye et al. (2001) also reported that 98% of the farmers in the study areas knew
about improved wheat varieties and the agricultural extension as the major source of
information followed by neighbours in northwestern Ethiopia. Similar results were
reported for maize varieties in Ethiopia (Gemeda et al., 2001) and other agricultural
packages (Gebeyehu et al., 2002). The majority of farmers grew modern varieties from
the recommended list (86.2%), applied fertilizers (96.7) and herbicides (63.5%) to
their wheat crop. Similarly, extensive diffusion and widespread use of improved wheat
production packages was reported in central Ethiopia (Ferede et al., 2000; Yirga et al.,
1996; Beyene and Yirga, 1992b).

However, the data also show that farmers used multiple sources of information.
Neighbours and other farmers appeared to be the second most important informal
source of information particularly for modern varieties and grain storage. The lateral
farmer-to-farmer diffusion of varieties may play a significant role in this exchange of
knowledge and information. Ensermu et al. (1998) also reported farmers as major
source of information followed by the extension service for wheat varieties in
southeastern Ethiopia. The informal sources such as relatives and neighbours were
more important for grain storage where limited information was available from formal
sources. Pesticide use for field insect pests was insignificant although aphids pose a
major threat in certain years. Kotu et al. (2000) found that only 9% of the farmers try
to control plant diseases and insect pests mainly due to lack of knowledge of
appropriate control measures and unavailability of pesticides. The agricultural package
programme recently in operation has played a very commendable positive role in
promoting the new wheat production technologies. Similar observations were also
made for northwestern Ethiopia (Zegeye et al., 2001).

Agronomic Practices The agronomic practices for wheat production such as sowing
date, planting method, seed rate and fertilizer application are given in Table 2.5.
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Table 2.4. Farmers’ source of information and awareness of wheat production
technology packages (n=304).
Modern  Agro- Ferti- Herbi- Pesti- Grain

variety nomy lizers cides cides  storage

Have information

Farmers 301 287 301 278 133 200

%' 99 94 99 91 44 66
Source of information %

Media (TV & Radio) 1 0 1 1 0 0

Research 3 3 2 2 1 1

Extension 74 68 83 71 37 21

Relatives 3 4 3 2 2 26

Neighbours 39 6 6 8 3 4

Other farmers 34 6 6 5 2 4

Traders 0 0 0 0 0 1

Others

(SF, Global 2000) 3 8 3 2 1 11

! Figures will not add up to 100% because of multiple sources of information.

Traditional land preparation method was used in all zones where the soil was worked
by four to five passes each perpendicular to the first with a local plough called
maresha drawn by a pair of oxen. Despite relatively wide spread uses of tractors for
land preparation in the Arsi region (21.7%) almost all sowing was carried out by hand
broadcast.

Farmers generally plant their crop following the first showers to make use of soil
moisture. Planting date has a significant influence on biomass, grain yield and yield
components and is affected by the variety and the environment. Survey data showed
that wheat planting started with the onset of rains from early June to end of August and
was equally distributed over the specified period of time (Table 2.5). Farmers in Arsi
and East Gojam tended to plant earlier than farmers in central highlands in West and
North Shoa who planted wheat later in the season particularly where waterlogging is a
major constraint. It was also reported earlier that the time of sowing wheat ranges
across the regions from mid June to August depending on soil type, rainfall and the
varieties and late sowing would reduce grain yields by up to 34% (Beyene €t al.,
1991). Tarekegne (1996b) suggested early planting (third week of June) in south-
eastern and late (mid July) in the central highlands which coincides with farmers
wheat planting practices. Geleto et al. (1990) found that the optimum sowing dates in
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Table 2.5. Agronomic practices used for wheat production by sample farmers (n=304)
in Ethiopia.

Arsi West Shoa North Shoa East Gojam Total

Agronomic practices Farmers % Farmers % Farmers % Farmers % Farmers %

Planting date
Early June to first
week of July 58 41 9 13 4 11 31 55 102 34
Second week of
July to August 77 55 22 32 10 26 24 44 133 44
Beginning of August 6 4 38 55 24 63 1 2 69 23
Total 141 100 69 100 38 100 56 101 304 101
Seedrateinkg ha™
Less or equal 100 1 1 28 41 15 40 15 27 59 20
101 - 150 50 36 34 49 23 6l 29 52 136 45
151 -200 83 59 7 10 - 0.0 12 21 102 34
201 - 300 6 4 0 - 00 - 0 6 2
Total 140 100 69 100 38 101 56 100 303 101
Fertilizer use
No 0 0 8 12 2 6 0 0 10 3
Yes 141 100 61 88 36 94 56 100 294 97
Total 141 100 69 100 38 100 56 100 304 100
Herbicide use
No 24 17 13 19 35 92 39 70 111 37
Yes 117 83 56 81 3 8 17 30 193 64
Total 141 100 69 100 38 100 56 100 304 101

northwestern Ethiopia ranged between May 31 and June 15 for two modern varieties.
Given varietal responses to planting dates and seed rates, it would be rather difficult to
ascertain whether farmers observe the actual optimum planting dates. It is important
that farmers are aware of varietal differences and apply the appropriate recommen-
dations to maximize production.

Usually, wheat is broadcasted by hand and covered by oxen ploughing at a variable
depth of 5-15 cm to facilitate crop establishment. The recommended seed rate is 150
kg ha™ for hand broadcasting (125 kg ha™' for drilling) both for bread and durum
wheat (IAR, 1990). There are also location and varietal specific recommendations but
these are not widely popularized or used by farmers. The mean seed rate according to
the survey data was 154.7 kg ha™' (SD=43.4; n=302), and 39.1% of the farmers used
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the recommended rate (data not shown). There was an interesting variation among
regions in seed rate: almost all farmers who planted less than the recommended rate
(25.2%) were from West Shoa, North Shoa and East Gojam, whereas almost all
farmers who used more than the recommended rates (35.8%) were from the Arsi zones
(data not shown). Such regional variation in seed rate has also been observed for
barley (Woldeselassie, 1999) and for faba bean (Bishaw et al., 1994).

Lower seed rates than the normal recommended packages were also reported for the
central highlands (Beyene and Yirga, 1992a) and this could be attributed to the land
preparation methods that require less seed. Some attribute low seed rate use to limited
fertilizer application and less problems with weeds. Increased seed rate is used as a
weed control strategy or may be associated with the farmers’ lack of prior knowledge
on germination potential of seed planted. Moreover, poor emergence due to short
coleoptiles or poor tillering capacity of modern varieties and traditional hand
broadcasting which requires more seed rate (20-30%) than drilling may contribute to
high seed rates (Tanner et al., 1991). Although farmers claim that certified seed is
expensive some of them plant as much as 1.3-1.6 times the recommended rate of
uncertified seed, a quantity which is almost equivalent to the price of the normal
amount of certified seed.

Perception of Soil Fertility Farmers’ perception of soil fertility (Table 2.6) did not vary
significantly among different zones. About 57% of the farmers considered their land
suitable for wheat production and fertile in terms of productivity, whereas 39%
considered it of intermediate fertility. The remaining 5% of farmers considered their
land of low soil fertility. In general, wheat is produced in relatively favourable
environments in the highlands with adequate rainfall for the whole growing period.
Moreover, bread wheat is grown on well-drained soils compared to durum wheat
which is planted predominantly on poorly drained soils (Tarkegene et al., 1999).

Table 2.6. Farmers’ perception of soil fertility in different wheat production regions in

Ethiopia.

Soil fertility Arsi West Shoa North Shoa East Gojam Total
status Farmers % Farmers % Farmers % Farmers % Farmers %
Good 84 60 51 74 18 47 19 34 172 57
Medium 50 36 16 23 19 50 32 57 117 39
Poor 7 5 2 3 1 3 5 9 15 5
Total 141 101 69 100 38 100 56 100 304 100
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Fertilizer Use and Application The use of manure (organic fertilizer) has decreased
with the introduction of inorganic fertilizers and declining livestock population
(Asamenew et al., 1993). Inorganic fertilizers are popular with farmers and shown to
be profitable in wheat production both with modern and farmers varieties (Yalew,
1997b). Despite high adoption rates, there are major technical constraints such as
conflicting recommendation rates arising from the national agricultural research
system and the Ministry of Agriculture (Extension Project Implementation
Department, National Fertilizer Input Unit). The two most commonly used inorganic
fertilizers were DAP (18-48% N-P,0s5) and Urea (46% N) as source of nitrogen and
phosphorus throughout the country. The ‘blanket’ fertilizer recommendations of EPID
is 100 kg ha™' DAP and 50 kg ha™' Urea, i.c., 41 kg N ha™' and 46 kg P,Os ha™' all
applied at planting time for all agro-ecological zones, soils and crops. The National
Fertilizer Input Unit made region-based general recommendations without due
consideration to differences in agro-climates and soil types. The IAR recommen-
dations differentiate fertilizer rates between wheat and soil types, but based on colour
rather than the nutrient status of the soil (IAR, 1990).

A total of 294 farmers (96.7%; n=304) applied fertilizer to their wheat crops using
DAP (95.5%) and/or Urea (66.1%) in various combinations including as a single dose
at planting or split application (Table 2.7). One hundred eighty eight farmers applied
DAP and Urea together (61.8%) usually as mixtures of which nine applied additional
urea as split and 13 applied Urea as a split only (not use Urea at planting). The
remaining 106 farmers either applied DAP (102) or Urea (4) only at planting time. In
general, there was no significant difference among the regions in the trend and rate of
fertilizer usage. In contrast, Ferede et al. (2000) found that 92% of sample farmers
applied DAP but substantially lower percentages (26%) applied Urea in southeastern
Ethiopia. Moreover, 32% of farmers who adopted Urea practised split application,
slightly higher than our findings.

Fertilizer is applied by hand broadcasting at planting time usually mixed with seed,
broadcasted and then incorporated into the soil using a local plough called maresha.
Almost 91.7% of DAP (n=290) and 99.5% (n=179) of Urea was applied using this
method. However, about 22 farmers applied Urea as split by hand broadcasting during
the vegetative stage of the wheat crop.

In recent years inorganic fertilizer import and use show a progressive increase, but
further analysis of the application rates showed a serious gap between the
recommended rate and the actual amount used by the farmers. The mean fertilizer
application rates for DAP and Urea were 82.4 (SD=24.9) and 75.1 (SD=29.2) kg ha ™',
respectively showing large variation in the amount of fertilizer used. The blanket
recommendation of EPID appeared to be the most widely adopted practice used by
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farmers. From all farmers who used fertilizer only 122 (40%) reached the minimum
EPID blanket recommendation of 100 kg DAP and 50 kg Urea (41 N; 48 P,Os) per ha
(Table 2.7). The percentage of sample farmers applying fertilizers below the
recommended rate would increase substantially if the current blanket fertilizer
recommendation from EARO is considered. Under such circumstances, it is difficult to
ascertain if potential yield of modern variety reaches the desired level of production
and productivity. The chronic shortage of fertilizer, higher prices due to removal of
subsidies and falling output prices in reasonable harvest years are the main problems
associated with low rates of application. Moreover, farmers may revert to use of local
landraces in the absence of fertilizers or when they anticipate the problem of
waterlogging due to high rainfall (Beyene and Yirga, 1992a). In previous surveys
almost all farmers in Arsi region applied fertilizer with the average rate of 60 kg ha™'
DAP with the range of 33 to 125 kg ha™' (Yirga et al., 1992). Beyene et al. (1991)
reported that DAP is the most common fertilizer used by the farmers. In central
Ethiopia, results of on-farm trials showed that application of 64 and 20.9 kg ha™
nitrogen and phosphorus, respectively, is economically profitable compared to lower
fertilizer rates applied by farmers (Negatu and Mwangi, 1994) and advocated
favourable policy environment for provision of fertilizers and other inputs to increase
durum wheat production. Moreover, differences in fertilizer application based on agro-
ecological zones were also reported where 90% of farmers in the highlands and mid

Table 2.7. Farmers’ use of fertilizers and rates of application for wheat production
(n=304).

Fertilizer type Arsi West Shoa North Shoa East Gojam Total
and rate (kg ha™') Farmers % Farmers % Farmers % Farmers % Farmers %
DAP

Less or equal 50 48 15.8 25 8.2 15 4.9 11 36 99 326
51- 75 3 1.0 0 0.0 3 1.0 1 03 7 23
76 - 100 85 28.0 36 11.8 17 5.6 43 14.1 181 595
More or equal 101 2 07 0 0.0 0 0.0 1 03 3 10
Total 138 454 61 20.1 35 11.5 56 184 290 954
Urea

Less or equal 50 41 13.5 17 5.6 14 4.6 27 89 99 326
51- 75 0 0.0 0 0.0 4 13 2 0.7 6 2.0
76 - 100 29 95 23 7.6 11 3.6 26 86 89 293
More or equal 101 2 07 0 0.0 5 16 0 0.0 7 23
Total 72 23.7 40 13.2 34 11.2 55 18.1 201 66.1

47



Chapter 2

highlands and 50% in the lowlands apply fertilizer for crop production (Gebeyehu et
al., 2002).

In recent years, a series of zone-specific on-farm fertilizer response trials have been
conducted for wheat varieties to derive optimum N and P recommendations in major
growing regions (Gorfu et al., 1991) and differences in variety response have been
reported for yield and nutrient uptake, efficiency and recovery (Geleto et al., 1995,
1996), including economic benefits of fertilizer use (Tanner et al., 1999). In light of
available information on changes of farming systems and new spectrum of wheat
varieties it is obvious that previous fertilizer recommendations need to be verified or
modified (Tanner et al., 1999; Tarekegne et al., 1999). There is also concern that
farmers using DAP as sole fertilizer, deplete N and reduce soil fertility. From 1998
onwards, an increase in fertilizer demand of 16% for DAP and 11% for Urea year'
was projected (Tanner et al., 1999). However, socio-economic constraints such as
availability, access and prices are still limiting optimum rate of application for wheat
production (Beyene and Yirga, 1992b; Gebeyehu et al., 2002). The price of fertilizer
was more than doubled from 90 and 81 Eth. Birr for DAP and Urea, respectively to
over 200 Eth. Birr per 100 kg for both types of fertilizers by late 1990s. Therefore, it is
essential to develop robust fertilizer recommendations for wheat farmers in Ethiopia
(Tanner et al., 1999).

Herbicide Use and Application Farmers considered weeds as important wheat
production constraints and named several broadleaf and grass weed species (see
Chapter 4). Weeds cause severe adverse effects on wheat including reduced grain yield
and quality. Yield losses from weeds could reach up to 36% in bread wheat (Beyene €t
al., 1991). Application of herbicides or hand weeding are the two most commonly
recommended weed control measures. For wheat single hand weeding or use of 2,4-D
(U46), a selective herbicide against broadleaf weeds, is recommended at the rate of 1 1
ha™" about 30 to 35 days after emergence. Farmers are aware of 2.4 D and it is widely
used (63.5%; n=304) for weed control in wheat because of its relatively low cost and
availability. From those farmers who use herbicides, only 37.3% apply the
recommended rate and 50.8% apply half the recommended rate. Beyene et al. (1991)
reported that 2,4 D is the most widely used herbicide by farmers. Girma et al. (2000)
found that from farmers who applied herbicide, about 71% applied less than the
recommended rate (48% half or less than half). Ferede et al. (2000) also found that
63% of farmers adopted chemical weed control (2,4-D), but on average applied a sub-
optimal rate of 0.46 1 ha™' for wheat production. Moreover variation at district level
was also reported where farmers in Asasa on average applied a rate close to the
recommended rate (1 1 ha™') compared to farmers in the Ethaya district who applied
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less than half the recommended rate (0.45 1 ha™') in the Arsi zone (Hassena et al.,
2000).

Moreover, 35.7, 59.1 and 5.2%, respectively, applied the herbicide 30-35, 40-50
and 50 days after emergence. There was significant regional variation in the use of
herbicides. Among farmers (n=193) who applied herbicide 60.1% and 29% were from
Arsi and West Shoa, respectively. In case all sample farmers across the four regions
are considered (n=304) the number of farmers who applied herbicides would drop to
38.5 and 19% in the Arsi and West Shoa regions. Beyene and Yirga (1992b) reported
that over 40% of farmers apply herbicides in central highlands of Ethiopia. Negatu and
Mwangi (1992) also found that application of herbicides is economic on wheat under
government controlled price levels in central Ethiopia. Gebeyehu et al. (2002) also
found variation among agro-ecological zones where 75% and 15% of farmers in
highland and lowland areas, respectively, apply herbicide for wheat production.
Hassena et al. (2000) also reported regional differences in the Arsi zone where
herbicides were applied to only 34% of wheat plots in Asasa compared to 66% in
Ethaya.

Sahile and Workiye (1997) found that monocropping of wheat (or rotation with
other cereals) coupled with continuous use of phenoxy type herbicides caused a shift
in weed population from easy to control annual broadleaf weed species towards
problematic annual grasses and resistant broadleaf weed species. Moreover, lack of
adequate knowledge in proper application techniques and lack of equipment (sprayers)
may result in inaccurate dosage, which is un-economic, reduces the efficacy and may
lead to herbicide tolerance of weeds (Tessema et al., 1999; Girma et al., 2000). In
some parts of Ethiopia, farmers do not practise weeding and weed species such as
Phalaris are left in the field until crop maturity where they can be used as livestock
feed. Moreover, any late coming weeds are used for stubble grazing following the crop
harvests. Both practices have substantial influence on the yield of wheat crops. Beyene
and Yirga (1992a) made a similar observation in the central highlands of Ethiopia.

Development of appropriate crop production technologies requires a thorough
understanding of site-specific problems. Agricultural researchers must know farmers’
production constraints. Such a client-driven approach is rather new in many
developing countries. Sometimes it remains questionable if at all the new technology
is relevant to the need of farmers. Does the technology meet the technical, biophysical
and socio-economic expectations of farmers? If so, why are farmers not adopting the
new technology? If that is purely lack of awareness, then farmers should be made
aware by popularizing and demonstrating the new technology. McMullen (1987)
suggested that the extension system should create a linkage between plant breeders and
farmers through seed producer demonstration plots.
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Wheat production is affected by the interplay of wide range of biophysical
(climatic, soil, etc.) and socio-economic factors and therefore site-specific recommen-
dations are necessary. Apart from use of modern varieties, the main technological
packages recommended for wheat production include application of fertilizers (rate,
type, time), pesticides (herbicide, insecticides), and agronomic practices (seed rate,
planting date, etc.). However, the wheat production guidelines are general and mostly
lack variety and site specific recommendation (IAR, 1990) and are based on altitude
and rainfall patterns. In recent years, more detailed advice is emerging on varietal
adaptation (Gebeyehu, 1988; Geleta et al., 1992), agronomic management practices
(Tarekegne et al., 1999), use of chemical inputs and their economic benefits (Tessema
and Tanner, 1999; Tanner et al., 1999) for bread wheat production.

2.9.5. Farmers Adoption and Perception of Wheat Varieties

Wheat Varieties Grown by Farmers Since the 1950s several modern varieties of bread
(49) and durum (16) wheat were recommended or released for use by farmers in the
highly diverse agro-ecological regions of the country (Gebremaraim, 1991b; Tesemma
and Belay, 1991; Gurmu et al., 1998; NSIA, 2000). Eleven bread and three durum
wheat varieties were released during or after the survey years. Most of the old and new
released varieties are introductions from CIMMYT and Kenya with very few
selections from Ethiopian local landraces.

During the 1997/98 cropping season, 31 modern and farmer varieties of bread and
durum wheat were grown across the region by sampled farmers (Table 2.8). Most
farmers grew bread wheat (86%) whereas the remaining planted durum wheat varieties
(14%). Farmers grew three broad categories of wheat varieties, i.e., recommended,
‘obsolete’ or local landraces. The recommended varieties are those developed by
agricultural research, officially released and currently under commercial production. In
theory, the seed is available from formal sources where it is multiplied and distributed
by the national seed programmes. ‘Obsolete’ varieties are those introduced from
elsewhere or released in the recent past, but no longer on the recommended list. These
varieties are considered having low yield or agronomic potential and are therefore
removed from recommended list and certified seed is no more marketed by the formal
sector. They can be considered as farmers’ varieties and generally remain as mixtures
of modern and/or local landraces. Local landraces are long established farmers’
varieties or those varieties of which precise origin or any history of formal crop
improvement are not clearly known.

In 1997/98 crop season farmers grew eight recommended, three ‘obsolete’ and four
local landraces of bread wheat (Table 2.8). The eight recommended bread wheat
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Table 2.8. Patterns of bread and durum wheat varieties and landraces grown by

farmers in different regions of Ethiopia.

Wheat types ~ Variety (Origin) Year Arsi West North East Numberof %
released Shoa Shoa Gojam respondents responses

Bread wheat

Recommended Dashen (CIYMMT) 1984 11 15 1 1 28 6.4
Enkoy (Ken/Eth) 1974 - 5 - 3 8 1.8
ET 13 (Ethiopia) 1981 - 27 30 31 88 20.1
HAR 1685 1995 48 1 - - 49 11.2
HAR 1709 1994 - - - 21 21 4.8
HAR 710 1995 34 2 - 1 37 8.4
K6295 (Kenya) 1980 2 5 - 2 9 2.1
Pavon (CIYMMT) 1982 90 - - - 90 20.5
HAR 416 (CIYMMT) 1987 1 - - - 1 0.2

Obsolete Batu (CIYMMT) 1984 27 - - - 27 6.2
Kenya (Kenya) 1954 - 7 - - 7 1.6

Local Goli - 3 - - 3 0.7
Israel 5 - - - 5 1.1
Menze - - 1 - 1 0.2
Zombolel - - - 3 3 0.7
Subtotal 218 65 32 62 377 86

Durum wheat

Recommended Boohai (CIYMMT) 1982 - 3 - - 3 0.7

Local Guande - - 1 - 1 0.2
Baghade - 7 - - 7 1.6
Baherseded - 8 - - 8 1.8
Enat sende - - 8 - 8 1.8
Enat zer - - 1 - 1 0.2
Gojam gura - - 5 - 5 1.1
Gotoro - 2 - - 2 0.5
Key sende - 2 - - 2 0.5
Legedadi - 1 - - 1 0.2
Local - - 8 5 13 3.0
Nech shemet - - 2 - 2 0.5
Rash (Ruso?) - 1 - - 1 0.2
Shemame - - 2 - 2 0.5
Shemet - - 4 - 4 0.9
Tikur shemet - - 1 - 1 0.2
Subtotal - 24 32 5 61 13.9
Total' 218 89 64 67 438 100

' 186, 102 and 16 farmers grew, respectively, one, two and three bread and durum wheat

varieties.
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varieties, namely: Dashen, Enkoy, ET 13, HAR 416, HAR 710, HAR 1685, HAR
1709, K6295 and Pavon altogether were planted by 75.5% of farmers. However, the
two older varieties released in the early 1980s, ET 13 and Pavon, almost occupied the
highest proportion and were planted by 40.6% of these farmers. Pavon, originally
released for irrigated lowlands, was predominantly planted across all surveyed districts
in Arsi whereas ET 13 was planted across the other three regions. Increasing trends in
proportion of farmers growing and area cropped to Pavon in the Arsi region (Ensermu
et al., 1998) and ET 13 in northwestern Ethiopia (Hailye et al., 1998) have been
reported. Hassena et al. (2000) also reported that most commonly grown varieties were
Pavon (38.3%) followed by Batu (25.11%) and Dashen (23%) in Asasa and Etheya
districts of the Arsi region.

The new HAR bread wheat varieties were released in the mid 1990s, and fairly
widely grown in Arsi (HAR 1685, HAR 710) and East Gojam regions (HAR 1709) by
one quarter (25%) of farmers surveyed. HAR 1685 (Qubsa) and HAR 1709 (Mitikie)
were released on a national scale because of wider adaptation and better grain yield
and stability (Tanner et al., 1999). Kotu et al. (2000) observed high adoption of HAR
1685 and HAR 710 (Wabe) by farmers in the Aadaba and Dodola districts of the Bale
region in southeastern Ethiopia. Similar results were also reported in the Arsi region in
southeastern Ethiopia (Ferede et al., 2000). Pavon and HAR1685 were widely adopted
and appeared to be important in suitability scoring by farmers in south central Ethiopia
(Gebeyehu et al., 2002). HAR 1709 shows less response to fertilizer and is, therefore,
popular with farmers in northwestern Ethiopia where fertilizer use is minimal
(Tarekegne et al., 1999).

There was a remarkable shift in the proportion of bread wheat varieties grown by
farmers in the Arsi region. In a previous survey it was reported that about 33.8 and
25.5% farmers, respectively, grew Dashen and Enkoy (Bishaw et al., 1994). Similar
results were also found by (Ensermu et al., 1998; Alemayehu et al., 1999a) and
elsewhere in the country (Beyene et al., 1998). Dashen and ET 13 were also found to
be better performing in northwestern Ethiopia (Geleto et al., 1990) compared to local
varieties such as Israel. However, Dashen became susceptible to yellow (stripe) rust
and Enkoy to stem rust and both lost their popularity with farmers. Meanwhile, in
some areas farmers grew Dashen at lower altitudes and Enkoy at higher altitudes
outside their optimum recommendation domain to overcome the disease problem. In
the absence of new varieties, many farmers reverted to less popular older varieties with
moderate tolerance to important rust diseases such as Pavon and ET 13. Later surveys
also showed wider adoption of these varieties (Ferede et al., 2000). Farmers in Arsi
were quicker to change and adopt newer varieties compared to their counterparts
elsewhere in other parts of the country. The persistence of older varieties, however,
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reflected the lack of a new generation of wheat varieties with durable resistance, better
and stable yield across different regions. This illustrates not only the weakness of the
formal sector seed production and distribution but also of the national agricultural
research system.

The ‘obsolete’ bread wheat varieties were grown by 8% of farmers, mostly
occupied by Batu and grown in Arsi region. Some bread wheat varieties introduced in
the early 1950s such as Kenya are still grown in small pockets and used by small-scale
farmers. Israel is of unknown origin and was planted by 21.5% of farmers (Bishaw et
al., 1994), but now grown by a small proportion of farmers in Arsi. Israel and durum
wheat landraces such as Tikur sende were previously grown by farmers because of
their preferred food quality, grain colour and performance in poor soil (Ensermu €t al.,
1998). Menze (Beyene and Yirga, 1992a) and Zombolel (Hailye et al., 1998) are local
landraces grown in central and northwestern parts of the country.

The number of modern durum wheat varieties released from formal research is
limited owing to difficulties of developing varieties with wider adaptation and high
yield compared to bread wheat (Tesemma and Belay, 1991). Although some varieties
are on the recommended list, commercial seed production and marketing by the formal
sector remains insignificant. Most farmers in traditional durum wheat growing areas of
central and northwestern Ethiopia are shifting to bread wheat because of high yield
and better agronomic performance including grain colour, grain size and tolerance to
pests. About 0.7% of surveyed farmers planted Boohai whereas the remaining 13.3%
of farmers grew a wide range of local landraces, mostly in West Shoa, North Shoa and
East Gojam regions where the penetration of bread wheat is taking place at a very
rapid pace. Baherseded, Baghede, Enat sende, Gojam gura, Shemet, Tikur sende were
some of the local durum landraces grown by farmers (Hailye et al., 1998; Beyene and
Yirga, 1992a; Negatu et al., 1992; Tanner et al., 1991). However, farmers who grew
local landraces only (n=23) all had information about the new varieties, but could not
grow it either because of poor adaptation or lack of seed.

The proportion of farmers who grew obsolete and/or local wheat varieties only was
13.9% (n=42 out of 304), i.e., 23 (7.6%) for bread wheat and 19 (6.3%) for durum
wheat. The remaining 29 farmers who grew local landraces of durum wheat also
planted modern wheat varieties as a second crop. It is assumed that the durum wheat
area is still larger than the bread wheat area whereas recent studies suggested
otherwise: that more farmers were adopting and expanding the bread wheat area.
Zegeye et al. (2001) made similar observations in northwestern Ethiopia. A more
detailed study would be required to assess the actual pattern of modern varieties used
for wheat production on a national scale.

Some recent studies have shown high adoption rates of modern varieties of bread
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wheat across different wheat growing regions (Yirga et al., 1996; Ensermu €t al.,
1998; Beyene et al., 1998; Hailye et al., 1998). Negatu et al. (1992) also found that
94% of sampled farmers in predominantly durum wheat producing areas in the central
highlands grew five modern wheat varieties. About 63% of these farmers were
formerly used to grow as many as 27 durum local landraces, but abandoned them
primarily due to lack of seed or resistance to diseases and pests. Similarly, Ensermu et
al. (1998) also indicated that farmers could name nearly 50 wheat varieties and local
landraces previously grown, but that those were no longer in production except a few
landraces and currently recommended modern varieties. Zegeye €t al. (2001) reported
a dramatic increase in the rate of adoption of modern wheat varieties from less than
1% in 1981 to 72% in 1998 in northwestern Ethiopia particularly following the new
extension package programme started in the 1990s.

The area allocated to wheat production is given in Table 2.9. The mean area
allocated to wheat is 2.8 ha. Almost 60% of farmers allocated less than 0.50 ha on
their farm to wheat. The average area of 1.33 ha allocated to modern varieties was
higher than that of farmers’ varieties (0.56 ha).

In case of local landraces about 76.4% (n=55) of farmers allocated less than 0.50 ha
whereas for modern varieties 42.7% (n=281) allocated less than one ha. This shift in
farmers practice is due to the perception of better return owing to the expected higher
productivity of modern varieties as compared to local landraces, which are generally
low yielding.

Table 2.9. Area allocation for bread and durum wheat crop production in different
regions of Ethiopia.

All wheat varieties Modern varieties Farmers’ varieties

Area in ha (n=438) (n=281) (n=60)
Farmers % Farmers % Farmers %

<0.50 ha 259 59 120 43 47 78
0.51-1.00 ha 99 23 62 22 8 13
1.01 -1.50 ha 28 6 24 9 3 5
1.51-2.00 ha 30 7 36 13 2 3
>2.01 ha 22 5 39 14 - -
Total 438 100 281 100 60 99
% 92.4 19.7
Mean 2.8 1.21 0.56
SD 1.8 1.06 0.36
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Fig. 2.3. Patterns of area allocation for wheat production in Ethiopia.

The land allocation for wheat production showed a decline in smaller plots of less
than 0.25 ha and use of plots of 0.51 to 0.75 ha (Fig. 2.3). There appears to be a trend
to allocate more area for wheat production. This could possibly be explained by the
fact that more farmers are shifting from local landraces of durum wheat for which they
allocate small plots towards adopting modern varieties and expanding their areas. In
the 1997/98 crop season 49% of farmers allocated 50% of their farm land to wheat
(data not shown). According to Kotu et al. (2000), 28 and 15% of adopters and non-
adopters of modern wheat varieties indicated decreasing their total area under local
wheat varieties over time. If the trend continues it may threaten not only wheat
landraces, but also the diversity of other crops on the farm as more land is being
allocated to few bread wheat varieties. However, the observations made are of limited
duration and inconclusive and require monitoring over a longer period.

In Ethiopia, growing crops in mixtures such as wheat and barley (Woldeselassie,
1999); faba bean and field pea (Beyene et al., 1998); intercropping tef with saftflower,
sunflower and rapeseed (Ketema, 1997); intercropping faba bean with linseed (Beyene
and Yirga, 1992a) and beans with maize or sorghum (Mekbib, 1997) is a common
practice in some parts of the country. These are farmers’ strategies of crop diversifica-
tion, resource use maximization, disease control and/or maintenance of household food
security. Naturally farmers’ local landraces can be considered as blends or mixtures of
different lines. There is credible evidence to suggest that farmers use variety mixtures
of modern varieties with local landraces. About 27 (8.9%; n=304) farmers reported
using variety mixtures of modern varieties and/or local landraces in different
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proportions and combinations. From the total, five farmers used variety mixtures of
modern varieties, 20 farmers used mixtures of local landraces and two farmers used
mixtures of modern and local landraces. In most cases two-way mixtures in equal or
more proportions were used except in one case where three local landraces were mixed
for use. Hailye et al. (1998) reported that most wheat varieties grown by farmers are
found in mixtures of a modern variety (Enkoy) and a local landrace (Zombolel) in
northwestern Ethiopia. Geberemariam (1991b) reported some studies with wheat vari-
ety mixtures and found that mixtures on average gave 5% more yield and the mixtures
of disease susceptible varieties had 6-10% heavier kernel weight than in pure stands.

Perception of Wheat Varieties Farmers were interviewed in an open-ended question-
naire and specifically encouraged to identify wheat varieties they grew during the
season and to provide as much information as possible and to rank them according to
their perceptions (Table 2.10). Every effort has been made to avoid a ‘yes’ or ‘no’
answer on farmers’ preferences by using an array of questions in predetermined format
asking them to rate a particular character of the variety over another. Farmers identi-
fied as many as 26 technological and socio-economic factors for growing a particular
modern wheat variety or a local landrace on their farm. Data are recorded only for
those characteristics farmers perceived as important and on which they provided
qualitative assessments.

Although farmers identified many varietal characteristics, grain yield, food quality,
marketability, grain colour and grain size appeared to be most important in both crops
and all regions (Table 2.10). These results are in agreements with other findings in
central (Negatu et al., 1992; Negatu and Parikh, 1999), southeastern (Alemayehu et
al., 1999a) and northwestern (Agidie et al., 2000) major wheat growing regions of
Ethiopia and elsewhere (Mwanga et al., 1999). This is not surprising as the final desti-
nation of the product has a strong influence on the choice of the varieties to grow.
About 98.7% and 91.8% of farmers surveyed used the grain for home consumption
and producing surplus for marketing, respectively. Wheat is the second most important
cash crop for small farmers after tef (Tarckegne et al., 1999). In the Ethiopian grain
market, there is a strong price difference based on grain colour for cereals including
wheat (Adissu, 1991; Agidie et al., 2000) where the prices can go up to one-third
depending on the crop and location. White kernel seeded wheat varieties fetch better
price than brown/red or mixed colour types because of consumer preferences for food
preparation (Addisu, 1991) whereas for making local drinks the choices are less
pronounced and the coloured once are more preferred (Belay et al., 1995).

Wheat varieties were rated fairly for agronomic characters such as straw yield and
quality because of its wider use as feed for livestock, fuel for household or for house
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Table 2.10. Farmer’s perception of selected wheat varieties currently grown in
different regions of Ethiopia (n=436; Frs=number of farmers).

HAR HAR Enat

Farmers’ 1685 710 Pavon Dashen Batu ET 13 Baherseed sende Total'
Perception Frs % Frs % Frs % Frs % Frs % Frs % Frs % Frs % Frs %
Grain yield 30 61 23 62 75 83 24 8 25 93 69 79 5 63 0 0 317 73
Grain size 7 14 10 27 23 26 5 18 2 7 21 24 3 38 0 0 87 20
Grain colour 12 24 15 41 35 39 8 29 6 22 26 30 7 8 1 13 134 31
Food quality 25 51 19 51 71 79 23 82 25 93 72 83 7 8 6 75 336 77
Marketability 20 41 23 62 69 77 20 71 25 93 65 75 6 75 2 25 303 69
Straw yield 4 8 3 8 4 4 1 4 0 0 22 25 1 13 2 25 48 11
Straw quality 6 12 2 5 6 7 2 7 0 0 19 22 2 25 3 38 59 14
Lodging tolerance 6 12 6 16 3 3 4 14 0 0 11 13 0 0 1 13 35 8
Shattering tolerance 3 6 0 0 3 3 0 0 1 4 2 2 0 0 0O 0 10 2
Frost tolerance 36 1 3 2 2 1 4 2 7 7 8 0 0 0 0 21 5
Drought tolerance 1 2 0 1 1.0 0 0 0 5 6 1 30 0 9 2
Disease tolerance 9 18 6 16 10 11 2 7 4 15 29 33 1 3 0 0 75 17
Pest tolerance 4 8 1 3 4 4 1 4 1 4 8 9 1 30 0 29 7
Less fertilizers o o0 o0 o0 1 1 0 O O 0 1 1 1 13 2 25 14 3
Lessneed forwater 0 O 1 3 2 2 0 O O 0 2 2 1 30 0 9 2
Low soil fertility 0 0 2 5 4 4 1 4 2 7 5 6 1 13 1 13 17 4
Others 12 24 7 191719 2 7 8 30 6 7 0 0 0 0 64 15
Total 49 100 37 100 90 100 28 100 27 100 87 100 8 100 8 100 436 100

! Figures include all varieties grown by farmers.

construction, although less considered in the breeding programmes. Despite the
emphasis of breeders on agronomic characteristics such as tolerance to insect pests,
lodging, shattering, frost, etc., farmers have a limited appreciation of these criteria and
the varieties were rated as poor or very poor.

ET 13 was favoured by farmers because of its high yield (79%; n=87), marketability
(75%) and food quality (83%), but less so for grain size and colour. It was also rated
high for its straw yield and quality (>33%) and tolerance to diseases (33%) compared
to other bread wheat varieties. Agidie et al. (2000) also reported that farmers rated ET
13 high for its resistance against foliar diseases in northwestern Ethiopia. Moreover,
most farmers liked Dashen, Batu and the newly released ‘HAR’ varieties for their
yield, marketability and food quality. It was reported that ET 13 has better competition
with weeds, ease of harvesting and bundling, greater height and white grain colour and
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is most preferred by farmers, in contrast to Dashen which is poor in weed competition,
difficult in harvesting and bundling and susceptible to stripe rust (Tanner €t al., 1991).
K6295 was less favoured because of low yield, red grain colour and poor food quality.
Enkoy was superior to Dashen, especially under conditions of low soil fertility and
high weed competition, where it gave 49% better yield (Gebre et al., 1988). Pavon was
rated for its high yield (75%; n=90), marketability (77%) and food quality (79%), but
less so for grain size and colour. Pavon was previously found resistant to leaf and
stripe rust. Pavon and HAR1865 were widely adopted and appeared to be important in
suitability scoring by farmers elsewhere in south central Ethiopia (Gebeyehu et al.,
2002). Farmers identified high yield, resistance to sprouting and lodging, seed colour
and size, and baking quality as important agronomic characters and their perceptions
about some of these characteristics positively influenced their adoption of modern
wheat varieties (Kotu et al., 2000).

Some bread and durum local landraces are highly preferred by farmers because of
their unique adaptation to varied agro-ecological zones, more stable yield and grain
quality characteristics, marketability and traditional food preparation. Baherseed is a
local durum wheat variety and was rated highly for yield, grain colour, food quality,
marketability, but less so for straw yield and quality. However, farmers prefer Enat
sende for food quality, straw quality and yield, marketability, but not for yield, grain
size and colour. Israel is a local bread wheat variety uniquely appreciated by farmers
across regions because of yield, grain colour, good bread quality, strong and long
straw, disease resistance, performance in light soil, frost tolerance and marketability
(Negatu et al., 1992). The variety appeared to be widely grown and popular throughout
major wheat growing area of the country, although its exact origin is not known.
According to Beyene and Yirga (1992a) Gounde is a local durum wheat preferred by
farmers for its tolerance to waterlogging, high straw quality for livestock feed, good
taste, performance under unfertilized condition and its vigorous growth and better
competition with weeds.

A similar questionnaire was also administered to farmers to find out what their
‘ideal” wheat variety for adoption. The results indicated that grain yield (91.7%), food
quality (50.7%), marketability (42.8%) and grain colour (23.4%) were rated as very
important for farmers to adopt new variety (Table 2.11). Moreover, tolerance to pests
was considered very important to important by 50% of the farmers showing farmers’
awareness of the susceptibility of the existing wheat varieties. The major wheat
production regions of southeastern Ethiopia had experienced major stripe rust
(Puccinia striformis) epidemics in 1977, 1980-83 and 1986 and yield losses of up to
40% were registered on some commercial varieties (Badebo and Bayu, 1992).
Moreover, according to the survey results about 78.6% (n=304) of sample farmers
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Table 2.11. Farmers’ perception and criteria for adoption of new wheat variety in

Ethiopia.
Varietal characteristics Very important Important Less important
%' (n=304)

Grain yield 91 2 0
Grain size 20 3 0
Grain colour 23 8 1
Food quality 51 17 1
Marketability 43 16 1
Storability 4 2 0
Straw yield 8 7 0
Straw quality 7 13 0
Strong straw 0 1 0
Lodging resistance 6 1 0
Shattering resistance 1 3 0
Frost resistance 8 6 1
Drought tolerance 4 4 1
Disease resistance 36 15 2
Pest resistance 3 1 0
Yield with less fertilizers 5 2 1
Yield with less rainfall 0 | 0
Performance in poor soil 8 2 0
Adaptation (plant height) 15 0 0
Weed competition 7 0 0
Early maturity 1 0 0
Waterlogging 3 0 0

! Figures do not add to 100% because of multiple responses.

considered rusts as important wheat production constraints. As a result farmers showed
their concern on less durability of the modern varieties released from the research
programme (Yirga et al., 1992). Dashen, one of the most productive wheat varieties
released in the country, became susceptible after its second year of entering
commercial production and dramatic high adoption rates in Arsi region. HAR 1685
and HAR 604 were broadly adapted and clearly superior, in terms of grain yield
potential, yield stability and seed characteristics (Yalew et al., 1997a). Farmers also
recognized the shortcomings of modern varieties which were found to give higher
yields under favourable soil fertility through use of chemical fertilizers and favourable
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rainfall conditions. Seed colour and end-use quality (bread and injera) reported to be
important post-harvest criteria by farmers in selecting new bread wheat varieties in
northwestern Ethiopia (Agidie et al., 2000). They also reported that ease of grinding,
flour volume per unit of grain, water absorption of the flour, elasticity and extensibility
of the dough as well as bread and injera (‘eye’ size, product colour and elasticity)
quality as important criteria.

