Seed Science and Technology
IMPROVED SEED           
Seed

The various propagules are obtained either through sexual (true or botanical seed) or asexual (tuber, rhizomes etc.) reproduction. In the eyes of a common man ,all propagules ,all parts of the plant that are capable of developing in to another such plant are seed .In crop production also ,the term seed is used in this very sense ,and it includes stem (sugarcane),modified stem(onion) and true seed itself (cereals and pulses). A true seed is a reproductive unit that develops form ovules, and contains an embryo , food reserves which are located either in embryo itself or in some external storage tissue(s).In other word, a true seed is a plant part having the following three components:

1- A living embryo,

2- Food reserve or endosperm,

3- A protective coat or  seed coats
 All crop plants are capable of producing seeds under suitable environmental conditions. In case of crop production, the chief concern is to propagate crop plants in an easy and economical manner so as to obtain the maximum possible yield from a given variety .Therefore, in seed production and in agriculture,

The term seed is used to describe any plant part that is capable of producing new plants. 
Improved Seed

Propagules of an improved variety are known as Improved Seed. Ordinarily improved seed is of high genetic and physical purity and possesses high germination potential.

The term genetic purity  indicates the proportion of seed belonging to the variety in question in a given seed lot. Therefore ,a genetically pure seed lot has seeds of only that particular genotype.
The term physical purity  refers to the freedom of a seed lot from physical matter, such as dust ,straw, weed seeds or damaged seeds .A seed lot must carry germination potential capable of producing an effective crop stand .All these feature of seed are often termed as quality parameters of seed. Thus

 Improved Seed is the seed of a high yielding variety, which is of high genetic and physical purity and has high germination .If the improved seed is to be certified, it has to be the seed of variety that has been notified for cultivation by recognized  notification agency.    
Seed Technology
Seed technology is the creation and application of the knowledge on seed for its better utilization in agriculture .This technology ,although inherent in all crop production stages ,becomes operational after the development of a new variety .Broadly ,it involves maintenance of variety in its original pure form till it ceases to have its impact and is replaced by other varieties .Once a variety goes out of cultivation ,its safe storage in the gene bank is based on the knowledge of seed longevity ,this aspect also falls under the scope of this subject .thus ,seed technology deals with everything that revolves around the use of seed in crop production; understanding the basic aspects of seed quality ,seed development ,its survival, vigour, storage ,longevity ,germination and general principles of seed production.
An understanding of the science and technology of seed is fundamental to the growth of agriculture .Because seed is so essential for agriculture and human survival, seed technology can be said to have originated with agriculture.
Objectives of Seed Technology

1- Increasing the agriculture productivity by using improved seed, high yielding varieties and possibility of multiplication of varieties.

2- Seed supply at time before planting date.

3- Make sure that the improved seed will be used.

4- Suitable price for the seed, that could farmer by it.
5- To be in contact with new technology of seed testing and identification.
Concept of Seed Quality

Seed quality: comprises a wide range of interrelated attributes of seeds. From a seed technological perspective, high quality seed must have:

1- High purity in terms of species and cultivar.
2- High germination.

3- High vigor.

4- Uniform size.

5- Absence of seed-borne diseases

6- Optimum moisture content.
DORMANCY
Introduction
A seed begins its development from an ovule, grows dramatically is size, accumulates large quantities of food reserves, loses moisture and enters a variable period of dormancy before it germinates to give rise to next generation of the concerned plant species .Its assumed here that the environmental conditions are such that they are optimum for each successive stage in the above series of events.

It’s a common observation that seeds of many plants species do not germinate when freshly harvested even under favorable conditions; they need a period of rest\storage before they become capable of germination.

Seed dormancy: An inability of otherwise viable and mature seeds to resume growth immediately after harvest in an environment normally favorable for the germination of the concerned plant species.
As a process by which physiological activities become capable of ceasing entirely, in a reversible manner, usually manifested in the cessation of growth.

