Short note for Horticultural Seed Science and Technology ( Hort 2084) 

Chapter One: Introduction

Chapter learning objectives 
At the end of this chapter students will be able to:

· Define seed and seed technology 
· Recognize goals of seed technology

· Explain the roles of  seeds in agriculture 
· Differentiate different seed classes

1.1 Concepts of seed technology 

Definition

What is seed?

In broad sense, seed is any plant part which is utilized for commercial multiplication of a crop. It is the various propagules which are obtained either through sexual/ true or botanical seed or asexual (tubers, rhizomes). In strict sense, seed is a fertilized (matured) ovule consisting of embryonic plant, stored food and seed coat which is viable and has the capacity to germinate. It is a structure developed by flowering plants after fertilization. Seed is the basic input for agricultural / crop production. True seed is a reproductive unit that develops from ovules and contains an embryo and food reserved which are located either in embryo or in some external storage tissues or botanically it is a ripened ovule containing an embryo in arrested state of development usually with a food reserve and a protective coat. In seed technological term the part of the plant used for sowing purpose to raise the crop is considered as seed or it is used to describe any plant part that is capable of producing new plants. 

1. Biologically: a matured ovule consisting of an embryonic plant together with  a stored food surrounded by a seed coat 

2. Agriculturally (seed technology ) production point of view:

· Any planting material for any crop production purpose e.g tomato seed, potato seed, sweet potato cuttings, cassava cuttings etc.

The seed of a released and popular variety produced by scientific method is known as improved seed or quality seed. Improved seed plays an important role in maximizing the production and productivity of crops. Improved seed results in better germination, vigorous seedling growth, higher crop stand, better quality of produce and ultimately in higher yield. For successful crop production high quality seed of improved variety is essential. In any agricultural research crop production would be little value unless farmers gets seeds which are genetically pure ( true to type) which posses other desirable qualities like high germination capacity ( percentage) and vigor , high purity and good health etc. since agriculture is a biological industry and good agriculture depends upon good seed and vice versa. Seed is the cheapest inputs used by farmers. It is the basic input and forms only a small part of the total cultivation expenses. Without good seed the investment on fertilizer, water, pesticides and other inputs will not pay the required dividends. The pace of progress of food production depends up on the speed with which we are able to multiply and distribute good quality seeds of high yielding varieties. It is the key to agricultural progress. It is the first link in crop production which resolves the successes of all other factors used for crop production. 

What is the difference between seed and grain? 

The biological process by which seeds and grains are formed is basically the same, but the two are quite different with respect to functions and objectives of production. Seed is meant to be used for producing good crops whereas grain is meant for food, feed or raw material. Therefore, both commodities have to be handled differently. Any attempt to use grain as seed is bound to reduce the potential yield and hence ought to be discouraged. Seeds are produced in a scientific manner and are superior when compared to the grains that are used for consumption and/ or as a source of seeds. 
Table 1 comparison between seeds and grains. 
	No. 
	Seeds
	Grains 

	1. 
	Its pedigree is known  
	Its pedigree may not known 

	2. 
	Seed production follow well designed  seed program
	No design seed program 

	3.
	Varietal purity is clearly known 
	Varietal purity is not known 

	4
	During seed production quality standards are kept 
	Quality standards are not followed 

	5
	Seeds have physical purity and good germination 
	Physical purity and germination is not ensured 

	6
	Seeds are  dried in controlled condition 
	Grains are dried in higher temperature 

	7
	Never been consumed unless it is directed by seed inspector
	Used for consumption purpose 

	8
	Used for planting 
	Sometimes used for planting 


What is seed Technology?

Seed technology- is a science dealing with the methods of improving the genetic and physical characteristics of seed. In its narrow sense, seed technology comprises techniques of seed production, seed processing, seed storage, seed testing and certification, seed marketing and distribution and the related research on these aspects. Seed technology is a science encompassing a broad range of subjects. In its broad sense, seed technology includes activities such as development of superior crops and their varieties through breeding, their evaluation and release, seed production, handling, processing, storage, testing, certification, quality control, marketing and distribution. It also includes research into seed growth and development, seed physiology, seed dormancy and germination, seed viability and longevity, seed pathology and microbiology and seed enhancement based on modern botanical and agricultural sciences.

The success of agriculture depends up on the use of good quality seed and the pace of progress in food production will largely depend upon the speed with which high quality seeds of agricultural crops are generated and made available to farmers when required. The seed represents a living embryo embedded in the food storage tissue. Seed technology, therefore, aims to protect this biological entity, looking after its welfare, during various stages of seed production, processing, handling, transportation, storage, and marketing.

1.2 Goals of Seed technology 

The followings are the major goals of seed technology

1. Rapid multiplication- increases in agricultural production through quickest possible spread of new varieties developed by the plant breeders

2. Timely supply- the improved spread of new varieties must be made available with in time to increase agricultural production 

3. Assured high quality of seed - to obtain the expected dividends from the use of good seed for planting purpose.

4. Reasonable price- the cost of high quality seed should be used within reach of the average farmers.

5. The development of seed program- is one of the most important steps in agricultural development.

Seed and Agriculture: Seeds are instruments in the domestication of wild species. Seed is the starting point of agriculture. Seed is a reproductive organ representing both change and continuity of plant species. It is a means for spatial and temporal dispersal of plant population, and is thus, the most vital and cheapest agricultural input. It carries the genetic potential of the crop (plant), determining the upper limit on yield and other desirable agronomical and physiological traits. Crop productivity is directly related to the genetic potential of the seed planted, which dictates the ultimate productivity of other inputs (fertilizer, irrigation, pesticides etc) and crop management practices. 

1.3 Roles of seed in agriculture:

What are roles of seeds in agriculture?
Seeds of agricultural crops have been and will continue to be the major source of food worldwide. Seed is a primary input in crop production, whether agriculture is practiced at commercial or subsistence levels, by large or small-scale producers, or in favorable or less favorable environments. Seed plays the following major roles in agriculture.

1. Seed is a carrier of new technologies: the introduction of quality seed of new varieties combined with other inputs significantly increases yield level.

2. Seed is a basic tool for secured food supply. The potential benefits from the spread and use of improved seed are enormous. At the farm level, this means enhanced productivity, reduced risk and increased net income through higher yield, more efficient use of available resources, faster maturation, and better resistance to pests, and higher nutrient content in the harvested crop. This greater flexibility, together with enhanced yield and nutritional value, can contribute to increased food security. Therefore, seeds are the pillar 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 human kind worldwide.

3. Seed is the principal means to secure crop yields in less favorable production areas. The supply of good quality seeds of improved varieties suitable to these areas is one of the immediate contributions that seeds can make to secure higher crop yields.

4. Seed is a medium for rapid rehabilitation of agriculture in times of natural disaster. It is a means of survival and multiplication under adverse conditions, which can be used to rapidly rehabilitate agriculture in times of natural disaster such as flood, drought, or due to insects and plant diseases. 

1.4 Different seed classes/generation system 

· Four classes of seeds are generally recognized as described by the association of official seed certifying agencies (AOSCA).
1. Breeder’s seed

· Breeders seed is seed or vegetative propagating material which:

· Is directly controlled by the originating breeder or sponsoring institution and which provides for the initial and recurring increase of foundation seed

· Has the maximum genetic purity

· Bags are labelled with yellow tags

2. Foundation seed

· The progeny of breeder’s seed handled to maintain specific purity and identity 

· Its production must be carefully supervised by the breeder or his representative

· Most of the time it is produced in research centres or on farmer’s field on contractual basis 

· Foundation seed is the source of all other certified seed classes either directly or indirectly. 
· It is labelled with a white tags 

3. Registered seed

· Is progeny of foundation seed that is so handled to maintain satisfactory genetic identity and purity 

· This class of seed should be of high quality suitable for production of certified seeds

· Bags are labelled with a purple tags

4. Certified seed

· Certified seed is the progeny of foundation or registered seed that is so handled as to maintain satisfactory genetic identity and purity

· It is produced in larger volumes and sold to crop producers

· Bags have blue tags

The international OECD

· Organization for economic cooperation and development scheme includes similar classes but uses different terms 

· These includes:

· Breeder seed 

· Basic (equivalent to either foundation or registered)

· Certified first generation (blue tag) and

· Certified second generation (red tags)

Chapter two: Development of Seed Program

Chapter learning objectives 

At the end of this chapter you will be able to:

· Explain bases for seed program development 

· Differentiate different types of seed programs 

· List steps involved in seed program development 

A seed program is essentially a scheme of activities planned and implemented to secure systematically rapid and timely supply of good quality seeds in the required quantities. Even though, it is one of the most important steps in agricultural development its value and effectiveness are conditioned by the progresses made in other segments of agricultural development such as development of irrigation resources, provisions for supply of other inputs (fertilizers, herbicides, insecticides, improved farm equipment’s etc.). 

2.1. Bases for a seed program
What are bases of seed program?

There are three bases for a seed program (high level support, productive plant breeding program and coordinated efforts). 

High level of support: The desire and determination at the decision- making level of the government, to improve agriculture and supply of essential inputs including seeds is the first requisite. Administrative support and an understanding and appreciation of the nature and the potential contribution of the seed program are needed at all levels including those responsible for planning and implementation of programs. 

Productive plant breeding program: an active and productive plant breeding, introduction and varietals testing program is the corner stone of the seed program. Structuring a seed program on indigenous varieties can seldom be justifiable. In such instances, sporadic yield increases might result from proper seed drying, processing and storage but the overall and long term effects are usually unsatisfactory. 

Coordinated effort: a coordinated effort to create cultivator demand, prepare a sound plan for seed program and establish a cadre of trained specialists is necessary for the success of a seed Program. 

2.2 Types of seed programs 

What are types of seed programs?
There are three types of seed programs (Official seed Program, Semi-official seed Program and Private seed Program). 
Official seed Program: in an official seed Program, the government holds the full responsibility of developing the Program and making good quality seed available to farmers. Probably all seed programs in the world have started with government participation. 

Disadvantages of Official Seed Program are: 

· The concern for return from investment is very low, or even for covering the cost of production

· Are often subject to political pressures and usually too frequent personnel changes hampers the progress

· Are not very efficient

In view of the above the need for the private Program for initiating seed multiplication must be recognized. As the seed program progresses and more technicians and seed producers with better training and more experience become available, other organizations should be encouraged to hold responsibility. 

Semi-official seed Program: a semi-official seed Program consists of establishing a national agency, to produce, process and distribute seeds. This Program is more remote form of the government participation. Such an agency may be established at the initiation of a Program or at a subsequent phase of less direct government participation. This Program operates as autonomous units and is usually more commercial in nature and management than governmental units, and is more efficient in operation.

Private seed program: In Developed countries (e.g. United States and Western Europe) the Private enterprises handles the production and distribution of hybrid seeds. In developing countries the best approach appears to involve various government, semi-government and private agencies in developing the seed programs by demarcating their broad responsibilities to minimize much duplication of effort and to ensure that the program develops in a coordinated manner.

2.3 Steps involved in the development of a seed Program

What steps are involved in seed program development? 
The planning organization and operation of a seed Program is highly technical and time-consuming job. Once a high level decision has been made to begin a seed Program, the plan should be prepared carefully. In preparing plan pertinent data should be carefully examined and the various requirements identified based on scientific and technological principles. The main steps in the development of a seed program are:-
Step I: Collection of pertinent data

The first step in developing seed Program is to collect the correct statistics or status regarding the following factors:

a) Availability of superior varieties: the list of available varieties, their area of adaptation and yield, information regarding promising varieties, other advantages should be compiled. In addition, farmers’ preference for particular varieties should be considered. 

b) Availability of other inputs: the explosive impact of good quality seed by farmers is experienced only when a complete package of practices is observed. Statistics on areas under assured irrigation, availability of fertilizer, pesticides, etc. helps in fixing realistic targets of production. 

c) Targets for area under high yielding varieties fixed by national governments: it indicates emphasis placed by the government on improved varieties and their likely demand. 

d) Total area under various crops included in the Program, seed rate per hectare, and total potential demand. 

e) Role played by extension agencies in popularizing seeds of high yielding varieties. 

f) Collection of climatologically data: Detailed climatologically data are necessary for the preparation of a calendar of operations of seed production and processing, and working out requirements of seed drying, processing, storage and movement of seeds. In horticultural crops which need Vernalization temperature for flower initiation, development and subsequent seed set temperature data should be recorded. 

g) Package of practices required for raising seed crops.

h) Farm size, methods of cultivation and harvesting.  

i) Financial resource of seed growers.

j) Multiplication scheme/method.