Most farmers (90.1%; n=304) considered the varieties they grew adapted to their
agroclimatic zones whereas 3.2% doubted the suitability to their local condition.
However, 6.7% of farmers grew the varieties for the first time and had reservation if
the new variety will meet their expectations. The actual yield obtained during the
previous three years and the expected yield potential during the survey year are given
in Fig. 2.4. The number of farmers expecting less than 2 t ha™' is falling continuously.
In contrast the number of farmers expecting higher productivity (i.e., > 3 t ha™") is
increasing particularly in Arsi and East Gojam as a result of adopting new and better
yielding varieties. During the 1997/98 crop season 46.9% of farmers were expecting a
yield of 3 t ha™' or more. Alemayehu et al. (1999a) also found similar results where
farmers obtained higher yields (3.47 t ha™') compared to the actual average yields
registered nationwide (1.2 t ha™'). Gavian and Degefa (1996) also observed that 4% of
the wheat farmers surveyed produced equal or higher grain yields ha™' compared to the
demonstration plots with equivalent or greater profits. Under improved management
conditions the yield of modern durum varieties can reach as high as 2.5 to 4 t ha™' in
farmers’ fields (Tesemma and Belay, 1991). Other scientists indicated that wheat grain
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Fig. 2.4. Farmers’ perception of productivity of wheat varieties grown in Ethiopia.
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yields ranged from 3-6 t ha™' on the farmers’ field and 5-7 t ha™' at research centres
(Tarekegne, 1996a). Studies of previously released modern varieties showed that there
is a steady increase in yield over time for bread wheat (Tarekegne et al., 1995) and
durum wheat (Tarekegne et al., 1997). Yield increases of 68 (1.5%) and 50-77 (1.77 to
2.21%) kg ha™' each release year, respectively have been observed for durum and
bread wheat varieties released since 1950s. The perception of the technology would
influence farmers’ decision to adopt or not to adopt the new agricultural technology.
Negatu and Parikh (1999) reported the positive effect of farmer’s perception of
modern variety on adoption; and found that grain yield and marketability as most
important varietal characteristics preferred among wheat growers in central Ethiopia.

Patterns of Seed Prices The price of grain changes from year to year depending on the
production level and the weather conditions. In dry years the price increases because
of decrease in grain production whereas in wet years the reverse is true. Since 1991,
the Ethiopian grain market has been deregulated and this by itself is viewed as an
incentive to produce surplus for market. Although farmers are aware of the price
differential between harvesting time and at planting time, most of them sell their
produce at harvest time to pay off debts for inputs purchased on credits from formal
sector or to meet other social obligations. They have limited resources to keep the
produce towards the end of the year to benefit from these price differences. Analysis
of grain price for wheat at planting and harvesting time showed that the price at
harvesting showed less difference than at planting time which coincides with depletion
of reserve grain (Gebeyehu et al., 2002). Fig. 2.5 presents the price of the grain at
harvesting time from 1994 to 1997. The figure showed a declining trend of wheat
grain price at harvest time (a decrease from higher prices of over 100 Eth. Birr to
lower prices of less than 100 Eth. Birr 100 kg™'). The declining grain prices are of
concern in a situation where input prices are increasing and output prices are
decreasing. On the contrary the grain price of new variety is higher than the grain price
of the already existing varieties by at least 1'% times. Ensermu et al. (1998) also made
similar observations in southeastern Ethiopia.

2.9.6. Farmers’ Seed Sources and Seed Management

Farmers Seed Sources A clear distinction should be made between demand for
variety and demand for seed as well as a difference between regular and transient
demand for seed. The decision by farmers to change varieties already adopted is termed
variety replacement, whereas the decision to obtain fresh seed stocks of the same variety
is termed seed renewal (Bishaw and Kugbei, 1997). In both cases, the decision to
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Fig. 2.5. Patterns of wheat grain prices at harvesting time during 1994/95-1997/98
crop seasons.

replace seed may be due to perceived reduction in productivity arising probably from
genetic change and/or deterioration in quality through continuous use of the same
seed.

Small-scale farmers grow as many diverse crops as possible dictated by their
domestic circumstances including the provision of household food security. The
alternatives to source seed for a mix of crops grown are challenging and complex
decision-making processes. Some studies confirmed that farmers are not short of seed
even in case of extreme and recurrent disasters (Rohrbach, 1997), although the extent
of disruption varies between crops, seed sources, farming systems and farmers seed
management practices (Sperling, 1998). Is seed acquisition a simple one step decision
associated with lack of seed on-farm and static as we think or dynamic reflecting
farmers’ response to address specific farming problems? While farm saved seed is the
most attractive alternative there are ample reasons for any off-farm demand for seed
which may include:

. last minute change in cropping pattern due to delay in onset of rain;

« need for replanting because of poor crop establishment or failure;

. introducing new/existing crops on the farm as part of diversification and profit
maximization plan;

« introducing new/better variety of the crop already grown on the farm;

« changing seed because of perceived weaknesses in existing stock such as declining
yield or product quality;
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. seed shortage where not enough quantity is available on hand to plant a crop;
« emergency situation because of manmade and/or natural disasters; and
. out of choice/necessity because sourcing seed off-farm is more convenient/essential.

In some countries subsidized seed price could be the main reason for artificially high
seed demand from the formal sector rather than the actual demand for seed. In general
farmers have four major sources of seed for planting:

. own saved seed from the previous years,

. seed obtained from other farmers (relatives, neighbours),

« seed purchased through local trading (markets, grain traders), and

« seed purchased from the formal sector.

There is an interplay of many technical and socio-economic factors to source seed
from a particular client and how this affects the anticipated benefits and household
food security; availability of reliable information on source, quantity and quality of the
product; proximity and timely availability; price and risks associated with it. Zeven
(1999) gave a historical account of traditional seed replacement practices by farmers in
different countries.

Farmers' Initial Seed Sources for New Wheat Varieties Farmers’ seed source and
acquisition for all wheat varieties grown is presented in Table 2.12. Here we can
distinguish between two aspects: (a) the initial seed source for all wheat varieties
currently grown by farmers; and (b) farmers’ seed source for wheat planting during the
survey year. The formal sector, either through the extension service of Regional
Agricultural Bureau (through its demonstration and popularization programme) or the
Ethiopian Seed Enterprise (a public seed production and marketing organization),
accounts for about 40% of the initial source of seed of the modern wheat varieties
grown by farmers. Some of the varieties released a few years prior to the survey year
particularly the three HARs were at the initial stage of diffusion and the formal sector
was the main source of seed compared to the older varieties. Seed marketing to the
peasant sector was previously handled by the Agricultural Inputs Supply Enterprise. In
recent years, however, the Regional Agricultural Bureau became a major supplier of
seed to farmers and customer of the ESE as part of the agricultural extension package
programme. Moreover, few private companies are also involved in purchasing seed
from ESE and distributed seed to limited number of farmers. The agricultural research
stations played a limited role in dissemination of modern varieties despite their long-
term involvement in on-farm demonstration of technology to farmers.

Likewise the informal farmer-to-farmer seed exchange was the major initial source
of wheat seed particularly for the relatively ‘older’ modern varieties and farmers’
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Table 2.12. Farmers’ initial wheat seed sources and during 1997/98 crop season.

Initial wheat seed source for all Wheat seed sources in 1997/98 crop
varieties (n=436) season (n=438)’

Nr of % of Nr of % of
Seed source farmers responses Seed source farmers responses
ESE 8 1.8 ESE 3 0.7
RAB 170 39.0 RAB 33 7.5
Research 5 1.2
Neighbours/ Neighbours/

Farmers 155 355 Farmers 41 9.4
Traders/Market 67 15.4 Traders/Market 15 34
Relatives 30 6.9 Own seed 346 79.0
State farm 1 0.2
Total 436 100 Total 438 100

! Two farmers obtained seed of the same variety from two different sources.

varieties. The informal sector was an initial source of modern wheat varieties for
57.8% of the farmers where seed was obtained from neighbours/other farmers
(35.5%), relatives (6.9%) or local trading (15.4%). Ensermu €t al. (1998) also found
the local market and other farmers as the main initial source of seed for wheat in
southeastern Ethiopia. Although seed was purchased on the local markets or from
traders, farmers always checked the source of the seed through their acquaintances or
word of mouth (informal). Similar results have been observed for wheat in Pakistan
(Tetlay et al., 1991) and in the central (Beyene et al., 1998) and northwestern (Hailye
et al., 1998) highlands of Ethiopia. In both cases, on average over 70% of Ethiopian
wheat farmers get their initial seed of modern varieties from the informal sector,
although the percentages from each source is slightly different. It was also found that
relatively more small-scale farmers (79.2%) obtained seed of new wheat varieties from
other farmers compared to large-scale farmers (69.8%) in Kenya (Gamba et al., 1999).

Farmers Wheat Seed Sources During the survey year in 1997/98 crop season, the
majority of farmers used seed from the informal sector for planting wheat crop (Table
2.12). About 79% of respondents used retained seed whereas the remaining sourced
their seed off-farm from neighbours (9.4%) and traders (3.4%). The formal sector
accounted for only 8.2%, which is the reflection of its actual performance for typically
self-pollinated crops such as wheat where retained seed is a major source for planting.
Similar results are reported from both developed and developing countries. In Europe,
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for example, the number of farmers using farm saved seed varies from as low as 5% in
Denmark to 50% in Germany and France to as high as 90% in Greece and Spain for
self-pollinating crops such as wheat (Ghijsen, 1996). Similarly, about 80% of farmers
in USA also use wheat seed from informal sources (Stanclle et al., 1984). In a wheat
seed survey in Pakistan, the most common seed source for planting was retained seed
(55-62%), followed by seed from other farmers (21-27%) (Tetlay et al., 1991). Similar
results were also found for wheat in Ethiopia (Bishaw et al., 1994).

Patterns of Wheat Seed Sources The patterns of wheat seed sources over time showed
some changes following significant varietal turnover observed during the mid 1990s
(Fig. 2.6). Acquisition of seed from the formal sector showed some increase as farmers
in Arsi were looking for newly released bread wheat varieties and those in East Gojam
and West Shoa were being exposed to seed from the formal sector. The acquisition of
seed from neighbours, other farmers, traders or markets was consistent and provided
collectively about 20% of the seed each year.

Further analysis of the pattern of seed source showed that about 81% (n=304) used
only one seed source for planting wheat crop whereas 18.4% obtained seed from two
sources during 1997/98 crop season (Table 2.13). Moreover, almost all farmers who
did source seed off-farm from neighbours, traders or formal sector had their own seed
for planting at least one wheat variety. This shows that there is no acute shortage of
seed for farmers to purchase seed from outside sources, but rather reflects their interest
for changing the variety or seed.
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Fig. 2.6. Patterns of wheat seed sources by the sample farmers in Ethiopia.
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The results in Table 2.12 and Fig. 2.6 may indicate the nature and functioning of the
formal and informal sector in wheat seed supply. First, it implies the critical role of the
formal sector in the initial diffusion of modern varieties. The new variety created a
surge in seed demand and thereby a potential market for the formal sector being the
only source for the seed. Second, once the variety entered production local farmers had
several options to acquire seed from different sources. For the formal sector to remain
competitive with the informal sector it should provide newer varieties and ‘inject’ the
seed to the market, instead of trying to sell seed of the same variety to the same group
of farmers who have many alternatives. In developing countries such a radical
approach would enable the formal sector to effectively contribute towards accelerated
adoption and diffusion of new varieties and play a complementary role to the informal
sector. Grisely (1993) advocated similar approaches to ensure rapid diffusion of
modern bean varieties (in Africa).

Farmers Perception of Different Seed Sources Farmers may use various seed sources
for different crops or even for a single crop or variety they grow on the farm. The
analysis of wheat seed sources for the 1997/98 crop season showed that of the 304
farmers surveyed 36, 41, 15 and 346 seed lots were sourced from the formal sector,
neighbours/other farmers, traders/markets or own seed, respectively (Table 2.12).
Farmers were asked why they acquired seed from a particular source and how they
managed this seed.

Formal Sector Seed Source It was reported elsewhere that farmers buy 10% of their
wheat seed for planting every year from the formal sector and multiply that to meet
their total wheat seed requirement for the next planting season as a strategy to reduce
cost. This ingenious approach is rather an exception than a norm, and most farmers
buy certified seed less frequently from the formal sector particularly in less developed
seed programmes where availability of seed and access to credits is a limiting factor.

Table 2.13. Patterns of seed sources for planting wheat during 1997/98 crop season.

Province Seed Sources (n=304)
1 2 3 Total
Farmers % Farmers % Farmers % Farmers %

Arsi 101  71.6 38 27.0 2 1.4 141 46.4
West Shoa 65 942 4 5.8 - - 69 22.7
North Shoa 29 763 9 237 - - 38 12.5
East Gojam 52929 4 7.1 56 18.4
Total 247 813 55 18.0 2 0.7 304 100
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About 171 farmers (56.1%; n=304) previously acquired seed from the formal sector
at one point in time, but only 36 (8.2%; n=438) respondents purchased seed from the
formal sector in the 1997/98 crop season. The reasons for obtaining seed from the
formal sector and the anticipated frequency of purchase are given in Table 2.14.
Sourcing seed from the formal sector appeared to be a strategy for acquiring a new
variety (varietal replacement) or for the renewal of old seed (seed replacement). There
is also a general belief that certified seed gives better yield, although no distinction is
made whether this is from the variety or is simply due to better seed quality. Ensermu
et al. (1998) quoted that use of certified seed would increase wheat yield by 0.2 t0 0.5 t
ha™' although this estimate is difficult to realize.

The distance travelled to buy certified seed was in the range of 0 to 15 km (13.8%
over 10 km) and most transactions were based on credit from the government. This
indicates farmers’ interest in investing their time to obtain wheat seed in situations
where rural infrastructure is very poor. In western Ethiopia, some maize farmers at
least travelled more than 10 km to obtain improved seed although there are differences
between districts (Gemeda et al., 2001). Gamba et al. (1999) reported that 21% of
small-scale and 63% of large-scale farmers travelled over a distance of 10 km to
purchase seed. In general farmers appreciated the quality of seed received and were
satisfied with the price. However, against this background regular purchase of certified
seed was not common in Ethiopia, although quite a significant percentage of farmers
obtained seed from formal sector in recent years.

Table 2.14. Farmers’ perception of formal seed source and frequency of purchasing
certified seed (n=36).

Why farmers purchase certified seed Frequency of certified seed purchase
Farmers % Farmers %
Replace old variety 10 27.7  Every year 1 2.7
Replace old seed 9 25.0  Every two years 2 5.5
Better seed quality 11 30.5  Every three years 4 11.1
Better grain yield 32 88.9  After 5 years 2 5.5
No own seed 1 2.7  Less regularly 21 58.3
Others 1 2.7  First time 7 19.9
Why farmers not regularly buy certified seed Distance travelled to buy certified seed (km)
Own seed good 14 389 0 2 5.5
Certified seed not available 5 138 1to4 19 52.7
Certified seed expensive 7 199 5to10 10 27.7
Others 10 2777 11to 15 5 13.8
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High seed price and lack of seed were the two major constraints for farmers not to
use seed from the formal sector. Gamba et al (1999) also reported that 66.7% of small-
scale farmers and 68.4% of large-scale farmers did not adopt new varieties because of
high seed price and lack of seed availability, respectively.

Local Off-farm Seed Sources Farmer-to-farmer seed exchange or local seed trading is
as old as agriculture itself. The practice contributed to the wider global distribution of
major food crops before the advent of the commercial seed industry. It continues to be
the main source of seed for the majority of farmers especially for self-pollinated crops
such as wheat. During the 1997/98 cropping season 41 respondents had sourced seed
from immediate relatives, neighbours or other farmers, whereas 183 (60.2%; n=304)
had prior experience of purchasing seed from other farmers. It is the second most
important source of seed after own saved seed. Similarly, 15 respondents obtained
seed through local markets during the survey year, whereas 97 (31.9%; n=304) had
prior experience of purchasing seed from markets or local traders. Farmers confirmed
that, although they buy seed from market, they ensured that what is purchased comes
from a reputable farmer whom they know and trust. Similarly, it was reported that seed
exchange take place among farmers with some form of acquaintances in northwestern
Ethiopia (Hailye et al., 1998).

Table 2.15 presents the major reasons for sourcing seed from other farmers or
traders/markets and the management of seed purchased from these sources. The
availability, quality and price of seed were some of the incentives for farmers for
acquiring seed locally. They also used this as low cost strategy to buy seed of a new
variety, which is quite often not available or expensive to purchase from the formal
sector. It also provides an opportunity to assess the performance of the crop before
adopting it while observing the variety growing on the neighbours’ fields. In Kenya,
other farmers were found to be major sources of seed and no difference was observed
between small-scale and large-scale farmers in wheat crop (Gamba et al., 1999). It was
stated that farmers could lower their transaction costs by obtaining seed from
neighbours (Lyon and Danquah, 1998). In contrast, Negatu et al. (1992) found the
local market as the main source of seed for wheat in central Ethiopia. Some farmers
acquired seed from external sources to replace their old seed stock. Louette et al.
(1997) reported that maize farmers believe in changing seed of the same local landrace
to maintain the productivity of their crop.

Most farmers who used seed from other farmers or from market did carry out seed
cleaning and informally checked germination before they planted the seed. Moreover,
most farmers who sourced seed locally from other farmers purchased well ahead of
planting time whereas those who sourced seed from the market mostly bought seed
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Table 2.15. Farmers’ perception and management of seed from local sources (other
farmers and local traders; Frs=number of farmers).

Other Traders/ Other  Traders/
Farmers’ perception/seed  farmers markets Seed management farmers markets
purchase (n=41) (n=15) (n=41) (n=15)
Perception of seed sources Frs % Frs % Seed cleaning Frs % Frs %
Seed available on time 2 5 2 13 Notclean seed 3 7 8 53
Seed quality is good 20 49 3 20  Seed cleaning 36 88 7 47
Seed price is cheap 4 10 2 13 Purpose of seed cleaning
No own seed 8 20 7 47 Remove inert matter 13 32 2 13
CS' not available 10 24 3 20 Removeweedseeds 23 56 6 40
CS is expensive 7 17 2 13 Removesmallseeds 8 20 2 13
No cash/credittobuyCS 2 5 1 7 Equipment used
New variety 5 12 2 13  Hand winnowing 31 76 6 40
Replace old seed 2 1 7 Hand sieving 5 12 2 13
Others (yield, maturity) 3 2 13 Seedtreatment 0 0 0 0
Freguency of purchase Check germination 18 44 3 20
Every 2 years 1 7 Methods of payment
Every 3 years 2 5 2 13 Cash 31 76 14 93
After five years 1 2 1 7 Seed exchange 10 24 2 13
Occasionally 38 93 12 80 Satisfiedwith price 31 76 9 60
Satisfied with quality 37 9 11 73

I CS = certified seed.

around planting time when the price of grain was quite higher than at harvest time, at
least probably by 1.5 times. Most of the transactions were in cash, particularly from
the market, although seed exchange was also practised with other farmers.

Farmers claimed travelling as far as 20 km to buy seed locally, although about 80%
of them travelled a distance of less than 10 km. In one incident the farmer had sourced
seed of the new variety from a distance of over 100 km through family acquaintances.
These are rather isolated incidents happening in rural areas and greatly contributing to
the local variety diffusion over long distances. In northwestern Ethiopia, farmers in the
highland zone travelled at least twice the distance (9 km) compared to farmers in the
intermediate zone (5 km) for purchasing seed of modern varieties (Hailye et al., 1998).
Thiele (1999) also reported that most potato seed flows in the Andes is within 10-15
km although long distance travels are common in some countries such as Peru. Poor
infrastructure and lack of access to institutional services such as the extension, input
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providers and markets are some of the main reasons why the informal sector had a
greater role in the seed supply of the country.

On-Farm Seed Sources Producing and retaining seed on-farm was the most economic
approach provided that new varieties with superior agronomic or quality attributes
desired by farmers were not available on the market and no biophysical constraints
that are detrimental to seed quality on the farm occurred. In case of wheat there is little
evidence to suggest a decline in yield through continuous use of seed of the same
variety if farmers follow sound crop production procedures. As a result for most cereal
crops including wheat, own saved seed is the major source for planting both in
developing and developed countries.

Farmers’ perception of own saved (retained) seed is presented in Table 2.16. They
considered the quality of on-farm produced seed as equal or greater than seed pur-
chased from elsewhere (43.3%; n=263) and did not see any justification for changing
the seed unless to acquire a new variety on the market (6.5%). Some farmers did not
want to change their variety at all because of its preferable food quality attributes
(3.8%). The timely availability of seed and the costs were also considered important
though minimal. On the other hand seed shortage (39.2%), high price and lack of
cash/credit remained the major reasons for not sourcing seed from the formal sector.
There is also lack of confidence in the quality of seed from the formal sector (7.2%)
and lack of varietal adaptation (4.6%) which further discouraged farmers from pur-
chasing seed of modern varieties. Ensermu et al. (1998) also found that lack of seeds
(41.7%) followed by seed price (35%) were considered as most important seed supply
constraints in southeastern Ethiopia. Almost all farmers (92.7%) who used seed
retained on-farm were satisfied with the quality of their seed.

Table 2.16. Farmers’ perception of own saved (retained) wheat seed in Ethiopia
(n=263; Frs=number of farmers).
Why farmersuseown saved seed  Frs %  Why farmers not buy CS' seed Frs %

Seed available on time 6 2 Variety not adaptable 12 5
No extra cost 7 3 Poor certified seed quality 15 6
Seed quality is good/better 114 43 Certified seed is expensive 98 37
Certified seed not available 103 39 No cash/credit to buy certified seed 69 26
Keep own variety 10 4 No information on seed 2

No new/better variety 17 7 Have fresh certified seed 17 7
Others (new field) 6 2 Others 15 6

1CS = certified seed.
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Seed Retention/Replacement Seed retention refers to a continuous uninterrupted use of
the same seed lot for planting once a farmer purchased fresh seed of the modern
variety or local landrace from outside sources. It is one of the most common seed
acquisition strategies and enables farmers to maintain any inter- and intra-crop
diversity that exists on their farms. The number of years seed was retained on farm
varied from crop to crop and depended on the farmers’ decision to change seed and the
availability from external sources. The number of years wheat seed saved on farm is
presented in Table 2.17 and in some instances goes beyond 20 years. The majority of
farmers, however, acquired their seed during the last five years, although this is not
necessarily showing a higher seed replacement rate. About 30% of the farmers
acquired seed from external sources during the 1997/98 cropping season, whereas 44%
kept their seed for one year, 22% for two years and 20% for three years (Table 2.17).
Seed of local landraces or obsolete varieties were kept on the farm for longer period
than modern varieties. In 1994, Bishaw et al. (1994) found that 21% of wheat farmers
saved their seed for 6-10 years and 14% saved seed for 11-15 years. Gamba €t al.
(1999) reported that in Kenya seed retention period had a negative impact on the
adoption of new wheat varieties whereas seed selection has a positive impact on
adoption.

According to Brennan and Byerlee (1991), the optimal period for varietal
replacement depends on yield gain of new varieties, yield loss of old varieties, and risk
of changing the variety. Hesisey and Brennan (1991) cited sources suggesting that the
annual rate of estimated yield loss due to use of retained seed in self-pollinated crops
ranges from 0.25% for wheat in Pakistan and to 1.6% for wheat in Nepal and 1.6 for

Table 2.17. Number of years seed saved by bread and durum wheat farmers (n=438) in

Ethiopia.

Years Arsi West Shoa North Shoa  East Gojam Total
Responses % Responses % Responses % Response % Response %

0 60 13.7 12 2.7 11 2.5 8 1.8 91 208
1 51 11.6 28 6.4 15 3.4 39 89 133 304
2 37 8.4 14 3.2 7 1.6 8 1.8 66 15.1
3 48 11 8 1.8 2 0.5 2 0.5 60 13.7
4 7 1.6 6 1.4 - - 1 0.2 14 3.2
5 6 1.4 8 1.8 4 0.9 1 0.2 19 4.3
6-9 7 1.6 6 1.4 5 1.1 2 0.5 20 4.6
>10 2 0.5 7 1.6 20 4.6 6 1.4 35 8

Total 218 49 89 20.3 64 14.6 67 153 438 100
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rice in India. Therefore, there is little incentive for farmers for regular purchase of
certified seed of wheat except for acquiring a new variety. However, most farmers
recognize the consequences of recycling seed and associate this with decline in yield,
diseases and contamination with weeds (Ensermu €t al., 1998).

The rate of varietal replacement is estimated by the age of varieties in farmers’
fields, measured in years since releases and weighted by the area under each variety
(Brennan and Byerlee, 1991). In the early 1990s, the weighted average age of wheat
varieties in Ethiopia was in the range of 12-16 years (Byerlee and Moya, 1993). In
1995, Beyene et al. (1998) calculated a weighted average age of 13 years in the
Wolmera district of central Ethiopia; and also reported that 24 to 45% of the farmers
believe that new varieties could give good yield for a period of two to three years.
Henderson and Singh (1990) reported a period of five years elsewhere in Ethiopia.

The longevity of wheat varieties is also constrained because of the breakdown of
resistance to rust diseases, which is in the range of 5 to 7 years (Brennan and Byerlee,
1991; Byerlee and Moya, 1993). The most productive varieties such as Dashen and
Batu became susceptible within a very short period of time after their official releases
although they persisted in production outside the recommendation domain. In contrast,
the most popular wheat variety Enkoy remained in production for over two decades
before its importance started to decline due to susceptibility to stem rust. As described
earlier, the high varietal and seed replacement rates observed could be attributed to the
availability of new wheat varieties and the strong extension package programme
promoted by the Government.

Local Seed Flows Apart from growing wheat for consumption and marketing, farmers
also produced seed for own use or sale to others. Almost all farmers had a long
established culture and experience of exchanging seed among themselves, but 144
farmers who grew modern wheat varieties were found selling seed on purpose to other
farmers informally on various arrangements. Such group of farmers could be regarded
as ‘suppliers of introduced seed’ as described by Louette et al. (1997). The seed
transactions were between relatives (39.6%; n=144), neighbours (51.4%), other
farmers (46.5%) or sales to traders/local markets (3.5%). It appears there is flow of
information and diffusion of varieties and seeds among farmers without little
hindrance as indicated elsewhere from local social networks dependent on close
kinship ties (Lyon and Danquah, 1998) or farmers’ reluctance in information exchange
on crop production due to traditional beliefs in some farming communities (Tripp and
Pal, 1998). Most of these transactions were carried out through seed exchange/barter
(61.8%), cash (56.9%) or gift (10.4%). Gemeda et al. (2001) reported that bartering as
the most common maize seed exchange mechanism among farmers in central and
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western Ethiopia. Likewise, seed exchange is also the most common mode of
transaction among wheat farmers in northwestern Ethiopia (Hailye et al., 1998).
Although most farmers who purchased seed locally reported paying cash for their seed
in 1997/98 crop season, there is still a dominant culture of traditional form of trade in
rural Ethiopia. Most farmers are constrained of cash particularly at planting time and
payment in kind or later at harvest time appears to be the most convenient
arrangements.

Seed production is attractive particularly if the variety is new and available in
limited quantities, because the grain will fetch better prices due to high demand from
other farmers. Ensermu et al. (1998) reported that the price of new modern varieties
was at least 32% higher than the seed from the formal sources because of the limited
availability on the market. In one interview a farmer confided that, ‘I grow new
varieties as soon as they are available and sell the seed to fellow farmers at a higher
price before everyone grabs what ever small quantity of seed is available’. This
statement illustrates a remarkable analysis of wheat seed market at local level. First,
demand for seed exists when there is a new variety on the market. Second, once
farmers get access to the variety there is less interest to buy fresh seed regularly. Third,
a regular injection of seed of a new variety is more important for diffusion than
continuously producing seed of the same variety. Fourth, there are farmers with
knowledge of the local seed market and willing to invest at the initial stage to
introduce new varieties. Fifth, the assumption of introducing small seed enterprises at
local level may not be as easy and attractive as it sounds, because of stiff market
competition from own seed produced on-farm by farmers.

Farmers Seed Management Do farmers perceive any difference and make distinction
between grain they use for consumption or planting? Is there any concern of seed
quality problems among farmers? If so, how do they manage their seed differently
from grain? Understanding these issues lead us to design alternative strategies in
delivering seed of better quality to farmers or try to improve on-farm seed production
techniques to resolve quality constraints at local level.

The on-farm seed management practices are often the reflection of farmers’
perception and the value they attach to seed planted to raise the next year crop. These
appreciations and expectations of seed quality are given in Table 2.18. Ninety two
percent of farmers (n=304) recognized the difference between grain and seed and some
of them translated that into purity (60.2%; n=304), freedom from weeds (18.16%),
intact seed with good germination (18.4%), big kernel size (11.5%), no disease or
insect damage (10.2%) and no admixture with seed of other varieties of the same crop
(3.3%). Henderson and Singh (1990) also reported similar observations elsewhere in
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Table 2.18. Farmers’ perception of seed quality and seed management practices
(n=304).

Farmers perception Farmers % Seed management Farmers %
Purity (cleanliness, etc.) 183  60.2
Free from weeds/other crops 55  18.1 Clean seed 252 82.8
Good quality (intact seed,

germination) 56 184 Select seed 204 67.1
Big kernel size 35 115 Store seed separately 197 64.8
No disease/insect damage 31 10.2 Check seed quality’ 103 339
No mixture with other varieties 10 33 Treat seed 10 35

! Indirect assessment of seed quality.

central Ethiopia. Some of the criteria farmers use to define seed quality include
freedom from impurities, diseases, and adaptation to local environment (Hailye €t al.,
1998).

Farmers’ positive perception of seed urged them to practise specific seed
management approaches to maintain the quality of their wheat seed through selection,
cleaning, treatment, storage or direct/indirect assessment of seed quality (Table 2.18).
The responsibility to manage and execute these operations on the farm is shared
between men and women, who have a distinctive role to play. Likewise, women play
an important role in on-farm potato seed management (Thiele, 1999) and marketing
(Benteley and Vasques, 1998) in the Andean region.

Plant and/or Seed Selection Farmers’ selection of seeds or plants is empirical through
critical observation of plants or seeds taking into account the best criteria that
expresses their understanding of the performance of the crop in question and its use
value and seldom involve any specific physical measurements. Selection is a dynamic
process adapting the variety or a local landrace to a continuously changing crop
production environment. It also requires continuous monitoring of the entire life cycle
of the crop coupled with regular observation of the characteristics that farmers
consider very useful based on their long-term experiences. Farmers practise selection
up to four stages in the crop production cycle: (a) selection of a particular field or part
of the field towards the end of the crop season; (b) selection of individual plants with
good plant morphology such as plant height, ear size, etc. from standing crops; (c)
selection before or during threshing based on grain yield, grain size, grain colour, etc.;
and (d) selection during storage or prior to planting based on freedom from pest
damage, less weed contamination, good grain size, etc. About two-thirds (67.1%;
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n=304) of the wheat growers practised a combination of different selection methods,
stages, criteria and responsibilities to discriminate between grain used for consumption
or planting on their farm (Table 2.19). However, most of the selection practices were
intuitive or indirect. For example, from those farmers who practised selection few
based their selection on plants (3.4%; n=204) or ears (2.5%) and most of them selected
grains (82.4%). Women significantly contributed to the seed selection process
whereby they made decisions alone (4.9%) or jointly with men (31.4%). Bajracharya
(1994) reported that women play a key role in on-farm seed management such as crop
selection, seed selection and seed storage in Nepal.

Table 2.19. Farmers’ plant/seed selection practices and the criteria used for selection.

Farmers seed selection (n=304) Criteria used for selection (n=204)
Very Im- Less
Farmers % important portant important
Not select for seed 100 329 Early maturity 3.4 2.0 1
Select for seed 204 67.1 Non-shattering 0.5 2.5 0
Non-lodging 5.0 1.0 0
Method of selection’ Disease resistance 11.3 3.4 1
Field or section of field 33  16.2 Pest resistance/
Select plants 7 3.4 Weevil free 6.9 2.0 0
Select ears 5 2.5 Plant height 7.8 1.5 0
Select grain 168 82.4 Earsize 14.2 6.4 0
Grain yield 67.6 1.5 0
Time of selection’ Grain size 37.3 6.4 0
Planting 16 7.8  QGrain colour 24.5 8.8 0
Before harvesting 59 289 Marketability 29.6 10.3 0
Post-harvesting/ Storability 34 0.5 0
Threshing 140 68.6 Food quality
Storage 3 1.5 (preparation) 25 4.9 1
Food quality (taste) 17.6 1
Responsibility for selection’ Straw yield 2 0
Men 130  63.7 Straw quality 1.5 2.5 0
Women 10 49 Others’ 19.6 0
Both 64 314

! Percentages are calculated on 204 farmers who practise selection;

? Grain quality/free of weed and other variety seeds /no rain damage.
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Selection of field or section of field was usually made at planting or later in the
season. A crop from new land was believed to be of good seed quality because of
better plant nutrition and freedom from weed seed contamination. Moreover, fields
identified for seed received adequate agronomic practices such as land preparation,
application of fertilizers, proper weed control, etc. Selecting part of the field of
standing crops at maturity before or at harvesting is similar to mass selection where
good standing crops with less damage from pests, less contamination from weeds, etc.
are identified and bulk harvested for use as seed later in the season.

Most farmers selected grain and usually after harvest on threshing floors, in storage
or right before planting time. The selection criteria were consistent and again reflected
farmers' knowledge and were based on easily observable characters such as grain
yield, grain size, grain colour (e.g., marketability), and food quality (e.g., malting). In
the latter the role of women in selection was reflected strongly. Farmers kept seed
from fields free from pests, non-lodging crops, sound seed free from frost, rain or
insect damage, etc., but not necessarily evaluated pest resistance, lodging tolerance of
the particular variety and so did not select on these criteria. Yirga et al. (1992)
reported that farmers practise selection usually before harvest where patches within
fields that are free from weeds or good crop stands having large spikes or seed pods
are selected for seed. Farmers’ criteria, although indirect, imitated the criteria used by
breeders such as plant height, early maturity, tolerance to biotic stress, grain yield, etc.
Similar selection practices have been reported for wheat (Beyene et al., 1998; Ensermu
et al.,, 1998) and maize (Gemeda et al., 2001) in Ethiopia; and for rice in the
Philippines (Fujisaka et al., 1993). In maize, selection of ears appears to be the most
common practice in Mexico where the selection criteria is based on big clean ears and
big kernels but also indirectly for other agronomic characters of the crop (Louette and
Smale, 2000).

During the field survey a handful of farmers were encountered who practised a
methodological approach in seed or plant selection. These farmers selected plants that
appeared to be different in the standing crops out of curiosity usually at maturity using
whole or part of the plant as selection criteria which included clusters of vigorous
plants/tillers, plant height, ear size, grain size, etc., where selected plants were
collected, threshed and stored separately. During the next planting season the seeds
were planted separately and critically observed throughout the entire plant growth
period for any agronomic advantages including yield. If the farmer was convinced of
any benefits the seed was multiplied and used on a larger scale. Ensermu et al. (1998)
also reported an interesting observation where a farmer collected left over seed from
his neighbours’ field and started multiplying the seed of the modern variety. If farmers
apply such meticulous selection pressure on the variety adopted, the structure of the
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variety may change significantly over time. Therefore, this will raise the fundamental
question of whether seed replacement is of any practical relevance to farmers.

Seed Cleaning and Treatment The main purpose of seed cleaning is to improve the
physical quality of the seed by removing inert matter, weeds and other crop seeds,
broken seeds or disease/insect damaged seed. Seed cleaning is carried out at different
stages, right after threshing of the crop using wooden implements (menshe, layda) or
at a later stage just before planting using home made tools (sefed, wonfit). Winnowing
at threshing time is a two-stage process, first threshed wheat grain is separated from
the rough straw and second, grain is further purified from fine straw, inert materials,
shrivelled or broken seeds. In traditional wheat farming systems of Ethiopia this is the
most common practice except when grain is combine harvested. In both cases a
complete removal of inert matter or contaminants is not possible.

About 52% and 17% of the farmers, respectively, cleaned their seed by hand-
winnowing or hand-sieving at planting time using hand made tools to increase purity,
reduce weed contamination or even remove insect damaged grains, etc. The wonfit is
used to remove very small particles and rather ineffective in removing bigger materials
and weeds because of small diameter of the holes. The sefed is used for hand cleaning
and accompanied by hand picking of bigger particles including soil clods or thrash
from the grain. However, such cleaning tools are ineffective in removing the impuri-
ties and weeds to a desired level of seed quality. Both operations are cumbersome and
labour intensive and therefore less popular. Badebo and Lindeman (1987) found a high
level of weed contamination in farmers’ seed, as high as 700 noxious weed seeds per
kg of seed in Arsi region. Men are mostly responsible for winnowing after threshing
and women are mainly carrying out cleaning of the seed at planting time.

Most farmers cleaned seed to remove contaminants such as inert matter (chaff),
weed and other crop seeds, shrivelled or damaged seeds (Table 2.20). About 47.4%
farmers in the intermediate zone and 48.9% in the highland zone clean their seed to
remove weeds (Hailye et al., 1998). In Ethiopia, on-farm chemical seed treatment is
virtually unknown or negligible (3.3%). On the contrary, about 76 and 61% of the
small-scale and large-scale farmers, respectively use chemical seed treatment in Kenya
(Gamba et al., 1999). In the past as a general policy, ESE distributes treated seed only
to the state farms not to the peasant sector to avoid risk of chemical hazards. Some
research reports, however, suggested the use of chemical treatment as an alternative
solution against seed-borne diseases (Hulluka et al., 1991). For example, organo-
mercury and thiram were found effective against common bunt and benomyl against
fusarium head blight of wheat in Ethiopia (Andenew, 1988).

The most interesting seed management tools observed was the informal assessment
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of physiological quality of seed before sowing where women are the major source of
information (Table 2.21). One third of farmers (34.2%; n=304) used different
innovative approaches to determine the viability and germination of their seed lots
before planting. Traditionally wheat can be used for local brewing where the grain is
malted by the womenfolk and the information is passed on to their male counterparts if
it malts properly and therefore can be used for seed. There are a few ingenious farmers
who soak/moist their seed in water for a day or two, place seed in soil in the garden or
plant early part of the field to observe whether the seed germinates and establishes
itself or not. Some other farmers used visual inspection of the grain to make sure
whether the seed is intact, dry and without rain damage or insect infestation or not
combine harvested. This indicates the existence of refined on-farm seed management
practices developed over centuries and still exercised by traditional farmers.

Table 2.20. Farmers’ seed cleaning and treatment practices in Ethiopia (n=304;
Frs=number of farmers).

Seed cleaning and treatment Purpose of seed cleaning
Frs % Frs %
Not cleaned 36 11.8 Improve quality/remove inert matter 129 42.4
Purchase cleaned seed 16 5.3 Remove weeds/other crops 174 57.2
Seed cleaning 252 82.9 Remove small/broken/damaged seed 34 11.2
Hand winnowing at harvest 38 12.5 Reduce seed rates 5 1.6

Hand winnowing at planting 141 51.6 Remove insect damaged/diseased seed 12 3.9
Hand sieving at planting 53 174
Machine cleaning at planting 4 1.3 Seed treatment 10 3.3

Table 2.21. Informal assessment of physiological seed quality in Ethiopia (n=104).

Seed quality assessment methods Farmers %
Soak/moist seed in water 17 16
Free/no damage from pests 22 21
Visual inspection (intact/dry/no rain damage) 21 20
Local malt preparation 34 33
Early planting part of small plot 8 8
Not combine harvested 1 1
Plant few seeds in the garden 1 1
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Seed Sorage and Management In Ethiopia, information on storage for grains in
general and for seed in particular is very scanty (Tsega, 1994). Moreover, information
on influences of the traditional grain storage structures on pest infestation and loss of
seed quality is limited. In general, pest infestation not only reduces the grain weight,
but also destroys seed viability. It was observed that 261 farmers (85.9%; n=304) had
some experience of storage pest problems. Weevils and rodents were the two most
important storage pest problems identified and 45.1, 9.9 and 30.9%, respectively
reported weevils, rodents or both as threats to grain and seed storage (data not shown).
Hailye et al. (1998) also reported that weevils and rodents are among most important
seed storage problems in northwestern Ethiopia. In a previous survey it was indicated
rodents as more problematic than weevils (Yirga et al., 1992). In India, high level of
weevil attack on wheat seed under traditional storage structures was also reported with
significant reduction in physiological seed quality (Kashyap and Duhan, 1994).

The grain storage structures, management practices, and the role of gender is
presented in Table 2.22. Most farmers stored seed separately (64.8%; n=304) from
grain, and used both traditional and modern approaches in pest control before or after
infestation. Several types of locally made traditional storage structures used for grain
storage were observed. Gotera was the most common and popular grain storage
structure both for those who stored seed and grain together (77.5%) or separately
(66%) (Table 2.22) and usually kept in the backyard outside the house. In contrast
smaller capacity structures such as, gota, debegnt and gushigush are purely made of
wooden materials/mud and plastered with cow dung and could be kept inside the
house for storing a smaller quantity of seed. Beyene et al. (1998) found that 80% of
the farmers store seed separate, but the majority (84%) keep seed in sacks whereas the
remaining percentage keep seed in local storage structures. However, these structures
are neither insect nor rodent proof and considerable damage was observed on seed
sampled from farmers. Previous studies found gotera as the most popular storage
structure and weevils as most prevalent storage pests of small cereal grains in Ethiopia
(Bishaw et al., 1994; Woldeselassie, 1999). Tsega (1994) also found that 34 and
13.2% of farmers used gotera or gota for seed storage, respectively.