   After-ripening period: The period of rest after harvest that is necessary for germination. 
Types of dormancy: 

   1 - After-ripening: The changes that take place during the rest. The period of dormancy varies from a few days to several months depending on the plant species.
 2 - True dormancy, primary dormancy, rest, innate dormancy, and organic dormancy :The inability of seeds/ organs to grow due to chemical\anatomical features of the seeds/organs  themselves  
3 -  Dormancy, enforced dormancy, imposed dormancy, and quiescence: The failure of  seeds/organs to grow under unfavorable environment 
4 - Secondary dormancy or induced dormancy: Dormancy is induced when otherwise non dormant seeds imbibed under unfavorable Condition, the latter being more preferable. It may note the Induced dormancy persists even when the seeds are exposed to Favorable environments; it has to be overcome by exposure to Specific treatments.  In addition to seeds, dormancy involves a variety of plant organs, such as, stem, tuber, corms, and rhizomes. Besides plants, dormancy also encountered in animals and microorganisms, such as, bacteria, fungi, algae, nematodes, and insects.
Biological Significance of Dormancy

During dormancy, physiological activities, particularly those concerned with growth cease entirely .Other metabolic activities, such as photosynthesis, protein synthesis, water exchange and respiration may be suspended.
Mature plant seeds are comparatively very resistant to adverse conditions that the seeds do not germinate immediately after they mature, as the weather conditions during that period may not be favorable for the growth of that species. Such seeds germinate only when it is time for the onset of favorable weather condition, and usually do not respond to the brief periods of favorable weather condition that may occur within a long stretch of unfavorable season.

In many species, different seeds remain dormant for different periods of time. Wild oats present an interesting example where dormancy has been crucial to the spread and survival of the species .Seeds of wild oats remain dormant during the autumn and winter seasons and germinate only the next spring .In contrast, the seeds of cultivated oats lack dormancy, as consequence of which they germinate during the fall and are killed by the subsequent cold weather.
Seed dormancy is vital for the survival of species .dormant shoot buds or regeneration buds help individual plants to survive through adverse weather conditions .Regeneration buds are relatively better equipped than seeds to survive under unfavorable periods in deserts because they have more storage food and moisture supply as they are attached to mother plant.
Plants with long history of domestication generally show much less seed dormancy than wild or recently domesticated species .thus crop domestication has promoted rapid germinability .this may often result in premature germination of seeds within ears/ pods (vivipary)when the crops exposed to a wet weather  favorable for germination just before harvest. in such cases ,a pre harvest rain lead to a deterioration in the quality of crop produce ,in wheat, it reduces seed quality and vigor, milling and baking quality ,and even  grain yield .The sprouting of seed in wetted heads of wheat appears to be controlled by several features of the spike ,but seed dormancy appears to play the most important role. Therefore, a certain degree of seed dormancy is often deliberately selected for in order to prevent pre harvest sprouting in cereals .A brief Period of dormancy provides adequate time to farmers to harvest, thresh and store the seeds; thereby avoiding considerable losses. This will hinder the progress of breeding programmes and would even permit "rapid generation advance" and shuttle breeding.

However, seed dormancy may present problems in the determination of seed germination immediately after harvest, which is essential for seed certification. In such cases, one would have to resort to some effective treatments to overcome the brief seed dormancy.

Factors conditioning dormant state: 
There are several mechanisms that generate seed dormancy .As a result of this, several classifications, based on the factors conditioning dormant state ,have been proposed .As in the following classification:
1- Exogenous dormancy:
   a- Impermeability of seed coat to water,

   b- Impermeability of seed coat to gases,

   c- Mechanical resistance of seed coat to germination,
   d- Inhibitors present in seed coat and\ endosperm.

2- Endogenous dormancy:

   a- incomplete embryo development,
   b- Inhibitors present within embryo,

   c- light-dependent dormancy,

   d- Low temperature requirement,
3- Combined dormancy.

4- Secondary dormancy.