Step II: Assignment of Broad Role to various agencies responsible in the seed industry (stakeholder analysis)

The formal seed sector in Ethiopia comprises both public and private organizations, including the Institute of Biodiversity Conservation (IBC), the Ethiopian Institute for Agricultural Research (EIAR), Regional Agricultural Research Institutes (RARIs), Universities, the Ethiopian Seed Enterprise (ESE), Pioneer Hybrid Seed of Ethiopia (PHSE), several small-to-medium scale private seed farms and the farmers. Other relevant stakeholders are the Ministry of Agriculture and natural resource (MoANR), the Bureaus of Agriculture (BoA), farmers’ cooperative unions (FCUs) and xcNGOs. 

1. Ministry of Agriculture and Natural resource  

The use of chemical fertilizer and improved seeds is quite limited despite Government efforts to encourage the adoption of modern, intensive agricultural practices. Low agricultural productivity can be attributed to limited access by smallholder farmers to agricultural inputs, financial services, improved production technologies, irrigation and agricultural markets; and, more importantly, to poor land management practices that have led to severe land degradation.

MoANR is an umbrella organization which coordinates and leads the various activities of the seed industry. The main tasks of MoA’s various departments include the national seed policy, variety registration and release, seed import/export, seed certification, quarantine and extension. 

Roles of Ministry of Agriculture and Natural resource in seed industry development are planning at the national level, ensuring uniform standards, standardizing procedures of seed certification, etc. It should hasten and facilitate the adoption of new technologies of seeds.
2. The National Seed Industry Agency (NSIA)

Roles/responsibilities of the National Seed Industry Agency:

It encourages seed industry to develop and operates efficiently; to ensure that the seed producers and the farming community to create an enabling environment for capacity building in research, development and training in the field of genetic resource conservation, crop improvement and seed technology.  

3. Bio-Diversity Institute (BDI)

The responsibilities of Bio-Diversity Institute are to collect, characterize, conserve, document and utilize the germplasm resources of edible, economically and medicinally important plants. It Provide and make available genetic materials for breeders to develop improved varieties for cultivation. 

4. Research Institutes

The Ethiopian Institute of Agricultural Research (EIAR) by large and Regional Research Institutes (RARIs) and Agricultural Universities to a certain extent are the plant breeding research institutes in Ethiopia. Variety development has long been the sole responsibility of the EIAR. Since research decentralization, RARIs have increasingly been commissioned to develop varieties suitable for their regions. The responsibilities of Research Institutes in Ethiopia include guiding, coordinating and promoting agricultural research. They should pay attention to the introduction and release of new varieties, strengthen research in plant breeding and allied subjects, produce, maintain and multiply breeder’s and foundation/basic seeds and arrange and provide training on seed technology.

The EIAR and the RARIs produce breeder seed and parental lines. The EIAR and the ESE are responsible for pre-basic and basic seed supply. 

5. Ethiopian Seed Enterprise (ESE)
Roles/responsibilities 

The ESE is t+

he major seed producer in the formal seed system, and it produces largely pre-basic and basic seeds of different crop varieties. These farms, however, could not produce all the required early generation seed, due to limitations in crop adaptation.  It Organize large scale production and marketing of improved seeds, import reliable high yielding varieties, organize seed cleaning and processing facilities and act as a promoter of seed enterprises

6. Ethiopian Pioneer Hybrid Incorporate
Pioneer Hybrid Incorporated entered into a joint venture with ESE to produce basic seed of improved varieties 
Generally BoA in regional states and FCUs play a vital role in seed distribution while credit is offered by various financial institutions through FCUs. The FCU’s share in seed supply to small farmers is now growing very rapidly. At present the role of private seed dealers is very limited. Seed companies distribute seed through selected local private dealers. The current big shortfall in hybrid seed supply triggers several fraudulent practices. The linkages among the seed industry stakeholders are not strong, although there are some forums which bring them together occasionally. Forums created by organizations for variety release and research, extension, and the farmers’ advisory council demand stakeholders’ active participation in exchanges of information and experiences in these areas. 
Chapter three: General Principles of Seed Production and Maintenance
Objectives of the chapter 

At the end of this chapter you will be able to:

· Mention  basic principles of seed production 
· Discuss causes of varietal deterioration 
· List methods of maintaining genetic purity 
· Differentiate genetic and agronomic principles 
What are principles of seed production?

Production of genetically pure and quality pedigree seed requires high technical skill and specialization. Seed production must be carried out under standard and well-organized conditions. In seed production two types of principles of seed production should be followed: the genetic principles and agronomic principles.

3.1. Genetic principles 

During quality seed production strict attention must be given to the maintenance of genetic purity and other quality of seeds. Genetic purity refers to absence of seeds of other variety of the same crop as well as other crops. The variety should be pure with all of its own characteristics. All seeds used for sowing must have similar genetic constitution for uniform performance and quality produce. Maintaining the genetic purity of the seed is of utmost importance and will enable growers to exploit the full benefits of introducing improved varieties of seeds. Thus, seed production needs to be carried out under skilled supervision and standardized, well organized condition. The best means to ensure genetic purity would be able to understand and manage the possible factors responsible for genetic deterioration. 

Varietal deterioration: permanent reduction either in the genetic or agronomic value of a released variety is known as varietal deterioration. The genetic purity of a variety or trueness to its type deteriorates because of several factors during the production cycle. 
The following factors are responsible for genetic deterioration of varieties.

1. Developmental variations

2. Mechanical mixtures

3. Mutations

4. Natural crossing

5. Minor genetic variations

6. Selected influence of diseases 

7. Technique of the plant breeder

8. Adverse agro-climatic conditions
Of these factors, mechanical mixtures, natural crossing and selective influence of diseases are the most important reasons for the genetic deterioration of verities during seed production, followed by raising the seed crops in areas removed from their natural adaptation sites, which may cause developmental variations and genetic shifts in varieties.
1. Developmental Variations: when seed crops are grown under environments with differing, soil and soil fertility, climate, photoperiod or at different elevations for several consecutive generations, developmental variations may set in as differential growth responses and can favor some specific genotypes of a variety. It is, therefore, preferred to grow the varieties of crops in the areas of their natural adaptation to minimize developmental shifts. 

2. Mechanical Mixtures: the most important reason for varietal deterioration, often take place at the time of sowing if more than one variety is sown with the same seed drill, through volunteer plants of the same crop in the field, or through different verities grown in adjacent fields. Two varieties grown next to each other in a field are usually mixed during harvesting and threshing operations. Roguing the seed fields critically and using utmost care during seed production and processing are necessary to avoid such mechanical contaminations.

3. Mutations:  do not seriously deteriorate varieties. Can also cause deterioration of a variety.

4. Natural crossing: can be an important source of varietal deterioration in sexually propagating crops. The extent of contamination depends up on the magnitude of natural cross fertilization. The deterioration sets in due to natural crossing with undesirable types, diseased plants, or off types. In self-fertilized crops, natural crossing is not a serious source of contamination unless the variety is male sterile and is grown in close proximity with other varieties. The natural crossing, however, can be a major source of deterioration in cross fertilized crops. The main factors deciding the extent of contamination due to natural crossing are the breeding system of the species, isolation distance, varietal mass, and pollinating agent. The isolation of seed crops is the most important factor in avoiding contamination of cross fertilized crops. The direction of prevailing winds, the numbers of insects present and their activity and the mass of varieties are also important considerations in contamination by natural crossing.

5. Minor genetic variations: can occur even in varieties appearing phenotypically uniform and homogeneous when released. Due care during the maintenance of breeder seed of cross fertilized varieties of crops is necessary to overcome these minor genetic variations.

6. Selective influence of diseases: sometimes an improved variety deteriorates since it is infested by disease to which it was considered resistant at the time of its release. This can result either because of (i) absence of such disease in the area where the variety was tested or due to because of (ii) formation of new races of a disease. Seed production under strict disease free conditions is, therefore, essential.

7. Technique of the plant breeder: serious instabilities may occur in varieties owing to cytogenetic irregularities in the form of improper assessments in the release of new varieties. Premature release of varieties, still segregating for resistance and susceptibility to disease or other factors, can cause significant deterioration of varieties.

8. Adverse agro-climatic conditions: under unfavorable soil and climatic conditions the variety cannot be able to express its full potential and exhibit poor performance. Thus a variety should be grown in the area of its adaptation only.

Maintaining the genetic purity of seeds: the best means to ensure genetic purity of a variety is to overcome to the greatest possible extent the various factors responsible for genetic deterioration. The following steps are recommended for maintaining genetic purity of cultivars (seeds) during seed production.

1. Provision of adequate isolation to prevent contamination by natural crossing and mechanical mixtures. Maintenance of genetic purity of a seed crop by keeping the variety in isolation from variety of the same crop to avoid cross pollination is known as Isolation. 

2. Rouging of seed plot prior to growth phases at which seed crop gets contaminated.

3. Periodic testing of varieties for genetic purities by growing the crop. 

4. Growing crops only in the areas of their adaptation to avoid genetic shifts.

5. Certification of seed crop to maintain genetic purity and quality of seed.

6. Adoption of generation system. In the generation system, seed production is restricted to four generations, i.e. starting from the breeder seed, the seed can be multiplied up to three more generations, namely, foundation, registered and certified seed.

7. Use of seed of an appropriate class and from an approved source to raise the seed crop.

3.2. Agronomic principles

Besides, the important basic principles of genetics for the maintenance of seed purity and quality, standardized seed production technology involves agronomic principles used to preserve the high quality of increased seed yields, including agro-climate and location of the seed plot, previous cropping, variety, sowing, seed rate, rouging, weed control, irrigation, nutrition, plant protection, harvesting, threshing, drying and storage. The environmental conditions under which the crop is grown and the cultural practices used for production can affect seed quality. Several environmental factors such as soil conditions, nutrient deficiency, water stresses, extreme temperatures and pest infestation may affect seed quality by reducing its viability and vigor by the time the seed reaches physiological maturity. Therefore, appropriate measures should be used to produce high quality seed.

Requirements for Quality Seed Production

In many agricultural crops, the general agronomic operations used in growing a crop for seed, are rather similar to those used in producing grain for consumption or feed. Maintaining the varietal identity and purity of the seed is essential if it is to meet the expectation of farmers and consumers. Therefore, seed production should be strictly monitored throughout the entire crop growth period, from planting through to harvesting, cleaning, storage and marketing. Seed producers should understand the principles and procedures for growing a crop for seed, and ensure that all operations are carried out at the right time. Seed production should be quality oriented, compared with grain and forage production. 

Seed production must include the following considerations:

I. Selection of Adapted Varieties:  

Selection of an adapted variety from a recommended list is a prerequisite for high quality seed production. Selection of an adapted variety is the first step in the production of a good seed crop. The variety must be selected from a list of recommended varieties. Apart from its adaptation, the variety should have high yield potential, tolerance to biotic (fungal, bacteria, viral) and abiotic (cold, frost, heat, drought, salinity) stresses and have good marketability and consumer preferences. Unless the variety meets the requirements of farmers and consumers, it is less likely to be widely adopted and grown, and, therefore, there will be no demand for seed. The availability of improved varieties is a selling point for seed marketing. If recommended improved varieties are not available, the best local varieties may be used for seed production. 

II. Selection of Seed Source -After selecting the varieties, choose the seed for planting from a good source. It is very important to use improved variety of crop and use the appropriate class of seed from authenticated sources of quality seed production. The tag/seal of breeder foundation seed bags should be intact. Good quality seed comes from a known source, where the field is inspected during the growing season, and the seed is cleaned and tested after harvesting. Basic seed purchased from the agricultural research center or certified seed from the formal sector, is recommended, since it assures good quality seed with high varietal purity, physical purity and germination. Planting seed from an unreliable source may result in a crop which is varietally mixed, contaminated with noxious weeds, may not germinate well, or produce a poor crop stand. However, in case there is no reliable source, farmers should be trained on how to maintain their own seed source through mass selection in a field that is properly grown for such purpose, and where roguing and inspection are strictly practiced. 

The following are simple procedures for producing good source seed on the farm:

1. Select source seed from a well rotated field

2. Rogue off types and other varieties

3. Rogue other crops and noxious weeds

4. Rogue plants infected with seed borne diseases

5. Bulk-harvest the entire seed field after inspection

6. Properly clean, treat, package and store the seed

7. Conduct simple purity and germination tests

It is important that these operations are strictly followed with great care and attention to produce good quality seed.

III. Selection of suitable areas- There are variations in agricultural lands in terms of altitudes, topography, soil types, climate, etc., and these influence the geographic distribution of crop species and varieties. Apart from agro ecological and climatic adaptation, the area selected for seed production should be free from natural hazards like floods, drought, frost, salinity, diseases and insect pests, etc., to prevent any damage to the seed crops. The area should be fertile, well-drained and leveled. Availability of irrigation facilities is preferable to ensure good seed harvest. Areas with dry and cool weather conditions during ripening and harvesting are ideal for maintaining seed quality. Accessibility and proximity of the land for supervision, and suitability for transporting the seed quickly and economically is also essential. 