Cleaning infested seed, sun drying or changing the storage facilities are common
traditional storage management practices. However, use of chemicals (usually contact
insecticides) was popular (35-40%), although availability, use of actual recommended
rates and application methods remained problematic. Wider use of chemicals for seed
storage pests is reported for wheat (Woldeselassie, 1999) and for maize (Gemeda et
al., 2001) in Ethiopia and wheat in India (Kashyap and Duhan, 1994). Generally
disinfections of traditional structures are difficult to achieve and infestation might have
started from grain stored from the previous season. The role of both men and women
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Table 2.22. Farmers’ seed storage and management practises in Ethiopia.

Store seed separately Not store seed separately
(n=197) (n=107)
Seed storage & pest control ~ Farmers % Farmers %
197 64.8 107 35.2
Sorage structures
Polypropylene bag 16 8.1 3 2.8
Jute bag 26 13.2 1 0.9
Gotera 130 66.0 83 77.5
Debegnt 14 7.1 12 11.2
Gota 5 2.5 8 7.5
Gushigush 5 2.5 0 0
Barrel | 0.5 0 0
Pest control measures
No pest problem/control 25 12.7 35 11.5
Sun drying 40 20.3 30 28.0
Cleaning 45 22.8 49 45.8
Chemical 68 34.7 44 41.1
Traditional 19 9.6 8 7.5
Responsibility
Men 89 45.2 45 42.1
Women 26 13.2 15 14.0
Both 82 41.6 47 43.9

was equally significant and both shared the responsibility of managing the seed
storage.

2.10. Concluding Remarks

The study revealed interesting results of the Ethiopian agricultural sector in general
and the wheat seed industry in particular. The adoption and diffusion of modern bread
wheat varieties and associated technologies appear to be higher than for other crops,
although largely remain informal. However, given the diversity and complexity of
agro-ecological zones and farming systems overlaid by diversity in socio-economic
conditions of the farmers, agricultural research is lagging behind in solving the major
production constraints of Ethiopian agriculture. The present agricultural package
programme had managed to introduce farmers to recent technologies. The government
policy towards meeting food self-sufficiency is highly appreciated, but largely flawed

80



Seed sources and seed management in Ethiopia

due to several structural problems in land policy. The agricultural policy is still unable
to provide sound and long-term sustainable development in the peasant sector.

Several wheat varieties have been released by agricultural research. The majority of
farmers has knowledge of modern varieties and has positive perception about their
agronomic characteristics. However, farmers have doubts on tolerance of these new
varieties to plant diseases and insect pests and subsequently suffered crop losses due to
frequent rust epidemics. This becomes a major problem and as a result led farmers
reverting to older varieties. Therefore, plant breeders are required to continue devel-
oping and releasing several varieties with durable resistance and also match the
varietal attributes most wanted by farmers. Moreover, the current wheat recommen-
dation domains are based on altitude and rainfall pattern where it is practically difficult
to delineate such variation at the farm level. It is possible for farmers growing varieties
in sub-optimal recommendation domains. Plant breeders should use new innovative
approaches such as agro-climatic analysis or geographic information systems to iden-
tify and target germplasm for specific variety testing, release and recommendation
domains. These research results should be explicitly communicated to farmers through
an effective extension programme.

The adoption of fertilizers and herbicides is high, in terms of farmers using the tech-
nology continuously. Most farmers, however, are applying below the optimum rates to
get the desired level of benefits. Shortage of inputs, input prices, output prices and lack
of access to credits are some of the limiting factors cited by farmers for full level tech-
nology adoption. At present where input prices are rising and output prices are falling
(in non-drought years), it would be difficult for farmers to adopt the full package of
wheat production technology to exploit the yield potential of new varieties. Therefore,
generation of technology should focus on site-specific recommendation and economic
threshold coupled with input efficient varieties to derive economic benefits.

Ethiopia is one of centres of diversity of tetraploid wheats where a considerable
wealth of genetic variability and diversity exists on the farm. Until recently this wealth
of germplasm was maintained and nurtured by farmers. In recent years there was a
dramatic shift in adoption of modern bread wheat varieties in predominantly durum
wheat growing regions of the country as farmers are striving to maximize production
and achieve food security from diminishing and meagre land resources. The practice if
continued unabated will seriously threaten the existence of durum local landraces as in
Syria (Chapter 3). Efforts should be made both to conserve the germplasm and develop
durum varieties with acceptable yield and agronomic potential for farmers to adopt
them.

Subsistence farmers grew many different crops and varieties to maintain their
household food security and there is little tendency to specialize and concentrate in
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production of cash crops at the expense of other food crops. Moreover, farmers are
knowledgeable about their production environment and constraints and demand
specific varietal characteristics to manage different competing enterprises on the farm.
Agricultural research should take into account the integration or complimentarity of
different enterprises on the farm rather than developing single enterprise technology
that is suitable for commercial agriculture.

Despite over four decades of agricultural research in the country, the wheat seed
supply system still remains informal. The formal seed sector over its twenty years of
existence could achieve the provision of less than 10% of the seed used by farmers
each year. The Ethiopian Seed Enterprise (ESE) remains the only public sector organi-
zation involved in major seed production and distribution operation of public varieties.
The national seed policy framework supports the role of the private sector to partici-
pate in the seed industry. However, unfair competition from the public sector through
subsidy and government interventionist policy remains one of the main bottlenecks for
entry of the private sector and to diversify the seed sector. For example ESE expanded
its operation of hybrid seed production, despite the existence of a private seed com-
pany with long experience in the hybrid maize seed sector.

The formal seed sector deals with a handful of varieties with wider adaptation
which normally remain unpopular at local levels. Moreover, in self-pollinated crops
such as wheat most farmers rely on retained seed for planting and therefore it is diffi-
cult to predict effective demand or market for certified seed. Farmers are more
interested to acquire new variety than regular purchase of fresh certified seed from the
formal sector. Therefore, the formal sector should design an innovative approach of
injecting seed of new varieties to the informal sector as a strategy to accelerate and
achieve rapid diffusion.

The informal sector played a significant role in farmer-to-farmer diffusion of varie-
ties and higher adoption of bread wheat across the country. Moreover, farmers practise
an acceptable level of selection and management of their wheat seed and face no
significant problem in loss of wheat seed quality on the farm. However, there is room
to improve the quality of seed produced on-farm. Although yield losses from seed-
borne diseases is not yet properly quantified and the intensity varies from region to
region and year to year depending on weather condition, there is ample evidence of
farmers suffering from significant reduction in grain yield and quality. The intro-
duction of simple seed cleaning and/or treatment equipment could be useful to raise
the quality of seed produced at the local level.

In much of the literature, it was estimated that the durum wheat occupies a larger
area than bread wheat in terms of total area under wheat production, i.e., 60 and 40%,
respectively for durum and bread wheat. However, most of the recent surveys in major
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wheat production regions of the country show high adoption rate of bread wheat
varieties across the regions. It is, therefore, believed that the area under durum wheat
is less than what is expected even in much remote regions of the country. In Kenya,
Gamba et al. (1999) found that actual field surveys showed higher adoption rates of
improved wheat varieties than what has been suggested in the literature. A detailed
nationwide survey would be useful to quantify the actual area coverage of durum and
bread wheat.

It is generally accepted that the development of the national seed industry requires an
integration or strong linkage of the formal and informal sectors operating at maximum
efficiency. National governments should play a pro-active role by providing stable and
flexible policy, regulatory, technical and institutional support that promotes the devel-
opment of diverse, competitive and viable seed industry.
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Farmers’ Wheat (Triticum spp.) and Barley (Hordeum vulgare L.)
Seed Sources and Seed Management in Syria

3.1. Abstract

A total of 206 wheat and 200 barley farmers in the 1998/99 and 1997/98 cropping
seasons, respectively, were interviewed in the Aleppo, Raqqa and Hasakeh
governorates in northeastern Syria. Wheat farmers had better awareness of modern
varieties (100%), agronomic packages (100%), fertilizers (99%), herbicides (97%) and
chemical seed treatment (96%) in comparison to barley growers. Fellow farmers
(relatives, neighbours and other farmers) were the major source of information for
modern varieties, agronomic packages and fertilizers followed by the formal extension
service. The majority of farmers grew modern wheat varieties (86.8% from the
recommended list, 2.2% ‘obsolete’ and 10.6% non-recommended), applied fertilizers
(99.5%), herbicides (92.7%), seed treatment chemicals (90.3%) and insecticides for
control of storage pests (40.8%) leading to self-sufficiency in wheat production.
Although a wide range of modern bread and durum wheat varieties were adopted, Cham
3 and Cham 6 were found predominant and each was grown by over 20% of the farmers
across the three regions replacing earlier releases. In comparison, the awareness (36%)
and use (0.5%) of modern varieties and associated technologies such as herbicides
(3.5%), insecticides (2.5%) and fertilizers (56%) were very low for barley growers,
maybe partly due to lack of adaptable varieties and lack of fertilizer recommendations for
drier areas. Farmers identified several technological and socio-economic criteria for
adopting and continuously growing a particular wheat or barley variety on their farm.
Almost all farmers were satisfied with yield and believed that the wheat varieties they
grew were suitable and adapted to their growing conditions. Non-lodging, grain size
and food quality were good agronomic qualities of wheat varieties presently grown.
Interestingly high yield, lodging resistance, drought tolerance (yield with less water)
and frost tolerance appeared to be varietal characteristics farmers are seeking from
new bread and durum wheat varieties. There is a strong desire to find alternative
varieties responding to higher inputs and at the same time maintain good agronomic
characteristics such as tolerance to lodging and shattering. Similarly, grain yield, grain
size, grain colour, feed quality and marketability are the agronomic traits farmers
recognize as important in Arabi Aswad and they seek modern barley varieties meeting
such criteria including disease resistance and drought tolerance. In any given year, the
informal farmer-to-farmer seed exchange was the main source of seed for planting wheat
and barley crops. The formal sector was an initial source of modern wheat varieties for
59.6% of the farmers, through ACB (50.4%), GOSM (6.6%) or co-operatives (2.6%) and
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almost a quarter of the farmers obtained certified seed for planting wheat in 1998/99 crop
season underlining the strength of the formal sector in Syria. However, the majority of
sample farmers sourced their wheat seed informally whereby 59.3% used retained seed
or sourced off-farm from neighbours (12.5%) and local traders/markets (4.4%) for
planting wheat during the survey year. Similarly, the majority of farmers growing barley
got their current seed stock informally from relatives (32.5%), other farmers (22.5%),
neighbours (13%) or traders/local markets (18.5%). All seed for planting barley during
the 1997/98 crop season was obtained informally, either retained seed (82.5%) or off-
farm from other local sources (17.5%). Wheat and barley farmers recognized the
difference between grain and seed for planting and as a result practised different
management practices to maintain seed quality on the farm. Most wheat farmers
practised on-farm selection (53.9%), cleaning (91.9%), chemical treatment (90.3%),
separate storage (64.1%) or informal assessment of seed quality (4.4%) when seed was
obtained informally. Similar on-farm seed management approaches were also followed
for barley seed except for chemical treatment (6.5%). The adoption and diffusion of
modern bread and durum wheat varieties and associated technologies were
substantially higher than for barley crop. However, given the complex and stressful
marginal environment where barley is grown agricultural research is lagging behind in
solving the major production constraints of the farmers. It is imperative, however, for
the government to put in place alternative strategies to address and strengthen the
agricultural research, transfer of technology, input delivery, marketing and grain
pricing responsive to the needs of barley growers. Within this context, it is important
to recognize the role of the national seed system, both formal and informal, to create a
competitive, efficient and sustainable seed industry.

Key words: Syria, wheat, Triticum spp., barley, Hordeum wvulgare, formal seed
system, informal seed system, seed source, seed selection, on-farm seed
management.

3.2. Introduction

Syria is situated between longitude 33° W and 48° E and between latitude 3.4° S and
15.4° N. It covers an area of 18.5 million ha of which 5.7 million ha is cultivated. Most
of the cultivated area (83%) is rainfed. The country is divided into five major agricultural
stability zones based on average annual rainfall: Zone 1 (>350 mm); Zone 2 (250-350
mm), the annual rainfall not less than 250 mm every two thirds of years monitored;
Zone 3 (250 mm), the annual rainfall is not less than 250 mm every half of the years
monitored); Zone 4 (200-250 mm), the rainfall is not less than 200 mm in half of the
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years monitored; and Zone 5 (desert and steppe <200 mm). About 15, 13, 7, 10 and
55% of the area is located within Zone 1, 2, 3, 4 and 5. Syria has a typical
Mediterranean climate with cold and humid winters and dry hot summers which is
highly diverse and agro-climatically variable.

According to the statistical abstracts, the agricultural sector contributes 20-25% to the
national economy and employs 28.5% (a male to female ratio of 1:2) of the labour force
in 1999 (CBS, 2000). Syria has an estimated population of 17.5 million and one of the
highest population growth rates in the Middle East region.

Syria is located in the Fertile Crescent, the centre of crop domestication and the cradle
of agriculture. Syrian farmers are at the forefront of agricultural experimentation for
millennia where they select and improve crops adaptable to one of the harshest
environmental conditions in the region (ICARDA et al., 1999). Accordingly, the genetic
variability and diversity of local landraces that exists today are the testimony to the
ingenuity of traditional agriculture that existed in the region.

The main crops are cereals (primarily wheat in the wetter areas (300-600 mm) and
barley in the drier areas (250-350 mm), in rotation with food legumes such as
chickpea, lentil and forage legumes. Wheat, legumes and summer crops are more
predominant in Zone 1 and 2 whereas barley can be grown in Zone 2, but solely in
Zone 3 and 4 under rainfed condition. According to recent statistics, on average,
cereals, legumes, oilseeds and industrial crops cover 46, 3.6, 0.5 and 9.1% of the
cultivated land, respectively (Table 3.1). Drought, frost and heat stress at anthesis are
major abiotic production constraints for crop production.

3.3. Government Agricultural Policy

Wheat and barley are the most important commodities for food and animal feed,
respectively. The government agricultural policy, however, attaches high priority to
wheat production with express purpose of improving the livelihood of rural population
and dire need for achieving food self-sufficiency. The development, adoption and
diffusion of modern wheat varieties suitable to Syrian conditions and associated
technologies including institutional (extension and credit facilities) and infrastructural
(mechanization and irrigation) support were given very high priority (Mazid et al.,
1998). Farmers were encouraged to increase production through use of modern
varieties, chemical fertilizers, herbicides and pest control measures. The Government
provided support for credits, mechanization and irrigation facilities.

3.4. Wheat and Barley Production Trends
Wheat (bread and durum) and barley are the two principal cereal crops grown, both in
terms of area and production (Table 3.1). Wheat and barley production fluctuates
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enormously due to severe abiotic (drought, frost, heat) and biotic (diseases, insects)
stresses. Wheat is planted on 1.5 million ha with an average annual production of
about 3.5 million tonnes with an overall average close to 2.5 t ha™'. It is grown mainly
in Zone 1 (350-600 mm), Zone 2 (250-350 mm) with supplementary irrigation and in
fully irrigated areas. About 70% of the wheat area is devoted to durum wheat, whereas
the remaining is bread wheat. In the mid 1950s the wheat area was 1.3 million ha and
this has increased to 1.8 million ha at the end of the last century, an increase of 38%.
From 1973 to 1990 wheat area and production were characterized by a decline in total
area, increased use of modern varieties, expansion of irrigated area and yearly
fluctuation in total production. However, from the early 1990s there was a dramatic
increase both in wheat area and production (Mazid et al., 1998) and production has
more than tripled for durum wheat (Shehadeh, 1998).

The national average wheat yield has increased from 600 kg to 2.5 t ha™'. But
average grain yield under rainfed condition varies between zones; it ranges from 3 to 5
t ha™' in Zone 1 to 1.2 to 2.5 t ha™' in Zone 2. There is an expansion in the area of
irrigated wheat: 40% of the wheat area uses supplementary irrigation and this is
associated with a drastic increase in the use of modern varieties. Average yield under
irrigated conditions is significantly higher than under rainfed conditions and may reach
as high as 6 to 7 t ha .

Barley is the second most widely grown cereal crop in Syria. It is predominantly
grown in environments where rainfall is variable and low (between 200-300 mm).
From 1955 to 1999, the total barley production area has increased from 467,000 ha to
nearly to 2 million ha. Allocation of wheat production to wetter and irrigated areas,
increased monocropping (less fallowing), increased demand for livestock feed and
expansion of barley cultivation to low rainfall marginal areas led to such an increase in
barley acreage (Table 3.1). The average grain yield ranged between 1 t ha™' in Zone 2
to 0.5 t ha™' in Zone 3, far below the Central and West Asia and North Africa
(CWANA) average of 1,225 kg ha™' or world average of 2,188 kg ha™'. There is no
significant breakthrough in developing modern varieties adaptable to low input and
marginal conditions where barley is a major crop.

3.5. Wheat and Barley Consumption Trends

In the West Asia and North Africa (WANA) region, wheat is a major staple crop for
millions of rural and urban population. Wheat, particularly durum wheat is used in
preparation of a variety of traditional foods such as leavened flat bread (khiboz),
burghul, frekeh and couscous. Burghul is cracked wheat grain that could be
cooked/steamed and frekeh is prepared from parched immature wheat kernel.
Although traditional varieties are still preferred and still persist in cultivation in a few
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Table 3.1. Area, production and yield of major crops grown in Syria from 1995/96 to

1999/00 crop season.
Area and production 1995 1996 1997 1998 1999  Average

Areain ha ('000)
All crops 7861 6988 7365 7296 6668 7235
Cereals 3680 3249 3413 3341 3071 3351
Wheat 1644 1619 1761 1721 1603 1670
Barley 1963 1550 1572 1543 1414 1608
Legumes 253 244 258 313 238 261
Oilseeds 46 39 42 42 30 40
Industrial crops 275 287 319 336 312 306

Production in tonnes ('000)
All crops 14341 13800 10764 12858 8863 12125
Cereals 6093 5989 4322 5270 3300 4995
Wheat 4184 4080 3031 4112 2692 3620
Barley 1705 1653 983 869 426 1127
Legumes 251 245 181 297 100 215
Oilseeds 28 28 20 26 19 24
Industrial crops 2081 1804 2228 2285 2327 2145

Yield in tonnesha™
All crops 1.8 2.0 1.5 1.8 1.3 1.7
Cereals 1.7 1.8 1.3 1.6 1.1 1.5
Wheat 2.5 2.5 1.7 24 1.7 2.2
Barley 0.9 1.1 0.6 0.6 0.3 0.7
Legumes 1.0 1.0 0.7 0.9 0.4 0.8
Oilseeds 0.6 0.7 0.5 0.6 0.7 0.6
Industrial crops' 7.6 6.3 7.0 6.8 7.5 7.0

Source: CBS, 2000;
' Sugar beet yield was 44.9, 43.5, 42.3, 41.9 and 44.4 for the five years.

pockets in marginal production environments, the modern varieties appear to be
accepted by the majority of farmers. Bread wheat is also a principal staple crop of
WANA including Syria where the average person consumes more than 170 kg yr ',
the highest in the world. The dependence on wheat combined with rapid population
growth and increasing desertification makes this region the world’s highest wheat
importer.

Barley is used as a feed and forage crop; it plays a major role in livestock crop
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production systems. In Syria, barley grain and straw are almost entirely utilized as feed
for small ruminants particularly sheep, and thus crop and livestock management are
closely interlinked. The rising demand for livestock products consequently requires
increasing livestock population, thereby increased demand and consumption of feed
barley in the form of grain or straw.

3.6. Structure of National Seed Industry

In Syria (as elsewhere), the national seed system is composed of formal and informal
sectors. In Chapter 1, we have defined the formal and informal sectors and described
what constitutes the national seed industry. In this section we look into those
components within the Syrian context.

3.6.1. Formal Seed Sector

The formal seed industry in Syria consists of the national agricultural research systems,
seed production and supply organizations, agricultural input supply organizations,
agricultural extension services and rural development agencies.

Agricultural Research Contrary to centuries old tradition of crop improvement and seed
selection, the emergence of scientific agricultural research was relatively late and started
in the 1940s. Initially the Ministry of Agricultural and Agrarian Reform and its affiliated
organizations carried out limited agricultural research. In 1964, the Directorate of
Agricultural and Scientific Research (DASR) was formally established and given the
responsibility to formulate agricultural research policy by identifying constraints limiting
agricultural development in the country (ICARDA et al., 1999). DASR is responsible for
research primarily on agricultural and horticultural crops and associated disciplines such
as agronomy, plant protection and socio-economics and has eight research stations
sufficiently covering the key agro-ecological zones of the country. Agricultural research
on crop improvements constitutes the largest activity of the DASR which accounts 60%.
Since 2002, the agricultural research system has been reorganized and the General
Commission for Scientific and Agricultural Research (GCSAR) was established
replacing DASR. The Supreme Council of Sciences is officially mandated to define and
implement the national scientific research policy and oversee the functioning of the
agricultural research institutions.

In addition, there are two regional/international agricultural research centres with
focus on widely ranging agricultural issues operating from Syria: the Arab Center for
Semi Arid Dry lands (ACSAD) and the International Center for Agricultural Research in
the Dry Areas (ICARDA). Both centres have a very strong collaborative research from
which Syrian farmers are benefiting.
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Wheat and Barley Research Most research on variety improvement has been
concentrated on main cereal crops such as wheat, barley and maize, due to strong
emphasis on national priorities to achieve food security through sustainable crop and
livestock production. Although wheat research began in the early 1950s, organized
breeding programmes only started in earnest with the establishment of the DASR in the
1960s. The breeding programmes focus on: (i) improving the performance of local
landraces; (i1) use of local landraces and wild relatives in the breeding programmes; and
(ii1) selecting, screening and identifying segregating germplasm with tolerance to
abiotic and biotic stresses in a regional multi-location testing in Syria. The main
breeding objectives both in wheat and barley are aimed at improving local landraces and
developing new genotypes adapted to different agro-ecological zones. Shehadeh (1998)
summarized the abiotic stresses (erratic rainfall, high temperature during grain filling,
cold or frost damage during grain filling) and biotic stresses (diseases such as rusts,
septoria, bunts, bacterial stripe and insects such as stem sawfly, aphids and sunni bug) for
durum wheat. Some of these stresses more or less also equally apply to bread wheat
and/or barley.

Agricultural Extension The Agricultural Extension Department of the Ministry of
Agriculture and Agrarian Reform is responsible for transfer of technology. The
Department has regional offices attached to the agricultural bureau from provincial to
district levels where the extension agents are responsible for transmitting the
technology to farmers. Mazid (1994) indicated that many extension offices are well
spread in rural areas, although contacts with farmers and their role in the transfer of
technology appeared to be minimal. However, most of the extension agents located in
rural areas also practise part time farming and may play a very crucial role if properly
motivated.

Wheat and Barley Technology Transfer The recommended packages for wheat
production include use of modern varieties, application of chemical fertilizers,
herbicides, pesticides and irrigation (where facilities are available). The joint
DASR/ICARDA collaborative programme initiated since the inception of ICARDA in
1977 plays a significant role in the transfer of technology. The collaborative
programme conducts on-farm variety trials to identify adaptable crop varieties of
wheat and barley for Syrian conditions and demonstrates new technologies to farmers.
Syrian farmers benefited very much from such collaborative research work.

Agricultural Input Supply In Syria, the Agricultural Credit Bank (ACB) is responsible
for the bulk supply of inputs including credit and financial provisions for state, co-
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operative and private farmers. The ACB has 114 branches distributed throughout the
country. The redistribution of inputs to farmers is effected through service co-
operatives where the majority of farmers are members. For example, seed marketing is
carried out through ACB which sells seed to farmers on credit with 7% interest rate
which is still the responsibility of the government. At present the provision of fertil-
izers (since late 1990s) and herbicides and pesticides become liberalized where the
private sector become responsible for provision of these inputs on competitive basis.

National Seed Policy The commitment of the Syrian Government in increasing
agricultural production to achieve food self-sufficiency defines the importance given
to the national seed industry. Seed is at the centre stage of national campaigns and is
given full support through allocation of adequate material and financial resources.
Prior to the mid 1970s, there was no formally organized seed production for
agricultural crops in the country except for cotton. In 1975, the Ministry of Agriculture
and Agrarian Reform (MAAR) established the General Organization for Seed
Multiplication (GOSM). The organization became the sole parastatal corporation
entrusted with primary responsibility for seed production and supply of all
strategically important agricultural crops. The strategy led to a significant contribution
in increasing agricultural productivity by promoting the use of high quality seed of
improved varieties by making it available at relatively low prices (at cost or little profit).

Seed Laws and Regulations The General Organization for Seed Multiplication is the
only government institution dealing with seeds of agricultural crops. The GOSM is
entrusted with the responsibility both for seed production and quality control being the
only national agency in the country. Therefore, at present there are no laws, rules and
regulations that address issues related to varieties and seeds and no independent seed
certification agency exists.

Variety Development The Directorate of Agricultural and Scientific Research (now the
General Commission for Scientific and Agricultural Research, GCSAR) is the only
public organization with the mandate for variety development of both wheat and
barley crops in close collaboration with the regional and international organizations
such as ACSAD and ICARDA. ICARDA has a regional and global mandate for wheat
and barley improvement, respectively and runs a well-defined strategy to enhance
sustainable crop production through germplasm improvement in close co-operation
with NARS in the region. Desirable genes from various germplasm sources including
local landraces and their wild relatives are introduced to wheat and barley breeding
lines. These lines are intensively selected for abiotic and biotic stresses and agronomic
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performance to identify promising lines. These promising lines are distributed to
NARS for evaluation, testing and selection under specific environments. The Syrian
NARS are direct beneficiaries from their proximity to and long-term association with
ICARDA as these materials are tested under some of the major agro-ecological zones
of the country.

Wheat is grown in relatively better-endowed environments under rainfed conditions
in Zone 1 where adequate moisture is available or in Zone 2 where supplemental
irrigation is practised to overcome any seasonal moisture shortfall. The major
objectives of wheat breeding are to improve productivity by developing new varieties
with increased yield, better grain quality, tolerance to biotic (diseases and insects) or
abiotic (drought, thermal) stresses and which respond better to use of inputs including
irrigation where applicable.

Barley is a typical crop for marginal environments where yields are limited by
abitotic and biotic factors. In recent years, population pressure and options in
mechanization have even pushed barley production to the most marginal areas, where
yields are declining. The barley research objective is therefore focused to reverse
declining barley production by identifying improved varieties which can better
withstand abiotic and biotic stress and give more stable and better quality grain and
straw yields than the local landraces widely grown in the country.

Variety Release The General Commission for Scientific and Agricultural Research
(GCSAR) is responsible for variety evaluation on its own or through joint
collaborative activities with ICARDA or ACSAD. Promising lines of wheat and barley
identified by GCSAR will be tested in different agro-ecological zones of the country in
on-farm verification trials along well adapted commercial varieties before they are
proposed for release. If a variety is found to be better performing in yield and other
agronomic characters compared to the standard check, a detailed report is prepared and
submitted to the National Variety Release Committee established by the Ministry of
Agriculture and Agrarian Reform (MAAR). The Committee is chaired by the Minister
of MAAR and composed of representatives from relevant departments of the Ministry,
General Commission for Scientific and Agricultural Research, General Organization
for Seed Multiplication and the universities.

Each year, the Committee examines and reviews detailed testing reports of
candidate varieties based on the request of GCSAR. If a candidate variety shows better
value for cultivation and use, the Committee advises the Minister of MAAR to release.
After a variety has been released, GOSM obtains breeder seed to start initial seed
multiplication. The GCSAR/ICARDA collaborative on-farm trials have identified and
released several wheat and barley varieties suitable for Syrian conditions since its
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inception upon the establishment of ICARDA in 1977 (Shehadeh, 1998).

The variety release system is not formally organized and operates on ad hoc basis,
but there is no technical bottleneck in the release system once the Committee makes
the decision. The assumption is that farmers are represented through the Ministry of
Agriculture and relevant institutions responsible for agricultural development in the
country.

Seed Production Since 1976, the General Organization for Seed Multiplication is the
only public sector institution dealing with seed production of agricultural (cereals,
legumes, oilseeds), industrial (cotton, sugar beet) and horticultural (potato) crops.
Although the government policy fully supports the seed industry, the participation of
the private sector in so called ‘strategic crops’ such as wheat, barley and cotton is non-
existent. In 1978, GOSM supplied 13% of the wheat seed requirement (Bailey, 1982)
and by the mid 1980s it distributed 88,000 tonnes of wheat seed (Al-Ashram, 1990).
During the 1994-1999 period, the average seed distribution was 227,869 t yr ' out of
which 168,540 tonnes (74%) is seed of agricultural crops (Table 3.2). Wheat and
barley seed occupy 94 and 3.4% of agricultural seeds distributed, respectively. If the
total seed distribution of all crops is considered, the percentage of wheat and barley
seed drops to 69.5 and 2.5%, respectively. Further analysis showed that the proportion
of barley seed production gradually dropped from around 8% in 1992 to 1.4% in 1998,

Table 3.2. Quantity of seed distributed (tonnes) by the General Organization for Seed
Multiplication from 1994-1999.

Crops 1994 1995 1996 1997 1998 1999 Average %
Wheat 165,125 166,519 175,478 150,000 139,376 154,266 158,461 69.5
Barley 9,535 4,129 5,507 4,800 3,500 6,986 5,743 2.5
Maize 1,635 1,540 1,498 1,557 1,548 812 1,432 0.6
Faba bean 305 172 145 340 168 242 229 0.1
Lentil 2,008 887 1,417 2,730 400 1500 1,490 0.7
Chickpea 238 387 600 555 580 1470 638 0.3
Soybean 165 211 2,031 552 100 209 545 0.2
Ground nut 14 1 1 0.1 - - 3 00
Potato 32,210 36,912 16,581 18,567 28,839 32,771 27,647 12.1
Cotton 24,300 26,337 28,264 34,611 36,880 32,536 30,488 134
Sugar beet 340 512 413 996 1,209' 3,698 1,195 0.5
Total 235,875 237,607 231,935 214,708 212,600 234,490 227,869 100

' 853 units of monogerm sugar beet seed.
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except in years with severe drought when grain is cleaned, treated and distributed as
commercial seed.

3.6.2. Informal Seed Sector

Farmers in the Fertile Crescent were the first to domesticate wheat and barley leading
to a settled agriculture. For centuries, they have been selecting, maintaining and
cultivating local landraces and retaining and exchanging seed with other regions.
Syrian farmers are in the forefront of such long experience and have a wealth of
indigenous knowledge of informal seed systems. The informal seed system is dynamic
and broadly encompasses the processes or intricacies of crop production in the short-
term and the improvement and maintenance of genetic resources in the long-term.
However, that traditional indigenous knowledge is under threat due to modernization,
mechanization and intensification of agriculture.

In Syria, the informal seed sector includes individual private farmers, their relatives,
neighbours and local grain/input traders who in one way or another are involved in
local seed exchange and/or trade. Local level seed production and distribution by non-
governmental organizations (NGOs) are non-existent.

3.7. Objectives

Wheat and barley are two principal cereal crops grown in Syria. Both crops are
considered strategic, because of the government policy for self-sufficiency in
agricultural and livestock production. The two crops, however, provide very
contrasting circumstances in terms of agro-ecological adaptation, farming systems,
production, utilization as well as adoption of modern agricultural inputs such as
improved varieties, fertilizers and pesticides. Wheat is a main staple food crop grown
in relatively better environments whereas barley is used as feed or forage crop grown
in less favourable environment, but as an important component in crop-livestock
farming systems.

There is a very strong wheat variety development and seed production programme.
The adoption and diffusion of modern wheat varieties is believed to be higher than that
of other cereal crops. Several varieties have been developed, released and
disseminated to farmers with recommended production packages (Hamblin et al.,
1995; Shehadeh, 1998; Mazid et al., 1998, 2003). Tutwiler et al. (1997) indicated that
promising barley varieties combining relatively high and stable yield potential under
stress conditions have been selected and released. Associated agronomic practices
such as proper tillage, sowing method and date, seed rate, other techniques have been
developed and tested, and recommendations have been formulated for different agro-
ecological zones. However, the mechanisms for transferring the barley technology to
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farmers were either inadequate or nonexistent (Tutwiler et al., 1997). However, there
is limited information on farmer’s perception of improved varieties and their seed
sources and management practices.

Mazid et al. (1998) argued that most of the academic studies on technology
adoption assume that the developed technology is appropriate and suitable to farmers
and tend to focus on defining the characteristics of the farmers, wishing to adopt such
technology without due consideration whether or not the technology is suitable to the
needs of the farmers. The study of wheat and barley seed systems will provide an
interesting comparison of two crops where the pattern of technology adoption is at
different stages. The main purpose of the study is to investigate the extent of adoption
and diffusion of modern wheat and barley varieties released by the national agricultural
research systems, farmers knowledge and perception of released varieties and to
understand farmers seed source and management practices.

Therefore, the main objectives of the research were to:

« Study wheat and barley seed systems in Syria to understand the functioning of the
national seed sector with particular reference to the informal sector.

« Study and characterize farmers’ perception and adoption of modern varieties and
associated technologies and criteria for adoption of new varieties to assist breeders
to focus on farmers’ preferences.

« Study and document farmers’ indigenous knowledge of on-farm plant and seed
selection, farmer’s seed sources and seed management practices as a means to
strengthen and develop responsive seed delivery systems.

3.8. Methodology and Data Collection

A questionnaire was designed to gather information on farmers’ perception, adoption
and diffusion of modern varieties; farmers’ seed sources, seed selection and
management; and technical (varietal acceptability, seed quality) and socio-economic
factors limiting adoption (holding size, credit facilities, input supply, etc.).

3.8.1. Study Areas
The three most important wheat and barley production zones were selected based on
the secondary data available from the Central Bureau of Statistics. The three provinces
together accounted for nearly 65% of wheat and 78% of barley area in the country
based on the annual statistics previous to the survey years.

The Aleppo, Raqqa and Hasakeh governorates in northwestern Syria were selected
for both wheat and barley seed system studies (Fig. 3.1). These governorates apart
from being representing the major wheat and barley growing zones, also provide some
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contrasting situations in terms of farming systems and proximity to the main
institutions that are responsible to provide basic services in agriculture. The Aleppo
governorate represents the major wheat and barley growing areas in the northern part
of the country where the headquarters and basic seed farm of the General Organization
for Seed Multiplication are located. The Raqqa and Hasakeh governorates represent
the major barley and wheat growing areas in northeastern parts of the country. Most of
the commercial seed produced by the General Organization for Seed Multiplication
should be transported over long distances for distribution and the availability and
timely delivery could be a constraint.

3.8.2. Sampling Procedures
A multistage purposive random sampling procedure was followed from higher to lower
administrative levels, with farmers being sampling units. A four stage sampling
procedure was adopted. The four stages involved selection of provinces, districts,
villages and wheat and barley farmers. Within each district Zones 1 and 2 were
targeted for wheat production whereas for barley Zones 2, 3 and 4 were selected.

The following approaches were used for sampling the survey area:
First stage: Three major wheat and barley growing provinces were selected from all
wheat growing regions in the country, with each province’s probability of selection
made proportional to the area planted to wheat in the province. This self-weighing
sampling procedure resulted in the selection of provinces located in 3 of the country’s
14 provinces.
Second stage: Within each of the three selected provinces, two major wheat or barley
producing districts were selected at random from among all districts considered as
main wheat or barley production districts based on the proportional area planted to
wheat or barley in the districts.
Third Stage: Within each of the two selected districts, two enumeration areas were
randomly selected once again in proportion to the area of wheat grown in the
enumeration areas.
Fourth Stage: Within the enumeration areas, villages and wheat or barley growing
farmers were randomly selected based on the list of farmers from the agricultural
extension offices. The village is the smallest administrative unit and headed by a chief
of the village.

3.8.3. Data Collection

A team of three enumerators and one supervisor conducted the survey. A training
course was organized for the enumerators which included a discussion of the
objectives of the survey, a detailed question-by-question review of the survey
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instrument, instructional sessions on interviewing techniques and practice interviews
with farmers. After the training the questionnaire was pre-tested during the first day of
the survey and further discussed with the enumerators. At the end of each day all
questionnaires were checked with the enumerators and clarifications made.

The survey was carried out during October-November in the 1997/98 crop season
for barley and during November-December in the 1998/99 crop season for wheat.
These periods coincide with the main barley and wheat planting time in the country.

For the wheat seed system study a total of 206 farmers were surveyed, distributed
over three provinces, six districts, 61 villages located in different regions of the
country (Fig. 3.1). The proportion of wheat farmers from Aleppo, Raqqa and Hasakeh,
respectively, were 36.4, 15.0 and 48.5%. The proportion of wheat farmers sampled
from Zone 1 and Zone 2 were 33 and 67%, respectively. In each village a minimum of
2 farmers were interviewed and a sample of 1000 g seed was withdrawn from the
farmers’ seed material intended for planting.

In case of barley a separate 200 farmers were surveyed distributed over three
provinces, eight districts and 59 villages (Fig. 3.1). About 47.0%, 23.5% and 29.5% of
barley farmers were from Aleppo, Raqqa and Hasakeh provinces, respectively.
Moreover, 47.0%, 37.5% and 25.5%, respectively, were from the Zone 2, 3 and 4
production areas of the country.
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Fig. 3.1. Wheat and barley seed systems study areas (in black) in major crop production
regions in northeastern Syria.
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3.9. Results and Discussion

3.9.1. Demographic and Socio-Economic Factors

Agriculture is the main source of income for all farmers, although barley farmers in
drier zones were involved as migratory seasonal labourers in cotton harvesting for off-
farm income generation. Wheat farmers are relatively less likely to be involved in
seasonal labour migration from their villages.

About 88% (n=206) of wheat growers interviewed owned land whereas those on
government land were about 11%. Similarly, 95% (n=200) of farmers growing barley
owned land, whereas the remaining were using government land, but had no legal
property rights. In the past, the Government nationalized rural land and redistributed it
among farmers. In some areas the land still remains under the government ownership.

Since 1965, the policy encouraged mechanization of agricultural operations. In
recent years, the level of mechanization in wheat and barley cultivation has
dramatically increased in Syria due to the intensification of agriculture. Almost all
farm-level operations such as land preparation, planting and harvesting are carried out
by machinery, except in very isolated pockets in the mountainous ranges, stony or very
small fields. About 52% of wheat and 34% of barley growers owned tractors
individually or shared them with relatives or business partners. The number of farmers
who owned combine harvesters was relatively low (less than 5 and 9%, for wheat and
barley growers, respectively). Mazid (1994) also found that 29% of barley growers
owned tractors and 10% combine harvesters. The farm machineries were also rented to
other farmers during the planting or harvesting periods. For example, tractors were
hired for land preparation and planting on cash payment whereas the combine
harvesters were rented for in kind payments equivalent to 10% of the total grain
harvest.

The mean age of wheat and barley farmers surveyed was in the mid 40s (45.5 for
wheat and 47.4 for barley) evenly distributed over different age groups and with long
experience in farming. For example, the proportion of farmers with over 50 years of
age and of those who were involved in agriculture was around 36% of the total number
of farmers surveyed with long experience in farming. It also showed the involvement
of a relatively younger generation of farmers engaged in agricultural production. Issa
(1991) found that 50% of the wheat farmers surveyed were over 50 years old.
Similarly, earlier studies found that the age of barley growers ranged from 18 to 80
years with an average of 46 years and with large families (Mazid, 1994). About 86%
of farmers in the case of wheat and 94% in the case of barley were married with a
mean number of children of 7.1 and with a 1:1 female to male ratio of the children,
similar for both groups.
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There was a substantial difference in education levels between wheat and barley
producers. Wheat farmers who were illiterate constituted one quarter whereas those
who did read and write were 54% and those with formal education (elementary or
secondary school) were nearly 20% of farmers surveyed. Barley farmers who were
illiterate — not able to read or write — constituted 46.5% whereas literate farmers — who
did read and write — constituted 44.5%. The remaining 9% had formal education
(elementary or secondary school). This in no way suggests that barley growers were
more disadvantaged than their wheat growing counterparts, but the remoteness of
some barley growing areas might explain the differences. Mazid (1994) found a
slightly larger proportion of farmers (60%) who could read and write but his sample
did not include farmers from Zone 4. These differences in the level of education might
also influence the level of uptake and adoption of modern technologies generated by
agricultural research and transferred to farmers by the extension services.

3.9.2. Gender Participation in Wheat and Barley Production

In rainfed Mediterranean agriculture labour requirement is seasonal and particularly
high during land preparation and planting and at the end of the cropping cycle at
harvesting. In wetter areas weeding requires additional labour where wheat is grown.
In Syria agricultural production is undergoing a high rate of mechanization and
intensification during the last three decades. In the 1970s, most farmers were using
traditional land preparation, planting and harvesting methods, particularly for barley
production in marginal areas. In the 1990s, agricultural production changed
significantly with the availability of farm machinery and improved production technol-
ogy including the provision of agricultural inputs such as seed of modern varieties,
fertilizers, pesticides and irrigation facilities. The mechanization and intensification of
agriculture brought a significant shift in traditional farm operations and use of family
labour on the farm. Land preparation, planting and harvesting become mechanized
where the machinery is owned individually/jointly or hired. At planting labour is
required for cleaning the seed, filling the planter with seed and/or fertilizer mixture
and at harvest for packaging and removing the harvested grain from the field. The
farmer provides the labour by himself including the family or by hiring labourers
during these operations.

Fifty four percent of wheat farmers (n=206) and 34% of barley farmers (n=200)
owned tractors and the remaining hired machinery for land preparation and planting.
Similarly, 5% of wheat growers and 9% of barley farmers owned combine harvesters
and the rest of the farmers hired them for harvesting wheat or barley. Al Ashram
(1990) cited that almost all land preparation for all crops, 90% of planting, 95% for
harvesting (including threshing) of wheat and barley was mechanized by the mid
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1980s. The findings of the survey were consistent with this information where tractors
or combine harvesters were used for all field operations with very few exceptions on
small landholdings.