 1- Exogenous Dormancy:
 Such cases of dormancy are generated by factors residing within the seed but outside the embryo, usually in the seed coat .In such cases:
 a - Impermeability of seed coat to water:

 In such cases, dormancy is due to seed coat structure, which is hard enough to disallow the entry of moisture into the seed, thereby preventing, seed germination seeds of leguminoseae. Seeds of grasses exhibiting dormancy due to hard seed coat are frequently call firm seeds. The impermeability of water is due to the testa, which is generally a hard structure .In some cases .a thinner inner testa is also present. The presence of an outer and inner cuticle, often fatty or waxy layer, and thickened productive layer makes the testa impermeable to water, As well as the present of suberin( waxy layer),pectin, cutin, and mucilage make seed coat impermeable to water.
In leguminoseae  seeds, water permeability is through the "Neval" working as hygroscopical valve in one direction ,this valve covered by tissues, with increase the moisture these tissues will elongate and closed the valve ,while ,decrease the moisture these the valve will be open, so the permeability increase.

Other factors effecting seed hardness in leguminoseae as, seed moisture, The moisture loss by the seed to 12-14% during seed maturity, the seed coat became hard and impermeable to water, particularly in 6-8% moisture. The temperature, light, moisture, soil fertility during plant growth, specially during seed development and minerals have a role in seed hardness e.g. .increases in Ca will increase seed hardness.
 b- Impermeability of seed coat to gases:

  In many cases, dormancy is related to the insufficient intake by seeds of atmospheric gases, especially oxygen, due to the impermeability of seed structures enclosing embryo .Such cases of dormancy occur in many species of Gramineae ,leguminoseae, fruit crops, forest trees etc. A classical example of this type of dormancy occurs in "cocklebur". Each fruit of cocklebur contains two seeds, an upper and lower, which are dormant and non- dormant, respectively. The lower non-dormant seed germination in the first season after maturation, while the upper dormant seed does not germinate until the next or later seasons .However ,both the seeds germinate in the very first season after maturation if the seed bed temperature is as high as 33c and water and air supply are adequate .The failure of the upper seed to germinate at lower temperatures is the result of a reduced oxygen supply to the embryo ,because of an impermeable seed coat ,below the minimum level required for germination .At higher temperature also ,oxygen supply is hampered but obviously does not fall below the minimum requirement for germination .When the seed coats are removed ,both the lower and upper seeds germinate at lower temperatures but promoting effect is more pronounced in the case of upper seed .Under natural conditions ,the seed coat of upper seed decomposes slowly by the action of microorganisms ,as a consequence of which it germinates in a later season In such cases of dormancy, seeds may be forced to germinate by breaking the seed coat or enhancing the pressure in the surrounding atmosphere. In many cases degradation of inhibitors is enhanced under oxygen, which is very important in overcoming dormancy.