The variety to be grown for seed production must have a suitable agro-climate. Regions with moderate rainfall and humidity are much more suitable for seed production than locations with high rainfall, humidity and extreme temperatures. Very hot and dry weather conditions adversely affect flowering of several crops especially, vegetables, legumes, and fruit crops, which fail to set seed. These crops require cooler climates with low atmospheric humidity to flower and pollinate normally. Thus, locations with extreme agro-climate are generally not suitable for seed production. Excessive rainfall conditions result in a higher incidence of diseases and pests, making the harvesting and other operations of seed production difficult. They may also cause delayed maturity and pre-germination of seed in many standing crops. Ample sun shine, moderate rainfall and climate and the absence of strong winds are ideal for the production of high quality seed. 
IV. Selection of seed plot – Most cultivated crops can be successfully produced on soil types that are well drained and productive. Selection of fields with the right cropping history and suitable crop rotation is necessary. The right previous cropping is necessary to avoid genetic, mechanical and pathological contamination in seed production, whereas crop rotation is mainly practiced to maintain soil fertility and control soil and/or seed-borne diseases. In seed production, previous cropping specifies the crops that should not be grown before the seed crop. A seed crop should preferably follow another crop species to avoid admixtures. The land selected for seed production should be free from varieties of the same crop species for at least one or two years prior to planting unless the previous crop is of the same variety. A field used for seed production should also be free of noxious weeds and seed/soil-borne diseases. It should be selected with several considerations in mind. The seed plot, soil texture, fertility, and pH should fit the crops requirement. Seed plot should be free from volunteer plant, weeds and weed seeds, other crops, soil borne disease, insect pests and free from stones to facilitate mechanical operations. Seed plot must be proper isolation distance.

V. Isolation - it refers to the separation of seed crop from possible sources of contamination during growing period and it can be: 
1. Space isolation

2. Time isolation

3. Barrier isolation
1. Space Isolation: seed plot is located at a particular distance from the source of genetic contamination so that the foreign pollens are unable to reach in viable state. The following factors determine distance for space isolation.

i. Mode of pollination: self pollinating crops require minimum isolation distance while cross pollinating crops (crops with high percentage of out crossing) require greater isolation distance. Often cross pollinated crops (crops that are attractive for insects and stigma remain receptive and pollen viable for longer period of time) also require more distance for isolation. Proper isolation distance should be maintained to prevent contamination through natural crossing. The isolation distance is low (2-5 m or up to 50m) for self pollinated spp. and high (200-400 m or up to 1000m) in cross pollinated spp. for production of genetically pure seed. 

ii. Pollinating agent: greater isolation distance is required for cross pollinating crops by wind. Greater isolation distance is also required for cross and often cross pollinated crops by insects.

Although the field size, topography of the site, wind speed and direction, insect type and population, and cropping patterns influence the risks of contamination, standard isolation distances are usually recommended. 
Differentiate between self, cross and often cross pollinated crops
Self pollinated crops: include, garden pea, potato, Coffea arabica, tomato, lettuce etc. But in most of these species self pollination is not complete and cross pollination can exist up to 5%. 

Cross pollinated crops: include carrot, sweet corn, cabbage, onion, pumpkin, papaya, banana, avocado, mango, etc. In several species, a small amount up to 5-10% of selfing can also exist.

Often cross pollinated crops: In several self pollinated crop plants, cross pollination often exceeds 5% and can reach 50%. Such species are usually called often cross pollinated species. The genetic makeup of such crops is intermediate between self pollinated and cross pollinated species. Example, okra, sweet pepper, faba bean, tobacco, chilli, etc,.  
2. Time isolation: cross pollination may also be checked by adopting different time of sowing for different varieties so that their blooming periods will not coincide with each other.

3. Barrier isolation: isolation can be maintained by providing physical barrier of optimum height around the seed production plot or individual plant. It reduces the movement of windblown pollen by controlling the velocity of wind. Physical barrier can be polyethene sheet (bag), trees, etc.  
VI. Cultural Practices –the followings are included in the cultural practice

A. Preparation of land- Proper tillage operations, and time, improve soil moisture conservation and physical property (aeration, infiltration); reduce weed and volunteer plant population; reduce disease and pest inocula; and enhance germination, emergence and crop establishment. Land preparation should start early to ensure suitable tilth at sowing. The seedbed should be thoroughly prepared and leveled to ensure that sufficient moisture is available in the soil. A finer tilth is necessary for small seeds than for large seeds. Sowing after enough rainfall or irrigation and proper cultivation would minimize such negative impacts. 

B. Seed treatment- seed to be used should be treated with proper chemicals, legume seed should be inoculated with rhizobium culture before sowing. In some crops where dormancy is a problem, seed treatment breaking dormancy should be used

C. Seed rate and method of sowing- The optimum seed rates vary with crop, variety, seed bed quality and method of planting. Seed rates may also differ among varieties depending on seed size and the method and time of sowing. The recommended seed rate should be used when a crop is sown at normal time to achieve the right plant population for adequate competition with weeds and for better yield. For a desired plant population, the actual seed rates can be calculated using the following formula: 

Seed rate = plant density m-2 /(G% x P% x F.E. x number of seed per unit weight)
 Where G% = germination percentage, P% purity percentage, F.E. = Field establishment.
For example, for a tomato variety with a thousand seed weight of 10 g, 95% of germination, 98% of purity and 80% of field establishment, planted at population density of 5 plants m-2, 

 Seeding rate = 5 plants m-2x10 g/(0.95x0.98x0.8x1000seed) = 50gm-2 /744.8 = 0.067g m-2
Many farmers in developing countries prefer to use a higher seed rate than recommended, because they perceive it as a good strategy to control weeds and reduce the risks of crop production. Planting at a higher than the recommended rate is not encouraged because of its negative impact on seed quality, particularly on seed size and weight. Instead of using higher rates, farmers must pay close attention to all recommended seed production practices. 

In seed production, planting in rows has advantage over broadcasting, as it requires less seed, facilitates mechanical weed control, pesticide spray, access for roguing and field inspection, and produces better yield. A comparison between seed broadcasting and row planting (using a seed drill) is presented below. 

Comparison between seed broadcasting and row planting

	Criteria 
	Consequences

	Broadcasting 

	• Requires more seed 

• Difficult to adjust seed rate

• Uneven planting depth and distribution

• Difficult for mechanical weeding and fertilizer application

• Produces lower yields

	Row planting
	• Requires less seed

• Simple to adjust seed rate

• Proper planting depth, good distribution

• Easy for weeding and fertilizer application

• Easy for inspection and rouging

• Can combine planting and fertilize application

• Risk of mechanical mixing (in planters)

• Produces higher yields


D. Time of sowing- The time of sowing depends on the variety and area of adaptation. A seed crop must be planted at its recommended time, otherwise growth and development may be affected, thus reducing seed yield. Matching cultivar maturity to the sowing date is a key element for maximizing seed yields in dryland farming, and it helps in reducing risks. In general, late planting is not recommended because it can lead to substantial reductions in yield. Planting early, on the other hand, is beneficial than late planting, but may increase risks of weed infestation. 
E. Fertilizer Application- A well-balanced supply of nitrogen, phosphorus and potassium is essential for seed production, as it has an influence on seed development, seed quality and yield. Fertilizer application to seed crops should be based on local recommendations. The benefit of fertilizers is not always apparent. High nitrogen levels may promote vegetative growth, cause delayed maturity, predispose the crop to foliar diseases, lead to severe lodging and reduced yield and seed quality. Phosphorus is essential for enhancing seed maturity, and potassium for enhancing seed development. Modern crop varieties are reasonably responsive to fertilizers. Apart from the type of fertilizer, the time and method of application of the fertilizer is very important. Phosphorus and potassium are relatively stable in the soil and can be applied at the time of planting. However, nitrogen fertilizers are volatile, a minimum of two split applications is necessary, i.e., one at planting and the second during crop growth. Farmers should have access to soil testing services, and based on the test results, they should decide the types and rates of fertilizers to apply. In the nutrition of seed crop it is advisable to know & identify the nutritional requirement of seed crops and applies adequate fertilizer (NPK) at proper time.  
F. Irrigation- Availability of irrigation water is important for a good seed crop. The irrigation regime should be scheduled according to the crop growth stages. The seed crop must receive ample water at two critical stages of crop growth, i.e., during establishment/vegetative growth and early phase of seed development. Moisture stress at these two stages will adversely affect the yield and quality of the seed. Less water during flowering promotes seed setting while ample water after flowering will ensure the development of the greatest possible number of seeds, thus increasing seed yield. On the other hand, irrigation at physiological maturity will delay harvest maturity. In seed production, surface irrigation is preferable because overhead irrigation may affect pollination and encourage foliar and seed-borne diseases. Sprinkler irrigation will wash off pesticides, resulting in poor pest control; therefore, it should not take place immediately after pesticide application. Number of irrigation varies from crop to crop, types of soil weather conditions. In general lighter soil needs more frequent irrigation than heavy soil.

G.   Field inspection & Roguing 

Field inspection and rouging are very important in seed multiplication to ensure that seed lots to have high genetic purity, physical purity, and free from seed disease and noxious weeds.

Field Inspection -Seed fields need to be carefully inspected during the growing season to maintain the standard of the variety (to assess trueness to cultivar). The number of inspections depends on the species and cultivar. Frequent field inspection is necessary for cross-pollinated than self-pollinated species. For example, Hybrids and inbred lines require 4-5 inspections; at vegetative growth to check morphological and physiological characters; before/at flowering (before fertilization) to remove plants which may show different inflorescence characters; at dough and maturity stage to remove diseased plants and noxious weeds.

During each inspection:

· Check field details to ensure that the field is located as indicated in the application.

· Check the number of varieties (for a given species, each farm can grow only one variety of each seed class).

· Check the category of seed used (the seed growers must show the official tag from the seed bag).

· Check that isolation distances are as required by regulation.

· Check that the previous crop was a different species (it can be the same species only if the seed grower grew the same variety in the previous year).

Variety identification and purity must confirm to regulations. Inspection is carried out by walking through the field following a rout, which allows the entire area to be covered. Inspection should be carried out on limited areas, or sample areas of at least 100 m2. Off type counts in the sample areas are then related to the population estimate to determine cultivar purity for the crop. At the end of each inspection report is written including the decision to approve or discard the seed field. If approved, recommendations that will improve the quality of the seed and increase yield may be given. 

Rouging: is the process of removal of off type (phenotypically different) plants from the field of an improved variety. It is the act of removing undesirable plants. 
Undesirable plants, commonly known as 'rogues', are:

a. Off types genetic variants of the same variety

b. Other varieties of the same crop species

c. other crops with similar growth habit and seed characteristics

d. Noxious weeds difficult to remove during cleaning, and

e. Plants infected with seed-borne diseases

Roguing is carried out to maintain varietal purity and keep the seed crop free from contamination by other crop species and seed-borne diseases. Seed fields should be rogued before undesirable plants cause genetic or physical contamination, and during crop growth stages when the rogues can be identified visually. Roguing can be performed at various stages of crop growth, but the most effective stages are flowering, post flowering or maturity, when it is easier to see important morphological characteristics (inflorescence type, flower color, ear shape) that will help differentiate between the variety and the rogues. During roguing, the whole plant with all lateral tillers should be removed, taken out of the field and burned. Roguing is not a solution for poor agronomic management. The number of rouging in seed production plots will vary with the crops. Rouging may be done at any of the following stages as per needs of the seed crop.-vegetative stage- flowering stage- maturity stage

The rouging at vegetative /pre-flowering stage in cross pollinated corps is more important to avoid genetic contamination.

H. Plant protection
Successful disease and insect pest management is one of the most important factors in raising healthy seed production. In addition from reduction in yield the quality of seed from diseased and insect damage plant is normally poor. Insect and disease management varies in different crops. However the following general principles may be followed for an effective management of disease and insect pest.

1. Weed Control

Seed is one of the most important means of introducing common, noxious and parasitic weeds into agricultural lands. Moreover, increased use of fertilizers, inadequate rotations and ineffective control practices are major factors encouraging weed infestation. Hence, freedom from weed seeds is a very important seed quality attribute. A well designed integrated weed control package combining crop rotation, inter-row cultivation and hand pulling, coupled with herbicide application, is commonly used. Cultural practices such as delayed planting, hand pulling, rotations are the only means for controlling parasitic weeds.  In case of heavy weed infestation, herbicides may be applied. The herbicide must be selected for the weeds infesting the crop, and applied at the recommended rate, growth stage and method of application using the right equipment. Effective crop rotations, properly prepared seedbeds, and planting at a time that allows rapid and uniform crop establishment can increase effectiveness of the herbicides

2.  Management of Seed-borne Diseases

Freedom from pathogens, especially seed-borne diseases, is one of the most important seed quality attributes and standards. Lack of proper disease management in quality seed production, may adversely affect the productivity, quality attributes and standards of the harvested seed. The production of a healthy seed includes a combination of different practices, viz: 

a. Use of disease free seed lots,

b. Proper rotation and isolation of seed fields,

c. Rouging of diseased plants, 

d. Spraying to avoid disease build-up, 

e. Field inspection and testing, 

f. Seed treatment with chemicals.