According to Tulley (1990) most societies have at least a partial division of labour
by sex and age, of varying rigidity. He reported that in northwestern Syria, previously
men were responsible for land preparation and planting whereas the women carried out
weeding and spreading manures, but both men and women took part in harvesting and
threshing. Al-Ashram (1990) reported that in the mid 1980s human labour (family and
hired) constituted less than 10% of the production cost for barley and wheat; in
agricultural commodities such as cotton and sugar beet this proportion was
substantially higher. Most female labour was used for picking cotton and clearing the
cotton fields for planting the next crops, usually cereals, during the winter season. It
was also observed that male farmers in barley production zones particularly in Zones 3
and 4 worked as migratory labourers for cotton picking in other areas to supplement
their income.

While most crop production operations which demand high labour are now
mechanized, 47.5%, 48.5% and 83.5% of farmers, respectively reported that men
provided supervision or assistance in one form or another during land preparation,
planting and harvesting operations of the barley crop (Table 3.3). Moreover, 58%,
65.5% and 91.5% of farmers also hired additional male labourers to assist in these
operations in the same order. The latter refers to the usually male combine operator
and his assistance. Barley is hardly weeded and a minority of farmers reported that
they used men, women, children or labourers for hand weeding. The involvement of
women and children in all these operations was less than 5% including weeding where
family labour needs for these enterprises on the farm is substantially reduced (Table
3.3). While the participation of men both in land preparation and planting both for
wheat and barley was almost similar, the minor difference comes from weeding wheat
where the role of women and children in these activities appeared to be higher than for
barley (Table 3.3). The role of women and children in overall operations for barley
production appeared to be minimal in the survey areas. Al-Ashram (1990) reported
that for cereals where most of the operations are mechanized, males contributed 56%
of total hours and 87% of hired labour compared to women.

3.9.3. Cropping Pattern and Land Allocation

Area Allocation for Wheat In Syria wheat is mainly grown in Zone 1 and Zone 2 under
rainfed conditions and sometimes with supplementary irrigation in Zone 2. In other
zones it is uneconomic to produce wheat without full irrigation because of moisture
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Table 3.3. Participation of different categories of labour in wheat and barley production
in Syria (n=200).

Crop  Labour  Land preparation  Planting Weeding Harvesting
category Farmers %  Farmers % Farmers %  Farmers %

Wheat Men 86 42 82 40 61 30 11 5
Women 10 5 0 0 39 19 0 0
Children 3 2 2 1 26 13 0 0
Labour 123 60 126 61 69 95 195 95

Barley Men 95 48 97 49 18 9 167 84
Women 2 1 10 5 5 3 1 |
Children 12 6 16 8 7 4 2 1
Labour 116 58 131 66 9 5 183 92

limitation. Most wheat farmers with access to irrigation water usually plant at least
twice, once during the main rainy season under rainfed condition and once with full
irrigation during the summer season. Therefore, farmers with access to irrigation
facilities usually grew cotton, potato, sugar beet or vegetables as an additional crop in
summer. Almost all wheat fields are planted with cotton during the summer season.
The number of crops grown per farm can be divided into two categories such as winter
crops sown during October to December and summer crops sown in February or later
(Table 3.4). In case of wheat the total farm area is based on the area of winter crops as
most of the summer crops are planted on area previously planted with winter crops
after harvesting.

The mean farm area for wheat producers varied between provinces, i.e., 10.4, 8.9
and 23.4 ha, for Aleppo, Ragqa and Hasekeh provinces, respectively. The overall
average wheat area was 9.9 ha (SD=9.9) the mean durum and bread wheat area was
9.1 and 7.8 ha, respectively. Earlier studies found variation in average farm size as
well as area allocated to wheat and barley production in different regions of the
country (Mazid et al., 1998; Mazid, 1994). Al-Ashram (1990) indicated that the land
reform laws of 1958 and 1963 specified the upper limits of property owned by each
farmer based on agricultural production zones. As a result, the area of holding size
with less than 25 ha increased from 30% of the total farm area before the reforms to
93% afterwards (the farm area over 100 ha is 0.23%).

Most farmers grew a wide range of crops on the farm during the winter and summer
seasons, 1.€., sequentially rather than at one time (Table 3.5). However, one fifth of the
farmers (21%) grew only one crop, either bread or durum wheat. Farmers who grew
two crops were one third (37%) whereas those growing three crops were about one
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Table 3.4. Major crops grown and land allocation by wheat growers during 1998/99 crop
season (n=2006).

No. of Mean area

Crop Aleppo Ragqa Hasakeh farmers % (ha) SD

Durum wheat' 56 13 71 140 (139) 67.9 9.1 8.2
Bread wheat' 32 20 49 101 (100) 49.0 7.8 9.5
Barley 34 10 12 56 27.2 11.0 335
Lentil 45 - 18 63 30.6 5.5 6.0
Chickpea 14 - 1 15 7.3 2.6 2.2
Faba bean 6 2 1 9 4.4 2.1 1.4
Maize - 2 1 3 1.5 2.5 0.7
Sunflower 1 - - 1 0.5 4 na
Potato 7 1 - 8 3.9 2.1 1.3
Sugar beet 3 1 1 5 2.4 2.3 2.0
Vegetables 9 - 1 10 4.9 2.8 3.5
Cumin 4 - - 4 38.8 3.4 3.8
Cotton 18 30 32 80 1.9 7.9 8.2
Tree crops 7 - - 7 3.5 5.8 3.9
Total (winter crops) 75 31 100 206 100 13.9 12.8
Total (summer crops) 33 31 33 96 46.6 3.5 6.7

1 1~ . .
Figures in parentheses show number of farmers when outliers of over 100 ha were removed.

Table 3.5. On-farm diversity of crops grown by wheat farmers in Syria.

Province Number of crops grown per farm (n=206)
1 2 3 4 5 6 7 Total
Aleppo Farmers 4 17 28 23 - 2 1 75
% 5 23 37 31 - 3 1 100
Raqqa Farmers 1 18 7 3 2 - - 31
% 3 58 23 10 7 - - 101
Farmers 38 42 17 3 - - - 100
% 38 42 17 3 - - - 100
Total Farmers 43 77 52 29 2 2 1 206
% 21 37 25 14 1 1 1 100
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quarter (25%). A mere 14% grew four crops. The major crops grown were wheat and
cotton followed by wheat and barley.

Agricultural mechanization and intensification have led to reduction of inter- and
intra-crop diversity on the farm where farmers concentrate on optimization of the crop
enterprises to achieve maximum benefits. Farmers focus on producing crops that pro-
vide better return using their comparative advantage and, therefore, limit their produc-
tion operation within their resource endowments and existing market opportunities.
However, the agricultural sector is in transition and quite a significant number of
farmers are still growing a variety of crops, more in case of wheat growers than in
barley. The main difference between wheat and barley growers is the lack of alterna-
tive crops in the more marginal environments of Zones 3 and 4 where barley is grown.

Area Allocation for Barley The crops grown and area allocated for barley producers is
presented in Table 3.6. The mean crop area for barley growers was 24.4 (SD=24.4)
whereas the mean area allocated for barley production was 17.14 (SD=17.4). Almost
66% of farmers grew less than the mean area allocated for barley production. The
higher standard deviations observed were due to some farmers who had an area of over
100 ha grown contiguously as part of family land ownership particularly in Raqqga
governorate.

The major crops and number of varieties grown by farmers sampled for barley
survey is given in Table 3.7. Farmers grew as many as six crops including barley,
bread wheat, durum wheat, lentil, lathyrus and cotton. A substantial number of farmers
(38%) grew barley only as compared to 53% of farmers who grew at least two crops.
In addition to barley, about 45.5 and 19.5% of farmers grew modern bread and durum
wheat varieties, respectively, mainly in Zone 2 of Aleppo governorates. In much drier

Table 3.6. Main crops grown and land allocation by barley growers during the 1997/98
crop season (n=200).

Aleppo Raqga Hasakeh Total Land allocation Number of
Crops grown 5 .
No of farmers growing Farmers % Area  SD  varieties
Barley' 94 47 (45) 59 (58) 200 (197) 100 174 175 3
Bread wheat 61 19 11 91 45.5 82 10.6 6
Durum wheat 7 12 18 39 19.5 109 169 8
Lentil 6 - - 6 3.0 22 147 2
Lathyrus 5 - - 5 2.5 40 346 1
Cotton 1 1 2 4 2.0 46 1.15 2

! Figures in parentheses show number of farmers when outliers of over 50 ha were removed.
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Table 3.7. On-farm diversity of crops grown by barley farmers in Syria.

Province Number of crops grown per farm (n=200)

1 2 3 4
Aleppo 26 58 9 1
Raqqa 18 26 3 -
Hasakeh 32 22 5 -
Total 76 106 17 1
% 38 53 8.5 0.5

areas of Zone 3 in Raqga and Hasakeh governorates most farmers grew barley crop
only as wheat production is not economic. This limitation is most probably due to the
problem of water availability and crops that are adaptable to the drier areas of Zone 3
and 4 where expansion in barley production is taking place. A similar result was found
where more farmers planted non-cereal crops in Zone 2 than in Zone 3 (Mazid, 1994).
In Ethiopia about one half of the farmers (47%) grew four crops and one third (36.7%)
grew three crops in addition to barley showing more on farm crop diversity
(Woldeselassie, 1999).

From 200 farmers who grew barley, 55% also planted modern bread and durum
wheat varieties, but they still continued using local landraces of barley crop. Similarly,
in Ethiopia although 61.3% of barley growers surveyed adopted modern bread wheat
varieties, they also continued cultivating local landraces with no intention of adopting
modern barley varieties (Woldeselassie, 1999). The main limitations appear to be not
farmers’ lack of awareness but rather lack of adaptable varieties that meet their
preferences.

3.9.4. Wheat and Barley Production Technology Packages

Agricultural production technology packages are targeted according to agro-ecological
zones and crops where the use of high inputs is favoured for modern varieties and
favourable environments. The use of modern agricultural technologies and application
of irrigation, fertilizers and pesticides have been recommended for wheat production
based on the target environments and less so for barley crop.

Sources of Information Farmers use as many multiple sources of information as
possible through local social network or from outside sources to acquire knowledge
about new agricultural production technologies. The information obtained will be
analysed and possibly validated through their own experimentation or through the
experiences of their neighbours or other farmers before being adopted and applied on a
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wider scale.

Wheat farmers had better information regarding modern varieties (100%),
agronomic packages (100%), fertilizers (99%), herbicides (97%) and fungicides for
seed treatment (96%) in comparison to barley growers (Table 3.8). Fellow farmers
(relatives, neighbours and other farmers altogether) were the major source of
information for varieties, agronomy and fertilizers. The farmer-to-farmer information
exchange played an important role in lateral diffusion of modern varieties as evidenced
from wheat seed sources found in this study. Tripp and Pal (1998) also found that
other farmers followed by shopkeepers were the major sources of information for
hybrid pearl millet growers particularly within villages in Rajasthan, India. On the
other hand agricultural extension was the single most important source of information
for herbicides (52%), seed treatment chemicals (34%) and modern wheat varieties
(22%). Farmers’ long years of farming experience also played an important role in
using appropriate agronomic packages (32%) and fertilizers (23%) for wheat
production. Farmers have good knowledge of the crop production environment and
their needs and can make appropriate decisions on varieties they plant and agronomic
practices they apply for crop production. There was no variation between regions and
zones in access to information among wheat growers.

Table 3.8. Farmers’ source of information and awareness of wheat technology
packages (%; n=2006).

Access to Modern  Agro- Ferti- Herbi- Fungi- Pesti-  Grain
information variety  nomy lizers cides cides' cides  storage
Have information
Farmers 206 206 204 200 197 124 115
% 100 100 99 97 96 60 56
Sour ce of information
Media (TV & radio) 4 3 1 2 2 1 0
Research 5 6 6 6 6 1 0
Extension 22 20 35 52 34 18 11
Relatives 9 16 10 7 4 4 10
Neighbours 18 12 10 5 6
Other farmers 24 16 10 5 4 5
Traders 1 0 0 8 19 11
Others > 20 32 23 6 9 8 11

' Seed treatment (chemical stores);

% Others include ACB, GOSM, co-operatives and own experience.
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Slightly fewer wheat farmers had information on insecticides (60%) and grain
storage (56%). Most of the wheat produced is sold to the government due to attractive
price and less grain is stored on farm as compared to barley grain which is kept on the
farm as livestock feed. Moreover, epidemic levels of insect outbreaks are usually
controlled through government spray programmes and farmers are less involved in
actual field sprays for insect control.

About 94, 79, and 71% of the barley farmers have sufficient information about the
agronomic practices, fertilizer use and application, and grain storage, respectively
(Table 3.9). Barley grain is kept on the farm as part of livestock feed and, therefore,
information on storage appeared to be important. In all three cases the informal
sources of information such as relatives, neighbours or other farmers appeared to be of
major importance for information flow compared to the formal extension services.

Among barley growers only one third of them heard about improved varieties and
use of pesticides (herbicides, fungicides and insecticides) for barley production; the
formal sector being the main source of information. Although 36% of farmers heard
about improved barley varieties none had tried growing them because of lack of
varietal adaptability, seed availability or farmers’ preferences. In comparison to
farmers in Zones 2 and 3, farmers in Zone 4 (n=31) were less aware of the new barley
technology including modern varieties (19%), fertilizers (52%) and herbicides (29%)

Table 3.9. Farmers’ source of information on barley varieties and agronomic packages
(%; n=200).

Access to Modern Ferti- Agro- Herbi- Pesti- Grain
information variety lizers nomy cides cides  storage
Have information
Farmers 72 159 187 62 62 141
%' 36 79 94 31 31 71
Source of information
Media 2 1 1 1 2 1
Research 2 1 2 1 - -
Extension 6 36 18 12 16 14
Relatives 5 11 40 1 2 20
Neighbours 8 17 23 3 1 13
Farmers 6 7 9 4 2 4
Traders - - - 2 2
Experience 2 5 3 2 1 5

! Figures may exceed 100% as farmers may use multiple sources of information.
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where use of such inputs was discouraged as part of government agricultural policy. It
should be noted that about two thirds (65.5%) of farmers sampled for the barley survey
also grew bread and durum wheat where they used modern varieties. This suggests that
it is lack of technology, not only lack of awareness that limits barley growers in
adopting the new technology.

Although the agricultural extension offices are well spread in rural areas and many
farmers are aware of their offices and activities only 38% of the farmers visited the
extension service offices and only 23% of the farmers had ever been visited by an
extension agent (Mazid, 1994). Moreover, many farmers owned radio and television
where formal extension programmes were broadcasted, but the informal sources of
information such as neighbours and other farmers remained very valuable sources of
information on modern varieties, agronomic practices and use of inputs. The establish-
ment of an extension offices network alone cannot provide the necessary transfer of
technology unless adequate regular training is provided to the staff and linkages made
with agricultural research in communicating new technologies to farmers.

Agronomic Practices In the semi-arid drylands of the Mediterranean environment
rainfall is erratic with large spatial and temporal variations. Agronomic practices such
as sowing dates, seed rates and use of inputs have significant effects on crop
establishment, growth and yield of wheat and barley crops. Sowing dates may have
substantial effects on water use efficiency by ensuring early crop establishment to
achieve maximum yield in wheat and barley production. The recommended optimum
sowing dates are mid-October for barley and mid-November for wheat. However,
actual planting dates vary according to winter rainfall whereas farmers delay planting
to avoid the risk of early drought at seedling stages because of unreliability of initial
rainfalls, pre-planting mechanical weed control and risk of frost damage (Pala, 1998).
Delayed planting, however, is also associated with low yield and exposes the crop to
terminal drought and thermal stress.

Agronomic Practices for Wheat Crops Unlike barley growers almost all wheat farmers
(n=206) used inputs such as fertilizers (100%), herbicides (93%), seed treatment
fungicides (90) and storage insecticides (41%) as shown in Table 3.10. One-third of
the farmers (36%; n=206) planted wheat after the first rains compared to two-thirds
who planted after the second or several rains. Most of these farmers have no irrigation
facilities and try to exploit available moisture from the first rains. From the total
farmers surveyed about 130 had facilities to grow wheat under full (42%) or
supplementary (59%) irrigation, thus had some flexibility in planting early or later in
the season. Farmers who planted early before the rains all used full irrigation and
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experienced less risk from dry spells. Those with supplementary irrigation planted
after the first rains or slightly later in the season as they had options to supplement
moisture in case the rain ends before the season. Pala (1998) indicated that sowing
wheat between mid-October to mid-November had no effect whereas delaying
planting to late December substantially decreased the yield from 5 to 4 t ha™ in high
rainfall areas. He also indicated that most farmers were risk averse in 80% of the time
and as a consequence suffered from low yield and could obtain a yield of more than
1.5 tha™' in only 15% of the area.

In the early 1990s, about 98% of wheat farmers used tractors for land preparation and
69% for planting and 88% combine harvested (Mazid et al., 1998). However, land
preparation, planting and harvesting of wheat are highly mechanized. About 93% of
farmers used drilling machines for planting whereas the remaining used hand
broadcast. Moreover, 96% of the farmers hired combine harvesters whereas the
remaining owned a combine for harvesting wheat. This showed a significant increase
in mechanized planting and harvesting of wheat crops. For example, in Jordan three
quarters of wheat farmers still use hand broadcast while one quarter use manual
broadcast showing slightly less mechanization of wheat production (Hasan, 1995).

For bread and durum wheat 120 and 150 kg ha™' of seed, respectively, is
recommended for rainfed and 150 kg ha™' for both under irrigated conditions.
However, the most interesting difference in seed rates was observed between farmers
who used irrigation and those who planted wheat under rainfed conditions. The
average seed rate for irrigated and rainfed wheat was 335 (SD=49) and 208 (SD=38)
kg ha™', respectively. This was equivalent to 2.3 and 1.7 times (i.e., substantially
higher than) the recommended rates. Farmers using certified seed from the formal
sector also followed the same trend, although those planting under rainfed conditions
used slightly lower seed rates. Under heavy fertilization and irrigated conditions
farmers believed that they could achieve maximum yield using high seed rates. Under
irrigated conditions the mean seed rates for Aleppo, Ragqa and Hasakeh were 293
(SD=25), 399 (SD=44) and 328 (SD=29) kg ha™', respectively. Similarly, for rainfed
conditions 192 (SD=27), 233 (SD=29) and 224 (SD=42) kg ha™" was reported in the
same order.

Farmers tended to use high seed rates for wheat and barley, often as high as 200 kg
ha™'. Van Gastel and Bishaw (1994) also found that the average seed rate used for
wheat in Aleppo province was 225 kg ha™' where 38% of farmers were using over 200
kg ha™', considerably higher than the recommended rate. Farmers in all regions and
under irrigated conditions used higher seed rates than the recommended packages
(Mazid et al., 1998). However, research results indicated that the optimum seeding rate
is 110 and 100 kg ha™' for wheat and barley, respectively. Economic analysis indicates
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that the extra return from using these seeding rates for wheat and barley is US$ 20 and
40 ha™', respectively, which is economic at the farm and national levels. The extra
amounts used are unnecessary and using recommended rates could save large
quantities of seed every year.

Both fertilizer and herbicides were widely used by wheat farmers. Farmers who
used full or supplementary irrigation had the heaviest fertilizer application.

Agronomic Practices for Barley Crop The agronomic practices used by barley growers
such as sowing dates and methods, seed rates and use of fertilizers and herbicides are
given in Table 3.11. In northern Syria barley planting should start by mid-October and
continue until mid-November during normal years when sowing of wheat commences.
Some farmers, particularly those in Ragqah and Hasakeh who rented large-scale
contiguous areas from other farmers in drier parts of the country, practised dry plant-
ing early in the season. The barley crop was planted right after harvest for practical
reasons to overcome labour shortage during the planting period which coincides with
cotton harvest in October. The majority of small-scale farmers across the three
provinces planted barley after the second rains (67%; n=200) when soil moisture is
enough to sustain continuous crop growth to avoid replanting in case of dry spell
following first showers. However, about 11% of farmers planted barley before the
rains in case rainfall is delayed and 18% planted during the first rains. An insignificant
number of farmers planted barley later in the season. There was no significant variation
among different regions.

Sowing barley is highly mechanized and 94% of the farmers used drilling machines
whereas the remaining farmers used hand broadcast. Mazid (1994) found similar
results where 63% of farmers use drilling machine and 24% of farmer use machine
broadcast with only 10% of farmers using hand broadcasting. However, there is an
increase in the number of farmers using drilling machines for planting barley. The
recommended seed rate for barley is about 100 to 120 kg ha™' across different regions
and production zones. However, the survey showed that the variation in the seed rate
among farmers depended on regions and zones. The overall mean seed rate was 200 kg
ha™ (SD=67.5) for all farmers, but average seed rates of 255 (SD=49), 161(SD=42)
and 143.5 (SD=29.1) kg ha™' were found for Aleppo, Raqqa and Hasakeh provinces,
respectively. Farmers in the Aleppo province tended to use higher seed rate as 71% of
barley growers both in Zone 2 and Zone 3 planted over 200 kg ha™'. Almost all
farmers in Raqqa and Hasakeh were planting slightly less than 200 kg ha™'. Mazid
(1994) reported the use of higher seed rates by barley growers: the average seed rate
he observed was 182 kg ha™'. He reported that the use of high seed rate was associated
with the use of fertilizers and the expected higher yield.
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Table 3.10. Agronomic practices used for wheat production in Syria (n=206).

Agronomic practices Aleppo Raqqa Hasakeh Total
Farmers % Farmers % Farmers % Farmers %
Planting date
Before rains - - 8 26 19 19 27 13
After first rains (Oct) 42 56 1 3 31 31 74 36
After second rains (Nov) 12 16 9 29 39 39 60 29
After several rains (Dec) 21 28 13 42 11 11 45 22
Total 75 100 31 100 100 100 206 100
Planting method
Hand broadcast 7 9 8 26 - - 15
Machine broadcast 9 12 4 13 3 3 16 8
Drilling 59 79 19 61 97 97 175 85
Total 75 100 31 100 100 100 206 100
Seed ratein kg ha™ (irrigated) !
220-250 4 5 1 3 1 1 6 3
251-300 24 32 0 0 25 23 49 23
301-350 3 4 5 16 42 39 50 23
351-400 - - 16 50 2 2 18 8
Over 400 - - 7 22 - - 7 3
Sub-total 31 41 29 91 70 64 130 60
Seed ratein kg ha™ (rainfed) '
120-150 4 5 - - 4 4 8 4
151-200 37 49 1 3 13 12 51 24
201-250 4 5 2 6 16 15 2210
251-300 - - - - 6 6 6 3
Sub-total 45 59 3 9 39 36 87 40
Total 76 100 32 100 109 100 217 100
Fertilizers
No - - - - 1 1 1 1
Yes 75 100 31 100 99 99 205 100
Total 75 100 31 100 100 100 206 101
Herbicides
No 3 4 8 26 4 4 15 7
Yes 72 96 23 74 9% 96 191 93
Total 75 100 31 100 100 100 206 100

"11 farmers (1 farmer from Aleppo, 1 from Raqqa and 9 from Hasakeh) planted both

irrigated and rainfed wheat.
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The use of new agricultural technology for barley production was limited as only half
of the farmers used fertilizers (56%; n=200) and few used herbicides (4%) or insecticides
(3%). Most farmers who applied fertilizers were from the Aleppo province (99%; n=94)
and were in Zone 2 (78.7%; n=94) and Zone 3 (49.3%; n=75). Most farmers did not
practise manual hand weeding and herbicide application for weed control in barley
production is uncommon. The use of herbicides is less popular in all regions as they
were mostly located in relatively drier areas. Farmers in Zone 4 neither used fertilizers
nor herbicides. Mazid (1994) also found differences in fertilizer adoption rates between
different zones in northwestern Syria with higher adoption rates in Zone 2 than in Zone
3.

Table 3.11. Agronomic practices used for barley production in Syria (n=200).

Agronomic practices Aleppo Raqqga Hasakeh Total
Farmers %' Farmers % Farmers % Farmers %
Planting time
Before rains 8 9 12 26 2 3 22 11
First rains 18 19 5 11 12 20 35 18
Second rains 63 67 27 57 44 75 134 67
Several rains 5 5 3 6 1 2 9 5
Total 94 100 47 100 59 100 200 101
Planting method
Hand broadcasting 8 9 - - 5 8 13 7
Machine drilling 86 91 47 100 54 92 187 94
Total 94 100 47 100 59 100 200 101
Seedrateinkg ha™
Up to 100 - - 5 11 12 20 17 9
101-150 4 4 25 53 30 51 59 30
151-200 23 25 12 26 17 29 52 26
201-250 25 27 5 11 - - 30 15
251-300 39 42 - - - - 39 20
Over 300 3 3 - - - - 3 2
Total 94 101 47 101 59 100 200 102
Fertilizers
No 1 1 33 70 54 92 88 44
Yes 93 99 14 30 5 8 112 56
Total 94 100 47 100 59 100 200 100

! Percentage figures do not add to 100 because of rounding.
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Perception of Soil Fertility Soil fertility is one of the most important factors that affect
agricultural production and productivity. Soil amendments such as use of inorganic
fertilizers are useful to overcome natural soil deficiency by providing ready-made
nutrients to growing crops. However, the use of fertilizer is associated with agro-
climatic conditions particularly the availability of adequate moisture. Wheat is grown
in the relatively better-endowed environments in Zone 1 and Zone 2. Most farmers
considered soil fertility not a major constraint whereas 74% (n=206) had the
perception that they could consider the soil fertility of their plots as good (Table 3.12).
About 26% of the farmers believed that the soil fertility was a constraint for wheat
production. However, they applied significantly more fertilizer than the barley growers
because wheat farmers perceived that in favourable areas the use of fertilizer is not
risky.

Seventy eight percent of the barley farmers believed that the fertility of their land
was medium to low (Table 3.12). Farmers in Zone 3 and Zone 4 considered the
fertility of their land medium to low. However, despite such perception the use of
inorganic fertilizers was less because most of the farmers perceived the risk of using
fertilizers in drier areas with erratic rainfall.

Fertilizr and Herbicide Use and Application In Syria, recommendations for
application of inorganic fertilizers are based on agro-ecological zones, both for wheat
and barley. Urea (46% N) and ammonium nitrate (30/33% N) are the two most
common sources for nitrogen-based fertilizers, the latter more preferable for top
dressing due to its immediate availability for growing plants. Super phosphate (46%

Table 3.12. Wheat and barley growers’ perception of soil fertility in different regions of

Syria.
Perception of soil fertility Aleppo Raqqa Hasakeh Total
Farmers % Farmers % Farmers % Farmers %
Wheat (n=206)
Good 55 73 25 81 72 72 152 74
Medium 20 27 6 19 28 28 54 26
Total 75 100 31 100 100 100 206 100
Barley (n=200)
Good 13 14 18 38 13 22 44 22
Medium 75 80 22 47 38 64 135 68
Poor 6 6 7 15 8 14 21 11
Total 94 100 47 100 59 100 200 101
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P,0:5) is used as source of phosphorus. ICARDA (1992) indicated that a critical level
of available phosphorus of about 33 kg P,Os gave around 90% maximum total dry
matter production. In wheat, it was also reported that the mean yields of grain and
straw across the 70 sites showed highly significant response only to N fertilizer
(ICARDA, 1992). The same report concluded that response to phosphorus was non-
significant although a trend of yield increase was observed from phosphorus
application.

Fertilizer Use and Application on Wheat There was dramatic adoption and use of
inorganic fertilizers by almost all farmers (99.5%; n=206). It was found that 97
farmers (47%) applied both nitrogen and phosphorus at planting followed by split
application of nitrogen whereas 90 farmers (44%) applied phosphorus only at planting
followed by split application of nitrogen with exception of one farmer. However, few
farmers applied nitrogen as single fertilizer later in the growing season as split only
(5%) or at planting time followed by split application (2%) except one farmer who did
not apply split. These combinations of fertilizer use resulted in a situation where 189
farmers (92%) applied super phosphate at planting time compared to 105 farmers
(51%) who applied nitrogen at planting time and 201 (98%) farmers who applied
nitrogen as split. The adoption of both nitrogen and phosphorus based fertilizers for
wheat production was spectacular. Wheat production in wetter and/or irrigated areas
coupled with the use of new technology including fertilizers enabled Syria to be self-
sufficient in wheat production (Mazid et al., 1998).

In general, nitrogen should be applied both at planting time and later during the
vegetative growth stage as top dressing whereas phosphorus should be applied at
planting time only. Some farmers applied nitrogen at least three times once at planting
and twice as top dressing. Five important issues were arising from the application of
nitrogen and phosphorus contrary to the general recommendation. First, most farmers
applied phosphorus at planting time and some without nitrogen fertilizers (90 farmers).
Second, only 105 farmers applied nitrogen at planting time possibly trying to avoid the
risk of nitrogen in the absence of sufficient moisture where the crop could not make
use of the available nutrients because of late emergence due to low temperatures or if
planting was delayed. Third, almost all farmers applied nitrogen fertilizers at the early
vegetative stage in February when the crop started tillering and making use of
available nutrient and moisture. Fourth, some farmers (26%) particularly those with
irrigation facilities, applied nitrogen as split for the second time in late March or early
April based on research recommendations. Fifth, farmers used and applied more
nitrogen than phosphorus on wheat. Such practices of fertilizer application could be
attributed to farmers’ perceptions and research recommendations to make better use of
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the availability of irrigation water to increase production.

The application of fertilizer for wheat production is presented in Table 3.13. Despite
different fertilizer recommendation domains, there was no notable difference in terms
of the quantity applied between Zone 1 and Zone 2. The proportion of farmers
reported applying nitrogen and phosphorus was also similar, although the number for
nitrogen (urea) was less in Zone 1 than in Zone 2 (data not shown). This could be
attributed to the availability of fertilizers rather than any specific issues.

A total of 189 wheat farmers applied phosphorus at planting, i.e., 62 in Zone 1 and
127 in Zone 2. The recommended rate for phosphorus application for irrigated wheat,
Zone 1 and Zone 2, was 96, 46 and 41.4 kg ha™' P,0s. This requires applying 200, 100
and 90 kg ha™' of super phosphate, respectively. The mean rate of phosphorus applied
was 175 kg ha' (SD=70) with a range from 50 to 500 kg ha™' showing a wide
variation in the amount of phosphate fertilizer used. The average fertilizer use was
higher than the recommended rate and a significant proportion of farmers applied more
than the recommended rate: 69% used more than 100 kg ha™' super phosphate both in
Zone 1 and Zone 2.

Farmers sourced nitrogen from urea (46% N) or ammonium nitrate (30/33% N)
both at planting and as split, with more farmers using urea than ammonium nitrate.
About 105 farmers applied urea (17 in Zone 1 and 65 in Zone 2) or ammonium nitrate
(10 in Zone 1 and 13 in Zone 2) at planting time. The recommended rate for nitrogen
application is 138, 92, and 69 kg N ha™' for irrigated wheat, Zone 1 and Zone 2,
respectively with 50% to be applied at planting time. This requires an application of
200/300 and 150/200 kg ha™' of urea/ammonium nitrate for Zones 1 and 2,
respectively, of which half should be applied at planting.

The overall average urea or ammonium nitrate applied at planting was 139 (SD=92)
and 97 (SD=57) kg ha™', respectively with a range from 50 to 500 kg ha™'. Urea was
applied at the rate of 113 kg ha™' (SD=87) in Zone 1 and 145 kg ha™' (SD=116) in
Zone 2. Similarly, ammonium nitrate was applied at the rate of 73 kg ha™' (SD=38) in
Zone 1 and 115 kg ha™' (SD=63) in Zone 2. The average application of urea was more
than the recommended rate of 100 and 75 kg ha™', respectively, at planting for Zone 1
and Zone 2. On the other hand for ammonium nitrate it was less than the
recommended rate of 150 and 100 kg ha™' for Zone 1 and Zone 2, respectively. The
overall average application for urea was more by one-third than the recommended rate
whereas for the ammonium nitrate it was less by one third (Table 3.13). About 16% of
farmers applied more than the recommended rate for urea. It is interesting to note that
farmers in Zone 2 applied more urea fertilizer than in Zone 1 probably because of
supplementary irrigation.

A total of 201 farmers applied nitrogen as split in the form of urea or ammonium
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Table 3.13. Fertilizer use and rate of application for wheat production in Syria (n=206).

Fertilizers Rateinkgha”  Aleppo Raqqa Hasakeh Total

1
Farmers % Farmers % Farmers % Farmers %

Fertilizer at planting

No 4 5 1 3 6 6 10 5
Yes 71 95 30 97 94 94 195 95
Total 75 100 31 100 100 100 205 100
Phosphorus  Up to 50 4 5 1 3 1 1 6 3
51to 100 12 16 5 16 23 23 40 19
101 to 150 14 19 6 19 29 29 49 24
151 to 200 27 36 3 10 24 24 54 26
201 to 250 7 9 10 32 14 14 31 15
251 to 300 1 1 3 10 1 1 5 2
Over 300 1 1 2 7 1 1 4 2
Total 66 88 30 97 93 93 189 92
Urea/Nitrate Up to 50 13 17 3 10 9 9 25 12
51to 100 9 12 13 42 21 21 43 21
101 to 150 4 5 5 16 8 8 17 8
151 to 200 6 8 3 11
201 to 250 0 0 1 3 3 4 3
Over 250 0 0 1 3 4 4 5 2
Total 32 43 25 81 48 48 105 51
Solit application
No 2 3 1 3 2 2 5 2
Yes 73 97 30 97 98 98 201 98
Urea/Nitrate Up to 50 1 1 1 3 6 6 8 4
51to 100 8 11 9 29 15 15 34 17
101 to 150 22 29 4 13 21 21 50 24
151 to 200 29 38 8 26 13 13 55 27
201 to 250 12 16 5 16 17 17 36 18
251 to 300 1 1 2 6 14 14 17 8
Over 300 1 1 1 3 11 11 13 6

Total 74 99 30 97 97 97 201 98

! Percentages for the provinces are calculated based on the total number of farmers in each

province.
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nitrate (Table 3.13). From 132 farmers who used urea, 36 and 96 applied it in Zone 1
and Zone 2, respectively. From 69 farmers who applied ammonium nitrate, 32 and 37
applied it in Zone 1 and Zone 2, respectively. The average quantities of urea and
ammonium nitrate applied as split were 208 (SD=89) and 169 kg ha™' (SD=74),
respectively. The high average rate could be attributed to one time application by the
majority of farmers which is close to the recommended rate for urea, but accounts for
two-thirds of the recommended rate for ammonium nitrate. In case of urea 119 farmers
(58%; n=206) applied more than the recommended rate of 100 kg ha™' and 26% above
the average applied as split. On the other hand 42 farmers (20%) applied less than the
recommended rate of 150 kg ha™' for ammonium nitrate.

A total of 56 farmers applied nitrogen as split for the second time later in the
season. Thirteen (6%) farmers applied nitrate as a second split (mean 148 kg ha™';
SD=71) whereas 43 farmers (21%) applied urea (mean=166 kg ha™'; SD=56). Earlier
studies reported that the majority of wheat farmers in northwestern Syria apply
phosphorus (53%) and nitrogen (67%) fertilizers (Issa, 1991). Issa (1991) found that
farmers apply 142 kg ha™' phosphorus and up to 262 kg ha™' of nitrogen fertilizers. He
also observed variation in the proportion of farmers using fertilizers between different
years and the fertilizer application rates used based on rainfall. The present study,
however, found higher adoption of fertilizer for wheat production.

The application of fertilizer could be made manually by hand broadcasting, machine
broadcast by a spinner or direct drilling by mixing the fertilizer with seed at planting
(Table 3.14). Farmers used a combination of these practices both for nitrogen and
phosphorus. From those who applied phosphorus at planting 20, 18 and 53% of
farmers machine drilled, hand broadcasted or machine broadcasted, respectively. In
case of urea or ammonium nitrate, these figures were 13, 13 and 25%, respectively.
However, more farmers applied phosphorus by mixing with seed and direct drilling as
compared to nitrogen to avoid damage to the seed. Most of the fertilizer was applied
before planting by incorporating with soil prior to planting, both in case of phosphorus
(54%) and nitrogen (29%). The split application was equally divided between applying
in February or early March to April with 45 and 49%, respectively.

Herbicide Use and Application on Wheat The provision of herbicide has been
liberalized recently, which allowed import by the private sector increasing the
availability on the market. Almost all farmers applied herbicide for wheat production
(93%; n=206) compared to barley where only 4% (n=200) used herbicide. Earlier
reports indicated that herbicide is the least adopted external input applied by only 42%
of farmers although variation exists between different regions (Mazid et al., 1998).
This showed a substantial increase in use of herbicide for wheat production.
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Table 3.14. Method and time of fertilizer application for wheat production (n=206).

At planting Split
Fertilizer application Phosphorus Urea/nitrate Urea/nitrate
Farmers % Farmers % Farmers %
Method of application Method of application
Drilled with seed 42 20 27 13  Hand broadcast 121 59
Hand broadcast 38 18 26 13 Machine broadcast 80 39
Machine broadcast 109 53 52 25  Total 201 98
Total 189 92 105 51
Time of application Time of application
Pre-planting 112 54 59 29  Vegetative 92 45
Planting 77 37 46 22  Tillering to booting 101 49
Total 189 92 105 51  Booting to heading 8 4
Total 201 98

A variety of herbicides were used, namely; Asert, Avenge, U46 Combi, Granstar,
Grasp, Illoxan, Topek for control of broad leaf and grass weeds for wheat and barley
production. From those who used herbicide 40, 35 and 7% (n=191) applied U46
Combi, Topek and Asert, respectively. Avenge (2%), Granstar (2%), Grasp (2%),
[lloxan (3%) were used by few farmers. About 10% of the farmers could not give the
exact name of the herbicide used for weed control. U46 Combi is a broad-spectrum
broad leaf herbicide for wheat and barley whereas Topek is used to control grass
weeds (oats, phalaris, etc.) in wheat only. Asert can be used for both grass and broad
leaf weeds, but has a residual effect on legumes, particularly lentil, if planted
immediately after the cereal crop.

The rate, time and method of application for two most widely used herbicides U46
Combi and Topek are given in Table 3.15. Almost one-third of the farmers applied
U46 Combi at the rate of 1 1 ha™' slightly less than the recommended rate of
application which is 1.5 1 ha™'. For Topek the rate of application was within the
acceptable range of 180 to 200 cc ha™'. U46 combi should be applied when the cereal
crop reached five leaf stage to the end of tillering whereas for Topek it should be at
three leaf stage to stem elongation providing a wide scope for application time. Most
application was carried out in March which is the vegetative stage of wheat crop. The
majority of farmers used tractor to apply U46 Combi whereas one-third used hand
sprayers in case of Topek.

Use of Irrigation for Wheat Production The proportion of farmers using irrigation was
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— as expected — less in Zone 1 (12%; n=130) than in Zone 2 (88%) where rainfall is a
limiting factor. In Zone 2, the frequency of irrigation was higher (the majority was
more than four times) and the intervals between irrigations were shorter as compared
to Zone 1. In general, farmers had a tendency to irrigate frequently and excessively
because of low cost of water and irrigation facilities.

In Syria, the area under supplementary or full irrigation has expanded tremendously
and this played a key role in stabilizing crop production. According to Mazid et al.
(1998) irrigated wheat area expanded from 9% in 1973 to 20% in the 1980s and 38%
in the 1990s and continues to increase. In areas where sufficient rainfall is available
farmers use supplementary irrigation particularly later in the season (Zone 1 and Zone
2) whereas full irrigation is used in drier areas with no or insufficient rainfall for crop
production. However, irrigation is more used for wheat production than for barley
because farmers perceived higher yields and better economic benefits from wheat due
the availability of modern varieties which are responsive to higher inputs.

Mazid et al. (1998) described that for wheat (durum) the package recommends six
times for full irrigation (Al-Furat and Hasskeh), one or two supplementary irrigation
(western regions), two to three irrigations in Zone 1, and four irrigations in Zone 2,

Table 3.15. Types and rates of application of herbicides for wheat production (n=206).

Herbicide application U46 Topek
Farmers % Farmers %
Rate of application Up to 0.16 - - 12 18
(lha™) 0.17 t0 0.20 - - 12 18
0.21 to 0.25 7 9 7 11
0.26 to 0.50 3 4 24 36
0.51to 1 46 60 14 21
l1.1to 1.5 9 12 2 3
Over 1.50 12 16 2 3
Total 77 100 66 100
Time of application Vegetative 0 0 2 3
February 6 8 9 14
March 63 82 48 73
April 8 10 7 11
Total 77 100 66 100
Method of application Hand sprayers 6 8 25 38
Tractor mounted 71 92 41 62
Total 77 100 66 100
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each irrigation with 750 m® ha™'. From a total of 206 farmers, one hundred thirty
(63%) had access to irrigation water, i.e., 15% in Aleppo, 14% in Raqqa and 34% in
Hasakeh provinces, but the majority used supplementary irrigation for wheat
production (Table 3.16). The irrigation method used was usually surface/furrow
irrigation (91%; n=130) and the frequency was high, ranging between 4 to 6 times
(71%) which could be considered as full irrigation. A similar result was observed
among wheat growers in Syria where 58% use supplementary irrigation, 39% full
irrigation and 3% use both methods (Mazid et al., 1998). They also indicated that
traditional flooding/surface irrigation was the most commonly used irrigation method
whereas only less than 10% used sprinkler irrigation. The traditional surface irrigation
may result in waste of precious water resources.