If seed coat is impermeable to Co2, so the concentration of Co2 increases in the seed, which caused dormancy and increase the inhibitors in the seed.
Some coat is permeable to water but not for O2 or Co2 .Although the inner coat more permeable to gases than outer coat  ,the inner coat determine the permeability .The treatment of the seed with high temperature or chlorophorm will increase Co2 permeability, because these treatments killed the cells and change in structure of inner tissue ,but not effect the permeability of O2 . 
C- Mechanical resistance of seed coat to germination:
In some species ,growth of embryo is checked due to extremely hard seed\ fruit structures, such as ,seed coat, endosperm, pericarp etc.eg., Acacia spp. ,seed coat thickness, seed size and seed shape play an important role in determine the tensile strength of seed coat .It has been observed that the tensile strength is greater for seeds with  a larger radius of curvature .As a consequence, an inverse relationship between the seed coat thickness and the degree of impermeability has been reported in several Acacia species.
 The seed coat of lettuce has mechanical resistance prevent growth of embryo .The light regulate germinations of lettuce seeds, because its encourage formation of some enzymes like ,pectinase, cellulase which they help in  digestion of  seed coats .
D- Inhibitors present in seed coat / endosperm:
Some biochemical substances present in seed coat or endosperm block the germination of embryo .Observed that the dry seeds contain "abscisic acid (ABA) more than non-dormant seeds, so it need scarification to loss (ABA) especially at low temperature. In general desert plants seed rich in water solvency inhibitors. The ratio of inhibitors are high in new development seeds as, Abscisic acid (ABA),parascobic ,cumarin* ((its germination inhibitor. At low concentration ,it is known to stimulate cell enlargement as well as other growth processes .it is known to interfere with the respiration metabolism and oxidative phosphorylation ,Also, it interferes with the availability of energy by effect on phosphorus metabolism .The herbicides also have negative effect on germination as,2,4-D,atrazine,simazine,its effect on the balance of osmotic  pressure.
2- Endogenous Dormancy :
When factors responsible for that dormant state reside within the embryo, it is called endogenous dormancy Such cases of dormancy may be due to either (1) incomplete development of the embryo or due to(2) the presence of inhibitors within the embryo.
 a- Incomplete embryo development:
In many plant species, dormancy is due to an incomplete development of the embryo. In such cases, germination does not occur until the embryo develop to their normal size, some  species producing seeds with poorly developed embryo may be grouped into the following two classes.
1- seeds of many species have underdeveloped embryo; their embryo are non-dormant and begin to grow after the seeds are placed under favorable temperature ,moisture and light condition .In such cases dormancy period ends when the embryo has developed fully within the seed.
2- But in many other species, the partially developed embryo are dormant and dormancy breaking condition, high summer and / or low winter temperatures are required before and /or during the time of embryo growth.
 b- Inhibitors present within the embryo:
 In some cases, dormancy arises from metabolic blocks by biochemical substances, called inhibitors present within the embryo .In such cases, germination can commence only when these inhibitors are leached out of the embryo.
c- Photoblastism: 
The phenomenon of improvement or suppression of germination by exposure to light is known as photoblastism.In some cases, dormancy is associated with the presence or absence of light .Light may promote or break dormancy depending on the sensitivity of the species. Seeds showing improvement in germination in response to light are called positively photoblastic, while those exhibiting inhibition are referred to as negatively photoblastic; these phenomenons are together known as photoblastism.
d-Stratification :
Seeds of many species remain dormant unless that are exposed to low temperature for a certain period, members of families, the exposure of seeds to a period of low or high temperature leading to elimination of dormancy is called  stratification .In  general, seeds require low temperature treatment, but in some cases ,seeds require high temperature (40C)treatment on a moist medium for 3-6 weeks. The condition of stratification varies from species to species, but in majority of cases stratification occurs in the temperature range of 0-10 C. In some species .Stratification is an essential requirement, while for others it may only speed up germination and seedling growth .It may also reduce the sensitivity of germination seed to external condition like temperature, light, for example, stratified sugarpine seeds can germinate at low temperature but non-stratified seeds can not germinate below 25 C.

 In many cases ,alternating the temperature of seeds a few degree above and below 0C .is the most effective way of breaking dormancy .But seeds of a number of species of  tropical and subtropical origin are damaged if they imbibe cold water ,e.g. ,cotton ,soybean ,maize.
The response of seeds to cold is reversible and depends on their moisture level before imbibitions. The duration of cold stratification varies from hours to few days in cases of non-deep dormancy .In general, young seeds require longer periods of stratification than do aged seeds.
3- Combined Dormancy