Seed treatment plays a crucial role in a well designed plant protection program. Isolation, field inspection, roguing of infected plants and application of chemical treatment are crucial in healthy seed production. 

I.  Harvesting and post harvest handling of seed crop

At maturity the seed crop could be harvested and threshed manually, with threshers or combine harvesters. Mechanical harvesting is a common practice for seed production particularly for larger fields. Whether the seed is harvested and threshed manually or mechanically, the most critical factors to be considered are the seed moisture content, mechanical damage, and cleanliness of equipment. The moisture content of the seed can be used as an indicator of when the crop is ready for harvesting. There should be no leftover seed of previous variety and weeds on threshing floors. Where combines are used, the cleanliness of the harvesting machinery is important to avoid admixtures. The crops can be harvested soon after the seed is matured. Seed quality start deteriorating in the field itself if harvesting is delayed. During harvesting and threshing operation adequate precaution should be taken against mechanical damage and mixture to seed.

Chapter four: Seed Production in some Selected Vegetable Crops

Objectives of the chapter 

At the end of this chapter you will be able to:

· Explain methods of vegetable seed production

· Differentiate factors influencing quality of vegetable seed 

Introduction 
Most of the vegetable produced in the country are grown from imported seeds from various countries except the very limited once such as shallot, garlic, hot pepper and kale, which have been traditionally produced. The bulk of the vegetables are produced in the central low lands (Awash valley and Lake Region) and eastern Ethiopia where the climate, soil condition, irrigation, infrastructures and market outlets are favorable. 
In order to improve the production and productivity of vegetables domestically, the availability of suitable production inputs is very important, among which quality seed is crucial. However, research results have shown that for almost all types of vegetable crops produced domestically, even for those that require verbalization, quality seed production was successful.
Vegetable seed production is influenced by environmental factor such as light, temperature, rainfall, wind, soil, and variety differences. Some vegetables have specific physiological requirements such as vernalization (low temperature treatment), which is important for flower stock initiation and seed set, where as some other fit to diverse growing conditions. Therefore, identification of environment for high quality seed production is essential.
In Ethiopia, among the vegetables grown from true seeds Tomato, Onion, Hot pepper, Chili, Cabbage, Carrot, Beet root, Swiss chard, Melons, Squash, Cucumber are produced by small farmers and large-scale producers. The seed supply from the domestic production is not as required. But, under research condition production of seeds for tomato, hot pepper, and onion under the rift valley condition showed successful. For carrot, beet root, and cabbage for which seed supply is the major production constraint, it was found that seed production depends on flower initiation, which depends on climatic condition for vernalization. It is obvious that, there are places which such climatic conditions suitable for vegetable seed production are prevalent. In Ethiopia, the seed program/industry of horticultural crops in general and that of vegetables in particular is lagging far behind the actual need of the producers. 
Table 1. Potential seed yield of different vegetable crops tested in Ethiopia 

	No
	Vegetable crop
	Variety( cultivar)
	Potential average seed yield (qt/ha)

	1
	Onion 
	Adama red 
	10-13

	
	
	Melkam 
	11-15

	
	
	Red Creole 
	2-6

	2
	Tomato 
	Melka shoal 
	1-1.2

	
	
	Marglobe 
	1-1.5

	3
	Hot pepper 
	Mareko fana 
	2-5

	4
	Carrot 
	Chanteny 
	8-12 

	5
	Beet root 
	Crimson globe 
	7-9

	6
	Cabbage 
	Copenhagen Market 
	3-5


4.1. Tomato (Lycopersicon esculentum)
Tomato is a warm season herbaceous perennial that requires 3-4 month from seedling to production of fruit. It grows best at temperature between 180c and 290c. It is often killed at temperatures below freezing and does not grow at temperature above 35oc. It is a self-pollinated crop. A large no of varieties have been developed for fresh fruit market and processing (canning) purposes. 
Requirements 

Tomato seeds should be obtained from breeder's and/or basic seeds from a recognized source (e.g. EARI, ETFRUIT). The seed is sown at rate of 720 gm/ha. The seed is preferably sown on raised nursery beds (15-20 cm height from the ground). Optimum spacing on nursery bed is 5-10 cm between rows. A total of 12 nursery beds (1 x 5m) are needed to raise enough seedlings to transplant 1 ha. Application of Farm Yard Manure (FYM) during land preparation and recommended rate of DAP fertilizer (200kg ha-1) and Urea (100g/5m2) is very important. 
Pest, disease and weed management (leaf spot, damping -off, cut worms) should be performed with maximum possible care. Watering should be performed by following recommended amount and frequency by taking in to consideration the weather condition, stage of plants and soil condition. Transplanting is performed at 30-35 days after sowing at the time seedling reaches 12-15 cm height. 
Isolation: Isolation distance required for basic seed production is 50 m where, as 25 m isolation is required for certified seed or less than 10 m may be used if pollinating insects absent. Spacing in the field is 100 cm x 30 cm (33,333 plants/ha). 
Field inspection  
Plants with off-type foliage should be removed before blossom (flowering). Evaluation for overall performance should be performed when the fruits begin to mature, by examining the plants and fruits. Plants affected by leaf spot, early blight and mosaic (TMV) (Tobacco Mosaic Virus) should be removed from the field. 
Frequency of inspection 

1. Before flowering: growth habit, foliage typical of the cultivar (leaf characters, general habit). Observe if specific diseases present

2. Early flowering and first immature: 
3. Fruiting: Yield characters, fruit quality, shape, color when ripe, relative size.
Harvesting & extraction of seed 
Tomato fruits ripen about 50-60 days after pollination, but may take longer if temperatures are cool. Keep the fruits on the vine until they are pink or red ripe stage. If fruits are harvested at an earlier stage, place them in a covered, cool dry place for three or four days until they become red ripe. Collect fruits in nonmetallic containers, such as nylon net bags, plastic buckets, or crates. Metal containers may react with acids in the tomato juice and affect seed viability. 
Seed Extraction: The two tomato seed extraction methods are manual and mechanical.

Manual Seed Extraction: Harvest the ripe fruits and keep them in nylon bags. Crush the fruits by trampling with feet. Put the bags of crushed fruits into big plastic containers and ferment to separate the gel mass embedding the seeds. To hasten the fermentation process, put weights over the bags or keep the fruits submerged in the liquid fruit mass. The time of fermentation depends upon the ambient room temperature. If temperature is above 25°C, one day of fermentation may be sufficient. If cooler, two days of fermentation may be needed. Fermentation for more than three days may spoil the seeds' quality. To wash the seeds, put them in an open plastic container. Then fill the container with water and stir the seeds to allow the pieces of flesh and skin sticking on the seeds to float. Incline the container and gently remove the floating refuse, making sure that the seeds remain at the bottom. Repeat the washing several times, adding fresh water to the container every time until all the flesh and gel are completely removed, leaving clean seeds at the bottom.
Mechanical Seed Extraction: Mechanical seed extraction is used by large-scale operations. Put ripe fruits into a mechanical seed extractor for crushing and separation of the seeds and gel from the pulp. Gather the seeds and gel mass in a suitable container such as plastic tub or bucket. Instead of fermentation, treat the seed-gel mass with 0.7% hydrochloric acid (HCl) at a rate of seven milliliters of HCl per kilogram of seed-gel mass. Stir the seed-gel mass while the acid is being added. Continue stirring for 40 minutes until the gel is visibly softened or dissolved. Do not use a higher concentration of acid nor a longer treatment time, otherwise will you injure the seeds.

When the seed is separated from the gel, pour the acid-treated seeds into a clean fine-mesh bag. Wash the bag with tap water thoroughly so that no acid is left on the seeds’ surface. While washing, step on the bag to squeeze out the remaining gel. Place the seeds into a plastic container, filling it to one-third capacity. Then, fill up the container with tap water. Stir the seeds to enable the small pieces of flesh and skin to float. Incline the container and remove the floating debris. Make sure the seeds remain at the bottom of the container. Repeat the washing procedure several times until all the debris is gone and the seeds are clean. Collect the seeds that remain at the bottom of the container and dry the seeds 
Seed drying: Excess water can be removed by spreading the seeds in the shade for a day. An even quicker way to remove water is to place the seeds in a spin dryer.  After the excess water is removed, uniformly put the partially dried seeds in a flat plastic container or aluminum pan or a net nylon bag. Loosen any clumps of seeds. Place the container into an air drier.  Drying continues for three to four days, maintaining a temperature of 28-30°C. Higher temperatures at the time of drying may cause seeds to germinate. Stir the seeds two to three times daily so that seeds dry uniformly. Loosen any seeds that clump together. These procedures will get the seeds to the desired 6-8% moisture content.
Seed Packaging and Storage: Pack and deliver the dried seeds according to specifications of the Seed Company or contract agency. If necessary, tomato seeds can be safely stored for at least three to five years. Place seeds in manila envelopes, cloth or mesh bags, plastic containers, or foil envelopes. The best containers are airtight, such as a sealed glass jar, metal can, or foil envelope. Label each container carefully. Store seeds in a cool, dry place. If possible, the temperatures and relative humidity should not exceed 20°C and 30%, respectively.

4.2. Onion (Allium cepa L.)

Onion is a major bulbous crop among the cultivated vegetable crops and it is of global importance. It is a biennial crop, cross-pollinated (insects) > 90% cross. 
Land requirement: Land to be used for seed production of onion should be free from volunteer plants. Although onion can be grown nearly in all types of soil from sandy loam to heavy clay soil, but clays are not satisfactory unless well supplied with humus to lighten them. The soils pH should preferably be 6.0-6.8.
Isolation; Onion seed field isolated by at least 5 m for foundation and certified seed for bulb production and 1000 m and 500 m for foundation and certified seed production, respectively during seed production. The maximum permissible limit of off- types is 0.1% and 0.2% for Foundation seed and Certified seeds at and after flowering during seed production. 
Method of seed production

There are two methods of seed production. The seed to seed and bulbs to seed methods and both the methods are in use in onion seed production. 
a) Bulb to seed method: 

Bulb to seed method is most commonly used method of seed production. In this method, the seed is sown in raised bed at 5-10 cm row spacing for raising the seedling. The seedlings of 12-15 cm length (3-4 true leaves) are transplanted and this height attained 45 – 55days after the seed sowing. Thus, 3.5-4 kg seed ha-1 is sown. The seedlings are transplanted in previously developed beds in 40cmx20cmx (5-8cm) spacing that is double row planting, 40 cm between furrow including ridges, 20cm between rows and 5-8cm between plants for bulb production. The recommended cultural practices followed to raise healthy bulb crop.

The bulb are lifted when the 75% plant show neck fall/top die down. The bulbs are dried /cured under naturally ventilated place then neck is trimmed leaving 2-3 cm attached with bulb. The roots of the bulbs should be left intact after harvest. The bulbs are selected based on the color, shape and size. The damaged, twin bulbs and long necked bulbs if any are discarded. The medium size bulbs weighing (50-80 g) or (4-5 cm in diameter) bulbs are selected and stored for at least a month at temperature of 120C (best) though 4.5 to 14 0C is possible.  The plants from such bulbs produce early and heavy yield than those grown from bulbs that have been stored at higher or lower temperature. ventilated room. One hectare of bulbs from the first year will plant 3-5 ha for the seed production. The bulbs selected for seed production usually referred to as mothers’ bulbs. The bulbs are planted at spacing of 30cm between row and 20 cm between plants during September to October. 
b) Seed to seed method: 

In this method seedlings are transplanted in allowed to over-winter at the same place and allowed to bolt (flowering). This method does not allow examining the mature bulb characters. Seed to seed method is not popular, since all the varieties are not suitable for annual seed production due to poor bolting habit and lower seed yield. The seed produced in this method is not suitable for further multiplication.
Field inspection: Field inspection is arranged at mother bulb production and seed production stage.

(a) Mother bulb production stage: A minimum of two inspections shall be made as follows;

· The first inspection shall be made after transplanting of seedlings in order to determine isolation, volunteer plants, off type including bolters and others.

· The second inspection shall be made after the bulbs have been lifted to verify the true to typeness.

b) Seed production stage; A minimum of four inspection shall be made as follows.

· Before flowering for isolation, volunteer plants, off types including bolters.

· The 2nd and 3rd inspection at flowering to check the off type, etc.