Fertilizer and Herbicide Use on Barley Crop For barley production, in Zone 2 it is
recommended to apply 41.4 kg ha™' each for N and P,Os. In Zone 3, nitrogen should
be applied at a rate of 27.6 kg ha™' and P,Os at a rate of 36.8 kg ha™'. In both cases half
of N should be applied at planting and half as split later during the vegetative stage.
Most farmers in Zone 3 and 4 do not apply fertilizer to their barley crops. Several
authors recognized the need for application of inorganic fertilizer on barley in

Table 3.16. Types and methods of irrigation used by farmers for wheat production
(n=130).

Irrigation practices Aleppo Raqqa Hasakeh Total
Farmers % Farmers % Farmers % Farmers %
Type Full 10 32 12 41 32 46 54 41
Supplementary 21 68 17 59 38 54 76 59
Total 31 100 29 100 70 100 130 100
Method  Surface/furrow 23 74 27 93 68 97 118 91
Sprinkler 8 26 2 7 2 3 12 9
Total 31 100 29 100 70 100 130 100
Frequency 1to 3 26 84 2 7 9 13 37 29
4t06 5 16 26 90 61 87 92 71
7 - - 1 3 - - 1 1
Total 31 100 29 100 70 100 130 100
Interval 10 to 19 8 26 8 28 23 33 39 30
20to 29 15 48 12 41 44 63 71 55
30 and over 8 26 2 7 3 4 13 10
Total 31 100 22 76 70 100 123 95

121



Chapter 3

Syria. However, the application is restricted to Zones 2 and 3. Mazid et al. (1999)
reported that earlier studies indicated low adoption of fertilizer and less credit and
policy support for barley production in marginal areas. They indicated that diagnostic
surveys in early 1980s showed low use of fertilizer in barley (10%). However, farm
level studies indicated that fertilizer use on rainfed barley is profitable and would
increase both grain and straw production.

The use of inorganic fertilizers and herbicide for barley production was still limited.
Only 56% (inorganic fertilizers) and 4% (herbicides) (n=200) of the farmers applied
them. From 112 farmers who used fertilizers on barley, 70 (63%) applied N (urea or
ammonium nitrate) and P,Os (super phosphate) at planting and an additionally split
application of N (urea or ammonium nitrate) later during the vegetative growth stage.
Thirty farmers (27%) applied N and P,Os at planting time only. Similarly, four farmers
applied phosphorus only at planting, followed by nitrogen as a split. A mere seven
farmers applied either urea (1) or ammonium nitrate (6) as split only. The latter two
modes of application were most common in the Raqqa province. The overall number
of farmers who applied nitrogen and phosphorus was 112 and 105 farmers,
respectively.

From the total number of farmers who used fertilizers (n=112), 94% applied
phosphorus at planting time whereas 90% applied nitrogen at planting and 72% as split
later in the season (Table 3.17). The mean fertilizer rates used for urea and super
phosphate at planting were 73 (SD=35) and 96 (SD=42) kg ha™', respectively, whereas
for the split application of urea or nitrate the average was 70 kg ha™' (SD=41). The
average fertilizer used for farmers from Aleppo province was 73 kg ha™' (SD=33) for
urea/ammonium nitrate and 96 kg ha™' (SD=41) for super phosphate at planting and 64
kg ha™' (SD=32) as top dressing. Comparison among different provinces appeared to
be less valid due to small number of samples from other provinces. The mean
urea/ammonium nitrate applied at planting in Zone 2 and Zone 3 was 80 (SD=33) and
61 (SD=35) kg ha™' whereas the super phosphate application was 102 (SD=39) and 83
(SD=45) kg ha™' in the same order. The mean urea/ammonium nitrate applied as top
dressing was 70 kg ha™' (SD=42/38) both in Zone 2 and Zone 3. Two thirds of farmers
applied less than 75 kg ha™' urea or ammonium nitrate where almost similar trend was
followed for split application. On the other hand one third of farmers applied less than
or equal to 75 kg ha™' of super phosphate at planting time. In all cases the mean
fertilizer used was slightly higher than the recommended rates. In general, farmers
applied more fertilizers in Zone 2 than in Zone 3 and used more urea as the main
source for nitrogen in both cases. Mazid (1994) found that barley farmers used 45 and
23 kg ha™' of N and P,Os, respectively at planting and 30 kg ha™' of N as top dressing
with higher adoption rates in Zone 2 than in Zone 3.
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Table 3.17. Fertilizer use and rates of application for barley production (n=200).
Rate in kg ha™ Aleppo Raqqa Hasakeh Total

1
Farmers % Farmers % Farmers % Farmers %

Use of fertilizers

No 1 1 33 70 54 92 88 44
Yes 93 99 14 30 5 8 112 56
Total 94 100 47 100 59 100 200 100

At planting-urea/nitrate in kg ha™
Less or equal to 50 40 43 4 9 2 3 46 21

51to 75 28 30 - - - - 28 14
76 to 100 14 15 2 4 - - 16 8
101 to 150 10 11 - - - - 10 5
Equal to 200 - - - - 1 2 1 0.5
Total 92 98 6 13 3 5 101 555
At planting-super phosphate in kg ha™
Less or equal to 50 26 28 3 6 2 3 31 16.5
51to 75 10 11 2 4 - - 12 6
75 to 100 27 29 3 6 - - 30 15
100 to 150 29 31 2 4 - - 31 16.5
Equal to 200 - - - - 1 2 1 0.5
Total 92 98 10 21 3 51 105 525
Top dressing-urea/nitratein kg ha™
Less or equal to 50 42 45 5 11 3 5 50 25
51t0 75 11 12 1 2 - - 12 6
76 to 100 9 10 1 2 1 2 11 5.5
101 to 150 3 3 2 4 - - 5 2.5
151 to 200 1 1 - - 1 2 2 1
Over 200 - - 1 2 - - 1 0.5
Total 66 70 10 21 5 9 81 40.5

! Percentages for the provinces are calculated based on the total number of farmers in each

province.

Almost all barley farmers applied both nitrogen and phosphorus fertilizers by
mixing the fertilizer with seed and planting at the same time (99%; n=101/105).
However, the majority of farmers who applied nitrogen as top dressing used manual
broadcasting (93%; n=81) compared to 7% who used machine broadcast. Almost all
fertilizer was top dressed during the vegetative stage in February or March.
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3.9.5. Farmers Adoption and Perception of Wheat and Barley Varieties

Wheat Varieties Grown by Farmers In Syria, wheat (particularly durum) is the most
important crop from an economic and social point of view. Durum wheat occupies
over two thirds of the 1.5 million ha of wheat area in the country and it is more
adapted to semiarid climates than bread wheat. Farmers continue to grow durum wheat
from ancient times; and as a result ancestors of durum wheat and their wild relatives
are still found in certain parts of the country (Shehadeh, 1998).

Hourani was the most widely grown popular local landrace until the mid 1970s
before the introduction of modern wheat varieties to the Syrian farmers (Bailey, 1982).
Initially, Senator Cappelli (durum wheat variety released in 1937, Italy) and Florence
Aurore (bread wheat released in 1932, France) were introduced and cultivated in the
country. This was followed by the introduction of CIMMYT first generation modern
varieties (1971) such as Mexipak from Mexico. Since the establishment of ICARDA
in 1977, eight bread (Cham 2, Cham 4, Cham 6, Cham 8*, Douma 11670*, Bohouth 2,
Bohouth 4 and Bohouth 6) and six durum (Cham 1, Cham 3, Cham 5, Cham 7*, Om
rabi, Bohouth 5 and Bohouth 7*) wheat varieties have been released through a
partnership with the Directorate of Agricultural and Scientific Research until the end
of 2002 (*released after survey year). Moreover, some wheat varieties were released
by DASR [Bohouth 1 (1980), Gezira 17 (1975), Jouri 69 (1970)] or in co-operation
with ACSAD (ACSAD 65, 1987). The list of wheat varieties grown currently by
farmers in Syria is presented in Table 3.18.

In the 1998/99 crop season about 62 and 38% of the sample farmers grew durum
and bread wheat varieties, respectively, across the survey region in Aleppo, Raqga and
Hasaskeh governorates. This result is similar to the findings of Mazid et al. (1998).
Farmers grew six modern durum wheat varieties (five recommended, one obsolete)
and one local landrace (Table 3.18). Among durum wheat varieties Cham 3 was
planted by 26% of farmers (n=273) both in the Aleppo and Hasakeh provinces and
followed by Lahan (10%), Bohouth 5 (8.4%) and Cham 1 (5.9%). The proportion of
Lahan had increased to nearly 10% despite the fact that the variety was not officially
released, but remained widely popular in different regions of the country. Although the
variety was officially rejected for release on grounds of late maturity, farmers found
that the variety is highly responsive to irrigation and gives higher grain yield. Mazid et
al. (1998) found that Cham 1 and Cham 3 were the most widely grown varieties, both
in terms of durum wheat area (33 and 30% of area) and the proportion of farmers
growing them (22 and 24% of farmers), respectively. Van Gastel and Bishaw (1994)
also found that Cham 1 was grown by 28% of farmers whereas Cham 3 was grown by
11.1% in the Aleppo province. Since then the proportion of Cham 1 is declining
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whereas that of Cham 3 has slightly increased.

Similarly, bread wheat growers planted eight modern (five recommended, one
obsolete) and two not officially recommended varieties (Table 3.18). In case of bread
wheat Cham 6 was planted by 23% of farmers followed by Cham 4 (9.5%), Bohouth 6
(2.2%) and Bohouth 4 (1.1%). If only bread wheat varieties (n=105) were considered
the proportion of farmers growing these varieties will be 59, 24.7, 5.7, 2.9%, respec-
tively in the same order. The obsolete bread wheat variety Mexipak was still grown by
1.5% of the total wheat growers (or 3.8% of the bread wheat). Van Gastel and Bishaw
(1994) found that Cham 4 was grown by 13.6% of farmers in the Aleppo province.

In 1973, the local landraces accounted for 92% of the wheat areca (Mazid €t al.,
1998); and the area coverage was reduced to 45% by the late 1970s. From 1972 to

Table 3.18. Wheat varieties currently grown by farmers in different regions of Syria
(n=273).

Wheat type Variety  Origin Year  No of farmers growing Total %
released Aleppo Raqqa Hasakeh

Durum wheat

Recommended Cham 1 DASR/ICARDA 1984 16 - - 16 5.9
Cham 3 DASR/ICARDA 1987 25 - 46 71 26
Cham 5 DASR/ICARDA 1994 4 1 6 11 4
Acsad 65 ACSAD 1987 9 - 18 6.6
Bohouth 5SDASR 1987 9 13 23 84

Not recommended Lahan CIMMYT/ICARDA - 19 2 5 26 9.5

Obsolete Gezira 17 DASR 1975 - 2 - 2 07

Local landrace Hamari Landrace 1 - - 1 04
Sub-total 75 14 79 168 61.5

Bread wheat

Recommended Cham2 CIMMYT/ICARDA 1984 1 - 1 04
Cham4 CIMMYT/ICARDA 1986 3 15 8 26 9.5
Cham 6 CIMMYT/ICARDA 1991 24 3 35 62 227
Bohouth 4DASR 1987 - 3 - 3 1.1
Bohouth 6 DASR 1991 3 1 2 6 22

Not recommended Memof CIMMYT/ICARDA 1 - - 1 04
Lagous CIMMYT/ICARDA 2 - - 2 07

Obsolete Mexipak CIMMYT 1971 - - 4 4 1.5
Sub-total 34 22 49 105 38.5
Total 109 36 128 273 100
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1977, the wheat area was covered by modern wheat varieties such as Mexican (35%),
Florence Aurore (5%) and Senator Cappelli (15%) whereas the remaining was covered
by the local landraces such as Hamari, etc. (Bailey, 1982). Tutwiler (1995) indicated
that in the early 1980s many farmers continued to grow small plots of durum landraces
after having adopted new improved varieties on most of their fields, rather for home
consumption than for market because of preferences in taste and cooking quality in
preparation of traditional foods.

According to Mazid et al. (1998) diagnostic surveys in early 1990s showed that
68% of the wheat area was planted to modern durum wheat varieties (10% to local
landraces) and 21% to modern bread varieties (1% to local landraces/obsolete
varieties). Van Gastel and Bishaw (1994) also found that more than 90% of farmers
grew modern varieties of bread and durum wheat in the six districts of the Aleppo
province. During the 1998/99 crop season almost all durum and bread wheat area was
planted to modern varieties in the survey regions with exception to obsolete varieties
removed from the recommended list or local landraces in very isolated pockets (Table
3.18). In the late 1990s virtually all wheat area in Syria, irrigated and rainfed, was
planted to modern varieties (Pingali, 1999).

The area under local landraces has declined drastically, both for durum and bread
wheat particularly in areas where mechanization and use of irrigation is feasible. The
landraces declined from 92% in the early 1970s to 45% by late 1970s. Mazid et al.
(1994) reported that in early 1990s about 27% of farmers still grew local durum
landraces partly because the introduction of modern durum varieties was later than for
bread wheat. Van Gastel and Bishaw (1994) reported that less than 10% of farmers
still grew local landraces in the Aleppo province. In 1998/99 crop season, the number
of farmers growing local landraces was less encountered during the field survey where
few farmers were growing them in very isolated areas. In recent years, the local
landraces have been abandoned because of the expected high return from modern
varieties where the yield and quality of landraces did not provide economic return. The
new modern durum wheat varieties are popular with farmers and have replaced the
landraces, but they are grown for sale, not for home consumption. In fact, virtually the
entire Syrian wheat production is sold, mostly to government agencies that offer
attractive prices (Tutwiler, 1995). However, when a specific targeted survey was
carried out a wide range of local durum landraces such as Bayadi, Hamari, Hourani,
Hourani-Bayadi and Swadi were found in isolated pockets in Aleppo and Idelib
provinces. Some of these local landraces were traded over long distances, for example
from southern (Dara’a) to northern (Aleppo) parts of the country through local traders.

There are three recommendation domains for wheat production in Syria: Zone 1,
Zone 2 and full irrigation (Table 3.19). In Zone 1 and Zone 2 farmers can grow wheat
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using supplementary irrigation in case rainfall is delayed or short during the season.
Cham 1, Cham 2, Cham 4 and Bohouth 6 were recommended for high rainfall areas
(Zone 1) and irrigated areas, whereas Cham 3 and Cham 5 were recommended for dry
areas with precipitation between 250 to 350 mm per year (Zone 2) (Hamblin et al.,
1995, Shehadeh, 1998). The latest releases such as Cham 6 and Cham 7 were
recommended for cultivation both in Zone 1 and Zone 2. Bohouth 1 and Cham 8 were
released exclusively for irrigated conditions. There is a general perception that durum
wheat is better adapted to marginal environments and performs better under harsher
conditions than bread wheat. However, almost all wheat varieties were grown
interchangeably in Zone 1 and Zone 2 despite the recommendation domain and under
irrigated and rainfed conditions (Table 3.19). Mazid et al. (1998) found that Cham 3
was widely grown in Zone 1 and under irrigated conditions despite the recommen-
dation to grow the variety under rainfed in Zone 2.

Table 3.19. Distribution of bread and durum wheat varieties by agro-ecological zones

(n=273).
Varieties Target environment Zone 1 Zone 2 Total
Farmers % Farmers % Farmers %
Cham 1 Irrigated, Zone 1 10 11 6 3 16 6
Cham 2 Irrigated, Zone 1 1 1 - - 1 0.4
Cham 3 Zone 2 29 32 42 23 71 26
Cham 4 Irrigated, Zone 1 3 3 23 13 26 10
Cham 5 Zone 2 5 6 6 3 11 4
Cham 6 Zone 1 and 2 11 12 51 28 62 23
Acsad 65 Zone 1 and 2 9 10 9 5 18 7
Bohouth 4 Zone 1 and 2 - - 3 2 3 1
Bohouth 5 Irrigated, Zone 1 3 3 20 11 23 8
Bohouth 6 Irrigated, Zone 1 1 5 3 6 2
Gezira 17 Irrigated, Zone 1 - - 2 1 2 1
Lahan Not recommended 17 19 9 5 26 10
Mexipak Irrigated, Zone 1 - - 4 2 4
Memof Not recommended - - 1 1 1 0.4
Lagous Not recommended - - 2 1 2 1
Hamari Local landrace 1 | - - | 0.4
Total 90 100 183 101 273 100
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Use of Wheat Variety Mixtures The main reasons for trying varietal mixtures could be
part of farmer experimentation and strategy of local germplasm management to
enhance the productivity and achieve better yield. It could also be simply pure
accidental mixtures during crop production. Twelve farmers (5.8%) reported using
variety mixtures of bread and/or durum wheat both of improved and/or local varieties
in the range of 2 to 1 proportion. Six farmers reported mixing improved bread and
durum wheat varieties whereas three mixed improved durum varieties. One farmer
reported improved bread with local durum wheat variety. Two farmers reported
mixing two local durum wheat varieties. Evidence from Ethiopia or elsewhere shows
farmers using different crop mixtures (Woldeselassie, 1999; Araia, 2001) as part of
yield enhancement, resource optimization or food security or on-farm crop
diversification. However, none of the farmers reported the clear advantage of these
mixtures.

Area Allocation for Wheat Varieties There were no significant differences in terms of
area allocated between bread and durum wheat, but more area was allocated to wheat
in Hasakeh than in Aleppo or Raqqga, in Zone 2 than in Zone 1 and to durum wheat
than bread wheat (Table 3.20). In case an area over 45 ha is excluded (which is
uncommon unless rented) the overall mean area for wheat was 8.9 ha (SD=8.1)
whereas it was 7.2 ha (SD=6.51) for durum wheat and 6.5 ha (SD=6.3) for bread
wheat. In Hasakeh, the overall mean area for wheat was 12.3 ha (SD=10.0), 9.9 ha
(SD=6.9) for durum and 8.7 ha (SD=8.3) for bread wheat compared to less than 5 ha in
both Aleppo and Raqqga governorates. Similarly, the mean area allocated was 11.0 ha
for wheat, 8.3 ha for durum and 5.9 ha for bread wheat in Zone 1. In Zone 2,

Table 3.20. Area allocated for durum and bread wheat production in Syria.
All wheat (n=206) Durum wheat (n=140) Bread wheat (=101)

Area allocated in ha  Farmers % Farmers % Farmers %
Upto2.5ha 33 16 21 15 28 28
2.51to5ha 55 27 43 31 31 31
5.1to7.5ha 28 14 15 11 12 12
7.51to 10 ha 25 12 20 14 10 10
10.1 to 15 ha 26 13 18 13 8 8

Over 15 ha 39 19 23 16 12 12
Total 206 101 140 100 101 101
Mean 9.9 9.1 7.8

SD 9.1 8.2 9.5
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the average area was 8.5 ha for both wheat types, 6.7 ha for durum wheat and 6.6 ha
for bread wheat. Mazid et al. (1998) also found variation of area allocated to wheat in
different regions of the country. This regional variation in area allocation could be
related to the differences of the land holding among farmers and the economic benefits
farmers expect from the crop grown.

The trend for allocation of area for wheat production is presented in Fig. 3.2. The
highest proportion of farmers allocated less than or equal to 2.5 ha for wheat
production throughout the four year period, although the proportion showed a
declining trend. There was a consistent increase in the area allocated to wheat in the
range of 2.5 to 5 ha from around 20% in 1995 to almost 30% in 1998. In general, the
area of less than 5 ha showed a trending up whereas allocation of larger areas (more
than 5 ha) was declining.

Perception of Wheat Varieties Wheat growers had an articulated perception of modern
varieties they grew on their farms (Table 3.21). Ninety six percent of the farmers
(n=206) were satisfied with the wheat varieties they grew and believed that they were
suitable and adapted to the local growing conditions. They found the current varieties
to be good in the following agronomic characteristics: high yield, non-lodging, grain
size, and food quality (Table 3.22). In addition, tolerance to frost, drought, yield with
less water and early maturity appeared to be important traits of wheat varieties.
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Fig. 3.2. Patterns of area allocation for durum and bread wheat production in Syria.
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Table 3.21. Farmers’ perception of selected wheat varieties currently grown in
different regions of Syria (n=272).

Farmers’ Cham 1 Cham 3 Cham 4 Cham 5 Cham 6 Acsad 65 Bohouth 5 Lahan Total'
perception 22 1 21 2 12 1 2 1 2 1 2121 2
Grain yield 12 75 48 69 25 96 545 59 95 13 72 17 74 20 77213 78
Grain size 319 1521 5 19 436 4 6 7 39 5 22 14 54 61 22
Grain colour 425 4 6 3 12 218 1 2 2 11 2 9 41524 9
Food quality 1 6 1521 6 23 1 9 19 31 2 11 2 9 312 54 20
Marketability 2 13 710 3 12 0 10 2 11 5 22 0 026 10
Straw yield 1 6 3 2 1 0 o0 O 1 8
Straw quality 0 0 6 1 4 0 0 1 6 1 1 410 4
Lodging tolerance 531 913 519 218 21 34 1 6 12 52 9 35 69 25
Shattering tolerance 3 19 3 4 2 8 0 0 3 5 1 6 4 17 2 822 8
Frost tolerance 531 1014 1 4 1 9 71 1 6 2 9 93537 14
Drought tolerance 0O 0 913 1 4 1 9 6 10 2 11 2 9 1 424 9
Disease resistance 1 6 1 1 1 4 0 0 1 0 0 1 4 1 4

Pest resistance 0 O 0 0 0 0 O 0O 0 0 0 0 0 0 O
Less fertilizers 1 6 0 o o o0 1 2 0 0 0 0 0O 1
Less water 0 0 10 14 6 23 327 915 4 22 0 0 1 438 14
Low soil fertility 0o 0 3 o o 19 1 2 21 0 00 0 7 3
Early maturity 2 13 3 2 8 218 4 6 1 1 4 0 015 6
Heat tolerance 0 0 2 0 0 0 O 1 2 0 1 4 0 0 4 1
Plant height 0o 0 3 41 4 00 1 2 0 0 0 0 0 5 2
Others 0o 0 710 2 8 327 4 6 5 28 1 4 31228 10
Total 16 100 70100 26 100 11100 62 100 18 100 23 100 26100272 100

! Figures include all varieties grown by farmers;

% 1 and 2 are number of farmers and %, respectively.

Cham 3 was rated highly for its high yield, grain quality, food quality, tolerance to
frost, tolerance to drought and better response to moisture. Lahan was appreciated for
its high yield, good grain size, tolerance to lodging and frost. Among bread wheat
varieties, Cham 4 was rated highly for yield, but low for other agronomic
characteristics. On the other hand Cham 6 was rated highly for grain yield, food
quality, tolerance to lodging and better yield with limited water. Tutwiler (1995)
indicated that evidence from North Africa and Syria supports farmers’ decision to
grow a particular wheat variety was primarily based on its yield levels and economic
returns.
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Table 3.22. Farmers’ perception and criteria for adoption of modern wheat varieties
(%; n=200).

Varietal characteristics Most important Important Less important
Grain yield 86 1 0
Grain size 15 4 0
Grain colour 2 0 0
Marketability 8 1 0
Food quality 3 2 0
Strong straw 2 0 0
Straw yield 1 1 1
Straw quality 1 1 0
Disease resistance 9 2 1
Lodging resistance 41 2 1
Shattering resistance 7 2 0
Frost resistance 18 1 0
Drought tolerance 16 1 1
Pest resistance 2 0 0
Yield without /less fertilizer 2 1 0
Yield with less water 22 2 0
Performance in poor soil 1 0 0
Early maturity 2 0 0
Heat tolerance 2 1 0
Others (tillering, plant

height, ear size, etc.) 8 2 0

Moreover, shattering and lodging appeared to be factors farmers considered most
important. However, the opinion on lodging was equally divided between very good
and very poor, most probably based on the practical experience during crop
production. The existing varieties were rated as very poor for both criteria by 33.1%
and 17.3% of the farmers, respectively. Under irrigated condition farmers usually
applied very high amounts of fertilizers to maximize production and productivity to
the extent possible. As a result they experienced lodging which is apparently more
affected by management than by varietal characteristics only. Similarly, mechanical
harvesting of wheat might result in shattering of crops particularly if harvesting was
delayed due to lack of equipment. Therefore, there is a strong desire to find alternative
varieties with better response to higher inputs and at the same time maintain good
agronomic characteristics such as tolerance to lodging and shattering.
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Unlike for barley, grain colour and marketability appeared to be less important in
wheat. At present, neither the government who purchases wheat grain nor the flour
industry pays a premium price for grain colour. Generally all bread and durum wheat
varieties are of white or amber colour and are acceptable for making both local foods
and industrial products. The present arrangement for marketing wheat grain is
attractive because of government price incentives as most farmers produce the grain
for market rather than for own consumption (Tutwiler, 1995). Modern varieties can be
used both for preparation of traditional foods and industrial wheat products and there
1s no premium price for grain quality.

Farmers’ perception on productivity of wheat varieties was influenced largely by
variation in the amount and distribution of rainfall during a particular year. Farmers
who were entirely dependent on rainfall expected fluctuation both in production and
productivity of wheat varieties they grew. There was a general perception of increased
productivity of wheat as shown in Fig. 3.3. About one third of the farmers expected a
wheat yield in the range of 1 to 3 t ha™' and the proportion was decreasing. A larger
proportion of farmers expected a wheat yield of 3 to 5 t ha™' while one-fifth of farmers
(< 20%) expected a yield of over 5 t ha™'. This perception might arise from adoption of
new and high yielding varieties and continued expansion of wheat area under
supplementary or full irrigation.

Interestingly high yield, lodging resistance, yield with less water, frost tolerance,
and drought tolerance appeared to be varietal characteristics farmers were seeking for
in new bread and durum wheat varieties (Table 3.22). The strong preference for these
characteristics might reflect the satisfaction of farmers with other varietal
characteristics of the existing varieties in terms of food quality, grain colour, grain size
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Fig. 3.3. Farmers’ perception of productivity of currently grown wheat varieties in
Syria.
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and other agronomic criteria. Moreover, maximizing production as a result of agricul-
tural intensification becomes a major criterion for adopting new varieties whereas
lodging tolerance is a response to mechanization of farm operation particularly during
harvesting. The continuing decline in availability of irrigation water and erratic rainfall
were major concerns for farmers who seek alternative varieties for drought tolerance.
Tripp (2000) indicated that adoption of modern varieties could be influenced by yield,
disease resistance and particularly early maturity which is quite useful for drought
prone areas. He indicated that early maturing sorghum, pear millet, bean and ground-
nut varieties were widely adopted in response to drought conditions compared to long-
maturing local landraces, thus providing better marketing and price opportunities.

Barley Varieties Grown by Farmers The development of crop varieties with high yield
and yield stability for marginal environments that is similar to typical barley
production areas in northwestern Syria is a challenging task. Such areas are highly
diverse and agro-climatically variable. Severe drought, thermal stress at maturity
accompanied by spatial and temporal variations in rainfall remain major barley
production constraints. The crop improvement programme at [CARDA was engaged
in methodological approaches of barley breeding for over a decade and uses local
landraces and their wild relatives in the breeding programme. ICARDA collaborates
with the national agricultural research systems including the Directorate of
Agricultural and Scientific Research (DASR) which are the direct recipients of the
germplasm for further evaluation and testing at national level.

From 1981 to 1994 a total of seven modern varieties of barley have been recom-
mended and released in Syria. It was reported that in 1981 the DASR released
improved selections from Arabi Aswad and Arabi Abiad, two local barley landraces in
Syria. ACSAD 60, ACSAD 68 and ACSAD176 were also released by ACSAD in
1984 (However, it was not clear whether the former two were officially released dur-
ing this period). The Syrian national programme also selected and evaluated pure lines
from barley landraces such as Arabi Abiad and Arabi Aswad in collaboration with
ICARDA. Four barley varieties Badia (1985), Furat 1(1987), Furat 2 (1991) and Arta
(1994) were formally released from this collaborative programme. Arta was a selection
from Arabi Abiad and was recommended for release in 1994 (Hamblin et al., 1995). It
was reported that the average long-term yield of Arta was 13-29% higher than that of
the Syrian barley landraces. Moreover, four barley varieties Furat 3, Furat 4 and Furat
5 (2000) and Furat 7 (2002) were also released, the former one by DASR the latter
three through DASR/ICARDA collaborative programme after the survey year. Furat 2
and Arta were released for northwestern (Aleppo, Idlib, Hama) and southern (Dara’a)
Syria (Michel, personal communication). The modern barley varieties such as Arta,

133



Chapter 3

Furat 2 and Furat 4 were released for Zone 2, whereas Furat 3, Furat 5 and Furat 7
were recommended for Zone 3.

Despite such long lists of barley varieties released at the national level none of them
were widely adopted; and possibly were rejected because of lack of adaptability and
farmers preferences. During the survey it was found that almost all farmers in different
provinces and zones grew Arabi Aswad (99%; n=200), Arabi Abiad (0.5%) and Furat
1 (0.5%) in northeastern Syria. Tutwiler et al. (1997) reported that the main constraints
of using improved barley varieties are farmer’s lack of knowledge about the avail-
ability and preferences regarding the grain colour, not the cost of adopting modern
varieties. They also found variation in adoption among farmers who participated or not
participated in the demonstrations and among the components of package itself. Simi-
larly, in Niger despite great efforts in variety development and release many farmers
grew local landraces and improved varieties occupied less than 2% of the national
pearl millet area (Ndjeunga, 2002). In contrast, farmers in Ethiopia grew a large
number of modern varieties (6) and local landraces (14) of barley crop (Woldeselassie,
1999), although two varieties constituted about one third (36%) of the total sample.
Moreover, 33% grew modern varieties with significant differences between regions
(almost all farmers who grew modern varieties were in southeastern regions). The
existence of a malt factory and the contractual production arrangement with farmers
has led to a higher adoption of modern malt barley varieties in the southeastern region
compared to the northwestern region of the country.

The possible explanations for low level adoption of modern barley varieties in Syria
could be: (i) modern barley varieties might not be yielding as high as it would be
claimed from on-station and on-farm trials, (ii) grain quality of modern varieties might
not meet the quality and other attributes preferred by farmers; (iii) barley is a marginal
crop and farmers are reluctant and risk averse to try new varieties with no prior history
of adaptation to their harsh environments; and (iv) different grain price policy incen-
tive encouraging allocation of more resources to wheat production at the expense of
the barley crop. Mazid (1994) found a single farmer who adopted a modern barley
variety in northwestern and northeastern Syria substantiating these findings. Since its
inception, the General Organization for Seed Multiplication has been involved in mul-
tiplication and distribution of local landraces of barley across much of the country.
During the 10 years period from mid 1980s to 1990s the organization distributed on
average 219, 254 tonnes of seed of which wheat and barley occupied 63.4% and 4.3%,
respectively, with great fluctuations from year to year, particularly for barley seed
caused by weather conditions. Until the early 1990s the demand for barley seed was
slightly high (see Table 3.2) because of cheaper seed price and high government grain
price which was equivalent to the wheat grain price. However, in the early 1990s the
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introduction of a different grain price for wheat and barley led to a dramatic decline in
demand for barley seed and the majority of farmers reverted to the use of on-farm
saved seed. It was previously reported that the diversity of local barley landraces
collected from Syria and Jordan was tremendous in terms of agronomic characters
(Ceccarelli et al., 1987) and discase resistance (van Leuer et al., 1989). The effect of
such large-scale movement of local landraces by the formal sector on the genetic di-
versity of the barley landraces presently grown in the farmers’ fields will be explained
later in this thesis (Chapter 6).

The area allocated to barley production in 1997 is given in Table 3.23. The mean
area allocated for barley production was 17.1 ha (SD=17.4) with large variation among
farmers. The mean barley area for Aleppo, Raqgqa and Hasakeh were 12.7 (SD=12.7),
28.0 (SD=25.8) and 14.3 (S=12.3) ha if farmers with more than 100 ha are excluded.
Almost 50% of the farmers planted less than 10 ha and one third between 10 and 20
ha. Twenty percent of the farmers grew more than 20 ha, among whom a few of them
grew over 100 ha.

From the 200 farmers surveyed, 89, 93.5, 97 and 100% planted barley in 1994,
1995, 1996 and 1997, respectively (the remaining did not plant barley or fallowed their
land). Most farmers grew barley continuously year after year except in a few cases
where it was rotated with legumes (lentil, lathryus) or fallowed (e.g., in Raqqa).
Tutwiler et al. (1997) reported a similar trend towards continuous barley cultivation
instead of fallowing. Mazid (1994) found that only 13.5% of farmers are fallowing
whereas the majority practices continuous cropping of barley, mainly due to
availability and use of fertilizers.

Almost all farmers who planted barley grew predominantly the same local landrace,
Arabi Aswad, with no significant changes in the pattern of varieties. Furat, an
improved barley variety released by the national programme, was planted by one

Table 3.23. Area allocated for barley production by sample farmers (n=200) in Syria.

Area in ha Aleppo Raqqa Hasakeh Farmers %
0.5t05 20 3 16 39 20
5.1to 10 32 10 16 58 29
10.1 to 20 31 13 14 58 29
20.1to 30 6 5 8 19 10
30.1 to 40 3 6 1 10 5
40.1 to 50 1 3 3 7

Over 50 1 7 1 9 5
Total 94 47 59 200 102
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farmer only and not widely adopted. The origin and identity of the barley variety
called Franci is not known; the farmer claimed that he obtained the seed from his
neighbour when he planted the variety. This variety is no more grown by farmers.
There is no clear picture in area allocated to barley production, mean grain yield and
grain price, although the general line shows an upward trend.

Use of Barley Variety Mixtures Local landraces grown by farmers are believed to be a
mixture of several pure lines evolved through time with high degree of heterogeneity
and variability. Moreover, when farmers acquire new germplasm, it may physically
mix, cross, etc. with existing materials and become part of the local germplasm pool.
However, farmers’ deliberate experimentation of using different variety mixtures is
rare. Five farmers attempted to use mixtures of two and/or six row barley varieties.
Two farmers mixed Arabi Aswad with white six row barley (one farmer in 2:1
proportion) while two farmers mixed Arabi Aswad and black six-row barley (one
farmer in 1:1 proportion). Farmers reported that both six-row barley varieties were
introduced informally from elsewhere to the region sometime ago, but abandoned due
to lack of adaptation and they were no more grown in recent years. Another farmer
mixed Arabi Aswad with Arabi Abiad in a 1:1 proportion, both of which are local
landraces, the former black seeded and the latter white seeded. However, farmers did
not find better performance or any advantage from the experience and abandoned the
practice.

Perception of Barley Varieties The majority of farmers surveyed had a very positive
perception of the local landrace barley and some of them continued growing it for
generations without replacing it with modern varieties (Table 3.24). About one third of
the farmers saw no disadvantage of the variety they grew. Grain yield, grain size, grain
colour, feed quality and marketability were the major factors farmers recognized as
important varietal characteristics of Arabi Aswad. Over half of the farmers (57%)
believed the barley variety gave good and stable yield over years under very erratic
rainfall and stressful conditions. The feed quality appeared to be the second most
important characteristic mentioned by 41% of farmers (n=198) as crop-livestock
farming is crucial for the majority of farmers. In terms of feed quality one farmer
contended that livestock fed with Arabi Aswad gave higher production and better
quality milk compared to livestock fed with other local or modern barley varieties.
This profound positive perception of the farmer is difficult to substantiate. Although
most scientists argue that there is no difference in the feed quality between the black
and white seeded barley local landraces, the perception of the farmer should be
appreciated if adoption of modern varieties bred by the formal sector is to succeed.
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Table 3.24. Farmers’ perception of local barley landrace Arabi Aswad (%; n=198).

Agronomic characteristics Very good Good Poor Very poor
Grain yield 57 - 2
Grain size 35

QGrain colour 27
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Feed quality 41
Marketability
Storability
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Frost resistance
Drought tolerance

N Q3 B = = W O 0 =

—_— e = = N = WD = DN ON WO 0
p—
1

N N =

Disease resistance

Pest resistance

Less need for fertilizer
Less need for water
Performance in poor soil
Uniformity of plants
Plant height

Tillering capacity

—_ = N = N DWW
—_ e = = = e
1
1

Spike length

The grain colour is associated with the marketability of the barley grain for feed or
seed through local market channels. Since black seeded barley varieties are preferred it
would be difficult to shift production to other barley types which are less popular and
do not meet the farmer preferences. It was found that farmers who were surveyed used
barley grain for feeding their livestock (91%), sale surplus on the market (85%) and
use it for seed (46%). Tutwiler et al. (1997) reported a trend towards commercial
barley production in the drier areas of Syria. He indicated that two thirds of the
farmers produce barley for sale through government and private marketing channels
and the remaining one-third use barley to feed their flocks on the farm.

Therefore, from the survey results it can be concluded that: (i) farmers are explicit
in their demand for specific quality traits they seek in a particular crop; (ii) plant
breeders should appreciate these quality traits and incorporate them in the breeding
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programmes; (iii) plant breeders should develop appropriate varieties that meet
farmers’ perceptions; and (iv) the extension service should demonstrate and convince
the farmers to adopt the new varieties. A more concerted effort is required to transfer
the technology through farmer participation and evaluation.

Farmers Preferred New Barley Varieties for Adoption The perception of farmers of
the modern barley variety is given in Table 3.25. Grain yield was reported to be the
most important factor by 65% of the farmers (n=200), followed by grain colour (44%)
and grain size (37%). Feed quality and marketability came at a distant fourth and fifth
place and were considered important by 19 and 12% of farmers, respectively. How-
ever, farmers generally made a strong link between grain colour and marketability as

Table 3.25. Farmers’ perception and criteria for adoption of modern barley varieties
(%; n=200).

Criteria for adoption Most important Important Less important
Grain yield 65 1 0

Grain size 37

Grain colour 44
Feed quality 19
Marketability
Storability
Straw yield

—
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Straw quality

Strong straw

Lodging resistance

Shattering resistance

Frost resistance
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Disease resistance 1
Pest resistance

Yield with less fertilizer

Yield with less water 1
Performance in poor soil

Plant height

Purity

Early maturity
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well as grain size and feed quality as had already been observed when they valued
their local landrace along these lines. It was found that participatory plant breeding in
barley had identified grain yield, kernel weight, spike length and plant height as the
most important selection criteria by farmers when compared to straw yield (Ceccarelli
et al., 2000).

The other most important factors that came to light were farmer’s interest for
modern varieties with tolerance to diseases and better yield under less moisture
conditions. In recent years, most barley growers are suffering from a plant disease
locally known as Abu Elawi causing head sterility, wilting of growing crops and
substantial reduction in grain yield. Khatib et al. (2000) reported that based on prelimi-
nary survey the incidence of the disease is considered to be associated with the gall
nematode (Anguina spp.), although this is not yet fully confirmed. An average
incidence of 23.4% and associated yield loss of 11.2% was reported in fields with head
sterility by the same authors. Given the erratic rainfall and limited water availability,
farmers were also interested in adopting modern varieties which better withstand these
conditions and give good and stable yield. Some other criteria of lesser importance
were early maturity, plant height, straw yield and crop uniformity. It was surprising to
find that straw yield and quality were not given high priority despite its use as
livestock feed.

3.9.6. Farmers’ Seed Sources and Seed Management

In Chapter 2 of this thesis, a detailed account of farmers' seed source has been given
for wheat in Ethiopia including the technical and socio-economic interplay in deciding
a particular source of seed. The pattern of seed acquisition is rather complex as
farmers can source seed of different crops or different varieties of the same crop from
various sources at the same time or at different times. Cromwell et al. (1993) recog-
nized three types of farmers in terms of seed sourcing, i.e., those who source seed oft-
farm because of choice, necessity or seed insecurity. In general farmers have four
major sources of seed for planting (Chapter 2): (a) own saved seed from the previous
years; (b) seed obtained from other farmers (relatives, neighbours); (c¢) seed purchased
through local trading (markets or grain traders); and (d) the seed purchased from the
formal sector. There are many technical and socio-economic factors that influence
farmers to obtain seed from a particular source and these may include farmers’
anticipated benefits and interest to meet household food security; the availability of
reliable information on source, quantity and quality of the seed; the proximity and
timely availability of the seed; the price and risks associated with the seed purchased.
In many circumstances most of the seed is sourced informally at the local level. For
example, Walker and Tripp (1997) found that the proportion of seed obtained from a
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particular source differed among farmers, crops, seasons, regions and countries.

Wheat Seed Sources and Perceptions The local seed system varies greatly even for the
same crop based on the agro-ecology of the production environment as well as the
socio-economic situations and cultural background of farmers. For example, in some
surveys it was found that richer farmers tend to use own saved seed compared to the
less endowed farmers who are more prone to sourcing seed informally from outside
out of necessity (Tripp, 1997a). On the other hand the reverse could be true where
richer farmers could afford to purchase seed off-farm such as from the formal sector,
whereas the small-scale and less resourced farmers revert to use their own saved seed.
The rate and intensity of using a particular seed source, however, is subject to many
influences. From several field surveys it was observed that there was no single source
of seed on the farm and farmers may use multiple seed sources even for the same crop
or variety based on various technical and socio-economic factors. Apart from own
saved seed wheat farmers source seed off-farm from the formal sector, other farmers,
local traders or local markets. These local seed supply and diffusion mechanisms are
mostly based on existing traditional channels of information exchange within and
between communities involving a wide range of transaction mechanisms including
gifts, seed swaps, in-kind seed loans or exchange of labour (GTZ and CGN, 2000).
The perception of farmers from these different wheat seed sources is outlined in the
following sections.