In such cases, dormancy is produced by a combination of two or more factors, which act in complementary fashion .In some species dormancy is generated due to a combination of immature embryo, restriction on oxygen supply and chilling requirement.
4- Secondary Dormancy:
In many species ,dormancy is induced in normally  germinable  seeds due to their exposure to one or more unfavorable conditions, such as  excessive moisture, adverse light or temperature regimes ; this is known as secondary dormancy or induced dormancy .Characteristically the dormant condition so induced continues even after the seeds are removed from the unfavorable environment and placed in an environment favorable for germination .Secondary dormancy can defined: Its consequence state after genetic dormancy due to physical changes in the seed .So additional  treatments  are necessary to break dormancy  ,e,g. environment  exhibited by a diverse variety of plants many of which are weeds ,seeds of these plants remain viable  for a very long time as consequence of this phenomenon. For example the barely seeds can not germinate at excessive moisture, it can germinate when the moisture decrease .Some barely species, the very wet seeds not germinate at 15C but germination occur at 10 C.
Also, secondary dormancy  exhibited  at high temperature of seeds with limited coats to oxygen this is known as Relative dormancy ,its occur with wheat, barely and oat seeds ,they overcome dormancy when seeds exposure to 70 C for two hours ,also cereal seeds overcome dormancy when storage ay 35-40 C for 2-4 days. Some seeds in the soil germinate when it came to the soil surface by ploughting  due to exposure to the light its known as opportunists dormancy. Some seeds are induced to become dormant duo to a reduced availability of oxygen to the embryo ,reduce in light as in forestry  Soil ,because the soil covered by high density of leaves ,but its overcome dormant when the environment is change by ploughting or by fire its known as Environmental dormancy.
Methods of Breaking Dormancy:
Dormancy may be viewed as an adaptive response of plant and animal species to the environment condition of their natural habitats adversely affecting their survival. Therefore, evolution of dormancy must have been directed at the refinement of only such mechanisms that would be overcome by such environmental stimuli. Which would ensure seed germination /seed growth at the onset of the appropriate period of the year or under favorable environmental condition. Such a situation ensures the seeds\ buds of the wild species to remain dormant during unfavorable Period and to resume growth and development at the onset of the favorable period. In contrast, dormancy in crop species poses several Problems,
(1) Delay in generation advance 
(2) Problems in seed germination test 
(3) Problems in maintaining optimum stands in commercial / seed field. If the seed planted before complete termination of the dormant state, therefore, in addition to the natural mechanism of the dormancy breakdown, several treatments for overcoming of dormancy have been developed and refined.
1-Natural Breakdown of Dormancy:
In nature, dormancy terminates when embryo gets suitable environment, such as , adequate moisture , aeration and temperature.  The impermeable seed coats present in many species become permeable due to rupturing or softening action of natural agents like microorganisms, high or low temperature, humidity, fire and abrasion duo to wind or digestive tracts of birds and animals, which food on these seeds. Generally, seeds lying on the upper layers of the soil are the first to become permeable.
Microorganisms may directly affect physical, chemical properties of seed coats, Rhizoctonia spp. Damage the seed coat. The Occurrence of fire in natural vegetation, such as, forests, produces a rapid emergence of seedling of a large number of plant species, which otherwise would not have emerged. This may be due to the changes in the microenvironment of these seeds as a result of the fire. The loss of vegetation also causes a quantitative change in the total amount of radiation received by seeds .Seed permeability also increases due to an exposure to wider diurnal changes in temperature and the removal of litter may cause a loss of germination inhibitors. Fire and heat have been reported to cause cracks usually at the lens or chalazal end in seed coat or Acacia  Gossypiom.

Birds and herbivorous animals feed on the seeds, in the digestive tracts of animals, the seeds may lose their inhibitors or the permeability of their coats may be enhanced due to the action of digestive enzymes and \or microorganisms .This fact has been recognized for a long time, but the effects of a passage through the digestive tract on seed coat are not well documented. It is generally accepted that in case of bird, mechanical scarification of seed coats is the major factor, it occurs by the grinding action of grits in their gizzards and causes a random seed coat thinning and the coat of smaller seeds degrade faster. However, digestive acids play a crucial role in softening the seed coat in the digestive tracts of other animal. Improvement in seed germination following a passage through bird digestive tracts was clearly demonstrated by feeding seeds to captive bird.   
1-Treatment to Break Dormancy:
A number of methods of overcoming dormancy have been developed; these methods either aim at breaking / softening of seed coats or at promoting seed germination through stimulation of embryo. The various treatments for overcoming dormancy may be divided into the following three groups: (i) seed coat treatment, (ii) embryo treatments, (iii) miscellaneous approaches.  
I – Seed coat treatment:
These treatments are either physical or chemical in nature, and making hard seed coats permeable to water and / or gases by either cracking or softening them; the process is usually referred to as scarification . Such treatments would overcome dormancy that is mainly due to hard seed coat causing impediments to water / oxygen uptake / seedling emergence. Seed coat treatments may be divided into (1)   wet,   and   (2)   dry treatments.
1- Wet treatment: These treatments utilize either: (a) chemical (b) thermal action and are briefly summarized  below :
a- Chemical action :This is achieved by the use of sulphuric acid,       