· Fourth at maturity to verify the true nature of plant and other relevant factors.
Harvesting: all umbels per plant do not mature at one time due to difference in the stalks to flowering; hence harvesting may take 3-4 times. Also, one could stat harvesting when greater than 10 % of black seeds are exposed on an umbel. However, it is better to harvest mature umbels when about 50% black seed is exposed on an umbel; if overstayed the seed heads shatters the seeds readily in the field. Harvesting is done by hands. The seed heads are cut with 10-15 cm of (seed stalk) attached with head. When heads are cut, it should be supported in the palm of hand and held between the fingers to avoid the loss of seed. The harvested umbels are spread on canvas for a few days for drying under shade before threshing and should be turned each day. The onion seed crop can be harvested directly with harvester. The best time for mechanical harvesting is when the seed dry matter content is of 60-70%. 
Threshing: The seeds can be separated from their capsules by rubbing in the hand or using pestle and mortar. Threshing can also be done through threshing machine. The threshed seeds should be winnowed to remove straws/ stalks. 
Seed cleaning, drying and packaging: The cleaning is achieved with an air screen machine and further upgrades the physical appearance and seed quality than seed lot passed through the gravity separator or by floatation. In floatation process, soaking seeds in water should not be exceeding more than 3 minutes. The heavy seeds sink and poor quality seed/pedicels float off. The final seed lot must be dried down to moisture content of 6-10%. When seed has to be packed in porous containers (cloth bag/paper bag) than seed moisture should not be >8% whereas packaging in moisture proof containers the seed moisture should be 6%.
Seed Storage: Seeds quickly lose complete viability in less than a year when stored under hot, humid conditions. If properly stored, however, viability of onion seed can be retained for long periods. Low seed moisture content and low storage temperature favor longer storage life up to three year if seed moisture content is 6.0%. 
4.3. Capsicum Spp.  (Hot peppers)
Field requirements: The requirements for producing pure, high-quality seeds include favorable climatic conditions, a suitable field, the proper equipment, and good management practices. Peppers grow best in the dry season with temperatures in the range 18–27ºC for sweet peppers, 21–33ºC for chili peppers. The night temperature is especially critical in seed production. Generally, peppers will not set fruits if night temperatures remain above 24ºC (for sweet peppers) or above 30ºC (for chili peppers). Ideally, select a field where the previous crop was a legume or a cereal. Avoid fields where the previous crop was pepper and other solanaceous crops to avoid volunteer pepper plants and diseases and insects, respectively. 
Isolation requirements; although pepper is classified as often cross-pollinated crop, its out-crossing rate may sometimes exceed 90%. Cross-pollination is primarily caused by bees; therefore isolating the crop from bees is very important. Optimum isolation is at least 200 meters away from other pepper lines or using barrier (16-mesh nylon nets sugarcane, maize, sorghum or greenhouse). Sweet and chili peppers will cross with one another. 
Field inspection: Inspect the field at least twice - before flowering and before harvest. Remove any off-type plants. These off-types can arise from volunteer plants from previous crops, cross-pollination in the previous seed crop, seed mixtures, mutations, or damage to the plant. Plants suffering from viral and some other types of diseases should also be removed. 
Harvesting; Harvest pepper fruits when their color indicates that they are ripe (usually red, but this varies depending on variety). Keep harvested fruits in a cool, dry place (25ºC and 50% relative humidity is ideal) for a week to allow any slightly immature fruits to ripen fully. 
Seed extraction: Sweet pepper seeds should be extracted from fresh fruits. Chili pepper seeds may be extracted from fresh fruits, or from fruits that have been dried for 1 week at 40ºC. Seeds may be removed by hand or by grinding the fruits (with dull blades to minimize seed damage). Separate the seeds from fruits with a series of water washes.

Seed drying: Spread the seeds on a screen for drying at 25ºC and 40% relative humidity for one week. Use an air dryer if available. If one is not available, dry the seeds in a warm, well-ventilated placed out of direct sunlight. Stir the seeds occasionally and/or use a fan to hasten drying.

Seed storage: Pepper seeds can be safely stored for at least 3-5 years. Place seeds in manila envelopes, cloth or mesh bags, plastic containers, or foil envelopes. The best containers are airtight, such as a sealed glass jar, metal can. Label each container carefully. Store seeds in a cool, dry place. The temperatures should not exceed 20°C and relative humidity (RH) in the storage area should not exceed 30%.
4.4. Carrot (Daucus carota L

Production of carrot seeds is a two-season activity, root production in the first season and seed in the second season.  Methods of carrot seed production include: 
1. Root to seed: harvesting and planting of roots occurred, better to get quality seed. 
2. Seed to seed:  no harvesting and planting of roots. It is the most commonly used method 

Procedures

1. Grow vigorous plants
Grow plants as the same way you would do usually (20cm x 5cm spacing). Rogue weak or diseased plants as they supply few seeds. Plants with pencil-sized roots may be large enough, but larger roots are preferable.

2. Vernalize roots
Carrots require 6 to 10 weeks cold treatment (2 to below 15°C) for floral induction. Cool growing conditions can reduce the cold storage requirement. Roots can be vernalized in two ways: 

a) For “seed to seed” method, leave the roots in the field over your cool season by cutting back tops at 5 cm above the root to reduce transpiration and covered with mulch if cold is severe, remove mulch if when warm weather resumes. Losses are often very high with this method and off-types of roots cannot be eliminated since roots are not harvested and visually examined. 
b) For "root-to-seed" method, harvest roots when you usually would and discard off types. Trim tops back to 2 to 5 cm, remove lateral and fibrous roots, remove soil by washing, dip in fungicide for better survival and air dry until no surface moisture remains, pack in paper bags with an equal volume of wood shavings, and place paper bags in closed polyethylene bags at 2-5°C. Puncture plastic bags after several weeks when water droplets accumulate inside the polyethylene film. Vernalization is more reliable in root to seed method.
3. Grow vernalized plants.
For the "root-to-seed" method, plant vernalized roots. Seed stalk development will be evident in 4 to 6 weeks. Control of microbial (Alternaria, Cercospora,) and insect pests (aphids, spider mites) is essential to assure seed production. Note: Carrot seed can only be produced true to type if wild carrot is not growing nearby since wild carrot will intercross and yield white-rooted plants.

4. Pollination.
Pollination is best performed by introducing bees or flies for pollen transfer during the period of receptivity. As an alternative, pollen movement is possible by hand but seed set will often be low. 
5. Harvesting, cleaning and storage: Within 4 to 6 weeks after pollination the developing seed turns brown which is indicator of harvesting. Harvest only primary (king) and secondary umbels though variation in seed quality. King umbel blooms and matures first which result in good quality seed. Dry the umbels on canvas, thresh it, remove spines by rubbing. Seed is now ready to plant since carrot has no seed dormancy. Store dry seed refrigerated in a moisture-proof container. 
4.5 Cabbage (Brassica oleracea L var. capitata L.)

Cabbage is a biennial crop for seed production and cross pollinated crop requiring about 1km isolation distance. In the first season heads are produced and in the following season seed production follows. 

Climate: cabbage is a hardy vegetable and is better adapted to the cooler regions for quality of heads. Cabbage thrives best in cool and humid climate and can tolerate severe frost. It requires a cool mean temperature of 50c for 6-8 weeks to bolt and initiate seed stalks and flowers. However, for immature plants, such temperature is sufficient for two week.   

Method of seed production

I. Seed to seed method (In-situ method) 

In this method, crop is allowed to continue in the same field where it is first set out in the seedling stage.  All off types and undesirable plants are rogued out leaving true to type plants. These plants with curd head or seedlings before head set are allowed to over winter and produce seeds in the original position. 

II. Head to seed method (Transplanted method) 

In this method, selected plants with head are uprooted with soil ball and replanted in new field for seed production.  This method is not commonly practiced because it is not successful method due to more mortality of replanted plants.   

However, there are three modified methods i.e.

1. Stump method,

2. Stump with central core intact method and 

3. Head intact method.

These methods are devised to produce seed of cabbage and very commonly practiced than the head to seed method.   

1. Stump method: In this method when the crop in the first season is fully mature, the heads are examined for trueness to type. The plants with off type heads are removed. Then the heads of selected plants are cut just below the base by means of a sharp knife keeping the stem with outer whorl of leaves intact. The beheaded portion of plant is called “stump”. The “stumps” are either left in situ or replanted in the second season. The following season, after the dormancy is broken by low temperature, the buds sprout from the axis of all the leaves and leaf scars. 
2. Stump with central core intact method: In this method, when the crop is fully mature in the first season, the central core is left intact while removing heads. 
3. Head intact method: In this method, when the crop is fully mature in the first season, the heads are examined for trueness to type. The heads of selected plants are kept intact and only a cross- cut is given to facilitate emergence of a stalk. 
 Harvesting and Threshing: One of the problems with harvesting cabbage seed is that the pods do not ripen all at once, but rather in the same sequence of flower opening. Harvest when the older pods are yellow to light brown in color, during curing process, immature seeds continue to grow and develop until they become fully mature and dry. Thresh the pods with hand or by beating with stick or using machines. 
Seed storage: Cabbage seed will remain viable for about five years when properly stored at low humidity (< 50%). The seed moisture content should not exceed 6% during storage. Seeds can be stored in air tight container, plastics bags or others.  
Chapter five: Seed Processing, Storage, Marketing and Distribution
Chapter objectives 

At the end of this chapter, the trainees will be able to: 
· Explain purposes of seed processing

· Describe major operations of seed processing 
· Discuss types of  seed storage facilities

·  Mention seed marketing components,  activities and seed distribution systems 
5.1 Seed processing - includes all steps involved in the preparation of harvested seed for marketing. 
The objectives of seed processing (conditioning) include:

1. To concentrate the desired seed species

2. to remove all extraneous matter

3. To obtain the best possible germination

4. To obtain a homogenous bulk (grading)

Seed processing involves a separate operation of 

1. Threshing or shelling 

2. Drying 

3. Cleaning

4. Treatment(dressing) 

5. Grading 
6. Testing for purity, germination and moisture contents
7. Packaging 

8. Labeling
5.1.1 Threshing and winnowing 

Threshing involves separating of seeds from capsule and straw by hand, beating with sticks, pestle and mortal, animals or machines. Winnowing is the process of separating the seed from the chaff or pod and often requires considerable energy but sorting seed from the straw is relatively easy process.
5.1.2 Seed Drying 
Seed Moisture Content

High moisture content of harvested seeds is one of the main reasons they lose their ability to germinate during storage. High moisture content of a seed enhances the respiration rate, microorganism activities and mechanical damage. 
Freshly harvested seeds can have a moisture content of 40-70%. The seeds must therefore be dried to a safe moisture content (6-12%) to prevent loss of germination, heating and infestation during storage. 

Seed drying methods

Generally, there are three main methods of drying seed in sub-Saharan Africa. These are sun drying, natural forced air-drying and artificial drying.

1. Sun drying 

The seed is spread on floor, mats, etc. in the sun to dry. It is important to dry seeds on a waterproof base to avoid transfer of moisture from the ground up to into the seeds. This method relies solely on ambient conditions, which can dry or increase the seed moisture content depending on wind, temperature and relative humidity. 
Advantages

· Cheap method
· Requires minimal supervision or attention to the seeds 

Disadvantages

· Weather dependent

· Incomplete drying in humid environment 

· Some crop seeds are unable to withstand the high temperature in direct sunlight 

· Unless screened from wind, seed can be blown away and lost or mixed with others.
· Requires frequent turning (every 1-2 hrs)

2. Natural forced air-drying (ventilation drying)

Natural air driers are constructed to take advantage of ventilation. Seeds are spread in thin layers on bed. Supporting beds are made of perforated materials (sacking, wood or metal sieves) which permit air movement through the drying seeds. The drier is oriented with the prevailing wind direction and works on the principle of hot air rising, which removes the moisture.

Advantage 

· Use natural but ambient air (cheap) 

· Local materials can be used for the constructions of ventilated driers

Disadvantage 

· Weather dependent 

· Not situated for use in the humid tropics

3. Artificial drying 

Larger quantities of seed can be dried using the artificial method. Artificial drying equipment relies on increasing the airflow around the seed, with or without dehumidification of the air by heating or using chemical desiccants.