Initial Seed Sources for New Wheat Varieties In any farming community particularly
in developing countries, there is a wide range of community based seed acquisition
strategies. Table 3.26 presents the initial seed source of bread and durum wheat varie-
ties grown by farmers in Syria. All farmers surveyed were growing a wide range of
modern varieties of wheat and thus were expected to be more familiar with seed from
the formal sector. Unlike barley the main initial seed source of new wheat varieties
was the formal sector where ACB, GOSM and Co-operatives altogether accounted for
nearly 60% (i.e., 50.4, 6.6 and 2.6%, respectively) of the sample farmers. The informal
seed acquisition from relatives, neighbours and other farmers (27.5%) or local trading
(12.9%) still played a significant role in diffusion of modern varieties. Tetlay et al.
(1991) found that in Pakistan up to two thirds of farmers acquired seed of modern
wheat varieties from informal sources such as neighbours or other farmers. Similar
results were also reported from Ghana where other farmers were major initial seed
sources for modern maize varieties (Tripp, 1997a).

However, in 1998/99 crop season, almost two thirds of farmers (59.3%; n=273)
sourced their seed on-farm for planting wheat crop (Table 3.26). About 24% of
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Table 3.26. Initial seed source of wheat varieties and seed source in 1998/99 crop
season. ACB, GOSM and farmers’ co-operatives altogether constitute the formal

sector.

Initial seed sources of wheat varieties Wheat seed sources in 1998/99 crop

(n=272) season (n=273)’

Source Counts Responses (%) Source Counts Responses (%)
ACB 137 50 ACB 36 13
GOSM 18 7 GOSM 12
Co-operatives 7 3 Co-operatives 17 6
Relatives 2 1 Neighbours/other
Neighbours 28 10 farmers 34 13
Other farmers 45 17 Local traders/markets 12 4
Local traders/markets 35 13 Own seed 162 59
Total 272 100 Total 273 100

! One farmer sourced seed of the same variety from two different places.

farmers sourced seed from formal sector through ACB (13.2%), co-operatives (6.2%)
or GOSM (4.4%), whereas less than 5% got their seed through local traders. Van
Gastel and Bishaw (1994) found similar results where over 50% of wheat farmers used
own seed, 25% sourced from neighbours and 19% from the formal sector. Hasan
(1995) also found that in Jordan the majority of wheat farmers (58.3%) also used on-
farm saved seed compared to seed from external sources such as certified seed (34.1%)
and other local sources. During the 1998/99 crop season, 86, 13 and 1% of the wheat
farmers (n=206) in Syria obtained their bread and durum wheat seed from one, two
and three sources, respectively. Mazid et al. (1998) found that on average 10% of the
farmers use more than one seed source for planting wheat with the a range from 6%
(lowest) in Zone 1 to 13% (highest) where farmers use supplementary irrigation.

Perception of Wheat Seed Source from Formal Sector The ACB and GOSM have 93
and 26 seed sale points distributed in major crop production regions of the country.
Among these, 45 for ACB and 14 for GOSM are located within the provinces
surveyed. The farmers’ co-operatives redistribute the seed received from the ACB.
The formal sector appeared to be the second most popular source for wheat seed: one
third of farmers got their seed in 1998/99 crop season. The major providers were the
Agricultural Credit Bank (56%; n=65) and farmer’s co-operatives (27%) whereas
almost one-fifth of the farmers purchased seed directly on cash from the General
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Organization for Seed Multiplication (18%). Mazid et al. (1998) found a relatively
high proportion of farmers who sourced durum wheat seed from the formal sector with
higher percentage in irrigated than rainfed areas. Table 3.27 presents farmers’ views
for sourcing wheat seed from the formal sector, distance travelled and time seed
purchased. Farmers had a very high appreciation and highly valued the quality of
certified seed from the formal sector. Most of them appreciated the seed quality (58%)
and perceived that it also gives high yield (22%) compared to on-farm saved seed. The
other main incentives for farmers buying certified seed was to replace an old variety or
buy fresh seed as indicated by 16 and 24% of farmers, respectively. Hasan (1995)

Table 3.27. Farmers’ perception of formal seed source, distance travelled (km) and

time seed purchased (n=65).

Farmers %
Seed sources
ACB 36 55.6
Co-operatives 17 26.7
GOSM 12 17.8
Why purchase certified seed
Replace old variety 10 16
Replace old seed 16 24
Better seed quality 38 58
Better grain yield 14 22
Cheap price 1 2
No own seed 3 4
Others (credits) 7 11
Distance travelled
Up to 10 km 22 33
10.1 to 20 km 20 31
20.1 to 30 km 4 7
30.1 km to 40 km 4 7
40.1 to 50 km 10 16
Over 50 km 4 7
Time seed purchased (month of the year)
8t09 7 11
10 14 22
11 32 49
12 12 18
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reported that wheat farmers in Jordan buy certified seed because of positive perception
of seed quality (cleaned, treated), expected high yield or as part of regular purchase of
seed.

The majority of farmers who purchased seed from the formal sector indicated that
certified seed was always available, properly cleaned, properly treated and were
satisfied with quality. Van Gastel and Bishaw (1994) found that 18% of farmers
purchased seed from the formal sector and all were satisfied with the quality including
the cleaning and treatment of the certified seed. However, only 36% of farmers were
satisfied with the price of certified seed distributed. Radwan (1997) indicated that
although seed is distributed at cost or at nominal profit for some crops in Syria,
farmers still consider the price of seed too high.

Although few farmers had travelled up to a maximum of over 50 km to buy
certified seed, one third of farmers each travelled up to 10 km (33%) and 20 km
(31%). Tetlay et al. (1991) found that 80% of the farmers who sourced seed of new
varieties from other farmers got the seed withina 5 km radius. The seed was purchased
later in the season in October (22%), November (49%) or December (18%). Delayed
delivery due to the short gap between harvesting and planting period presented logistic
problems and farmers had to wait until the seed became available at the local ACB or
co-operative store for distribution. The presence of relatively large numbers of sale
points or distribution points and availability of seed however offsets the problem of
delayed delivery and encourages many farmers to use certified seed.

The frequency of seed replacement rate among certified wheat seed users was high.
About 67% of farmers (n=65) who acquired certified seed in 1998/99 claimed
purchasing seed from the formal sector every year. The rest would not buy seed every
year but most of them reported buying certified seed at a more regular interval of three
years. In contrast less than 5% of sorghum and pearl millet farmers were willing to buy
seed regularly (Rohrbach, 1997). The high price of seed and the high quality of own
saved were the main reasons for farmers not buying seed regularly from the formal
sector. For example in Ethiopia, high seed price found to be the main constraint to
adopting improved wheat varieties (Kotu et al., 2000). Mazid et al. (1998) reported
that farmers in irrigated areas are highly dependent on seed from the formal sector
supplied by the General Organization for Seed Multiplication.

In Syria, the relatively high use of certified seed can be explained by five possible
factors: (a) sustained government policy and effort in promoting the use of modern
varieties and certified seed; (b) low price of certified seed which is provided at
production cost, although farmers still consider formal sector seed expensive; (c)
adequate seed production and distribution facilities and rural infrastructure
guaranteeing easy access; (d) farmers’ perception of certified seed in terms of quality
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and yield potential; (e) adequate grain marketing procedures where the whole
production can be delivered to government depots at premium prices; and (f) as a
matter of choice or convenience where the seed could easily be purchased from the
formal sector later in the season with less demand for any on-farm seed storage.

Perception of Local Off-Farm Wheat Seed Sources Although only 12% of farmers
(n=206) sourced seed from other farmers during the 1998/99 seed survey about 52% of
them previously had an experience of getting seed from other farmers. Similarly, 4%
of farmers sourced seed from local traders or markets in the same year whereas 27% of
them purchased from local traders in previous years. Since the number of farmers who
sourced seed off-farm locally from other farmers or traders was small, the data were
pooled and presented here. The results indicated that even in situations where modern
varieties are highly adopted farmer-to-farmer exchange remains the main diffusion
mechanism for new crop varieties.

From 46 farmers who sourced off-farm seed locally, 50% got their seed from other
farmers whereas the remaining 26 and 24% got their seed from neighbours and traders,
respectively (Table 3.28). Farmers cited several reasons for sourcing seed off-farm
locally such as perception of good seed quality (57%), timely availability (13%), lack
of own seed (15%) or interest to change the variety grown or seed planted (11%).
From wheat growers who sourced seed from other farmers (8%) in Jordan most
farmers claimed that the timely availability (55%) and adaptation of variety grown by
other farmers (19%) were the main reasons for acquiring seed from these sources
(Hasan, 1995).

Some of the farmers who provided seed for others were contract seed growers for
the GOSM (6 out of 34 farmers). Contract growers could serve as potential sources for
varietal diffusion of new varieties. For example, the Ethiopian Seed Enterprise was
previously multiplying cereal seed, particularly tef seed, with smallholder farmers’ co-
operatives where they could retain up to 15% of the production and use or sale seed to
other neighbouring farmers to assist the diffusion of new varieties. The approach
assisted in wider diffusion of modern tef varieties which otherwise would be difficult
to achieve through the formal sector.

Moreover, farmers who rented combine harvesters also played an important role in
the diffusion of varieties and seeds among farmers. Farmers who rented the combines
are usually paid in kind (up to 10% of the total harvested yield) where the grain some-
times could be used as seed for planting or sold to other farmers. The widespread
diffusion of Lahan in most wheat growing areas could be attributed to such a phe-
nomenon. A farmer in Raqqa province acknowledged that he obtained seed of Lahan
from an adjacent province in Hasakeh through such arrangement and introduced the
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variety to his village, a remarkable long distance seed exchange and varietal diffusion
mechanism. Some of the reasons for farmers buying seed off-farm locally were lack of
own seed (15%), cheap price (13%) and an interest to try new varieties (11%).

The time of purchasing seed was quite well distributed over the six-month period
from harvest to planting with no specific trend for seed purchased from either
neighbours or traders. The distance travelled by the farmers purchasing seed from
traders ranged from 3 to 40 km.

On the other hand farmers who sourced off-farm seed locally gave several reasons
for not purchasing certified seed from the formal sector. Lack of availability, quality
and price of certified seed together accounted for over two thirds of farmers (59%;
n=46) for not sourcing seed from the formal sector (Table 3.28). Hasan (1995)
reported similar reasons for wheat growers in Jordan, although the proportion varies
slightly.

Some farmers mentioned lack of access to credit as an impediment for not
purchasing seed from the formal sector. In general there are circumstances where all

Table 3.28. Farmers’ perception of wheat seed sourced from neighbours or local
traders/markets (n=46).
Why farmers source seed from

neighbours/traders Why farmers not source certified seed
Farmers % Farmers %
Seed available on time 7 13 Poor certified seed quality 5 11
Seed quality is good 26 57  Certified seeds not available 11 24
Seed price is cheap 6 13 Certified seeds is expensive 16 35
No own seed 7 15 No cash to by certified seed 6 13
Certified seed not available 4 9 No credit to by certified seed 3
Try new variety or change seeds 5 11 No idea of certified seed 3
Others (combine rent /labour) 9 20  Others (process/indebted) 7 15
Distance travelled
Time seed purchased (month) (for seed purchased from traders)
6 8 17 3 km 2 13
7 8 17 5 km 3 25
8 5 11 10 km 2 13
9 7 15 27 km 2 13
10 6 13 30 km 2 13
11 9 20 40 km 2 13
12 3 7
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members of a farmers’ association or co-operative are penalized because few farmers
default on credit payments. Similar situations also exist in Ethiopia where farmers’ co-
operatives have to pay at least 95% of their credits before they are eligible to get
additional credits from government to purchase inputs such as seeds and fertilizers for
the next planting season (Beyene et al., 1991). Such requirement of group obligations
appeared to be a problem in many circumstances where farmers are organized into
government style associations or co-operatives without the genuine desire and
representation of their interests. Moreover, the bureaucracy of going through all the
procedures to get seeds and inputs on credit obliged some farmers to use other
alternative seed sources.

From 46 farmers who sourced wheat seed off-farm locally, 74% purchased seed
from other farmers and 26% from traders. Eight farmers purchased certified seed
(cleaned and treated) from traders whereas ten purchased cleaned, but not treated seed
(except one) from other farmers. All the remaining farmers cleaned and/or treated their
seed before planting which indicated widespread use of chemical seed treatment.

All farmers (100%; n=46) who sourced seed locally either from other farmers or
from traders were satisfied with the quality (Table 3.29). However, only 59% of
farmers considered the price reasonable. The mean seed price from other farmers was
12.1 SYP kg (SD=0.29) whereas mean seed price from traders was 16.1 SYP kg™

Table 3.29. Mode of payment and frequency of purchase from other farmers/traders

(n=46).
Local level seed transaction mechanisms Farmers %
Satisfied with seed quality 46 100
Mode of payment for seed
Cash 40 87
Credit paid in cash 5 11
Labour exchange/payment for harvest 2 4
Satistied with seed price 27 59
Neighbour seed price SYP kg ™' (average)' 12 0.3
Trader seed price SYP kg™ (average) 16 0.2
Freguency of purchase from neighbours/traders
Always from other farmers 4 9
Once every 3 years 17 37
Once every 5 years 5 11
Occasionally 20 44

' SYP=Syrian Pound.
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(SD=0.2). The higher mean seed price for seed from traders was due to purchase of
certified seed through other farmers. Some farmers get the seed from formal sector on
credit and sell it to local traders who will resell the seed to others. Such practice was
encountered in some places and the exact motive of selling certified seed obtained
from formal sector to traders is not clear except to raise money to overcome immediate
cash constraint. The transactions for seed purchase were through cash payment (87%),
credit for cash repayment (11%), labour exchange (2%) or payment for harvest (2%).

The frequency of seed purchased from other farmers or traders was low. While
8.7% of farmers reported sourcing seed from outside every year, 37% purchase seed
every three years, 10.9% every five years and the remaining 43.5% occasionally
purchased seed from outside sources. This rather reflects farmers’ desire and not
necessarily a general practice since seed sourcing externally could be influenced by
several technical and socio-economic factors.

Perception of On-Farm Wheat Seed Sources Producing and retaining seed on-farm is
the most economic approach provided that new varieties with superior agronomic or
quality attributes are not on the market and no biophysical constraints that are
detrimental to seed quality on the farm. In case of wheat there is little evidence to
suggest a decline in yield through continuous use of seed of the same variety if farmers
follow sound crop production procedures. As a result for most cereal crops including
wheat, own saved seed is the major source for planting both in developing (Chapter 2)
and developed countries (Stanelle et al., 1984).

About 61% of farmers (n=127) believed that own saved seed produced on farm was
of good or better quality (Table 3.30). A significant number of farmers used retained
seed because they considered certified seed involves extra cost, not available on the
market, difficult and long bureaucratic procedures to obtain it or did not see any merit

Table 3.30. Farmers’ perception of on-farm retained wheat seed (n=127) in Syria.

Why farmers source seed on-farm Why farmers not source certified seed
Farmers % Farmers %
Seed quality is good 77 61 Certified seed is expensive 59 47
Seed available on time 14 11 Certified seed not available 21 17
No extra seed cost 7 6 Poor certified seed quality 6 4
Certified seed not available 12 9 No cash/credit to buy certified seed 19 15
Difficult procedures to obtain 7 6 Not aware of certified seed 2 2
Variety not adapted 2 Own saved seed is good 13 10
Others (not interested, etc.) 10 8 Others 7 6
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of purchasing it when the variety was not adapted to their condition. In contrast,
however, the price of seed remained the single most important factor for farmers not
purchasing certified seed (47%). Lack of credit or cash, poor seed quality and lack of
awareness altogether accounted for the remaining proportion of farmers not buying
certified seed. The overall perception of farmers for seed retained on-farm was very
high. The two most critical factors for sourcing seed on-farm are the perception of
seed quality and price of certified seed. In Ethiopia, lack of alternative seed sources,
adaptation of own local varieties and good quality of own seed were the main reasons
for the majority of barley farmers who used retained seed on the farm (Woldeselassie,
1999). In Jordan seed system studies found that 34.1% of farmers sourced wheat seed
on-farm (Hasan, 1995) whereas the figure is over 85% for lentil (Al- Fageeh, 1997)
showing greater variation between crops. This variation is to some extent influenced
by the development of the seed sector for a particular crop.

All farmers who used retained seed cleaned their seed manually using wire mesh
sieves (85%) or mobile cleaning machines hired from service providers (15%). Almost
all farmers who used cleaning machines were in Hasakeh where the service is well
spread and available compared to other provinces. This could be attributed to the
availability of small-scale mobile cleaners fabricated by a metal workshop in one of
the nearby towns in Khamishli district. This could be one of the potential small
enterprises to provide cleaning and treatment services to farmers in rural areas.

Local Wheat Seed Flow or Diffusion Local seed exchange with relatives, friends,
neighbours or other farmers is a key for not only acquiring seeds but also for
introducing new crops and varieties from elsewhere and increasing the crop and
varietal diversity on the farm. Bajracharya (1994) reported the role of women as key
players in such endeavour in Nepal. About 50% of the farmers (n=206) indicated that
they exchanged seed of modern varieties of wheat with other farmers for planting
purposes (Table 3.31). However, the local level seed exchange for wheat was slightly
lower than for barley. The main reasons for such lower local level seed exchange
could be attributed to high varietal turnover and seed replacement rate from the formal
sector. From farmers who reported the experience of selling seed informally through
local trading (n=103), the major recipients were other farmers (70%), neighbours
(69%), relatives (49%) or local grain traders (2%). Similarly, most of the transactions
for the seed were in the form of cash payment (97%) or gift/seed exchange (3%), once
again showing the importance of cash economy in rural areas. Farmers are more
inclined using cash transactions in comparison to traditional exchange mechanisms as
observed elsewhere as they are becoming integrated to the commercial market. Tetlay
et al. (1991) also found that three quarter of farmers who sourced wheat seed from
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Table 3.31. Local flow or diffusion of seed of modern wheat varieties among farmers

(n=2006).
Local level seed transaction mechanisms Farmers %
Local seed sale
Not sale/exchange seed 103 50
Sale or exchange seed 103 50
Users of local seed exchange
Relatives 50 49
Neighbours 71 69
Other farmers 72 70
Others (traders) 2 2
Mechanism of exchange
Cash 100 97
Others (gift, seed exchange) 3 3

other farmers paid cash, whereas the remaining use other traditional exchange
mechanisms. Mugedza and Musa (1996) reported that even among communal farmers
of Zimbabwe, free seed handouts are not common (except for relatives) and
neighbours and farmers from other villages had to purchase seed sometimes at nearly
twice the local grain price.

Wheat Seed Retention/Replacement There are several factors which influence farmers’
decision to change variety and/or seed. Heisey and Brennan (1991) listed factors that
farmers perceive as important for changing seed such as improvements in production
potential of certified seed, deterioration in seed retained from the grain crop, seed and
grain prices, base yield levels, interest rates, learning costs, and risk premium. Mpande
and Mushita (1996) reported that about 53% of the farmers perceived changes in their
varieties in terms of declining yield and increased susceptibility to diseases over the
years; and expected more changes in sorghum varieties than in pearl millets.

In Syria, the rate of wheat seed replacement, both from formal and informal
sources, appeared to be high. During the survey year the majority of farmers sourced
seed off-farm, with the highest proportion from the formal sector and followed by seed
from relatives, neighbours or other farmers. In general, almost all farmers replaced
their wheat seed stock within the last five years. In 1998/99 crop season, from a total
of 206 farmers who planted wheat, 41% obtained fresh certified seed or changed their
seed informally; 35% retained seed for one year; 14% for two years; 8% for three
years; and 2% for four years (Table 3.32). Such quick seed replacement rates are

149



Chapter 3

Table 3.32. The number of years wheat seed retained (saved) by farmers (n=273) in

Syria.
Number of years Aleppo Raqqga Hasakeh Total
Farmers %  Farmers %  Farmers %  Farmers %
0 51 47 17 47 43 34 111 41
1 27 25 10 28 58 45 95 35
2 20 18 6 17 11 9 37 14
3 6 6 2 14 11 22 8
4 1 1 1 3 1 1 3
5 2 2 0 0 0 0 2 1
Over 5 2 2 0 0 1 1 3 1
Total 109 100 36 100 128 100 273 100

considered very high even by the standards of the formal sector which requires a four
to five year seed replacement for self-pollinated crops. Van Gastel and Bishaw (1994)
found frequent seed renewal rates among wheat seed farmers in Syria where nearly
80% replace seed within the period of three years. Cromwell et al. (1993) cited that
over 75 and 40% of farmers growing soybean and beans, respectively, replaced their
seed within less than five years. Such high rate of seed replacement is quite useful
provided new varieties are released frequently and the seed is available on the market.
Byerlee and Moya (1993) reported a high wheat varietal replacement rate for Syria
probably due to such quick seed exchange among farmers. Mazid et al. (1998) also
found an average age of 6.8 years for wheat in Syria which is an indicator of quick
varietal turnover and adoption of new varieties by farmers.

Barley Seed Sources and Perceptions The ‘primary diffusion’ of new varieties from
seed production organizations to farmers is accomplished by the formal sector through
wholesale or retail distribution by various institutions. However, even in situations
where the formal sector is well developed, the greatest diffusion of new crop varieties
1s achieved through the informal sector, which is responsible for ‘secondary diffusion’
among the majority of farmers. This is particularly true for self-pollinating crops such
as wheat and barley; and in less favourable areas where the formal sector fails to reach
farmers.

In Syria, the national seed programme advertises available seed of different crops
through public media and sales seed at cost price to encourage certified seed use by
farmers (Radwan, 1997). Seed 1s marketed directly by GOSM or by the Agricultural
Co-operative Bank (ACB) through the farmers’ co-operatives. GOSM is a parastatal
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seed corporation and is responsible for direct sale of seed to farmers on cash whereas
the ACB is the marketing arm of the Ministry of Agriculture and Agrarian Reform and
is responsible for financing rural credit to purchase agricultural inputs including seeds.

Initial Barley Seed Sources Table 3.33 presents the initial seed sources and the seed
source in the 1997/98 crop season for planting barley in Syria. The majority of farmers
growing barley initially sourced their current seed stock used informally from relatives
(32.5%; n=200), other farmers (22.5%), neighbours (13%) and traders/local markets
(18.5%). However a significant minority (13.5%) obtained their initial barley seed
from GOSM, ACB or research organization, all which are formal sector institutions.
This confirms the involvement of GOSM in production and distribution of seed of
local landraces of barley. The pattern of barley seed source over a four-year period
was not significantly different. The majority of farmers (>85%) used their own seed
whereas seed from the formal sector, other farmers and from local traders or markets
accounted for less than 15%. The figure indicated that the informal seed source
accounted for over 95% of barley seed in Syria in any given year.

The General Organization for Seed Multiplication reported that it has distributed a
total of 4214 t of barley seed probably all to the state farms in the 1997/98 crop season.
This constituted 92.5% of Arabi Aswad a predominantly grown local landrace and
three modern varieties (Badia: 3.7%, Furat 1: 0.1% and Furat 2: 3.7%) mainly recom-
mended for the western and southern parts of the country. According to the national
agricultural statistics the area for barley production in the 1997/98 crop season was
estimated at 1,572,200 ha (CBS, 2000). At the seed rate of 100 kg ha™', this would
cover a mere of less than 3% of the total barley area for the season probably skewed to
the northwestern and southern regions of the country. During the 1997/98 crop season
none of the sample farmers in the survey area purchased barley seed from the formal
sector. It was not surprising not to find a single barley grower who sourced his seed

Table 3.33. Initial seed source of barley landraces and seed source in 1997/98 crop
season (n=200).

Initial seed source Farmers %  Seed source in 1997 Farmers %

Formal sector’ 27 14 Formal sector 0 0
Neighbours/other farmers 71 36 Neighbours/other farmers 22 11

Local traders/markets 37 19 Local traders/markets 13 7
Relatives 65 33 Own saved seed 165 83
Total 200 100 Total 200 100

' Formal sector refers to GOSM, ACB and agricultural research organizations.
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from the formal sector in Zones 2, 3 and 4. A similar result was also observed in
Ethiopia where almost all barley growers (95%) sourced their seed on farm
particularly in northwestern parts of the country (Woldeselassie, 1999). In Jordan, Al-
Fageeh (1997) reported that the major sources of lentil seed were their own seed saved
from previous season (85%) or seed from their neighbours (12%) or certified seed
(3%). Ndjeunga (2002) also reported that the major source of pearl millet seed in
Niger was from own saved seed (88%) followed by seed from other farmers (15%),
local market (4%) and development agencies (2%) with an increasing share of on-farm
retained seed in more reliable harvest years and this was consistent across different
agro-ecological regions and village accessibility.

Farmers Perception of Local Off-Farm Barley Seed Sources In the previous years
27%, 57% and 22.5% of farmers had indicated to source seed from the formal sector,
other farmers and local trading, respectively on several occasions and for various
reasons. However, during the survey year 82.5% of farmers (n=200) used their own
seed for planting the barley crop whereas almost one-fifth sourced their seed from
other farmers (11%) or local trading (6.5%). In 1997, no single farmer purchased seed
from the formal sector. There was a declining trend of barley purchase from the formal
sector since the difference in grain price was introduced between wheat and barley in
the early 1990s.

Since the number of farmers who purchased seed off-farm during the survey year
was small, data for farmers, who sourced seed from other farmers, and those who
purchased from traders/markets were pooled together for analysis (Table 3.34). The
main overriding factor for sourcing seed from outside was lack of own seed (80%)
followed by perception of seed quality (20%). Farmers had a positive perception of
seed from their neighbours/other farmers or traders where 20% indicated that the
quality of seed purchased was good. The major constraint for purchasing seed from the
formal sector was the price, given the increased seed price to grain price ratio for
barley.

The management of barley seed sourced off-farm locally is presented in Table 3.35.
The majority of farmers cleaned the seed purchased from other farmers or local
trading, although 17% claimed the seed was cleaned when purchased. The main
purpose of cleaning was to remove dirt and inert material (63%), remove weed seeds
(26%) or broken/small seeds (17%) from the seed lot used for planting. Cleaning was
done by hand using local sieves, although two farmers used mobile machines hired
from seed cleaners and treated their seed (3%). No farmer checked the germination of
the seed purchased from other farmers. A large majority was satisfied with the quality
of seed sourced from outside their farm informally.
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Table 3.34. Farmers’ perception of local off-farm source for barley seed (n=35).

Why farmers source seed from neighbours Why farmers do not source formal seed (SC)
Reasons Farmers % Reasons Farmers %
No own seed 28 80  Formal seed is expensive 30 83
Seed quality is good 7 20  Formal seed not available 1 3
Seed available on time 4 11 Shortage of cash 4 11
Own seed not good 1 Lack of awareness 1
Exchange old seed 1 Others (small quantity) 1

Price is cheap 1 Certified seed is expensive 3 14

Table 3.35. Management of barley seed obtained off-farm from neighbours or local
traders (n=35).

Seed management Farmers %
Purchased clean seed 6 17
Not clean seed 4 11
Seed cleaning 25 71
Purpose of seed cleaning
Remove inert matter 22 63
Remove weed seeds 9 26
Remove small and broken seeds 6 17
Facilitate easy planting 2 6
Equipment used
Hand sieving 23 66
Machine cleaning 2 6
Seed treatment 2 6
Check germination 0 0
Satisfied with seed quality 33 94

The time seed purchased both from other farmers or markets was well distributed
over a six-month period from harvesting the crop in May or June to planting time in
October or November (Table 3.36). However, slightly more farmers purchased seed
right at harvesting time or closer to the planting time rather than earlier in the season
particularly from traders. Most of the transactions were by direct cash payment (83%),
credit for cash repayment (14%) or in kind (3%). Sperling (1998) reported that most of
the bean seed sourced off-farm in Rwanda was obtained through purchase from local
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Table 3.36. Time seed purchased (month of the year) and distance travelled (km) by
farmers (n=35).

Month of the year 5 6 7 8 9 10 11
Farmers (%) 57 257 57 143 57 28.6 143
Distance travelled (km) 0 3 4 12 15 20 35 45 50
Farmers (%) 83 83 83 83 167 167 83 16.7 83

markets, neighbours or traders and that there was little free exchange of seed even
among relatives. In our case 83% of the farmers were satisfied with the price of seed
purchased from their neighbours and/or traders. The distance travelled to buy barley
seed from local market or traders was up to 50 km, but about two thirds of the farmers
travelled less than 25 km. In Syria, the rural infrastructure appears to be relatively
better and farmers can afford to travel and purchase inputs. Cromwell et al. (1993)
cited that farmers in Malawi walk over 30 km for bean seed and five day’s travel in
Nepal for potato seed acquisition. This is both the reflection of poor rural
infrastructure development in terms of seed distribution and farmer’s desire in
acquiring the new variety.

Perception of Local On-Farm Barley Seed Sources Although farmers obtain seed off-
farm for various reasons they are more likely to use retained seed particularly for self-
pollinating crops such as barley where the quality of seed can be maintained easily on
the farm (Table 3.37). 165 barley growers (82.5%; n=200) used own saved and among
them 144 (87%; n=165) were satisfied with the quality of own saved seed. Over fifty
percent of farmers considered the quality of own saved better or equal to seed from
other seed sources including the formal sector. Moreover, timely seed availability
(27%), cost of seed (6%), lack of improved variety (4%) and small quantity of seed
required (2%) were some of the reasons for sourcing seed on the farm. The most
overriding issue for farmers not buying seed from the formal sector was seed price
(71%), shortage of cash (15%) and lack of credit (4%). Lyon and Danquah (1998)
cited that farmers who use their own seed stock do not incur transaction costs.
Although not clearly indicated, the complete absence of modern barley varieties
contributed to farmers not sourcing seed from the formal sector. In Ethiopia, lack of
alternative seed sources (57%), adaptation of local varieties (41%) and good quality of
own seed (2%) were the main reasons for barley farmers to use seed retained on the
farm (Woldeselassie, 1999).

Almost all farmers who used own saved seed cleaned their seed (95%) using sieves
(96%). The main purpose of cleaning was to remove inert matter (80%), remove
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Table 3.37. Farmers’ perception of on-farm retained (own saved) barley seed (n=165).

Why farmers source seed on-farm Seed cleaning and treatment

Perception Farmers %  Management Farmers %
Seed available on time 45  27.3 Notclean seed 8 4.8
Good seed quality 90 54.6 Seedcleaning 157 952
No extra seed cost 10 6.1 Hand cleaning 151  96.2
Small seed quantity 3 1.8 Machine cleaning 6 3.8
No improved variety 6 3.6 Purpose of cleaning
Others 10 6.1 Remove inert matter 124 80.0

Why farmers not source formal seed Remove weeds/other crops 65  41.9
Certified seed is expensive 117 713 Remove small/thin seeds 16 10.3
No cash to buy certified seed 25 152 Remove broken seeds 16 10.3
Lack of credit 7 4.2 Remove shrivelled seeds 3 1.9
No new variety 5 3.0 Remove insects 8 5.2
Lack of awareness 3 1.8 Facilitate planting 27 174
Poor seed quality 5 3.0 Seed treatment 11 6.7
Lack of seed 2 1.2 Germination 6 3.6

weeds and other crops (42%) or to facilitate mechanical planting (17%). A very small
number of farmers used seed treatment for barely where only 11 (7%) treated seed
either with Quinolate (5), Vitavax (2) or other chemicals (4) by mixing the seed and
the chemical with a shovel. Six farmers tried to check the germination of barley seed
before sowing by planting seed in the backyard or a box filled with soil. This was a
separate incident in one of the driest areas where farmers are concerned whether there
1s sufficient rainfall to sustain the germination of their barley seed.

Local Barley Seed Flow or Diffusion Cromwell et al. (1993) identified five key
characteristics of local seed diffusion mechanisms. Accordingly, in comparison to the
formal sector, they are traditional, informal, operate at community level, use various
exchange mechanisms and are of small quantities. Apart from being informal the
exchange mechanisms used and the quantity of seed required are important elements in
serving the interest of the community in terms of their seed needs. Although all barley
farmers use a landrace the practice of local level seed exchange was surprisingly high
(Table 3.38). Despite common perception 57.5% of the farmers (n=200) reported
selling their local barley as seed for other farmers. However, the retention of barley
seed on the farm by some farmers usually for longer period of time might have
contributed to slightly lower local level seed turnover compared to that. Among
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Table 3.38. Local flow or diffusion of barley seed among farmers (n=200) in Syria.

Local level seed transaction mechanisms Farmers %
Local sale of seed (n=200)
Not sale seed to other farmers 85 42.5
Sale seed to other farmers 115 57.5
Users of local seed market (n=115)
Relatives 53 46
Neighbours 61 53
Other farmers 74 64
Mechanism of exchange (n=115)
Cash 102 89
Seed exchange 15 13
Gift 13 11
Barter 1 1

farmers who sold barley to others (n=115) relatives, neighbours or other farmers
constitute 46%, 53% and 64% of the recipients, respectively. Most of the transactions
whether with relatives or other farmers were mainly based on cash (88.7%) and less
with seed exchange (13%), gift (11.3%) or barter (0.9%). On the contrary, Rohrbach
(1997) found that about 80% of local seed exchange mechanism among sorghum and
pearl millet communal farmers in southern Zimbabwe was in the form of free gifts;
and relatives and other farmers accounted for nearly 30% of the seed supply. He also
noted that this could be influenced by the amount of seed exchanged which is very
small (less than 2 kg) compared to other crops where the transactions are on cash or
barter.

Barley Seed Retention/Replacement The mean number of years barley seed was saved
by farmers was 6.7 (SD=8.4). Contrary to common knowledge and despite the fact that
all farmers were growing a local landrace there was a moderately high turnover of
barley seed (Table 3.39). About two thirds of the farmers replaced their seed during
the last five previous years and the figure reached 85% when the previous 10 years
were considered. Three possible scenarios might explain such high turnover for seed
of the local barley variety, 1.e. availability of seed from the formal sector, government
grain price and frequent droughts. First, in the past the formal sector used to provide
seed of a local landrace at a relatively cheaper price thus encouraging farmers to buy
cleaned and treated seed. Second, the government grain price for barley prompted
farmers to sell their produce and buy seed or feed on the market at a reduced price.
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Table 3.39. The number of years barley seed is retained on-farm by farmers (n=200).

Aleppo Raqqa Hasakeh Total
Number of years Farmers % Farmers % Farmers % Farmers %

0 20 21 4 9 11 19 35 18
1 10 11 11 23 2 3 23 12
2 9 10 7 15 5 9 21 11
3 2 5 11 6 10 13 7
4 3 3 4 9 8 14 15 8
5 7 7 5 11 8 14 20 10
6t09 7 7 3 6 9 15 19 10
10 17 18 3 6 4 7 24 12
11to 19 11 12 3 6 5 9 19 10
>20 8 9 2 4 1 2 11 6
Total 94 100 47 100 59 100 200 100

Third, frequent droughts and crop failures particularly in marginal areas forced some
farmers to seek seed from outside sources. However, when different grain and seed
prices for barley were introduced farmers opted to use their own seed and a significant
drop of seed purchase from the formal sector was observed except in years with
drought. Tutwiler et al. (1997) indicated that barley farmers tend to sell all their barley
grain at high price to the government and buy cheap grain on the market to feed their
animals. These factors had an influence on farmers to frequently change or purchase
seed from outside sources.

Despite frequent droughts and crop failures in marginal environments where barley
1s the principal crop, about 25% of the farmers still retained barley seed on the farm
for over 10 years. Mpande and Mushita (1996) indicated that for example sorghum and
pearl millet farmers in Zimbabwe keep enough seed for two cropping seasons as
security against droughts, although the quantity varies depending on the harvest. They
also reported a continuous loss of local germplasm due to repeated droughts. This
phenomenon might explain the survival of two barley local landraces with better
adaptation to the extremely harsh and stressful barley growing environments across
Syria. This is a testimony to the intrinsically dynamic nature of the informal sector and
its resilience to environmental stresses to meet farmers’ seed needs at local levels. For
example, 30% of the farmers who used own saved barley seed in Ethiopia retained the
same seed lot for over nine years (from 2-30 years) continuously while some of them
claimed it as valuable legacy inherited from their ancestors (Woldeselassie, 1999).
Similarly, Cromwell et al. (1993) quoted data from Nepal where farmers typically
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replace wheat seed every seven years, open pollinated maize every 10 years and rice
seed every 20 years.

3.9.7. Farmers Plant/Seed Selection and Management

Wheat and barley farmers in Syria usually demand varieties that combine different
attributes such as high and stable yield, tolerance to biotic stresses (pest and disease
resistance), abiotic stresses (drought, frost and cold tolerance). Some farmers,
particularly small-scale farmers producing for household consumption, may require
varieties with low use of external inputs and suitable for traditional food preparation
(in case of wheat). A broader understanding of farmers’ seed management practices is
an important component of research oriented at developing strategies for local seed
system to improve access to and use of appropriate varieties and good quality seed.
Empirical evidence shows that farmers select crops and manage seeds based on their
indigenous local knowledge. For most farmers, plant and seed selection is part of a
crop production system rather than an isolated activity. However, the time of selection
in the crop production cycle and the subsequent seed processing and storage practices
determine the quality of seed selected.

Farmers Perception of Seed and Grain Farmers have high appreciation for seed used
for planting and 98% (n=200) of wheat growers distinguish the difference between
grain and seed. They attributed the difference of the seed in terms of its cleanliness
(53%), seed treatment (18%), freedom from weeds (31%), freedom from diseases
(9%), good germination (6%) and big seed size (13%). The majority of wheat farmers
practise cleaning (90%), applied chemical treatment (89%), separate storage (64%),
made selection (54%) and check germination (4%) of seed used for planting. Likewise,
from 200 barley growers, 99% recognize the difference between grain and seed.
Apparently, 17% attributed the difference to purity, 9.5% to kernel size, 2.5%
treatment, 2% quality and 1% freedom from weeds. As a result most farmers clean
their seed (91%), store seed separately from grain (76%) and select seed during
planting (46%). However, few farmers applied chemical treatment (7%) and checked
germination of barley seed before planting (3%).

Farmers Plant/Seed Selection of Wheat and Barley Crops Seed selection is part of on-
farm seed management practice (Walker and Tripp, 1997). Farmers practise plant or
seed selection at up to three stages in the crop production cycle: selection of ears or
plants in the field of standing crops before or at harvest; selection of grain/ears on
threshing floors; and selection of grain for sowing from threshed grain in store at
planting time. The decision to use a particular seed lot for planting is a long process
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requiring continuous observation and evaluation rather than an isolated one-time
incident or decision. Farmers monitor the entire crop growth in the field, later at
harvesting/threshing time or during storage to differentiate between the seed that can
be used for planting and the grain that can be used for other domestic purposes. Such
an elaborate methodological approach for plant or seed selection could still persist in
traditional farming systems where outside influence is minimal. However, the practice
is rapidly disappearing and becoming less relevant for small grain cereal crops such as
wheat and barley particularly where commercial agriculture predominate as farmers
are increasingly dependent on seed from the outside sources such as the formal sector.

Wheat Seed Selection Over 50% of the farmers claimed practising wheat seed selection
(Table 3.40). The majority of farmers decided what seed to use based on selection of a
field or section of a field of the standing crops (87%; n=111) and usually before (6%)
or at harvesting time (87%). Similar results were reported for sorghum and pearl millet
where seed selection is mostly carried out in the field and at threshing time (Mpande
and Mushita, 1996) which provides an opportunity for farmers to evaluate the crop for
agronomic characteristics such as lodging, tolerance to pests, etc. The most important

Table 3.40. Farmers’ practice and criteria for wheat plant/seed selection (n=206).

Plant/seed selection Farmers % Selection criteria (n=111)
Not select for seed 95 46 Farmers %
Select for seed 111 54  Early maturity 5 5
Method of selection’ Shattering resistance 3 3
Field or section of field 96 87 Lodging resistance 5 5
Select grain 14 13 Disease resistance 20 18
Select ears 8 7 Pest resistance 3 3
Select plants 2 2 Plant height 12 11
Others 2 2 Earsize 38 34
Time of selection’ Grain yield 19 17
Planting 6 5 Qrain size 36 32
Before harvesting 7 6 Grain colour 8 7
Harvesting 96 87 Marketability 1 1
Storage 1 1 Straw quality 2 2
Responsibility for selection’ Freedom from weeds 80 72
Men 109 98 No mixtures/off types 7
Both (men and women) 2 2 Cleanliness of field 5 5

' Based on farmers who select seed (n=111).
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selection criteria were freedom of the standing crops from contaminating weed plants
(72%), ear size (34%), grain size and disease tolerance (rather absence of disease)
whereas other factors remain to be of less importance. These criteria were used for
making a decision which grain to harvest from which field/plot and which should be
kept for seed than individual ear selection, as is the case with maize, sorghum or pear
millet reported elsewhere where individual plant heads or ears are selected and kept
for seed (Mpande and Mushita, 1996; Walker and Tripp, 1997). Moreover, they also
reported that grain yield, grain colour, grain size, early maturity, drought tolerance and
a combination of them as the criteria used by farmers in seed selection (Mpande and
Mushita, 1996).

Barley Seed Selection Almost one-half of the farmers (49.5%; n=200) claimed practi-
sing barley seed selection for planting purposes (Table 3.41). The majority of farmers
based their selection criteria on the combination of the situation of standing crops in
the field and the grain quality at harvesting time. They decided which field or part of
field could be harvested and further evaluated the product in terms of other criteria to
differentiate between grain used for planting, livestock feed or sell in markets.

The most important selection criteria were manifold including yield, grain char-
acteristics and freedom of the standing crops from contaminating weed plants. Seed
selection was undertaken by deciding which field or section of a field (79%; n=99) to
harvest for seed usually before (20%) or at harvesting time (76%). About 69% (n=99)
of farmers considered grain size as the most important factor to determine whether to
use the grain for seed or other purposes. Grain colour (42%) or grain yield (41%) at
harvest or ear size (22%) of the standing crop were also considered important selection
criteria in deciding the seed used for planting barley crop.