alcohol ,acetone, oxidizing agents .

      b-Thermal action :Seeds are treated with hot or boiling water, or         
          liquefied gases ,like liquid nitrogen ,liquid oxygen . 

 2- Dry treatment: These treatment include application of (a) 

          Mechanical, (b) thermal action and are briefly described below.
a- Mechanical action :Manual and mechanical scarification, impaction and high pressure are the treatment that use mechanical 

Action to modify seed coat properties.
       b-Thermal action :Dry heat , radiations ,electromagnetic waves and f

           field temperature fluctuations use thermal effects to alter seed coat

           properties.
Scarification must be done with caution and care , otherwise it may  damage the seeds .It may be done in one of the following way :

1- Scarification may be achieved by rubbing the seeds on a sand 

Paper manually or by using a mechanical scarifier ,care should be taken to avoid damage to the embryonic axis .This treatment is 

effective in species like "subabool"  ,green gram.
2- The seed coat may be pieced by needle or small incision may be 

made in it at the abaxial end of the seed .

         3- In some cases , the seed coat may be completely removed by kr  

breaking ,in rubber. In this technique ,each seed has to be handled 

individually ,which makes the treatment slow , time taking ,and

tedious .  

4- The seed may be soaked in a concentrated or dilute solution of 
    Sulphuric  acid for 1-60 minutes ,followed by thorough washing

    With tap water to remove all traces of acid ,in cotton .

   5- In some species ,lentil, soaking the seeds in hot water (80 C) for

      1-5 minutes effectively softens their seed coat ,But seeds of some 
       Species  may be highly sensitive to this treatment, a treatment of

       More than 1 minute reduces the germinability of Bengal gram se

        Seeds . 
 2- Embryo Treatment :
 When dormancy is due to factors located within the embryo ,such treatments have to be applied that are capable of inducing the embryo described below :

1-  Temperature ( usually 0-5 C ) over a moist substratum before transferring them to a overcome dormancy . it is commonly used in crops like cherry ,mustard ,species of family Rosaceae (2-6 months at 5-10 C) .

2- High temperature treatment: In some species, incubation at (40-50) C for few hours to 1-5 days may be effective in overcoming dormancy .Care should be taken that the moisture content of seeds should be less than 15%. For example, rice seeds having less than 15% moisture are incubated at 40-50 C for 4-5 days for overcoming dormancy.
3- Chemical treatments : Alternatively ,growth  regulators or other chemicals may be applied to induce germination  .The growth regulators most commonly used for this purpose are GA3( 100ppm is the most common used concentration ) and kinetin (concentration range, usually, (10-25 ppm ). Other widely used chemicals are potassium nitrate(2% )and thiourea (0.5-35% ) .potassium nitrate breaks the dormancy of seeds requiring light and allows them to germinate in dark , in case oat ,barely, tomato .Thiourea breaks the dormancy of seeds requiring light and \or chilling ,in lettuce .
4- Miscellaneous treatment:
Exposing the seeds of many species to red or white light leads to a termination of dormancy. For example, lettuce seeds exposed to red light at 660 nm or to white light are induced to germinate. Generally, seeds are placed initially in red light, and they are subsequently transferred to dark or white light for germination.
Relevance of Dormancy to Seed Production:
Seed dormancy is relevant to seed production activities from several angles as it may influence 

 1- Seed multiplication.
 2- Seed testing.
 3- Plans of seed programmes .