An artificial drying facility should consist of the following:

1.  a fan of sufficient size to deliver a minimum dry air flow 

2.  efficient heating capacity to raise the air temperature to 35-400C

3. Adequate control to maintain the air temperature at 35-400C or less, etc. 
Advantages





· Large quantity of seed can be dried

· Allows early harvesting of seed crop 

· Independent of weather conditions 

Disadvantages

· Equipment dependent 

· Expensive equipment out of the reach of smallholders

· Difficult to clean equipment 
5.1.3 Seed Cleaning and grading: 

Seed cleaning is the removal of inert matter (plant debris, soil and stones), other crop seeds (including weeds), diseased seeds and damaged seed from harvested, threshed and dried material to increase marketable value. Cleaning improves the visual, commercial and planting quality of the seed lot. Seed cleaning can be done manually by sorting out unwanted material from small seed lots or mechanically. The machine sorts seeds by color, size, texture, etc. 
Stages of cleaning 
a. Pre-cleaning or scalping: is the removal of material coarse (chaff, pods, stem, leaves and any other large sized particles) enough to be easily separated by screens. 
b. Basic or secondary cleaning: basic cleaning is a second stage of cleaning carried out with air blasts and vibrating screens and is applicable to all kind of seeds. It is essentially the same as scalping but more refined, carrying the cleaning processes a stage further. 
c. Separation and upgrading: after the basic cleaning operation removes most of the impurities that can be removed by a simple combination of air blast and screens, some seed lots require further cleaning treatment to remove adulterants that have remained too close to the pure seed in size and shape to be separated by air/screen cleaner.

Grading: Seeds of any one crop species are not uniform in physical characteristics and vary in size, color, shape, surface texture and weight. Therefore, grading is done to keep the uniformity of seeds based on the above characteristics. 
5.1.4 Seed Treatment

Seed treatment commonly refers to the application of pesticides (fungicides, insecticides, or a combination of both) to seeds to disinfect them from various seed born and soil born pathogenic organisms and storage insect pests and to keep uniformity. 

Method of Seed Treatment:  
1. Biological Seed treatment: It includes the treatment of seeds with microbial cultivars such as that of Rhizobium to inoculate the seeds to fix atmospheric nitrogen and release to the soil.

2. Physical methods: Physical methods include hot water, cold water soak treatment, ultraviolet, infrared, x-ray and other types of irradiation. However, only the hot water and water soak treatments are more practical. Physical methods, however, do not protect seeds against soil born organisms; they are effective only against pathogens present on or in the seeds. 

3. Chemical methods: seed dressing is one means of chemical seed treatment which is applied to protect stored seed and seeds from soil and seed born disease. Insecticidal and fungicidal seed dressings should act against seed-borne diseases and insect pests, storage pests and fungi. Ideally, the chemical used as fungicide/insecticide should combine the following characteristics:

· Effective against all the major pathogenic organisms;

· Non-toxic to the plant and people, if misused

· Environmental safe (not persistence)

· Stable during the storage period

· Systematic in the plant to increase its effective life

· Economically competitive

Pelleting is done for precision planting of small-seeded crops, chemical can be included. 

5.1.5 Seed Packing

The seed may have to be transported long distances by a variety of means-lorry, animals’ backs, animal-drawn carts or even by hand- and subject to jolting, rough handling and rain. So to protect seeds from physical (cracking, bursting, contamination), climatological (rainfall, light, temperature) and biological (disease and pests) damage, packing seeds is very important. The kind of packaging material or container best suited depends on: 

· The quantity of seed in each package

· The quality of the seed and protection desired

· The cost of the package 

· The value of the seed 

· The conditions under which the container is kept

Packaging materials commonly made from jute, hemp, sisal, cotton and paper and sometimes from polythene, aluminum foil and laminated fibers (waterproof) and air tight container.  
5.1. 6 Seed labeling 

After packing some information about the contents of a package must be displayed. This includes:

· The name of the species (crop name)

· The cultivar

· The grade and the lot reference number

· Date of sealing 

· Production year and season 

· Minimum germination % and purity %
· Quantity and name of Producer Company, etc.
5.2 Seed storage

The principal purpose of storing seed of economic plants is to preserve planting stocks from one season until the next. A number of factors influence the viability and maintenance of seed quality in the storage. The most important are seed moisture and temperature in the storage. Harrington and Douglas (1976) developed a rule –of-thumb on the relationship between seed moisture content and temperature in the storage.

1. For every decrease of 1% in seed moisture content, the life of the seed is doubled

2. For every decrease of 50C in the temperature the life of the seed is doubled 

If seed is to be stored for any length of time, it must be at safe moisture content (6-12%). Relative humidity (RH) also influences seed longevity. The maximum RH for successful storage, will depend on the kind of seed, length of storage period and ambient temperature.

E.g. minimize seed deterioration; the following storage indices have been followed 

· For 6 month storage period, t (0C) + RH(%) must not exceed 80

· for 18 month, T (0C) +RH (%) must not exceed 70

· for 5 years, T (0C) + RH (%) must not exceed 55

Storage facilities 

Generally, there are two major types of storage facilities

· Unconditioned storage 

· Conditioned storage 

1. Open naturally ventilated (unconditioned) storage 

It is traditional stores or rooms for short periods. Seeds may be threshed or unthreshed (require ventilation) for storage. 
2. Conditioned Storage 

The RH and temperature of the storage are controlled by mechanical means. This is usually used for processed, packed and high value seed because of the high cost of controlling the environment. Conditioned stores are required in humid tropical conditions if ambient temperature exceeds 300 C and RH is 75% or more.

5.3 Seed Marketing and Distribution

5.3.1 Seed marketing: marketing is an activity directed to satisfying needs and wants through the exchange process. A major function of seed marketing is to facilitate the flow of seeds from the point of production to the consumers (farmers).
Basic components of seed marketing:

· Producer: A person or organization producing, processing and distributing seeds. 
· Product: - Seed 
· Customer:- target group, beneficiaries. For marketing to be successful, it must be oriented to the needs of the customer (farmers).
· Competitor:- Any other seed producing and supplying agencies. For example farmers can compete with the given seed enterprises through home-saved seed or locally exchange seed. 
Seed Marketing Activities

What are seed marketing activities?
1. Establishment of marketing strategy: long or short term planning of production, distribution chain, market promotion activities and seed processing policy.
2. Determination of consumers’ needs: It is a continuous and systematic. It studies crop type, and amount needed by consumers in defined location within specific period. Demand forecasting is important to know who are the customers, their geographical location, total cultivated area, seed rate, impact of extension efforts, cultivar preference, package size, kind of packaging, quality and price, etc. 
3. Accumulation of seed to satisfy needs: there should be sufficient amount of seed for customers.  
4. Communication with potential consumers: It is important to have good communication links with the farmers, to inform them of the availability and the quality characteristics of the seed and to create the desire and willingness to purchase seed. The “AIDME” concept is used in seed market communication. It stands for: A= AWARE, I = INTEREST, D = DEMONSTRATED, M= MOTIVATED and E = EDUCATED 
5. Setting appropriate price: reasonable price should be set based on total cost of seed production, mating system of the crop, seed rate, level of market orientation, crop specific factors (difficulty to store, and produce, level of seed treatment). 
6. Seed selling & distribution of seed to the consumer 

5.3.1 Seed Distribution and Selling 

Seed distribution is a function of marketing channels and logistic costs. 

Marketing channels for seed distribution 


Benefits of arranging seed distribution chains with whole seller retailer network 

1. Timely delivery- consideration of peak demand time such as planting time, proximity to target group

2. Selling initially set price

3. More effective than direct distribution by producers- addressing large number of customers and increase market efficiency 

4. Feedback mechanism for establishing market demand 

5. Cost effective for both seller and buyer- share financial load of logistic costs 

There are five types of seed distribution systems in Ethiopia 

1. Farmer to farmer seed distribution 

2. Distribution by seed enterprise (public and private)

3. Distribution by co-operatives

4. Distribution by ministry (bureau) of agriculture

5. Distribution of seed  by non – governmental organization

Chapter six: Seed quality and seed testing
Chapter objectives 

At the end of this chapter, students will be able to: 

· Describe seed quality characteristics 
· Test/analyze seeds
· Discuss seed dormancy 
6.1   Seed quality 

The major objectives of seed quality control are to prevent low quality seed being available in the market.
Major components of seed quality
1. Genetic seed quality: Genetic quality is the inherent genetic make-up of the variety contained in the seed, which provides the potential for higher yield, better seed quality, and greater tolerance to biotic or abiotic stresses. 

2. Physiological seed quality: Physiological quality is the viability, germination and vigor of seed, which determines the potential germination and subsequent seedling emergence and crop establishment in the field.

3. Physical seed quality: includes freedom from contamination with other crops, common and particularly noxious and parasitic weed seeds, seed size, seed weight and seed lot uniformity.

4. Seed health quality: Seed health quality includes the absence of infection/infestation with seed-borne pests (fungi, bacteria, viruses, nematodes, insects, etc). 

6.2 Seed Testing 

Seed testing is a science of evaluating the seed quality to determine its value for planting purpose. 

The objectives of seed testing is 

1. To determine their quality, i.e their suitability for planting 

2. To identify seed quality problem and their probable cause

3. To determine the need for drying and processing and specific procedure should be used 

4. To determine if seed meets established quality standards or labeling specification

5. To establish quality and provide a basis for price and consumer discrimination among lots in the market.

Seed testing is done to assess the physical, physiological and sanitary quality of the seed from sample seeds. Seed sampling is important since it is physically and financially impossible to examine large amount of seeds. 
The main tests are:

1. Physical purity analysis 

2.  Seed moisture analysis 

3.  Germination test 

4.  Viability test

5.  Seed health test

6.  Seed vigor test

7.  Varietals (cultivar) purity test

6.2.1 Purity Analysis 

Purity analysis determines the percentage of pure seed by weight and identifies the composition of any impurities, especially with regard to weed seed. The analysis separates the working sample into three components:

· Pure seed: including any seed fragments that are larger than half the size of a whole seed. Immature, shriveled and diseased seeds are regarded as pure seed, if they can be identified as the species stated

· Other seed- they refer to any kind of seed or seed like structure of any plant species other than of the pure seed

· Inert matter- including any other materials (soil, stones, chaffs, stems, leave etc) and broken seed less than half-seed sized.
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6.2.2 Seed Moisture Content Analysis 

Moisture testing is necessary at various stages in the seed chain:

· Before harvesting in order to assess whether the optimum harvesting (threshing) moisture content has been reached or not (18-40%)
· Before seed drying to assess the drying needs of the lot (for setting drier) 

· Before and during storage

· At final packing (6-12%)
A sample for moisture content testing should be packed in moisture-proof, submitting to the seed-testing laboratory immediately and analyzed as soon as the sample arrives. Seed moisture content is the difference in weight before and after drying and expressed as a percentage. Seed moisture content can be determined by moisture tester. 
Moisture content (%) = Loss of weight 




Initial weight of seed 

6.2.3 Seed germination and Germination Test 

Seed germination 

Physiological changes during germination or germination Processes:

1. Imbibitions-Water is essential for germination as it enters in the seed by imbibitions. During imbibitions, the dry seed coat become softened and more permeable to water and gaseous, which result into swelling of the seed.

2. Digestion -The stored food materials in the seed need to break down through digestion before it can be used in the germination process. Starches are digested to sugar, fats to fatty acid and the proteins to amino acid used in respiration during seed germination 

3. Respiration -Respiration takes place in all living cells. During germination, the respiration rate is high; energy is mainly librated form carbohydrate. 
4. Emergence of essential structures 

The radicle emerges usually through the micropyle. Some seeds possess structures and secrete substances, which aid in removing the seed coat during germination. Germination falls into two categories based on the fate of the cotyledon or storage organs.

1.  Hypogeal germination: the cotyledon and endosperm mostly remain beneath the soil, while the plumule pushes upwards and the coleoptiles is become a temporary sheath.
2.  Epigeal germination: The hypocotyl elongates and pushes the epicotyls and cotyledons above the ground and leaving the remainder of the seed below the surface.

Germination test 

The main objective of seed germination test is to obtain information about the field planting value of the seed lot. Germination indicates the ability of the seed to develop into a normal plant under favorable conditions in the soil.

Procedures for germination test

1. Randomly take  seeds from the pure seed component of the purity test

2. Place  100, or 50 or 25 seeds on in moistened paper or sand or Petri dish

3. Count the germinated seeds at regular intervals during the test period. 
4. Interpret each as falling into normal, and abnormal seedlings, hard seeds (no imbibitions), dead seeds (discolored, moldy) and fresh but dormant seeds.   
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6.2.4 Seed Viability Test 

Seed viability (germination potential) is capable of seed to germination and producing a normal seedling. In other words, viability of a seed denotes the state of being aliveness, metabolically active and possesses enzymes. A germination test is the best method for estimation seed viability. However, all viable seeds may or may not germinate because of the seed may dormant, hard seed or slow germinating seed. In such cases, it is necessary to carry out a viability test on the seeds, which remain un germinated at the end of the test.

The most commonly used for viability test is Tetrazolium test, utilizing 2, 3, and 5 – triphenyl tetrazolium chloride (TTC). The principle of TTC test is based on the response of all living cells of seed which can change the colorless TTC) in to red colored compound due to the action of dehydrogenase enzyme. Dehydrogenase enzymes react with substrates and releases hydrogen ions to the oxidized, colorless, tetrazoolium salt solution, which is changed in to red formazan as it is reduced by hydrogen ions. 
Procedures of the test 

1. Seeds are soaked into water for a few hrs and cut into two longitudinally to expose the embryo

2.  The seeds are then soaked in 1% solution of TTC in the dark for one or two hrs

3.  At the end of this period, the embryo of living seeds will stain reddish while dead embryo and dead part of the embryo will remained unstained 

Advantages of TTC test

· Quick estimate of seed viability

· When the seed is dormant, or very slow in germination, a viability test is extremely useful.