The freedom from weeds came as important second criterion (56%) as most farmers
had serious problems with weed infestation in barley growing areas of the country. By
doing so farmers may be indirectly selecting for plants that have some inherent
resistance to weeds as new evidence suggests varietal differences in crops such as
wheat for suppressing weeds (Rizvi et al., 2002). The agronomic factors most valued
by plant breeders such as early maturity, tolerance to biotic stresses were not
considered to be highly important, both as selection or adoption criteria by farmers due
to the difficulty to assess these characteristics. Selection for these characteristics is
rather indirect. For example the absence of infection rather than the level of pest
resistance of the variety is considered a selection criterion by farmers. This does not
preclude that some farmers are using these criteria in their selection. Walker and Tripp
(1997) reported little seed selection in the field for maize and cowpea in Ghana (less
than 4%) compared to sorghum and cowpea in Zambia where 18 to 25% of farmers
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Table 3.41. Farmers’ practice and criteria for barley plant/seed selection (n=200).

Plant/seed selection Farmers %  Criteriafor selection (n=99)
Not select for seed 101 51 Farmers %
Select for seed 99 50 Grain yield 41 41

Method of selection’ Grain size 68 69
Field or section of field 79 79 Grain colour 42 42
Select grain 23 23 Marketability
Select plants 8 8 Feed quality 3 3
Select ears 1 1 Straw yield

Sage of selection’ Straw quality 1 1
Standing crops 19 20 Plant height 13 13
At harvesting 75 76 Ear size 22 222
At planting 5 5 Non-shattering 1 1

Responsibility for selection' Disease resistance 3 3
Men 95 96 Early maturity 10 10
Women 0.0 0.0 Free of weeds/cleanliness 55 56
Both (men & women) 4 4 Free of other crops/ varieties 5 5

! Based on farmers who select seed (n=99).

selected seed on the farm. Field selection was based on large head, large seed and
absence of disease and early maturity based on the crop whereas post-harvest
selections were based on size of grain, cob or pod and its conditions (cleanliness, good
appearance and freedom from insects). In case of cowpea, they also found that the way
the crop was stored on the farm, whether threshed or unthreshed, influenced the
selection practices.

Most of the farmers interviewed both for the wheat and barley seed system study
were growing both crops particularly in Zone 2 where similar attitudes and approaches
were applied to both crops, although wheat farmers appeared to have slightly better
awareness of the criteria for modern plant breeding. Seed selection started from
choosing the right field to the conditions of the standing crops in the field to grain
quality characteristics at harvesting, during storage and at planting time singularly or
in combinations based on the knowledge and perception of individual farmers. These
selection criteria may not bring significant shift on the genetic combinations of the
variety as most plants are harvested together, but might contribute to some invisible
changes in the compositions of the variety. For example the selection of a field could
be attributed to its past or present crop management history such as rotation,
fertilization, irrigation which is translated to properly rotated, fertilized or irrigated
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field where the crop stand, grain yield and grain quality (size) could be good. For
example, early maturity means a field which has matured properly because it might
have been planted early, thus the crop escapes drought, thus, the production is good in
terms of grain yield and grain size. Resistance to pests means the absence of infes-
tation with insects or infection with pathogens while in the field or in store (although
in places where storage pests are prevalent a seed lot with less/no infestation might
indicate some degree of resistance). However, farmers can relate each of their selec-
tion criteria with their life time experiences to differentiate between good and poor
quality seed. Seed selection, therefore, is also interlinked to crop or plant selection.

The role of women in seed selection and management processes appeared to be less
visible compared to that of wheat in Ethiopia (Chapter 2), vegetables in Bangladesh
(Shah and Nuri, 2000) or the case in Nepal (Bajracharya, 1994) where they play an
important role. The increased use of combine harvesters (harvesting and threshing)
substantially reduced the female labour contribution to wheat and barley production
(Ashram, 1990) while previously women were involved in hand harvesting (Tully,
1990) and therefore directly contributed to the selection and maintenance of wheat and
barley seed on the farm. Mazid (1994) reported that about 64% of farmers shared their
barley production decision with their immediate family members (including their
spouses). In another study, it was found that women were responsible for most of the
on-farm cleaning of barley seed (Daniela Mangione, personal communication)
although men did not largely acknowledge this practice. Another study cited from
Nepal (Bajracharya, 1994) indicated that although women farmers’ contributions to on
farm work and decision making on the average was 57%, the agricultural development
officers (men) perceived that the contribution of women was low (11-23%) compared
to the rating of female development officers (62%), a clear reflection of a gender bias.
Although men did not largely acknowledge the role of women because of social
taboos, some farmers confide privately that most of the on-farm activities such as seed
selection, cleaning and storage are joint responsibility of both men and women. In
practical terms, women contributed indirectly to plant and/seed selection both in wheat
and barley crops. A generally held view of traditions that women are more engaged in
household activities than in farming contributes to this underestimation.

In Syria, the plant and/or seed selection practised in wheat and barley can be
summarized as follows: (i) no methodological approaches were observed in plant
selection both in wheat and barley crops; (ii) farmers’ seed selection for planting was
anecdotal and not systematic and largely influenced by field observation at harvesting
or planting time; (iii) the intensification and commercialization of agriculture both in
wheat and barley production is leading to loss of traditional practice of plant/seed
selection; (iv) the high rate of seed renewal and varietal turnover resulting from
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availability of better adapted wheat varieties relieved farmers searching for
improvement in existing varieties; (v) no significant variation in plant and/or seed
selection between wheat and barley growers was observed, although barley farmers
still used mostly local landraces; and (vi) role of women in decision making process of
plant/seed selection was limited, although their contribution was high in on-farm seed
cleaning and management.

On-Farm Seed Cleaning and Treatment From a farmer’s viewpoint, seed selection and
cleaning are closely interlinked both aimed at improving the quality of the planting
material to meet specific standards. In technical terms seed cleaning (or in broader
terms processing) is an elaborate post-harvest operation and may include seed drying
(removing excess moisture), grading (removing impurities), treating (protection
against pests), packaging and storage. In some circumstances, on-farm seed cleaning is
no more than winnowing the seed after harvesting where the method does not
guarantee selection of uniform grain sizes (Mpande and Mushita, 1996). In others,
seed cleaning is on-farm seed management where detailed seed cleaning techniques
are employed to maintain seed quality (Mugedza and Musa, 1996) or an elaborate seed
treatment technique where traditional practices are employed to protect the seed
against storage pests (Monyo et al., 2000). In general, it is an effort to ensure that the
seed used for planting is well established in the field and will raise a good crop. Seed
cleaning was a very common seed management practice both for wheat and barley
seed sourced locally from neighbours, other farmers or traders as well as seed retained
on the farm.

Wheat Seed Cleaning and Management From 206 farmers who were surveyed in the
1998/99 crop season, 186 (90%) reported that they cleaned and treated their wheat
seed for planting in case they sourced seed from other farmers or used retained seed
(Table 3.42). The remaining farmers indicated that they purchased cleaned and treated
seed from government or traders. Therefore, all wheat growers surveyed reported
using cleaned and treated wheat seed either from formal sector or through on-farm
seed management.

Forty-five farmers (22%) used cleaned and treated certified seed sourced from the
formal sector. The remaining 161 farmers (78%) sourced seed from other farmers,
traders or used their own seed where most of the seed was cleaned and/or treated by
farmers themselves (five farmers purchased cleaned and treated certified seed from
traders and eight purchased cleaned seed from other farmers). Most farmers (n=161)
used manual cleaning with sieves (78%) and the main purpose was to remove inert
matter (38%), weeds (42%), broken seeds (34%), and seeds of other crops such as
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Table 3.42. On-farm wheat seed management (cleaning and treatment) by farmers
(n=161) in Syria.

Other
Own seed Traders farmers  Total %

Seed cleaning and treatment

Purchased clean seed - 5 8 13 8

Cleaned seed 127 2 19 148 92
Method of cleaning

Hand sieving 108 2 15 125 78

Machine cleaning 19 - 4 23 14
Purpose of cleaning

Remove inert matter 50 2 9 61 38

Remove weed seeds 59 - 8 67 42

Remove small seeds/good size 20 - 4 24 15

Remove broken seeds 45 - 9 54 34

Easy planting 4 - - 4 3

Remove other crop seeds/barley 31 - - 31 19
Seed treatment

Purchased treated seed - 5 - 5 3

Treat seed 127 2 27 156 97
Germination 7 - 2 9 6

barley seed (19%). The striking difference between wheat and barley seed manage-
ment was the extent of chemical treatment used by farmers.

Few farmers were concerned about the physiological quality of their seed and tested
the germination of their seed (6%). This does not necessarily mean that farmers do not
attach value to this seed quality characteristic, but they did not either experience the
problem or consider it as a cause for poor crop establishment. Walker and Tripp
(1997) also reported that only 10% of farmers considered poor field establishment
associated with poor seed quality, although the figure can reach 25% among cowpea
farmers in Ghana. It is possible to introduce simple and practical germination test
methods using cheap and locally available materials and make farmers aware of these
methods. For example, Mathur and Talukder (2002) used jute mats as a ‘quick
method’ for germinating rice seed in Bangladesh and this was found to be the quickest
test completed within seven days compared to other formal methods.

In commercial agriculture chemical seed treatment is becoming one of the cheapest
and most economic measures to limit the spread of seed-borne diseases (Diekmann,
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1993). In Syria, the availability of the chemicals induced wheat growers to use seed
treatment probably influenced by the practices of the formal sector. On-farm chemical
seed treatment was widely practised whereby almost all farmers treated their seed
before planting (76%) except those who purchased treated seed (24%). In Jordan on-
farm wheat seed cleaning and wide spread use of seed treatment chemicals was
reported for seed sourced from other farmers or retained on the farm (Hasan, 1995). It
was found that 64 and 62% of seed sourced informally was cleaned and treated on the
farm, respectively. However, Stanelle et al. (1984) reported that seed treatment was
practised by 36% of the wheat farmers, but more targeted towards areas with high
rainfall and humidity where disease problems were anticipated which was not
necessarily the case in Jordan and Syria. On the contrary, although 56 farmers (27%;
n=206) planted barley as a second crop along wheat none reported applying chemical
treatment to their seed before planting.

A wide range of chemicals, locally produced or imported, was available for use for
seed treatment by farmers who sourced seed locally (Table 3.43). From 156 farmers
who treated their seed on farm the most popular fungicide for seed treatment was
Quinolate (69%) followed by Agrospor 60 (19%). The former is a general purpose
broad spectrum copper sulphate based fungicide whereas the latter is composed of
mancozeb. Both are recommended for the control of seed-borne diseases in cereals.
Vitavax is a carboxin based systemic fungicide for control of loose smut in cereals
Farmers reported that control of seed-borne diseases particularly of smuts (73%) was
the main objective of applying seed treatment. The chemical, usually in powder form,
is first diluted in water and then mixed with seed manually on tarpaulins using shovels

Table 3.43. Types and rates of chemicals used for wheat seed treatment by farmers
(n=156) in Syria.
Rate in g/100 kg Amco 8 Agrospor 60 Quinolate Vitavax Others' Total %

100 3 12 15 1 - 31 20
101 to 199 - 3 6 2 - 11 7
200 1 6 40 1 3 51 33
250 - 4 21 - 3 28 18
251 to 300 - 1 12 - 3 16 10
Over 300 - 3 12 - 2 17 11
Do not know - - 1 - 1 2 1
Total 4 29 107 4 12 156 100
% 3 19 69 3 8 100

! Others include products of Syria (6), Turkey (2), unknown (4).
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(87%) whereas mobile cleaners were used to treat the rest. A mere 12% of farmers
reported taking the necessary safety precautions while treating the seed.

The recommended rate for seed treatment is 100 g for Amco 8 and 200 g each for
Agrospor 60 and Quinloate for 100 kg of wheat seed. However, the rate applied ranged
from 100 g to 540 g of chemical for 100 kg of wheat seed. About 33% and 18% of
farmers applied 200 and 250 g per 100 kg seed, respectively. Almost one-fifth of the
farmers applied 100 g per 100 kg seed.

The main constraints in seed treatment were the formulation of chemicals available;
the method and rates of application; precautions on safety measures; and lack of
adequate equipments and knowledge in handling pesticides. Seed treatment, mixing
the seed and the chemical by shovels on the ground with apparently little or no safety
measures was the most common practice. Most farmers did not have adequate
knowledge of the chemicals (could not identify the name of the chemical except by its
colouring matter), application and efficacy of the chemicals. Moreover, sub-standard

Table 3.44. On-farm barley seed management (cleaning and treatment) by farmers
(n=200) in Syria.

Seed source Total
Seed cleaning/treatment Other
Own seed Traders farmers Farmers %

Not clean seed 8 2 2 12 6

Purchased clean seed 0 0 6 6 3
Clean seed 157 11 14 182 91

Method of cleaning

Hand cleaning 151 11 12 174 87

Machine cleaning 6 0 2 8 4
Purpose of cleaning

Remove inert matter 124 11 11 146 73

Remove weeds/other crops 65 2 7 74 37

Remove small/thin/shrivelled seeds 19 1 0 20 10

Remove broken seeds 16 0 5 21 11

Remove insect infested seeds 8 0 0 8 4

Facilitate planting 27 0 2 29 15
Seed treatment

Not treat seed 146 10 13 169 85

Treat seed 11 1 1 13 7
Germination 6 0 0 6 3
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chemicals without proper formulation and of unknown origin were also available on
the market. Adequate extension programme for seed treatment would be beneficial for
the farmers in increasing the efficacy, targeting the organisms and reducing the cost
and pollution of the environment.

Barley Seed Cleaning and Management The seed cleaning and treatment of barley
seed is presented in Table 3.44. After harvesting the majority of farmers usually select
the bigger, however, undamaged grains using locally manufactured tools. 91% of
farmers (n=200) cleaned their barley seed before planting. Manual cleaning using a
wire mesh sieve is most common and practised by 87% of farmers whereas few used
locally manufactured mobile cleaners (4%). The main purpose of cleaning was to
remove dirt/inert matter (73%), followed by removing weeds and other crops (37%).
Seed cleaning was also used to facilitate machine planting by removing inert matter to
allow free flow of seed (14.5%) or as part of removing insect infested grains (4%).
Surprisingly, fewer farmers practised chemical seed treatment in barley than in wheat.
From 13 farmers who treated their barley seed, seven used Quinolate and two used
Vitavax to control seed-borne diseases. In Ethiopia, nearly 90% of barley growers who
retained seed on the farm or purchased seed from neighbours cleaned their seed using
locally manufactured hand tools (Woldeselassie, 1999). But the traditional seed
cleaning was not efficient in removing weeds and inert matter from the seed lots. None
of the farmers used seed treatment as well.

Germination is an important aspect of seed quality determining crop establishment.
However, there is little evidence to suggest that farmers use elaborate techniques in
determining the germination capacity of seed. Very few farmers reported that they
planted barley seed in the backyard to check germination before planting. One farmer
reported an incident where he planted barley seed in a box with soil to check
germination for the first time as he suspected the quality of his seed lot. This is a
separate incident rather than a general practice followed by farmers. Mugedza and
Musa (1996) also reported that farmers did not consider germination as important in
their perception of sorghum seed quality. This is contrary to the results found in
Ethiopia for wheat crops (Chapter 2).

Seed Sorage and Management In the WANA region including Syria, dry weather
conditions with low relative humidity during summer make seed storage relatively
easy. However, storage pests remain the most critical and destructive problem for on-
farm grain storage. Most insect pests such as weevils are cosmopolitan and found both
in tropical and temperate regions of the world. Grain storage on the farm is more
common for barley than for wheat because the grain is used as animal feed. Some
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reports indicated that farmers sell their produce to the government and buy grain/seed
cheap on the market.

In traditional subsistence agriculture, farmers use a wide range of locally available
natural seed treatment techniques to control storage pests (Mugedza and Musa, 1996;
Monyo €t al., 2000). However, the use of contact insecticides and fumigants becomes
possible when farmers have access to the chemical and can afford the costs of
application.

Wheat Seed Storage and Management Almost similar results to that of barley were
observed in 1998 wheat seed survey in Aleppo, Raqga and Hasakeh governorates. It
was found that 64% of farmers stored their seed separate from grain whereas the
remaining (36%) stored grain and seed together (Table 3.45). Walker and Tripp (1997)
found that farmers in Zambia tend to separate their sorghum, bean and groundnut seed
whereas farmers in Ghana are less predisposed to such practice for their maize and
cowpea seed. The way the crop is stored may influence the storage strategy as more
farmers in Ghana threshed their cowpea than in Zambia.

Sixty four percent of wheat farmers reported experiencing storage pest problems
slightly less than that of barley growers because less wheat grain is stored on the farm,

Table 3.45. On-farm wheat seed storage and management practices by farmers
(n=206) in Syria.

Seed storage practices Farmers 9% Seed storage practices Farmers %
Sore seed separately 132 64 Not store seed separately 74 36
Polypropylene bag 52 39  Polypropylene bags 24 32
Jute bag 75 57  Jute bag 48 65
Both 5 4  Both 2 3
Control of storage pests Control of storage pests
No infestation 48 36  No infestation 28 38
Sun drying 15 11 Sundrying 6 8
Cleaning 42 32 Cleaning 20 27
Change/dispose seed 15 11 Change/dispose seed 14 19
Dusting or spraying 28 21  Spraying 10 14
Fumigation 32 24 Fumigation 17 23
Responsibility for storage Responsibility for storage
Men 111 84  Men 68 92
Women 6 5 Women 3 4
Both (men and women) 15 11 Both (men and women) 3 4
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where farmers dispose almost all their produce directly to the government because of
favourable prices. Moreover, many farmers frequently changed their seed for planting
by purchasing from external sources particularly the formal sector and as a result
practised less on-farm seed storage and therefore experienced less pest problems. From
those farmers who had storage pest problems (n=131), 62%, 40% and 5% of farmers
reported that weevils, khapara beetle and rodents, respectively, were serious pests.
Earlier reports indicated that all three pests were confirmed as serious grain storage
problems in Syria.

Almost all grain and seed was stored in jute bags, polypropylene bags or both
whether the seed was stored with grain or separately showing the disappearance of
traditional storage practices. The use of polypropylene bags was more common in
wheat than for barley as farmers might have re-used packages from certified seed
delivered to them. In addition to other containers, jute or polypropylene sacks were
reported to be the most common seed storage materials in Ghana and Zambia for
maize, cowpea and groundnut seed (Walker and Tripp, 1997). Farmers were more
careful in handling wheat seed on-farm than in handling barley seed. Traditional
storage pest control methods such as sun drying, cleaning or changing/disposing the
infested seed are still practised although becoming less popular through time.
However, there is an increasing trend to use chemicals for storage pest control. About
21% and 24% of farmers (n=132) storing seed separately used contact insecticides
(dusting/spraying) or fumigation for pest control, respectively. These two chemical
control methods constituted 14% and 23% for farmers (n=74) who did not store seed
separate in the same order. Walker and Tripp (1997) found that cereal and legume
farmers in Ghana and Zambia used a combination of traditional and modern storage
pest control methods. They reported that farmers in Ghana are more inclined to use
seed protectants more on cowpea (78%) than on maize (48%) compared to farmers in
Zambia who did apply less so and no chemical at all for crops such as sorghum,
although insects found to be the main causes for seed damage on the farm.

In case of wheat there is wide spread use of chemical control for storage pests. Both
contact insecticides and fumigants are available on the market. In the past methyl
bromide has been widely used for large-scale grain storage whereas farmers have been
using phostoxin tablets. The type, rate and method and equipment for application raise
fundamental questions of efficacy and safety. In general the inappropriate use of
chemicals has led to the development of pesticide resistance worldwide. Likewise, in
Syria the strains of kahpra beetle (Rnizopertha dominica) collected from various grain
storage facilities across the country had shown different levels of pesticide resistance
(Niane, 1991).
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Barley Seed Storage and Management During 1997 barley seed survey in Aleppo,
Raqga and Hasakeh governorates, 74% of farmers (n=200) reported experiencing
storage pest problems. From those who had storage pest problems 83%, 14% and 10%
of farmers (n=148) reported that khapara beetle, weevils and rodents, respectively,
were serious pests. A survey of grain and seed storage facilities in northwestern Syria
found that the khapara beetle was the most widespread and destructive storage pest
(Niane, 1991). Moreover, it was found that three-quarters (76%; n=200) of farmers
store seed separate from grain whereas the remaining one-quarters store grain and seed
together (Table 3.46). Moreover, grain/seed storage in jute bags in the house is the
most common practice for both groups of farmers who store grain and seed together or
separately accounting for more than 94% of the respondents. Traditional storage
structures much quoted elsewhere such as baskets, clay pots, glass jars or tins (Mpande
and Mushita, 1996; Walker and Tripp, 1997) are uncommon (do not exist) and are not
in use because they are irrelevant for cereal crops such as wheat and barley where
large quantities of seed are required.

Farmers in Syria use both traditional (such as cleaning and sun drying) as well as
modern pest control measures to manage storage pests on the farm. Woldeselassie

Table 3.46. On-farm barley seed storage and management practices by farmers
(n=200) in Syria.

Seed storage practices Farmers 9% Seed storage practices Farmers %
Sore seed separate 152 76 Not store seed separate 48 24
Polypropylene bag 0 0  Polypropylene bag 1 2
Jute bags 143 94  Jute bags 45 94
Local bins 5 3 Local bins 1 2
Bulk 4 3 Bulk 1 2
Control storage pests Control storage pests
No infestation/control 44 29  No infestation/control 10 21
Sun drying 27 18  Sun drying 13 27
Cleaning 57 38  Cleaning 14 29
Chemical 2 1.3 Chemical 24 50
Dispose/change seed 13 9  Dispose/change seed 0 0
Others 9 6  Others 2 4
Responsibility for storage Responsibility for storage
Men 134 88  Men 38 79
Women 9 6 Women 4 8
Both (men and women) 9 6  Both (men and women) 6 13
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(1999) reported traditional practices such as heat treatment, drying seed in the sun,
winnowing to remove live insects, changing the storage structures or disposing
infested seed as well as use of chemicals (contact insecticides and fumigants) as most
common strategies for control of grain storage pests for barley crop in Ethiopia.

In Syria, both studies on wheat and barley seed industry revealed interesting and
contrasting situations in terms of farmers use and perception of new varieties, adoption
of improved agricultural technologies, and on-farm seed management practices. In
general there is strong government commitment and support to raise food self-
sufficiency and food security in strategic crops. This policy influenced the adoption of
improved agricultural technologies differently across crops, farming systems and
regions. The adoption and diffusion of modern bread and durum wheat varieties and
associated technologies appears to be higher than for barley crop partly because of
differences in government policy support and market incentives.

3.10. Concluding Remarks

Syria is located in the Fertile Crescent, the centre of crop domestication and the
birthplace of wheat and barley, the two most important principal agricultural crops
relevant to global food security. For millennia farmers were selecting, maintaining and
growing wheat and barley local landraces adapted to very harsh and stressful
environments leading to the development of unique germplasm resources with
tremendous wealth of genetic diversity and variability on the farm. The country largely
remained a treasure trove of the ancestors and wild relatives of wheat and barley crops.
Since the 1970s, however, the introduction of modern varieties particularly of wheat
has threatened these precious germplasm resources on the farm, as a result of
agricultural mechanization and intensification in previously traditional farming
systems. A concerted effort should be made both to conserve these valuable germ-
plasm and make use of these unique genes by incorporating them into modern varieties
that will improve wheat and barley production at national and international levels.

In Syria, the adoption of high yielding input responsive modern wheat varieties and
associated technologies is spectacular. Within a short period of time the country has
become self-sufficient in wheat production and produced surplus for export. The
provision of modern wheat varieties combining high and stable yield, the generation
and transfer of appropriate agronomic packages for different agro-ecological zones and
the expansion of area under irrigation are the driving forces behind this achievement.
The success also partly hinges on the existence of strong formal wheat seed supply
system where seed of modern varieties is provided at relatively low cost and regularly
used by farmers including the necessary complimentary inputs. The wheat case dem-
onstrated the linkage between agricultural research and the formal seed sector in
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contributing to the achievement of national food security (at least in better-endowed
environments of the country) if it is properly backed by strong government
commitment and policy environment in providing inputs, marketing arrangements and
price incentives. Such strategy should be considered if success has to be replicated in
other crops such as barley.

The adoption rates of modern bread and durum wheat varieties and selected
technologies have reached a maximum level in major production areas although some
farmers continue to grow local landraces in isolated mountainous regions and marginal
environments. Therefore, future productivity gains are most likely to come from better
adaptation of improved germplasm, better targeting of improved technologies, and
improved crop and resource management at the farm level particularly by considering
the producers viewpoint especially the conditions for production and marketing
experienced by farmers. Syria is producing surplus wheat and is entering international
wheat markets where improvements of grain quality for the processing industry and
product quality for consumers would be more important than high yield and increased
production alone. In the future research should focus not only on yield improvement
but also in grain and processing quality and should be supported by premium prices to
ensure adoption of modern wheat varieties.

Several modern wheat varieties targeted to specific zones and technological
packages were released at the national level, but the varieties were grown interchange-
ably outside their recommendation domain. For example, varieties targeted for rainfed
semiarid conditions were found grown under full irrigation or vice versa where in both
cases varieties fail to perform to their expected yield potential leading to yield gaps
between research stations and farmers fields. Moreover, farmers’ adoption of modern
varieties, sowing methods, fertilizer application and irrigation (where available) is
high. However, the adoption rates of agronomic practices such as sowing dates, seed
rates, fertilizer rates, methods and rates of irrigation were not properly followed
despite farmers’ awareness of these technologies and need to be addressed properly. It
is important to put in place an effective technology transfer mechanism and/or moni-
toring system to ensure that farmers use varieties and associated technologies
accordingly to achieve maximum yield potential and maintain the productivity of
wheat varieties.

Barley is a typical crop of marginal environments where yield is limited by severe
abiotic and biotic stresses. In recent years, population pressure pushed barley produc-
tion to more marginal areas and the yield is declining in real terms. Farmers in major
barley production areas including northeastern Syria are growing local landraces and
depend on informal seed sources although modern barley varieties targeted to different
environments (though skewed to western and southern regions) were released and
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associated technologies have been demonstrated to them. Despite the availability of
improved technologies and rapid intensification and commercialization of agriculture
in Syria, the barley seed supply system remains largely informal. This could either be
attributed to lack of adequate technology transfer mechanisms or the failure of the
technology itself in meeting the perception of farmers. A sustained effort is required
from developing varieties with better stable high yield, grain and straw quality than the
local landraces widely cultivated in the country to designing appropriate technology
transfer mechanisms to reverse the declining barley production. To replicate the suc-
cess as in wheat, the government should find alternative ways of supporting sustained
efforts to increase barley production through provision of appropriate policies and
price incentives.

The continuous lack of and low adoption of modern barley varieties have led to
seeking alternative ways of crop improvement and selection from conventional to par-
ticipatory plant breeding through farmer participation. The emphasis is to exploit the
synergy between science based research and farmers’ indigenous knowledge to come
up with new barley varieties desired and acceptable by growers and adaptable to
highly complex, diverse and risky marginal environments of the country where the
barley crop predominates. However, in order to facilitate wider adoption and diffusion
of varieties identified through such innovative approaches, the effort should be
matched with flexible policy options to allow alternative seed delivery system in the
country. Therefore, establishing the linkage between participatory plant breeding and
seed supply system is vital if the varieties developed through farmers’ participation are
expected to yield better impact in increasing barley production and productivity on the
farm and the country.

In Syria, the seed supply system for strategic crops such as wheat, cotton, potato
and lately for sugar beet is formally organized and predominantly operated by the
public sector. The seed system is strongly supported by the government, strongly
linked to the formal sector and is functioning quite well. However, the same system
failed to provide substantial impact for crops such as barley that is adapted to marginal
environments and food legumes and forage crops. Moreover, the national seed in-
dustry is dominated by the public sector and the participation of the private sector is
non-existent. It is important that in the future agricultural policies should consider
allowing, in addition to the public sector, the participation of private sector or farmer
groups to establish alternative sustainable seed supply systems to meet niche markets
for other crops.

Local seed management systems vary greatly being developed and refined over
time in response to farmers’ circumstances. On-farm seed management including
plant/seed selection, cleaning, storage, treatment and exchange could be detailed and
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complex for certain crops in traditional farming communities whereas in highly
intensive modern agriculture it is less sophisticated and purely means retention of seed
for the next year planting. The majority of Syrian farmers had shown great skill and
perception for on-farm seed management to a different degree of sophistication,
although wheat farmers were keen in introducing new technology to their already
existing skills. As a result almost all farmers who sourced wheat seed locally used
chemical treatment compared to the barley seed where treatment is hardly practised.
Moreover, local level small-scale mobile seed cleaning and treatment services are
becoming a budding rural enterprise. The government should provide adequate policy,
regulatory and technical support to implement a sound on-farm seed cleaning and
treatment to improve the efficacy and safety at farm level.

In its simplistic form, the informal seed system refers to an array of local crop
production and on-farm seed management strategies (selection, cleaning, storage,
treatment, acquisition) to provide domestic household food security in the short-term
as well as the selection, improvement and maintenance of the portfolio of germplasm
(modern varieties or local landraces) for sustainable crop production in the long-term
within farmers agro-ecological, socio-economic and cultural context. The informal
seed sector is dynamic though partly location specific. Farmers in Syria have
contributed to the wealth of wheat and barley germplasm resources through cultivation
of local landraces and exchange with other regions. However, that traditional
knowledge is rapidly disappearing because of intensification and mechanization of
agriculture, less so in barley than in wheat. However, an effort should be made to
recognize its role and integrate it to the formal sector to make the national seed
industry more sustainable.
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Farmers’ Seed Sources and Seed Quality: Physical and
Physiological Quality

4.1. Abstract

A total of 304 wheat seed samples from Ethiopia and 200 barley and 206 wheat seed
samples from Syria were collected from major wheat and barley growing regions
during the 1997/98 and 1998/99 crop season to investigate the quality of seed obtained
from various sources and planted by farmers. A 1 kg sample was drawn from seed lots
intended for planting from each farmer and the questionnaire was filled on farmers’
perception of seed quality including the seed selection and management practices. The
physical and physiological quality of seed sampled from farmers was analysed in the
laboratory according to the international rules for seed testing. In Ethiopia, the mean
physical purity and germination of wheat seed was 98.92 and 96%, respectively and
the majority of samples (93%; n=303) reached the minimum purity and germination
standards for certified seed 2. The seed obtained from the formal sector had the highest
analytical purity (99.4%), but there was no significant difference in analytical purity
among different sources such as neighbours/other farmers (98.8%), local traders/
markets (98.6%) or own saved seed (98.9%). However, the mean germination for
certified seed (96%) showed weak significant difference from seed obtained from
neighbours/other farmers (94%), markets/traders (94%) or own saved seed (96%). In
Syria, mean physical purity and germination for wheat was 97.6% and 88%,
respectively, whereas for barley the average analytical purity was 95.5% and
germination was 86%. The quality of wheat seed samples was comparatively better
than that of barley seed samples. The majority of wheat seed samples, i.e., 70.4%
(n=206) for physical purity and 78.2% for germination, met the minimum seed quality
requirements of certified seed second generation. In case of barley, however, only 10%
of samples for physical purity and 72% of samples for germination reached the
minimum standard for certified seed 2. There was no significant difference in physical
and physiological quality of wheat seed samples obtained from different sources
compared to barley where germination from different sources was significantly
different. However, highly significant differences in seed quality were observed for
seed samples collected from different regions and districts for wheat and barley crops
in both countries. Vigour indices showed significant difference among wheat and
barley seed samples from different regions and districts, but not among different
sources. Simple correlation coefficients showed significant relationships among vigour
tests. The standard germination, speed of germination and seedling root length were
well correlated with field emergence in wheat and barley in both countries.
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Key words: Ethiopia, Syria, barley, Hordeum wvulgare, wheat, Triticum spp., seed
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system, seed source, on-farm seed management.

4.2. Introduction

Seed is a critical input in crop production whether agriculture is practised at commer-
cial or subsistence levels, by large or small-scale producers or in favourable or less
favourable environments. Seed quality is one of the many factors that affect the yield
potential of a crop. According to Cromwell (1990) there are two distinct and most im-
portant components of improved seed: genetic information contained within the seed and
its physical and physiological attributes. The genetic quality is the most determinant to
the performance of other quality factors and response to inputs and management.
Hampton (2002), defined seed quality ‘as standard of excellence in certain charac-
teristics or attributes that will determine the performance of the seed when sown or
stored’.

Seed quality is a sum total of many aspects including genetic, physical purity and
physiological quality (Cromwell, 1990; Tripp and Van der Burg, 1997). There are four
key seed quality attributes which may be explicitly identified: (a) genetic quality — (i)
the inherent genetic information contained in the seed which provides the potential for
higher yield, better grain quality, greater tolerance to biotic or abiotic stresses, (ii)
varietal identity, i.e., the transfer of seed of desired variety from the breeder to the
farmer through successive generations of seed multiplications; (b) physiological qual-
ity — the viability, germination and vigour of seed which determines the germination
and subsequent seedling emergence and crop establishment in the field as well as the
storage potential of the seed lot; (c) physical quality — analytical purity, freedom from
other crop/weed seeds contamination, seed size, seed weight and seed lot uniformity;
and (d) health quality — absence of infection with seed-borne pests (fungi, bacteria,
virus, etc.) or contamination with noxious weeds (including parasitic weeds). Meas-
urement of quality can only be possible against a set of standards defined by the industry
and possibly backed by national or international regulations. Hampton (1998) defined a
standard as ‘a document specifying nationally or internationally agreed properties of a
product’.

Seeds, which embody the genetic potential of plants, determine the upper limits on
plant yield and, therefore, the productivity of other agricultural inputs as well (Jaffee
and Srivastava, 1994). For seed to play a catalytic role in crop production it should
reach farmers in good quality state. Apart from the genetic make-up, however, envi-
ronmental conditions under which the seed is grown and seed management practices
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affect quality. Several environmental factors such as soil conditions, nutrient defi-
ciency during plant growth, water stresses, high and low temperatures and pest damage
may affect quality by reducing viability and vigour at physiological maturity
(Agrawal, 1986). The availability, access, and use of seed of adaptable crop varieties
are determinant to the efficiency and productivity of other packages in increasing crop
production. It was reported that use of certified seed increased yields from 0.5 dt ha™
for rye to 3 dt ha™' for winter wheat in Poland (Oleksiak, 1998). However, in other
crops the difference could be substantial as reported for virus-free potato seed from the
formal sector outyielding seed from the informal sector by at least 10% to 22%
(Thiele, 1999).

In Chapter 1, we have defined the framework of the national seed system and distin-
guished between two different sectors, the formal and informal sectors. The formal
sector consists of a set of institutions involved in the multiplication, processing,
marketing and quality control of seed offered for sale. Seed quality standards are the
features of many national seed programmes and apply for seed production contracts,
seed certification, seed marketing, and international seed trade. Accordingly, the seed
from the formal sector must meet specific quality standards prescribed by the national
regulations. Although seed quality standards may vary between countries they are
specified for germination percentage, analytical purity, seed health, etc. (Hampton,
1998). In the formal sector, the technical, administrative, and regulatory framework set
by the certification agency provides guidelines that have to be followed to produce
good quality seed that meets the specified standards for marketing purposes. In Ethio-
pia, for example, high standards of seed quality (98% for physical purity and 85% for
germination) are required for certified wheat seed production. Similarly, in Syria the
minimum physical purity and germination are 97% and 85%, respectively, for both
wheat and barley. Apart from good management of the seed crop, proper cropping
history, adequate isolation, roguing, prevention of contamination and limitation of
number of generations are used to maintain genetic and varietal purity. Laboratory
seed tests are conducted to assess key seed quality attributes.

On the other hand, there is a growing recognition of the role of the informal sector
which provides the bulk of seed planted by the majority of farmers in developing coun-
tries. Several authors stated that over 80% of the crops in developing countries are sown
from seed stocks selected and saved by farmers (Almekinders et al., 1994; Osborn and
Faye, 1991). However, most of the informal seed sector studies were focused on meth-
odological approaches such as policy, regulatory and institutional framework and little
attention was given to the technical aspects of seed production. The informal seed system
operates at the community level and depends on indigenous knowledge of plant selection
and seed management practices. The majority of farmers both in Ethiopia and Syria
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recognized the value of seed in terms of physical quality, germination and health where
they clean and (sometimes) treat their seed. Although the concept of a national seed
system has now been broadened to include the role of the informal sector in seed sup-
ply, there are few attempts made to understand the genetic, physical and physiological
quality of seed from this sector (Wright et al., 1994; Wright and Tyler, 1994; Walker and
Tripp, 1997). Moreover, there is limited information on the influence of the local man-
agement practices on the quality of seed used by farmers. Therefore, the main objectives
of these studies were to:

« Investigate the quality of seed planted by farmers in different regions;

« Compare quality of seed obtained from different sources;

o Understand seed quality constraints in the informal seed system; and

« Recommend alternatives for improving seed quality at the farm level.

4.3. Materials and Methods

4.3.1. Wheat and Barley Seed Samples

A total of 304 wheat farmers in Ethiopia, and 200 barley farmers and 206 wheat
farmers in Syria were interviewed in major wheat and barley growing regions of the
country. A stratified sampling procedure was employed based on the proportion of
wheat or barley area and number of farmers in each district. A total of three to four
regions were covered comprising of six to nine districts for each crop and covering 59-
81 villages across the regions. Each farmer was asked about the wheat or barley seed
sources, perception of seed quality, agronomic practices and seed management prac-
tices for production. After the interview approximately 1 kg sample of wheat or barley
seed was collected from each farmer from the seed lot planted or intended for planting
for analysis in the laboratory. To bring the seed quality to the same standard, each
sample was pre-cleaned to remove dust and small particles before laboratory tests were
conducted. Seed samples were fumigated against storage pests and kept under ambient
conditions until tested for seed quality.

4.3.2. Laboratory Tests

All samples collected during the survey were analysed for seed quality (physical purity,
species purity, weed contamination, thousand seed weight, germination, vigour, etc.). All
tests were conducted according to ISTA rules and tests outside tolerance were repeated
(ISTA, 1996). All physical purity and physiological quality tests were conducted at the
seed testing laboratory of the Ethiopian Seed Enterprise, Addis Ababa, Ethiopia and
the seed testing laboratory of ICARDA in Aleppo, Syria. The seed testing was carried
out in 1998 for wheat in Ethiopia, and in 1999 for wheat and barley in Syria.
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4.3.3. Physical Quality

Number Count Test (other crop and weed seeds) The whole sample of 1 kg was sub-
jected to a number count test and the number of other crops and noxious weeds were
recorded in each sample (ISTA, 1996). For wheat other crops (bread wheat in durum
wheat or durum wheat in bread wheat, barley, cultivated oats, etc.) and noxious weeds
(wild oats, Lolium, Bromus, Snapis arvensis, etc.) were recorded.

Analytical Purity Test From each sample two replicates of 60 g were analysed (ISTA,
1996). The samples were divided into three (pure seed, other crop seed, and inert mat-
ter) in Syria or four fractions (pure seed, other crop seed, weed seed and inert matter)
in Ethiopia. After analysis, the percentage of each fraction (based on weight) was
calculated, the type of other crops and weed seeds identified and their numbers
recorded.

Thousand Seed Weight (TSWV) In Ethiopia, eight replicates of 100 seeds each were
weighed from the pure seed fraction (ISTA, 1996). The coefficient of variation was
calculated to assess the acceptability of the test and the thousand seed weight was calcu-
lated. In case of wheat and barley in Syria two replicates of 1000 seeds were counted
using a seed counter and the average seed weight was calculated.

4.3.4. Physiological Quality

Germination Test Four replicates of 100 seeds were planted from each sample in steril-
ized sand media (Ethiopia) or pleated paper (Syria). After planting seeds were placed in a
germination room maintained at 20 °C for 8 days for wheat or 7 days for barley accord-
ing to ISTA Rules (ISTA, 1996). At the end of the incubation period the germination
boxes were removed and the seedlings were evaluated (Bekendam and Grob, 1979). Both
normal and abnormal seedlings as well as fresh ungerminated (dormant) and dead seeds
were recorded and the average calculated based on the final count. In some instances, the
results of the germination test were used to evaluate seed vigour (see seedling vigour
classification, first seedling count, seedling shoot and root length, etc.).

Vigour Tests: Joeed of Germination Four replicates of 25 seeds were planted from each
sample and kept at 20 + 1 °C for a maximum of 12 days in an incubator in Ethiopia and
in a germination room in Syria until no further germination took place. Each day normal
seedlings were removed at predetermined size and time until all seeds capable to produce
normal seedlings had germinated. An index was calculated by dividing the number of
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seedlings removed each day by the number of days in which they were removed
(Maguire, 1962).

Vigour Tests: First Seedling Count During the germination test, the first counts were
made and the number of normal seedlings recorded (fourth day after planting). Later on
the final count was made on the eighth day as in standard germination tests and a total
number of normal seedlings was recorded (Agrawal, 1986).

Vigour Tests: Seedling Vigour Classification At the end of the standard germination test,
the normal seedlings were classified into two categories as vigorous seedlings, and low
vigour seedlings. Vigorous seedlings were normal seedlings with strong, well developed
and dark green plumule and strong primary root. Low vigorous seedlings were normal
seedlings with short or stunted plumule or coleoptile with limited damage or <5 cm.

Vigour Tests: Seedling Shoot and Root Length The seedling shoot length and seedling
root length were assessed after the final count in the standard germination test. Ten
normal seedlings were randomly selected from each replicate. The shoot length was
measured from the point of attachment to the cotyledon to the tip of the seedling. Simi-
larly, the root length was measured from the point of attachment to the cotyledon to the
tip of the root. The average shoot or root length was computed by dividing the total shoot
or root lengths by the total number of normal seedlings measured (Fiala, 1987).