 4- Progress of research related to seed production.
 5- Breeding of crops necessary to evolve new cultivars.
GERMINATION
Introduction:

All seeds must germinate to continue the generational march of plant species. Obviously, germination is the first visible symptom of growth and development of embryo, the foundation for which had already been laid down during the development and maturation of seed.
Seeds would normally germinate only after they have undergone a predecided  period of growth and development accumulating food reserves and finally becoming air dry .The dry seed ,therefore ,lies at the turning point in a seeds life ,between the phase concentrated energy-rich food materials than any other plant part ,this food plays a vital role during germination .Seed germination depends on favourable combination of several external and internal factors , seeds must wait this combination to occur for their germination .

Defining germination:
Seed germination: is the resumption of active growth of the embryo that results in the rupture of the seed coat and the emergence of the young plant.  

When a viable seed absorbs water under favorable environment, respiration, protein synthesis and other metabolic activities begin, and lead to embryo emergence after some time; such a seed is called germinated .

Germination: has also been defined as series of morphogenetic events that results in the transformation of an embryo into a seedling .However, International Seed Testing Association (ISTA) defines germination in a laboratory test as :the emergence from the seed embryo and development of those essential structures ,which indicate the ability of the seed type tested to develop into a normal plant under favorable environment .Thus germination is a dynamic biological activity that initiates with water uptake and terminates with the emergence of the radical and plumule from the seed .from an agricultural point of view ,germination may be defined as a process ,which begins when the dry seed is planted in moist and ends when the seedling emerges above-ground
Types of Germination

Germination has been classified into following two types :1-hypogeal and ,2-epigeal .on the basis of the position of cotyledons during germination in relation to the soil surface .The two type of germinations do not have any relationship with the seed structure and are characteristic of different species .In any case ,cotyledons or comparable storage organs provide nutrition to the growing cells and tissues throughout the period of germination.
1-Hypogeal germination:
In hypogeal germination ,the cotyledons or comparable storage organs do not emerge above the soil surface; only the plumule emerges above the ,and not hypocotyl ,undergoes rapid elongation .This type of germination is characteristic feature of crops like peas and grasses .In hypogeal germination of maize (Z.mays), a coleoptile (temporary sheath enclosing the plumule )emerges above –ground ;the coleoptile provides protection and rigidity to the emerging plumule during its upward movement through soil .
2- Epigeal germination:
 In epigeal germination ,the cotyledons or comparable storage structures emerge above the soil surface .Thus ,in contrast to hypogeal germination , there is rapid elongation of hypocotyle, which pushes the cotyledons and the plumule enclosed within them through the soil .Epigeal germination is characteristic of pine seeds and onion .
Phases of germination :

Before becoming capable of germination ,a seed undergoes a silent phase of growth and development . In many cases ,this is accompanied by a period of rest, during which the seed accumulates necessary food reserves and brings its moisture content to safer levels for surviving unfavorable weather\ storage .The process of germination ,which has its own essential requirements  ,begins much before the first visible signs of germination appear .Therefore, the phases of germination include all those steps , which allow seed to push along the path of germination till normal seedling emerges .
The entire process of germination may be divided into three broad stages as follows :
 (1) Imbibitions (stage 1)

 (2) Active metabolism (stage II) 

 (3) Cell expansion (stage III) 

The first stage is relatively shorter and is characterized by rapid water uptake, which gradually slows down to zero uptakes. Following this stage, major metabolic events begin (stage II) that lead to the final stage of germination. In final or the third stage of germination, cell expansion occurs leading to seedling protrusion 