Disadvantages of TTC test

· It is difficult to distinguish between normal and abnormal seedlings

· It doesn’t differentiate between dormant and non-dormant seeds

· Since the TTC test does not involves in germination, thus the micro-organisms harmful to germinating seedlings are not detected

6.2.5 Seed Vigor test

Seed vigor or germination energy is the ability of seeds to rapid, uniform emergence and development of normal seedlings under a wide range of field conditions. It indicates the capacity of the seed lots to produce a good crop stand under sub-optimal field conditions. The high germination capacity is high vigor. 
Seed vigor is affected by genetic constitution, environment and nutrition of the mother plant, stage of maturity at harvest, seed size, weight, pathogen attack, mechanical damaged to the embryo or seed coat, drying temperature etc.
Vigor test is not a single test, whether physiological or biochemical has proved successful even for a single species under field conditions. Most common seed vigor tests are: Physical, physiological and biochemical test.

The different vigor test summarized as

	Physical test
	Seed volume, weight, size

	Physiological test 
	-Standard germination, speed of germination, seedling evaluation

-Stress test - cold test, cool germination test

	Biochemical test
	Tetrazolium,  respiration


6.2.6 Seed health test

Seed health testing can check whether seeds carry seed-borne pathogens or not and some of pathogens are transmitted affecting the germination seedlings or the plant.  Seed health testing may be done by visual assessment (observing the presence of sclerotic, spots on seeds) or followed more advanced seed health testing which includes:
1. Blotter method: involve the incubation of the seed on blotting paper. Seed-borne pathogen can be identified 

2. Agar test:- involves the incubation of the seed on a sterile media that promote the growth of certain pathogens

3. Serological technique: based on the interaction of antigens and antibodies are specific test for a particular viral diseases.

4.  Grow-out tests- observe symptoms on the seedlings.

6.2.7 Varietals Purity Test 

It refers to whether a variety is true-to-type and it is still has the original genetic make-up or not. Varietals purity tests establish whether a field or a seed lot of a variety is sufficiently pure, i.e whether a sufficiently large percentage of seed, seedlings or mature plants conform to the original description of the variety. It can be controlled by inspection of plants in seed multiplication fields or examining seeds or seedling in the laboratory or growing plants in field plots.

6.3 Seed Dormancy

Seed dormancy is where the viable seed of a given species fail to germinate under favorable conditions. But if it is merely a resting state in the absence of suitable germination conditions, it is called quiescence. However, true seed dormancy is a state in which seed is prevented from germination even under environmental condition normally favorable for germination.

Types of seed dormancy 

Dormancy may be primary or secondary

A. Primary Dormancy: divided into two

i. Exogenous dormancy
· Dormancy caused by the property of embryo coverings pericarp, testa, endosperm

· Essential germination requirements are not available to the embryo 
Causes of exogenous dormancy
1. Impermeability of seed coat to water

The impermeability to water may be due to the presence of cuticle and well-developed layers of palisade cells or both. Heavy deposits of cutin, suberin and lignin are common in the integuments of many legume seeds and other hard seed coated species.

2. Low permeability of seed coat to gases

The several layers of tissue surrounding the embryo might limit the capacity for gases exchange by the embryo either the entry of oxygen may be impeded or the escape of CO2 may be hindered
3. Mechanical restriction of the embryo growth

The coats of many seeds are made up of very hard, tough tissues, which clearly offer mechanical resistance to the growth of the embryo during imbibitions. 

ii. Endogenous dormancy

Endogenous dormancy is the most prevalent and mainly due to the inherent property of the seed. It is caused by:
· Underdeveloped and under differentiated embryos (morphological immature embryo). 

· Presence of inhibitor and absence of growth promoter: For example, gibberellins present for seed germination to occur and cytokines and ABA can prevent this expression.
· Osmotic Inhibitors: sugar and salt compounds in sufficient concentration may compete with seed for water and as a result, the seed never becomes fully imbibed and thus remain un germinated. Eg. Fruit seeds of palm and peach trees. 

B. Secondary seed dormancy 

Seeds, which ordinarily would germinate, immediately if planed under favorable conditions may be thrown into dormancy by an unfavorable environment so that they will not germinate even when conditions become favorable. The dormancy is due to by being that under unfavorable environmental conditions.

Method of overcoming seed dormancy

1.   Scarification:- it is mechanical or chemical treatments that weakens the hard seed coat. 
 a. Mechanical scarification 

· Seeds rubbed by sand paper or mechanically scarified. 

· Piercing the seed coat with needle 
· Brief immersion of the seed in boiling water is an effective method 
· Vigorous shaking of the seed

b. Chemical scarification

· Soaking hard-coated seed in concentrated or diluted sulfuric acid 
· Use of selective seed coat  enzymes like pectinase and cellulose to degrade seed coat

· Organic solvents (acetone and alcohol) dissolve water-insoluble compounds on seed coats.
2. Stratifications: - incubation of seed at low temperature (0-50C) over a moist substratum for 5-10 days (to break endogenous dormancy) before placing it at optimum temperature for germination. 

3. Light treatment 

Some seed does not germinate in the dark, therefore, continuous or periodic exposure to light can be essential to break endogenous dormancy.

4.  Treatment with growth regulators and other chemicals

Application of low levels of growth regulators (Gibberellins) may break dormancy. Potassium nitrate (0.2%) has also been found to be effective in breaking dormancy.

Chapter 7 Variety Development, Seed Certification Process and Legislation 

Chapter objectives 

At the end of this chapter, students will be able to:
· Explain about variety development, evaluation and release 

· Discuss seed certification process 
· Describe of seed legislation
7.1 Variety Development, evaluation and release 
Modern varieties are the backbone of the formal seed industry. National Agricultural Research Systems have a major responsibility for variety development and for generating appropriate technologies to better utilize the yield potential of new varieties. Production of genetically pure and high quality seed requires high technical skill and relatively heavy investment. So seed production must be carried out under standardized and well organized conditions.

A cultivar or variety is a population of individuals known to have certain morphological, physiological, cytological, and chemical and other characteristics which remain stable from generation to generation when reproduced sexually or asexually. The general breeding methods that are more usually utilized for the genetic improvement of several crop plants consist of introduction, selection (pure line selection, mass selection, progeny selection), hybridization (pedigree, bulk and back cross methods), heterosis breeding, synthetic and composite breeding. New variety can be developed through established breeding programs such as selection, varietal introduction and hybridization from public or private agricultural research centers and universities. The private sector is not yet an important source of new varieties in developing countries.

A. Selection: consists of selecting the most promising plants from a heterogeneous or mixed population on the basis of phenotype, their seeds are bulked and used to grow the next generation. 

B.Varietal introduction: varieties that have proved themselves elsewhere under similar climatic conditions are imported and introduced.

C. Hybridization: refers to crossing between genetically dissimilar plants of the same species. It involves planned crosses and subsequent selection of desired plants from the segregating populations to combine the most desirable characteristics of two or more varieties.

  Variety Evaluation and Release
Different approaches to variety evaluation exist. In initial stage seed programs, the breeder evaluates new materials at the breeding station and in different ecological zones. These trials are required to obtain reliable information on agronomic value of new experimental varieties.

In comprehensive seed programs, the final evaluation is usually carried out by a separate varietal evaluation agency. In many countries, the variety evaluation agency is an independent governmental organization, charged with the final evaluation of new varieties before release. The variety release committee, composed of different members representing organizations involved in the seed industry, such as agricultural research institutions, seed multiplication organizations, seed firms, extension services and farmer organizations. A variety release committee prepares minimum standards for testing varieties.
The new varieties must pass through a series of evaluation, release and registration tests and procedures before farmers can use them for commercial production. The ultimate goal of any plat breeding program is to develop varieties superior to the existing ones in yielding ability, disease and insect resistance and other properties. 
The different activities and operations in the release of a strain as a variety can be classified into the following three classes. These are 

1. Evaluation

2. Identification  

3. Release and notification.


1. Evaluation: evaluation of a strain for release as a variety includes various trials and tests to determine its superiority over the best existing varieties in yield and other agronomic characters and its suitability for consumption. In general, there are 7 types of trials/tests conducted during evaluation. These are station trial, multi-location trial, national trial, adoptive trials, disease and insect tests, and quality tests. 

a. Station trial: is conducted by the breeder who has evolved the new strains.  Such a trial is often known as preliminary yield trial and can be conducted for one or more years. The goal of station trial is to make sure that the new strains evolved by a breeder are superior in performance to the best available variety for the region before they are involved in the trials. 

b. Multi-location trials: the goal of these trials is to determine for performance of newly evaluated strains at several locations distributed over a region. Because the soil and climatic (agro-climatic) conditions show a large variation from one region of the country to the other.

c. National trials: are conducted throughout the country in all the zones. The goal of national trials is to evaluate outstanding entries of one zone in the other agro-climatic zones to see if they perform well in other zones as well.

d. Adoptive research trials: are conducted on research stations or farms of state government. The entries identified by the workshop of the concerned coordinated project are involved in these trials. The data from these trials are considered for release of the identified entry as a new variety.

e. Quality tests: are conducted to determine the suitability of an entry for the different uses of its produce. Quality tests are usually done in some specialized laboratories well equipped for the purpose. Quality test are usually carried out on all the entries.

f. Disease and insect tests: entries are determined for disease and insect resistance throughout the period of testing. The disease reaction tests for various diseases of different crops are carried out at different places where epidemic of the concerned disease exist regularly.

2. Identification of entries for release: outstanding entries are identified for release as varieties at the annual workshops of the project on the respective crops. An entry considered suitable for release as a variety by the concerned workshop is said to have been identified for prerelease multiplication or simply as identified. The criteria for identification vary from crop to crop. In general,

a. an entry significantly superior to the check in yield and comparable to the check in disease resistance.

b. an entry comparable to the check in yield but consistently and markedly superior to it in disease resistance. Therefore, an entry immune to disease but significantly inferior to the check in yield is not identified because yield is the most important breeding goal in any crop.

3. Release of a variety: after identification, a variety is tested for at least one year in adoptive research trials. During this period, disease tests and quality tests are also done. Based on the data from adoptive trials and disease and quality tests, the breeder who has evolved the concerned strain submits a proposal. The breeder generally gives a name for the variety, which is included in the proposal. After a variety has been released for a zone or region by the committee on crop standards and release of varieties, ministry of Agriculture notifies the concerned authorities of the zone or region for seed multiplication and distribution of the variety; this is notification of the variety.
Multiplication: When an entry is identified by the workshop of the concerned project, the breeder begins seed multiplication of that strain in the following crop season. The seed produced by the breeder after a strain is identified but before it is released as a variety is known as the stock seed. The stock seed is called as breeder seed once the identified strain is released and notified. In the crop season following notification, foundation seed of the newly released variety is produced. In the second crop season following the release of a variety, certified seed of the variety is produced. Hence, the farmer is able to find certified seed of a newly released variety for commercial cultivation only in the third crop season following the release and notification of the variety. 
7.2 Seed certification 
Seed certification is a program to maintain and make available high-quality seeds and propagating materials of genetically distinct crop varieties to the public. Under this program, certified seed is produced by outstanding farmers and seed producers using careful quality control, pedigreed planting stock, field inspections during the growing season, and seed inspection following harvest. Certification is an officially recognized method for maintaining varietal identity of seed on the open market. Seed certification is legally sanctioned system for quality control, seed multiplication, and production and entails field inspection & pre-post control test and seed quality test to verify or check whether seed crop meets the minimum field and seed standard. In most developing countries, seed certification means that certain quality requirements are fulfilled and made evident for the buyer. To deserve the farmer’s confidence, a seed certification system must be totally independent of seed production and marketing programs. There are strong relationships between seed certification and production and marketing activities, though they are independent of one another.
Legally sanctioned certification systems operate in many countries, under various systems. The organization for Economic Cooperation and Development (OECD), international seed certifying agency, has developed standards, schemes and guide relating to varietal certification of different crop seeds moving in international market. In line to OECD, different countries establish their own local seed certifying agencies which is responsible for seed certification. Accordingly, Seed certification in Ethiopia is done by the Agricultural Inputs Certification Department (AICD) of the ministry of agriculture and Natural Resource. 
Seed certification is a system that incorporates certain basic steps. The main techniques applied in seed certification are:

1. Eligibility of Varieties 

Only officially released varieties, which have been evaluated for distinct uniform and stable (DUS) and agronomic performance, are eligible for certification. In developed seed programs, new varieties are evaluated for performance, distinctness, uniformity and stability before they are released by a variety release board. 