Vigour Tests: Seedling Dry Weight The seedling dry weight was measured after the final
count in the standard germination test. Ten seedlings randomly selected from each
replicate were cut free from their cotyledons and placed in envelopes and dried in an
oven at 80 = 1 °C for 24 hours. The dried seedlings were weighed to the nearest milli-
gram and the average seedling dry weight was calculated.

Vigour Index 1 and Vigour Index 2 For each sample two vigour indexes were calculated.
Seedling Vigour Index 1 was calculated by multiplying the normal germination with the
average sum of shoot length and root length after seven/eight days of germination and
Vigour Index 2 by multiplying the standard germination with mean seedling dry weight.

4.3.5. Field Emergence (FE)

In Ethiopia, wheat was planted at the rate of 30 g per plot in 6 rows of 2.5 m length with
a spacing of 0.2 m between rows on 3 and 4 July 1998/99. In Syria wheat was planted
at the rate of 60 g for bread wheat and 70 g for durum wheat in 8 rows of 2.5 m length
and with the spacing of 0.25 m between rows on 4 and 6 January 1999/2000. Barley
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was planted at the rate of 50 g per plot of 8 rows of 2.5 m length with the spacing of
0.25 cm on 1 and 4 December 1997/98 at Tel Hadya experimental farms, respectively.
In all experiments seedling emergence was measured twice, first once emergence was
stabilized and the second two weeks after the first count on an area of 1 m®.

4.3.6. Data Analysis

Analysis of variance was performed on laboratory test results using the Genstat 6.1
statistical package where completely randomized design was employed to assess the
significance and the LSD (0.05%) was used to separate the means among different treat-
ments. Simple Pearson correlation coefficients were calculated to assess the association
among different vigour indices and field emergence.

4.4. Results and Discussion

The wheat and barley farmers obtained seed from four different sources: the formal
sector, neighbours/other farmers, traders/markets or own saved seed. Both in wheat
and barley the major source of seed for planting was seed retained on the farm, which
was managed by farmers either through seed selection, cleaning, treatment or separate
storage.

4.4.1. Wheat Seed Quality in Ethiopia

In Ethiopia, the quality standards of wheat require that certified seed should meet
minimum physical purity and germination standards before marketing. Accordingly
wheat seed lots should have a minimum physical purity of 97% and a minimum ger-
mination of 85% for certified seed second generation (Table 4.1). The regulation also
restricts maximum percent contamination of other crop seeds (0.2%), weed seeds
(0.05%) and inert matter (2%) for certified seed second generation.

Physical Seed Quality-Purity Farmers prefer uniform crops not contaminated with other
crop species and weeds, which reduce the quantity and quality of their product. Analyti-
cal purity is the first seed quality attribute recognized in a seed trade to protect farmers
against the use of impure (adulterated) seed which is contaminated with other crop
species, weed seeds or inert matter (Thomson, 1979). In any seed certification scheme
every seed lot offered for sale is routinely tested for analytical purity.

The purity test determines the weight and the nature of the contaminants present in the
seed sample and by inference that of a seed lot it represents (ISTA, 1999). During analy-
sis the sample is divided into three fractions: pure seed of the named variety, other crop
seeds and inert matter for international trade and reported on a percentage weight basis
(ISTA, 1999). However, for national purpose the sample can be divided into four
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Table 4.1. Minimum national certification standards for wheat seed production in

Ethiopia.
Breeder and Certified Certified

Seed standards Pre-basic Seed Basic Seed  Seed 1 Seed 2
Pure seed (minimum, %) 98 98 97 97
Other crop seeds (maximum, %) 0.03 0.05 0.1 0.2
Weed seeds (maximum, %) - 0.01 0.02 0.05
Infected seeds (maximum, %) - 0.02 0.03 0.05
Inert matter (maximum, %) 1 2 2 2
Germination (minimum, %) 90 90 85 85
Moisture content (maximum, %) 13 13 13 13

fractions by separating the other crop seeds into cultivated crops and weeds.

The physical quality of wheat seed samples collected from different regions and
sources are presented in Tables 4.2 and 4.3. The average physical purity of wheat seed
was 98.92% with a range from 77.18 to 99.99%. There were significant differences in
physical purity between different wheat growing regions (p<0.05). The highest mean
analytical purity (99.22%) was observed in North Shoa and East Gojam. Similarly,
wheat seed lots collected from different districts showed highly significant differences
(p<0.001) in analytical purity, other crop seed and weed seed contamination (Table
4.2). The highest physical purity was observed in Dodota (99.59%) in Arsi region,
followed by Machakel (99.42%) in Eastern Gojam. The means for other crop seeds
and weed seeds contamination were 0.14 and 0.29%, respectively. The highest other
crop seeds contamination was in Dendi (0.33%) whereas the lowest was in Munesa
(0.02%). On the other hand the weed seed contamination was highest in Munesa
(0.82%) and Gedeb (0.49%) districts both in the Arsi region.

In this study, the analytical purity analysis showed that only 15 (4.9%) of the 303
samples were lower than 97%, the minimum national seed standard for certified
second generation wheat seed in Ethiopia, but only 1% was below the 95% standard
for certified seed 4 and commercial/emergency grade seed (ICARDA, 2002). A mere
12 samples (3.9%; n=303) mostly from the Arsi region were with inert matter con-
tamination of more than 2% prescribed in the standard (all ten samples related to low
purity). Alemayehu et al., (1999a) also reported that most of the samples collected
from farmers satisfied the physical purity standards set for wheat seed production in
Ethiopia. Similarly, Stanelle et al. (1984) found high analytical purity of wheat seed
collected from farmers in USA. However, Woldeselassie (1999) found significant
differences in physical purity, other crop seed and weed seed contamination of barley
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Table 4.2. Physical purity of wheat seed collected from major wheat growing districts

in Ethiopia.
Composition by Contamination by number 1000
weight (% 120 g™) (Number of seeds kg™") seed
Districts Anal. Crop Weed Other Common weight
purity seeds seeds Barley crops Avena LoliumBromus weeds (g)
Gedeb 97.55 0.178 0.483 254 28 534 248 11.2 143 31.57
Munessa 98.17 0.017 0.816 42 0.1 130.9 308 8.3 215  29.80
Hetosa 99.11 0.106 0306 26.8 1.1 51.6 253 5.0 115 36.14
Dodota 99.59 0.032 0.195 26 2.6 3 139 0.2 145 38.06
Dendie 98.96 0.326 0.177 18.5 42.6 10.9 74 0.4 22 39.73
Chelia 99.31 0.177 0.219 272 0.6 15 102 0.03 4 4047
Ensaro Wayu 99.22 0.169 0.245 04 16.7 57 170 0.2 8 36.14
Hulet Eju 99.16 0.085 0.136 109 8.0 7.8 75  0.02 3 3235
Machakal 99.42 0.053 0.140 59 15 3.4 79 0 1 30.05
Mean 98.92 0.136 0.293 153 85 30.0 165 29 72 35.36

LSD (0.05) 0.80 0.116 0.166 15.23 28.09  34.78 131.7 6.67 1147  2.23
Significance  <0.001 <0.001 <0.001<0.001 <0. 006 <0.001 <0.001 <0.001 <0.001 <0.001

seed samples collected from different regions of Ethiopia. He found that the majority
of seed samples collected from northwestern Ethiopia (42% to 58%) remained below
the analytical purity standard of the formal sector whereas those collected from
southeastern Ethiopia (94% to 96.3%) met the minimum national purity standards for
barley. Such differences could be attributed to farmers’ seed management practices as
well as the area of production particularly the presence and/or contamination with
weed seeds.

About 38%, 12.5% and 0.3% of the wheat seed samples (n=303) did not have
contamination from other crop seeds, weed seeds and inert matter, respectively.
Moreover, 79.5%, 40.3% and 94.4% of the samples matched the minimum require-
ment for other crop seed, weed seed and inert matter contamination, respectively.
However, combining the whole range of physical purity standards, i.e., analytical
purity (=97%), other crops (<0.2%), weed seed contamination (<0.05%) and inert
matter (<2%) for certified seed 2, only 109 samples (35.9%) would match the wheat
certified seed 2 standard. Contamination with weed seeds appeared to be the major
constraint for seed samples not meeting the standard. Stanelle et al. (1984) found that
wheat seed samples from 1984 had higher physical purity and less inert contamination
compared to samples a decade earlier (in 1973), but increased weed seed
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Table 4.3. Physical purity of wheat seed collected from different seed sources in

Ethiopia.

Composition by Contamination by number
Seed sources weight (%120 g™ (Number of seeds kg ™)

Anal. Other Common

purity OCS' WS Barley crops Avena Lolium Bromus weeds TSW
Government 99.41 0.030 0.106 2.9 3.9 2.5 43 1.3 6 37.26
Neighbours/Farmers  98.59 0.176 0.257 30.1 0.7 633 143 8.2 98 35.01
Traders/Markets 98.89 0.237 0.330 20.1 44 513 155 13.9 144 34.40
Own saved 98.91 0.135 0.305 15.0 94 288 173 22 71 35.26
Mean 98.92 0.135 0.293 154 85 30.0 165 2.9 72 35.32
LSD (0.05) 0.893 0.128 0.192 17.16 30.58 42.2 146.7 7.3 1285 326
Significance 0.447 0.065 0.095 0.042 0.870 0.055 0.202 0.004 0.375 0.47

' OCS = Other crop seeds; WS = Weed seeds; TSW= Thousand seed weight (g).

contamination reduced the number of samples reaching the standard.

The average physical purity of seed sourced from the formal sector was 99.41%
compared to seed obtained from the informal sector such as other neighbours/farmers
(98.76%), traders/markets (98.58%) or own saved seed (98.92%) as shown in Table
4.3. The seed obtained from the formal sector had the highest analytical purity, but the
lowest mean contamination in terms of percentage (weight) or number of other crop
seeds and noxious weeds. Almost all certified seed samples maintained the analytical
purity percentage, other cop seeds and inert matter contamination except for weed
contamination. Moreover, nearly 85% and 95% of own saved seed maintained the
minimum analytical purity and inert matter contamination, but only 11.8% maintained
the minimum weed seed contamination. There was no significant difference between
the analytical purity or the percentage of other crop seeds and weed seeds among
different sources. The results showed that the physical quality of seed from the
informal sector was equal or comparable to the seed from the formal sector. Similarly,
no significant difference was reported for analytical purity and other crop seeds
contamination for seed samples collected from different sources in barley
(Woldeselassie, 1999) and wheat (Ensermu et al., 1998) in Ethiopia. On the contrary,
earlier studies in Jordan found significant differences between seed obtained from the
formal and the informal sectors (other farmers or own saved seed). Hasan (1995)
found that in wheat certified seed had significantly higher purity percentage compared
to seed from other sources except in other crop seed contamination. Al-Fageeh (1997)
also found that certified seed had significantly higher analytical purity in lentil
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compared to seed from other sources. It should be noted that the Ethiopian seed
certification standards put in place alternative options for distribution of seed in case
of emergency situations. The standards for commercial or emergency seed is lowered
to 95% purity and 80% germination and almost all of the wheat seed samples collected
from farmers during the survey met these standards without any problems.

Weed Seed Contamination In a certification programme, contamination of the seed
crop with other crop or weed seeds of similar physical characteristics is restricted
because cleaning alone will not sufficiently remove such contaminants. As a result,
national seed regulations are set to minimize the risk of contamination from specific
other crop seeds and weeds. Accordingly weed seeds could be classified into three
basic categories, namely: restricted (objectionable) weeds (not permitted), noxious
weeds (permitted with specified standards) and common weeds (no standards for
restrictions). The presence of such crop and weed seeds is determined by examining
relatively bigger seed sample (e.g., 1 kg for wheat and barley), because analytical
purity tests do not reveal the extent of contamination as percentage by weight varies
among weed seeds. For example a contamination of 1% by weight in a 1 kg seed
sample may contain 500 or 800 seeds of Avena fatua or Ranunculus arvenss,
respectively (Thomson, 1979). In Ethiopia, the national seed regulation requires that
wheat seed should be free from other crop seeds and noxious weeds such as Avena,
Bromus, Lolium spp., etc.

The contamination of other crop seeds and weed seeds (number of seeds kg™) is
presented in Tables 4.2 and 4.3. A total of 13 crop species and 15 weed species were
found in wheat seed lots collected from different regions of the country with a
minimum of 1 and a maximum of 11 species sample™'. In contrast, Woldeselassie
(1999) found 10 crop and 7 weed species in barley seed samples collected from
different regions of Ethiopia. Similarly, 4 crop species and 13 weed species were
found in lentil seed samples collected from farmers across Jordan (Al-Faqgeeh, 1997)
and 20 weed species were found in rice seed samples collected from farmers in one
area in Philippines (Fujisaka et al., 1993). The average number of other crop species,
weed species and total of all other species found sample™ were 1.49, 3.38 and 4.48
species, respectively. Woldeselassie (1999) found three to four other species sample™
in barley seed.

About 69.8 and 36.8% of the wheat seed samples (n=303) were contaminated with
barley and other crop seeds, respectively. Hasan (1995) found that 82.3% of the wheat
seed samples were contaminated with barley seed in Jordan. It was observed that mean
contamination with other crop seeds was significantly different (P<0.001) among
districts. The overall mean contamination with barley seed was 16 grains 1 kg™’
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sample with the highest mean contamination of 27 grains kg™ in Chelia (West Shoa)
and Hetosa (Arsi) followed by 25 grains kg™ in Gedeb also in the Arsi region.
Samples from North Shoa showed the least contamination with barley seed. The
presence of cultivated crop seeds reached a maximum of 248 barley seeds kg™'. Some
of the highest levels of contamination with barley seed were observed on samples of
local landraces rather than on modern varieties because some farmers were using fresh
seed recently acquired from the formal sector. All wheat farmers surveyed grew barley
as a second crop where contamination may happen in the field due to lack of proper
crop rotation, at threshing floors or in storage facilities. However, none of the farmers
surveyed grew wheat-barley mixtures, the most common practice in northern parts of
Ethiopia (Woldeselassie, 1999). The presence of other crop seeds was low in terms of
number of seeds present or number of samples contaminated although in individual
cases contamination as high as 713 other crop seeds per kg was observed in some seed
lots collected from farmers. While barley contamination was found throughout all
regions and districts contamination from other crops remained localized. For example,
the presence of grass pea was more common in samples collected from districts in
West Shoa than in samples from other regions.

The number of samples with wild oats, Lolium, Bromus and common weeds
contamination was quite high and the level of contamination was significantly
different between districts (P<0.001). In total, 74.9%, 88.8%, 24.4% and 70.3% of the
wheat samples (n=303) had contamination with wild oats, Lolium, Bromus and
common weeds, respectively. The three important noxious weeds, Avena, Bromus,
Lolium were found in samples from all districts, but were significantly more abundant
in samples collected from districts in Arsi region. Kolk (1979) stated that Avena spp.
and Lolium temulentum were the two most important weeds in wheat and barley
cultivation in Ethiopia. Although the maximum number of seeds kg™' of wheat sample
could go as high as 489 for Avena, 1448 for Lolium and 150 for Bromus, the average
contamination was relatively low (Tables 4.2 and 4.3). Similarly, the same districts in
Arsi also had the highest number of common weed seeds sample™ compared to
districts in other regions. Badebo and Lindeman (1987) found on average of 706, 359
and 83 seeds kg_1 of noxious weeds, other common weeds and other crops,
respectively, in seed samples collected from farmers in the Arsi region. On the other
hand they also found that seed from basic seed multiplication fields had substantially
lower contaminations of 14, 15 and 4 seeds kg™' of noxious weeds, common weeds
and other crop seeds, respectively. Woldeselassie (1999) also found that 96.7%
(n=300) of barley seed samples collected from farmers in Ethiopia were contaminated
with weed seeds. He reported that on average contamination with Avena ranged from
44 to 73 seeds sample ' and that of Lolium from 68.3 to 207.3 seeds sample in barley
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crops collected from different parts of the country. Our level of contamination is
comparable to these results.

The number of Avena and Lolium in seed lots collected from the Arsi region was
high compared to that of other regions. The cereal monoculture where wheat and/or
barley production predominates and the use of selective broad leaf herbicides is
widespread, led to the distribution of such grass weeds across the region (Sahile and
Workiye, 1994). More wild oats contamination was found with seed lots from
improved varieties compared to local materials. Seed contaminated with weeds could
be the means for introduction and dissemination of noxious weeds. For example, it
was indicated that the introduction of wild oats in Egypt and wild sorghum in Sudan in
wheat was attributed to contaminated seed (Mohamed, 1996). In Ethiopia, the
widespread use of commercial seed appeared to be the main causes for spread of wild
oats particularly in the state farms in Arsi region.

In the purity analyses, the highest other crop seeds (barley) and weed seed
contaminations were observed in seed lots collected from other farmers/neighbours,
traders/markets or own saved seed as compared to seed from the formal sector (Table
4.3). Although the certified seed from the formal sector had a lower average
percentage and number of other crop and weed seed contaminations it was not
significantly different from seed obtained from other sources except for contamination
with barley, Bromus and wild oats (P<0.05). Moreover, weed contamination was
higher for seed obtained from other farmers or markets as compared to own seed
(except in case of Lolium). Fujisaka et al. (1993) also found similar results where own
seed had fewer weed seeds compared to seed obtained from other farmers.

A wide range of broad-leaf and grass weeds was recorded in wheat in Ethiopia,
(Fessehaie, 1985; Tanner and Sahile, 1991; Girma et al., 2000). The most widespread
broad-leaf species in wheat (and barley) are Amaranthus bybridus, Convolvulus
arvensis, Datura stramonium, Galingosa parviflora, Galium spurium, Guizotia
scabra, Medicago polymorpha, Polygonum nepalense and Scorpiurus muricatus. The
most important grass weeds include Avena abyssinica, A. fatua and A. sterelis, A.
strigosa, Bromus pectinatus, Lolium temulentum, Pahalaris paradoxa, Setaria
pallidefusca and Showdenia polystachya. However, it should be noted that 25.1%,
11.2%, 75.6% and 29.6%, respectively of the wheat seed samples were free of Avena,
Lolium, Bromus and common weeds such as Guzotia scabra, Galium spp.
Polygonium, Plantago, Phalaris, Datura stramonium, and Setaria which are prevalent
in most wheat growing areas of the country.

Apart from weed seeds found during quality analysis, farmers were also asked to
identify major problematic weeds they encountered in wheat crop production. They
reported that grass weeds such as wild oats (31.3%; n=304), Lolium (3.6%),
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Showdenia (48.4%), Phalaris (16.4%), Setaria (2.3%) were important. Among grass
weeds, wild oats was reported in all regions although the majority of cases were from
farmers in Arsi and West Shoa regions. Moreover, Showdenia (except region 3),
Lolium and Phalaris (except region 4) and Setaria (except regions 3 and 4) were also
reported. Broad-leaf weeds such as Guzotia (63.2%), Galium (14.1%), Medicago
polymorpha (7.6%), Amaranthus (3%), Datura (2.3), Plantago (13.8%) and Galingosa
(3.3%) were also reported as important weeds. Guzotia and Plantago were reported
from all regions whereas Datura and Medicago from three regions (except region 4);
Galium and Amaranthus were reported mostly from Arsi and West Shoa region
(except regions 3 and 4). Girma et al. (2000) reported that farmers ranked weeds as the
third most important yield reducing factor and indicated broad-leaf weeds (Galium,
spurium, Guzotia scabra) and grass weeds (Showdenia polystachya, Avena fatua,
Lolium temulentum and Bromus pectinatus) as problematic in wheat production in the
Arsi region which conforms with the quantitative analysis. Yirga et al. (1992) also
reported Avena fatua, Guzotia scabra and Showdenia polystachya as important weeds
in Kulumsa area of Arsi region. Beyene and Yirga (1992a) reported Guzotia scabra,
Phalaris paradoxa and Plantago lanceolata as major weeds of wheat in central
Ethiopia.

In Ethiopia, it was reported that the critical time for weed competition in wheat is
between three to four weeks after planting. Moreover, yield losses due to weeds were
reported to be 36.4% (Fessehaie, 1985). Weeds are major crop production constraints
in wheat and quality seed should be free from this biotic stress. The use of cleaned seed
showed that seed purity had a significant impact on grain yield compared to weeding
either by hand or hoe (Tanner and Sahile, 1991). In Sudan, it was reported that a 0.5%
proportion by weight of Convolvulus arvensis seed in wheat seed planted would result in
6 plants m™ in the field and reduce yield by 67% (Mohamed, 1996). Therefore, the
provision of seed of high physical quality is of paramount importance in crop production.

Thousand Seed Weight A grand mean of 35.34 g with minimum and maximum values
of 25.08 and 49.87 g, respectively were obtained for the thousand seed weight (Table
4.2). There were significant differences (P<0.001) in thousand seed weight between
samples of seeds collected from different districts (Table 4.2), but not between seed
samples from different sources (Table 4.3). Wheat seed samples collected from East
Gojam showed the least whereas those from West Shoa showed the highest thousand
seed weight, where some of the samples collected are represented by durum wheat
varieties. The least thousand seed weight was from samples collected from Munessa
district in the Arsi region (with the mean of 29.89 g) and the highest from Chelia in
West Shoa (40.47 g). Moreover, varietal differences have been observed and found to
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be significant (P<0.001). The mean seed weight was 35.32 g with a range from 31.63 g
for HAR 1685, a bread wheat variety, to 46.83 g for Boohai, a durum wheat variety.
About 47% of the wheat samples were below the mean thousand seed weight. Apart
from varietal differences, inter-plant competition for light, water, and nutrient and the
effect of diseases may contribute to a wide range of seed size within a seed lot. Similarly
seed size also varies due to the location on an inflorescence which reflects differences in
flowering time (main and side branches) and nutrition of the developing seeds (basal and
apical flowers). Ensermu et al. (1998) and Alemayehu et al. (1999a) also found
significant differences in thousand seed weight among wheat varieties collected from
farmers and attributed the differences to the precursor crops and level of weed
infestations. In wheat, seed size or weight found to be correlated with seedling
emergence and yield in wheat under late sown condition (Khah et al., 1989).

Physiological Seed Quality-Germination A germination test when conducted
accurately according to internationally standardized rules indicates the percentage of
seeds, which have produced normal seedlings, abnormal seedlings and which failed to
produce seedlings (because they are dead or dormant). Germination capacity indicates
the percentage of pure seed fraction that produces normal seedlings under optimal
conditions in the laboratory test and by inference the field planting value under
favourable environment in the soil (ISTA, 1999). Germination capacity combined with
analytical purity can be used to determine the proportion of seed, which can produce
normal seedlings in the field called the pure live seed (PLS). The pure live seed is used to
express seed quality and can be employed to choose among different seed lots.

The physiological quality of wheat seed samples was presented for different
districts (Table 4.4) and different sources (Table 4.5). The overall mean germination
was 96% with a range from 68 to 100%. The wheat samples collected from the
southeastern, central and northwestern parts of the country showed remarkably high
germination percentages with few samples below the standard; differences were highly
significant (P<0.001) between different regions, districts and seed sources (Tables 4.4
and 4.5). Average germination was the highest in North Shoa and East Gojam (98%)
whereas seed samples from Arsi showed the lowest value (95%). At district level the
mean germination ranged from the lowest in Hetosa (93%) to the highest in Machakal
(98%) in East Gojam region. The total number of samples with a germination
percentage and pure live seed of less than 85 is eight (2.6%; n=303) and nine (3%)
samples, respectively (Table 4.4). The physiological quality of seed obtained from
different geographic regions may vary because of the environmental effects during the
formation, development and maturation of seed. Grass and Burris (1995) found that
environmental factors such as high temperature had variable effect on germination but
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Table 4.4. Physiological quality (germination) of wheat seed collected from major
wheat growing districts of Ethiopia.

Mean Percent of samples  Pure live Percent of samples
germination with germination of  seed with PLS of

Districts (%) >85% (PLS) > 85
Gedeb 95 98 93 95
Munessa 94 100 92 100
Hetosa 93 92 93 92
Dodota 98 100 97 100
Dendie 97 100 93 100
Chelia 94 92 93 92
Ensaro Wayu 98 100 98 100
Hulet Eju 98 100 98 100
Machakal 96 100 96 100
Mean 96 95

LSD (0.05) 1.3 4.2

Significance <0.001 <0. 001

Table 4.5. Physiological quality (germination) of wheat seed collected from different
sources in Ethiopia.

Percent of samples Percent of

Germination with germination of Pure live  samples with
Seed sources (%) > 85% seed (PLS) PLS of > 85
Government 96 100 95 100
Neighbours/Farmers 94 94 93 94
Traders/markets 97 100 96 100
Own seed 96 97 95 97
Mean 96 95
LSD (0.05) 1.5 4.6
Significance <0.041 0.786

caused a significant reduction in seedling vigour in durum wheat varieties.

The mean germination for certified seed was 96% compared to seed obtained from
neighbours/other farmers (94%), markets/traders (94%) or own saved seed (96%) as
shown in Table 4.5. Most of the samples met the minimum wheat seed standard for
certified 2. Ensermu et al. (1998) also found similar results where almost all wheat

191



Chapter 4

samples collected from farmers reached the minimum germination standards for
certified seed. Alemayehu et al., (1999a) also reported that germination of seed
samples (with few exceptions) met the minimum standard for certified wheat seed
production in Ethiopia. There was a slightly significant (P<0.05) difference in
germination among seeds obtained from different sources. However, Hassan (1995)
found no significant differences between certified wheat seed and that obtained from
other farmers or own saved seed. Al-Fageeh (1997) found that certified seed had
significantly higher germination in lentil compared to seed from other sources.
Woldeselassie (1999) also found a very significant variation in germination of barley
seed collected from different regions and sources. Moreover, contrary to our findings,
he reported that the majority of samples (nearly 90%) were below the average
germination percentage prescribed for certified seed of barley. It was noted that the
unusually extended rainfall during crop maturity and at harvesting time contributed to
loss of physiological quality of seed due to pre-harvest sprouting. In hard red wheat,
Foster et al. (1998) indicated that sprouting was highly correlated with reduced
germination before and after accelerated aging and reduced emergence from deep
planting, but not with field emergence and yield. It was concluded that wheat seed
damaged due to incipient sprouting could be used with caution within a year and under
normal planting conditions (Foster et al., 1998). Similarly, Ndjeunga (2002) also
reported high average germination (88%) for sorghum seed samples collected from
farmers in Niger with no difference across agro-ecological zones, but only half of the
samples (n=192) showed over 87.5% germination.

The pure live seed results for wheat seed samples collected from different sources
are presented in Table 4.4. The mean pure live seed was 95% with ranges from 92% to
98% and was found to be significant at district level, but not for samples from different
sources.

Physiological Seed Quality-Vigour Seed vigour is a quantitative characteristic,
controlled by several factors that affect the germinating seed or subsequent seedling
emergence, growth and establishment. Seed vigour is affected by genetic factors; envi-
ronment and mother plant nutrition; stage of maturity at harvest; mechanical damage to
embryo or seed coat; seed size; senescence; and attack by pests (Thomson, 1979).
Differences in seed vigour have been observed both in wheat and barley. Seed lots with
similar germination may respond differently if subjected to adverse field conditions due
to variation in seed vigour. Contrary to germination, vigour indicates the capacity of seed
lots to germinate quickly and completely with subsequent uniform seedling establish-
ment in a wide range of environments (TeKrony and Egli, 1991). Generally high
germination capacity is believed to be associated with high vigour and poorly
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germinating seeds must be rejected (Thomson, 1979).

TeKrony and Egli (1991) summarized that the effect of seed vigour on yield depends
on the stage of harvest of crops. There is a consistent positive correlation between seed
vigour and yield in crops harvested during vegetative growth (lettuce, cabbage, turnip,
carrot) or early reproductive growth (tomato, pea). However, for annual crops harvested
at full reproductive maturity (seed), there is no relationship between seed vigour and
yield under normal conditions unless when there is low plant population or in later than
normal plantings. Similarly, Khah et al. (1989) also found that low vigour spring wheat
seed produced lower yields only when it resulted in low plant populations or when
planting was later than normal sowing time.

The standard germination has been accepted as universal indicator of seed quality for
marketing purposes (Barla-Szabé and Dolinka, 1988) because of its simplicity,
repeatability and reliability. However, standard germination tests failed to predict field
emergence under adverse field conditions for example in wheat (Baalbaki and Copeland,
1987). Several physiological and biochemical laboratory tests have been suggested for
vigour tests (Steiner €t al., 1989). For example, the measurement of plumule growth as
a vigour test for cereals has been suggested for wheat and barley (Perry, 1977), So far
not a single test, whether physical, physiological or biochemical, proved successful under
variable field conditions even for a single species (Hampton and Coolbear, 1990). As a
result multiple vigour tests have been suggested for predicting field emergence (Steiner et
al., 1989).

Several physiological tests such as standard germination, seedling vigour
classification, speed of germination, first seedling count, seedling shoot length, seedling
root length and seedling dry weight were measured to assess the vigour of wheat seed
lots collected from farmers (Tables 4.6 and 4.7). The mean standard germination was
93% indicating good germination of all samples tested for vigour. The speed of germina-
tion and first count measures the rate at which the seeds are germinating and those
seedlings with higher index or highest germination on first count are expected to show
rapid germination and seedling emergence and to escape adverse field conditions.
Furthermore, it is assumed that seedlings with well-developed shoot and root systems
would withstand any adverse conditions and provide better seedling emergence and
seedling establishment in the field. Significant variations were observed in all vigour
indices except seedling root length, seedling dry weight and vigour index 2 among seed
lots collected from different regions and districts, but not from different sources (Table
4.6). Wheat seed samples from Dodota gave the highest values for standard germination,
seedling vigour classification, and first seedling counts and root length though the latter
was not significant. Seedling vigour classification into vigorous and non-vigorous
categories showed the highest significant variation where the results from Ensaro Wayu
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Table 4.6. Physiological quality (vigour) of wheat seed collected from major wheat
growing districts of Ethiopia.
SG' SVC FSC SPG SL  RL SDWT VIGI VIG2

Districts %) (%) (%) (cm) (cm) (2)

Gedeb 86 71 82 12.65 932 955 0.050 1624 4.3
Munessa 87 81 83 12.63 946 942 0.052 1646 4.6
Hetosa 91 80 87 12.43 870 9.51 0.066 1669 6.1
Dodota 97 93 95 12.52 9.28 10.06 0.056 1872 5.5
Dendie 94 34 92 1244 8.81 9.77 0.094 1741 8.8
Chelia 88 82 85 11.30 832 9.65 0.071 1585 6.1
Ensaro Wayu 97 55 94 13.52 873 998 0.067 1803 6.5
Hulet Eju 95 93 94 12.53 9.64 1033 0.054 1903 5.1
Machakal 95 92 92 12.51 849 925 0.054 1676 5.1
Mean 93 71 90 12.54 885 9.78 0.067 1730 6.2
LSD (0.05) 3.5 13.2 5.1 0.57 0.76  0.79 0.345 159 3.2

Significance <0.001 <0.001<0.001 <0.001 <0.001 0.17 0.136 <0.001 0.096

! SG=standard germination; SVC=seedling vigour classification; FSC= first seedling count;

SPG=speed of germination, SL=seedling shoot length; RL=seedling root length;
SDWT=seedling dry weight; VIG1=vigour index 1; VIG2=vigour index 2.

and Dendie showed the least, i.e., 55% and 34%, respectively. The lowest vigour index 1
was recorded for samples collected from Chelia with 1585 mainly because of low shoot
length.

There is no variation in vigour indices from different seed sources except in root
length and vigour index 1 (Table 4.7). Although not significant, wheat seed samples
obtained from market/traders gave the highest values for standard germination, first
seedling count, seedling shoot length, seedling root length, seedling dry weight and
vigour index 1 and 2. However, there is some degree of inconsistency in ranking the seed
lots in terms of vigour by the different tests for seed obtained from different districts and
sources.

Simple correlation coefficients of physiological tests and field emergence for wheat
are presented in Table 4.8. Standard germination, speed of germination, first seedling
count, root length and seedling dry weight were significantly correlated with each
other and field emergence. Seedling vigour classification did not correlate with most
vigour tests or field emergence, but negatively correlated with seedling dry weight.
Foster et al. (1998) reported significant correlation between germination test and field
emergence of previously sprouted hard red wheat. Similarly, significant correlations
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Table 4.7. Physiological quality (vigour) of wheat seed collected from different
sources in Ethiopia.

SG' SVC FSC SPG SL RL SDWT VIGI1VIG2

Seed sources (%) (%) (%) (cm) (cm) (2)

Government 92 75 8912.86 8.62 935 0.056 1662 5.1
Neighbours/Farmers 92 86 891292 9.38 848 0.054 1635 5.0
Markets/Traders 97 73 961242 9.76 11.38 0.089 2047 8.6
Own seed 93 70 9012.51 8.84 9.82 0.067 1733 6.2
Mean 93 71 9012.55 885 9.78 0.066 1730 6.2
LSD (0.05) 58 233 8 097 1.13 1.14 0.050 239 4.7
Significance 0.52 0.29 0486 0.39 0.21 <0.001 0.570 0.0260.504

' SG=standard germination; SVC=seedling vigour classification; FSC= first seedling count;
SPG=speed of germination, SL=seedling shoot length; RL=seedling root length;
SDWT=seedling dry weight; VIG1=vigour index 1; VIG2=vigour index 2.

Table 4.8. Simple Pearson correlation coefficients between vigour tests and field
emergence in wheat, Ethiopia.

Laboratory tests ~ SG' SVC SPG FSC SL RL SDWT VIGl VIG2 FE
Standard germination 1  0.092 0.43** 0.97** 0.16 0.51** 0.65%* 0.71** 0.21* 0.50%**

Vigour classification 1 -0.18 0.09 0.09 -0.04 —-0.23* 0.07 -0.25* -0.11
Speed of germination 1 0.36** 0.07 0.15 0.29** 0.28** 0.13  0.50**
First seedling count 1 0.12  0.51*% 0.63*%* 0.69** 0.20%* (0.43%*
Shoot length 1 0.59*%* 0.47** 0.74** 0.01 0.12
Root length 1 0.62** 0.89** (.13 0.30**
Seedling dry weight 1 0.75%% (0.23%* (.32%*
Vigour index 1 1 0.15  0.39**
Vigour index 2 1 0.09
Field emergence 1

* %% Significant at P<0.05 and P<0.01, respectively; 'SG=standard germination;
SVC=seedling vigour classification; FSC= first seedling count; SPG=speed of germination;
SL=seedling shoot length; RL=seedling root length; SDWT=seedling dry weight;
VIGI=vigour index 1; VIG2=vigour index 2; FE= field emergence.

have been reported between standard germination, shoot length, root length, seedling
dry weight and field emergence in pigeon pea (Ram et al., 1991). They reported no
correlation between root and shoot length with field emergence which is similar to our
results where shoot length did not correlate with field emergence.
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In Chapter 2, it was found that the majority of Ethiopian farmers indicated
differences between wheat seed used for planting and grain and noted that quality seed
should have high purity (60.2%), should be free from other crop and weed seeds
(18.1%), should be intact and have good germination (18.4%), should have big kernel
size (11.5%), should be free from diseases or pest damage (10.2%) and should not be
mixed with other varieties (3.3%). The evidence from the results of the wheat seed
samples tested in the laboratory suggests that farmers can produce high quality seed
comparable to that from the formal sector. Therefore, the formal sector should identify
potential seed quality aspects, which could attract farmers to purchase fresh certified
seed stock regularly. Any certified seed with lower quality than that of farmers’ seed
may not induce farmers to purchase seed from the formal sector. It is also important
that the formal sector identifies seed quality constraints of the informal sector and
assists farmers in improving the quality of on-farm produced seed.

4.4.2. Wheat and Barley Seed Quality in Syria

In Syria, the General Organization for Seed Multiplication prescribed internal seed
quality standards for seed to be marketed (Table 4.9). Accordingly, the wheat and
barley certified seed 2 from the formal sector is required to have a minimum of 98%
analytical purity and 85% germination (ICARDA, 2002). Moreover, for certified seed
2 contaminations by number should not exceed 20 grains kg™' with other crop seeds
and noxious weed seeds and contamination by weight should not be more than 0.25%
for common weed seeds and 2% for inert matter.

Almost all farmers growing wheat or barley recognize the difference between grain
and seed for planting. For example, from 206 wheat growers, 98% observed the
difference between grain and seed and attributed these differences to cleanliness from
impurities (53%), seed treatment (18%), freedom from weeds (31%), freedom from
diseases (9%), good germination (6%) and seed size (13%).

Physical and Physiological (Germination) Seed Quality The analytical purity and
germination of wheat and barley seed samples collected from different districts are
presented in Table 4.10. The physical purity of wheat seed samples collected from
different districts was not significant, although the germination percentage was found
to be highly significant (P<0.001). For wheat the overall average physical purity was
97.59% (with a range from 79.94 to 99.95%) and mean germination was 88 (with a
range from 23 to 99%). The majority of seed samples, i.e., 70.4% (n=206) for physical
purity and 78.2% for germination were above the minimum seed quality requirements
of the formal sector. A total of 56% (n=206) wheat seed samples maintained the
minimum purity and germination standards for certified seed second generation in
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Table 4.9. Minimum certification standards for wheat and barley seed production in

Syria.
Seed class
Certified Certified

Seed standards Nucleus Foundation Registered Seed 1 Seed 2
Pure seed (minimum %) 98 98 98 98 98
Other crop seed (maximum, no/kg)

Other crop species 3 6 10 20 20

Other varieties 1 2 4 6 6
Weed seeds (maximum, %) 0.25 0.25 0.25 0.25 0.25
Other weeds

(maximum, no/100 g) 10 10 20 20 20
Inert matter (maximum, %) 2 2 2 2 2
Infected seeds (maximum, no/kg)
Bunt balls

(maximum, no/kg) 8 20 20 20 20
Germination (minium, %) 85 85 85 85 85

Syria. Moreover, 76.7% of samples have less inert matter contamination than
prescribed in the standard. Further analysis indicated that only three samples have less
than 90% physical purity and 20 samples less than 80% germination. The mean
physical purity and germination was the highest in Ras Al-Ain in Hassaskeh
governorate. Although most wheat seed samples met the minimum physical purity and
germination of the formal sector, samples from Azaz and Jebel Saman in Aleppo
province showed the least number of samples reaching the standard.

The physical purity and germination were highly significant among barley seed
samples collected from different regions and districts (P<0.001). In barley, the overall
mean physical purity was 95.47% (range 83.36% to 99.44%), below the minimum
standard and the mean germination was 86% (range 16% to 99%). The majority of
samples (90%; n=200) recorded less than the minimum physical purity standard of
98%. Furthermore, only 27% of samples had less than 2% inert matter requirement
and fewer less than 0.05% required for weed contamination. On the other hand about
72% of samples had a germination capacity of 85% or more, the minimum
requirement prescribed as the national standard. When the physical purity and
germination standards are combined only 9% of the barley samples reached the
minimum seed quality requirement for certified seed 2 in Syria. However, only nine
samples showed less than 90% physical purity and 38 samples less than 80%
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germination. The mean physical purity and germination was the highest in Ras Al-Ain
and Hasakeh districts, respectively, both in Hasakeh province (Table 4.10). However,
none of the samples from Al-Bab met the minimum purity standard, and only a few (3
to 19% of samples) from the other districts did. In general samples from Ain El-Arab,
El-Bab and Manbeji in Aleppo province once again had the lowest number of samples
which met the minimum physical purity and germination standards.

The pure live seed for wheat and barley was calculated to further check the quality
of seeds. In wheat about 155 samples (75.2%; n=206) had a pure live seed proportion
of more than 85% whereas in barley 111 samples (55.5%; n=200) had a pure live seed
proportion of more than 85%. This indicates that barley seed quality was
comparatively lower than wheat seed quality because of low analytical purity of barley
seed samples. It is important that realistic and acceptable seed certification standards
are set for the formal sector instead of unreasonably high and unachievable standards.

Weed Seed Contamination Several weed species such as Avena spp., Convolvulus
arvensis, Lisea syriaca, Lolium temulentum, Myagrum perfoliatum, Phalaris spp.,
Snapis arvensis, Setaria spp. are considered noxious weeds and their presence is
restricted in seed production (ICARDA, 2002). Moreover, in the formal sector, wheat
seed contamination with barley (or vice versa) and other small grain cereals above
certain standards is prohibited. About one third of wheat seed samples (n=206) were
not contaminated with any restricted other crop seeds, although four other crop species
were identified, barley being the predominant crop species. The mean number of
barley seeds sample™ was 6 seeds in 120 g (with a range from 0 to 123 seeds). About
50% of samples had potentially more than the acceptable level of contamination with
barley seed. No significant difference (P<0.001) was found among wheat seed samples
collected from different provinces, districts and seed sources for contamination with
barley. However, the highest mean contamination was observed on retained seed or
seed obtained from other farmers compared to seed from the formal sector. Fifty eight
percent of wheat samples were contaminated with noxious weeds with 44% of samples
with potential contamination over the minimum standards. Avena spp., Lolium
temulentum, Myagrum perfoliatum, and Phalaris spp. were found more regularly in
samples collected throughout the major wheat growing areas of the country compared
to Convolvulus arvensis, and Lisea syriaca. The mean contamination with all noxious
weeds was 5 seeds per 120 g (range 0 to 114). For wild oats (range 0 to 23) and Lolium
(0 to 54) species the mean was each 2 seeds per 120 g with high variation among the
samples. About 41 (26% in excess of standard) and 28 (18%) of wheat samples were
contaminated with wild oats and Lolium weed species, respectively.