2. Seed Classes

The number of generations used in the certification system is fixed at the lowest possible level because the genetic value of a seed crop can decrease from one generation to another. The breeder class has to be considered the maximum obtainable genetic purity level. Restricting the number of generations is one way to preserve quality. This is more important with cross-pollinating than self-pollinating crops. Different seed classes are labeled with differently colored labels for easy identifications.

3. Seed Quality Standards

In certification scheme, minimum quality standards have to be established and seed tested against quality standards for contaminants in each class. Standards are set for field inspection (including varietal purity/off-type count), isolation from potentially contaminating crops and permitted disease and weed levels, seed testing and pre- and post control quality standards. Seed field that fail to reach these standards are either down-graded or rejected for seed purposes. During multiplication, a small quality loss is expected, so standards are highest for early generations. The standards are arrived at by striking a balance between the maximum obtainable quality and the required seed quantity. When isolation distance pose serious practical problems in seed production, buffer crops and time isolation may be used to reduce the large distance required with cross-fertilizing crops.

Seed certification standards

	Factor 
	Breeder 
	Basic 
	Certified

	Purity (min)
	98%
	96%
	94%

	Inert matter (max)
	2%
	2%
	4%

	Other crop seeds (max)
	0%
	0.01%
	0.02%

	Other varieties (max)
	0.04%
	0.2%
	0.5%


4. Field Inspection: the main / basic objective of field inspection is to ascertain that the seed being produced is of the notified variety not contaminated both physically and genetically beyond certain specified limit. 

The first stages of certification take place when seed certification technologist checks the seed growers’ field. It is the task of the seed quality control unit to increase the quality of the seed that reaches the farmer. A field inspector checks on the seed used for planting confirms the area and variety planted, check isolation, calculate the plant population in order to assess off-type and disease percentages, identifies possible noxious weeds in the field and evaluates the general crop husbandry and the expected yield.

Field inspection consists of two steps. First the field is observed in a “field overview” to see that it is uniform in quality. Second, a statistically determined sample of plants, called “field inspection sample” is inspected to identify contaminants. These are counted and an occurrence rate established to determine if the field meets seed production standards. This is done during various visits to each seed field during the cropping season. Especially:

· Before  sowing: cropping history and general suitability of the field, variety and generation of seed to planted;

· At flowering: off-types, isolation and cultural practices;

· Before harvesting: final check on the field and yield estimate; and 

· After harvesting: threshing, storage, sampling, and affixing transport labels

The field standards are compared with certification norms, specified for each crop in relation to different factors. Only the officially notified agency for the region concerned has the authority to perform the field inspection for seed certification
 Crop stages for field inspection- it is very difficult to verify the different factors affecting seed quality in the field in a single inspection as these factors do not occur at the same time and all may not affect at that growth stage. The number of inspection and growth stage depends upon crop duration, mode of pollination, possibilities of contamination, nature of contamination factor and stage of disease susceptibility. In sexually propagated crops, the convenient stages of growth are pre flowering, flowering, post flowering / at maturity, at harvesting. In general two, three and four inspections stage is made for self, cross pollinated and hybrid seed crops respectively.
Observation during field inspection-factors observed during field inspection vary among crops and growth stage. The following factors are observed during field inspection:

· Off-types, objectionable weed plant, inseparable other crop plant, diseased plant, and shedding tassel     

5. Seed inspection 

After the seed has been cleaned at the processing plant, samples are taken to check quality. Upon sampling, the homogeneity of the seed lot is assessed, and other aspects such as correct labeling, lot number, etc. are checked. The sample is immediately dispatched to the seed testing station, where, according to the International Seed Testing Association rules (ISTA), tests are carried out for: physical purity, germination, moisture, varietals purity and seed health. Other tests (e.g vigor test, viability test, 1000 grain weight test) are often carried out.

6. Labels 

After processing, several small seed lots of the same variety but from a number of different seed growers may be combined to form an official seed lot. Certification labels are put on every seed container indicates that the seed has met the minimum certification and seed testing standards. 

Seed certification shall be completed in six broad phases listed under here

a. Receipt and inspection of application 

b. Verification of seed source, and class 
c. Field inspection to verify conformity to the prescribed field standards

d. Supervision at post-harvest stage including processing and packing

e. Seed sampling and analysis to verify conformity to the prescribed standards and 

f. Grant of certificate and certification tags, tagging and sealing 

7.3 Seed Legislation 

The purpose of a seed law is to protect the farmer against purchase of poor quality seed. Seed quality is much more difficult to judge than the quality of other commodity. For example, it is impossible to judge, by sight, the germination capacity of seed. Seed is also different from other forms of commodity because poor quality is not only confined to the seed itself, but can result in the total loss of a crop, and perhaps a year’s livelihood for the farmer. Progress requires safeguarding farmer interests and protecting seed producers and merchants from unfair competition. Seed laws can only achieve their aim if high-quality seed is available. Seed laws must be enforceable and must fit the social, economic, and judicial make-up of the country. A single comprehensive seed legislation model does not exist.
There are two alternative systems of seed legislation. The first is the comprehensive regulator system, where in the law prohibits the sale of seed that does not meet a minimum standard of quality. In its extreme form the system requires a list of cultivars, and only certified seed of registered cultivars can be offered for sale. Seed producers and trader companies must be registered in order to do business. The second is the truth labeling system, where in the seller must provide correct information about the seed to be sold. In practice, each country’s seed legislation has its own peculiar characteristics. In general, seed legislation consists of laws and regulations. 
Control of imports is often included in seed legislation to protect the national seed industry and farmers, or for quarantine purposes. Imported seed must comply with the laws and regulations applied to home-produced seed. Quarantine restrictions may refer to seed-borne disease and insect and to weed seed. If improperly used, they can distort the international seed trade.

Seed law and Regulation of Ethiopia 

The Seed Proclamation No.206/2000 has replaced a ministerial regulation No.16/1997, which was enacting to cover registration of varieties. The seed proclamation No.206/2000 is more comprehensive and creates stronger legal frame work for the protection and control of the interest of all players in the seed industry. Moreover, field and seed standard prepared for 74 crops are officially issued for implementation. The first National Seed Industry Policy was issued by the government in 1992, focusing on the following key areas: 

· Plant genetic resources conservation and development
· Crop variety development, testing and release 

· Seed production and supply
· Seed import and export and 

· Reserve seed stock.

Chapter Eight: Seed Supply System

Chapter objectives

· List objectives of Seed supply system 

· Distinguish characteristics of informal, formal and integrated seed supply systems
The availability, access to, and use of quality seed of adaptable crop varieties, are important in increasing crop production and productivity. Seed supply system can be defined as an outline of measures to be implemented and activities to be carried out to secure the timely production and supply of seed of prescribed quality in the required quantity. 

The objectives of a functioning seed supply system are:

· Provide seed of appropriate varieties for use by different categories of farmers.

· Develop and identify new and more productive varieties with traits sought by consumers.

· Multiply and distribute these on a timely basis and at a price acceptable to farmers.

· Maintain quality control through training and regulatory systems.

On the basis of organization, exchange mechanisms and variety used, two important approaches of seed supply system exists i.e formal seed supply system and informal seed supply system. Both systems are needed and one cannot substitute the other. 
8.1 Formal seed supply system:

The formal seed supply is the official government seed program, assisted by private seed enterprises. Formal systems generally consist of public sector research institutions, public and private sector agencies producing and marketing seed, and organizations responsible for seed certification and quantity control. 

Within the formal sector, two models of seed system operate:

1. State model: Researchers provide breeder seed to state agency to multiply on state farms or through contract seed growers. All activities, including seed cleaning, processing, and marketing, are performed by state agencies.

2. Private sector model: The private sector plays an important role. Researchers provide breeder seed to be multiplied into foundation and commercial seed. Seed processing and marketing is done by private companies and farmer cooperatives.
The formal seed supply system aims to supply adequate amounts of seed of high quality, at the right time and place, and at reasonable prices. The formal seed supply system is normally composed of seed multiplication, processing, quality control, marketing and distribution units. In Ethiopia, the only organization in the formal seed sector is the Ethiopian Seed Enterprise. The Ethiopian Seed Enterprise has only a limited capacity to produce the necessary quantity of seed to meet the national demand. The involvement of private investors in this system is, therefore, believed to be profitable and helpful as well to reduce the load on the Ethiopian Seed Enterprise and the scarce government resources. Components of formal seed supply systems are:

· Variety development and release

· Seed production, processing and storage

· Quality control of improved seed

· Distribution and market oriented means of exchange

Important features of the formal seed supply system are:

· It usually starts with plant breeding and promotes materials for formal variety release and maintenance.

· Comprises mostly public and private seed enterprises.

· Marketing takes place through officially recognized seed out let/marketing channels.

· Uniformity and high quality of the product is guaranteed through strong regulatory system.

· Seed supply is mostly for commercial production purpose.

· Accounts small proportion of overall seed supply of each year in many developing countries.
Under the formal system, breeders are normally expected to generate a small amount of seed called the breeder seed. The breeder seed is first multiplied to produce the pre-basic seed, which in turn is multiplied to produce the basic seed. The basic seed is again multiplied to produce the certified seed, which is sold to the farmers for commercial production. In most developing countries the formal sector is far smaller than the informal seed sector. Currently the share of the formal seed system is estimated to be about 10-20% while the rest (80-90%) is covered by the informal system.
In Ethiopia the use of improved seeds is at very low levels. The Ethiopian Seed Enterprise (ESE), a public enterprise which is the main provider of seeds in the country. The annual potential seed requirement is estimated to be more than 150,000 tons, but the formal sector supply does not exceed 20,000 tons, of which 80-90% comes from the Ethiopian Seed Enterprise (ESE). The proportion of seed supplied by the formal seed system is estimated to be around 10%. For smallholder farmers, the biggest constraints are high seed prices and late delivery, exacerbated by poor rural infrastructure making it hard to reach farmers in remote and isolated villages. 

8.2 Informal (local) seed supply system: 
The informal seed supply system is system where farmers themselves produce seeds and sell to or exchange with their neighbors. In developing countries this system plays a larger role, because national seed organizations will not be able to cope up the increased demand for quality seed.
The informal seed system may be the most appropriate in

· Remote areas, where seed distributors find access difficult and farmers cannot easily reach seed and output markets; 

· A narrow agro-ecological zone, where the seed market is limited and widely marketed varieties may not be suitable; or 

· Areas where the major crops have very high seeding rates, implying high transport costs to move large quantities of seed over considerable distances.

In Ethiopia, the informal seed system is still the dominant system for seed supply. It is the system in which farmers select their crops and varieties, produce their own seeds, and/or locally exchange and purchase seeds. It consists of farmers who produce and save their own local seed or improved seed for themselves or neighbors, cooperatives, farmers’ associations and NGOs in the system. It uses traditional form of exchange such as barter/negotiation, local trading, seed for work and other social obligations. It can play a very important role in the national seed supply system and ensures that resource-poor, low-income farmers also have access to seed and benefit from public and private developments. 

Major limitations of the informal seed supply system are:

· Poor quality, lack of uniformity, distinctness, and stability. 

· Physical mixture and pathological contamination.

· Irregular to use 

· Market orientation is limited to the local areas only.

Strengthening of the informal seed supply system with some technical assistance from seed agency, research centers and relevant governmental and non-governmental development organizations is very essential by provision of certified or basic seeds. Proper training on seed production and the necessary facilities like mobile seed cleaners should be made available to the farmers until they are both technically and materially capable to carry out all tasks by themselves. Informal seed system also plays role in producing and distributing seeds of farmers’ own developed varieties (improved landraces, populations). 
The quality of informal seed sector used by small-scale farmers can be improved in several ways:

· Train farmers in better selection, treatment, and storage of seed from their own farms. Own-saved seed is often the most appropriate, certainly for farmers who cannot afford to purchase seed. The training will help them increase production through better use of their own saved seed.

· Encourage farmers to make their own selection of traditional varieties, to multiply and store seed of such varieties, and to sell to other farmers. This strategy is best suited to farmers capable of some experimentation and who are potential users of modern varieties. 
· Develop modern varieties at research stations, and produce good quality seed of these varieties through either formal or informal channels-whichever provides good quality seed at affordable prices.

8.3. Integrated seed supply system: includes methods that aim to improve the local supply system by burrowing technologies and improvements from the formal sector and using informal channels. There is a continuous process of exchange between the formal and informal systems, in information, in technology and, above all, in germplasm. Both formal and informal seed systems can play a complementary role. The formal system may serve in the production and distribution of improved seeds to the potential farmers while the informal one may serve resource-poor farmers with low income who cannot benefit from the formal system. Potential farmers themselves can also use the output of informal seed system when the formal system is not in a position to make improved seeds available in sufficient amounts.
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