The metabolic processes begin with water imbibition ,but  stage I is independent of  the metabolic activity of the seed .Stage III is associated with the initiation of cell expansion and subsequent seedling growth ,and involves metabolic activities including mobilization of food reserves.
1-Stage I. Imbibition
Mature seeds separated from the mother plant are generally dry , having a moisture content of less than 15% .The moisture content may vary from species to species and environment to environment . Generally , seeds having more oil content possess relatively lower moisture content In drier regions ,seeds possess lower moisture content than those in region having  high relative humidity . When dry seeds are soaked , they take up water ; this is called imbibition .Imbibition is essentially an absorption process and it prepares the seed for germination . Imbibitions is influenced by several external factors such as permeability  of seed coat ,moisture availability and its osmotic pressure , duration of exposure ,chemical composition of seed , temperature ,etc

The following chief events occur during imbibitions
1- Absorption of water.
2- Absorption of other substances.     
3- Release of gases.
4- Increase in volume of seeds due to swelling.
5- Leakage of solutes.
6 – Chilling injury during imbibitions. 
1-Absorption of water:
   When dry seed comes in contact with water , imbibition occurs .The imbibition depend on the water potential gradient of seed and the medium .Water potential is an expression of the energy status of water , which depend on the following three major factors : (i) osmotic or solute concentration effect , (2) metric potential contributed by the ability of  the matrices to be hydrated and that bind water , (3) turgor pressure of  cells .Overall , it is the difference in water potential between seed and soil ,which plays the crucial role in imbibition .

  The movement of water occurs down the energy gradient from high to low potential . Therefore ,a cell will absorb water only when the water potential of its surrounding is greater  than that of the cell itself . the  forces that hold the water molecules play an important role in water imbibition by seed . Physical properties of soil determine thr retention of water and its conductivity .Therefore , the type of seed-soil contact is a decisive factor in water uptake by seeds .

  Initially the difference in water potential of seed and soil is enormous ;therefore ,the water uptake in the early stages is relatively faster , which gradually slows down and ultimately stops after few hours . The rate of     water uptake is influenced by the thickness of seed coat , type of seed surface and size .Even very thin seed coat ,of pea ,may delay the process of imbibition . Mechanical damage or softening of hard testa through decay or some other means allows better imbibition. Small seeds take relatively longer time for imbibition than do bold seeds.
2- Absorption of other substances:
    Water is not the only substance to enter seed during imbibition. Under field condition, seed is exposed to a solution rather than to pure water. As a result, solutes also move into the seed along with water, during imbibition.These solutes may he removed from the seeds by repeated washing with distilled water.
3- Release of gases:
    All seeds contain gases / air trapped in the interstices of cell, starch grains and intercellular spaces .When water enters seed during imbibition, it displaces the gases/ air present within it hence, imbibition is accompanied by the release of gases. The quantity of gases released from seeds varies from 0.18 to 0.45 ml per gram seed depending upon the type of seed. The release gases, including those held by surface forces, comprise air with as much as 25 – 50 % co2 and a high content of water vapor.
4- Increase in seed volume through swelling:
   Imbibitions lead to an increase in seed volume through swelling;
This ,in effect ,is the reversal of shrinking that occurs during the final stage of  seed maturation The initial water potential of dry seed is extremely low; it increases drastically and can exceed 4,000 bars due to imbibition , in wheat ,maize , rapeseed .This exerts a tremendous swell present in the soil its initial size . During imbibition, water penetrates seed in a stepwise programme. The outer portion of seed is wetted first, while embryo is the last to take up water. Therefore, the imbibition simultaneously and uniformly in all their tissues .In many species, vicia, phaseolus ,there is a greater water uptake through the micropyle than through other parts of the testa. The tension that arises due to swelling enables the seed embryo to stretch through cellular rupture.
5- Leakage of solutes:
    As imbibition progresses, there occurs a simultaneous leakage of substances , including amino acids ,organic acids , sugars , phenolics , phosphate and potassium ions , enzymes such as , glucose-6-phosphate dehydragenase , glutamate dehydrogenase , and mitochondrial marker enzymes like cytochrome oxidase and fumarase . under field condition  , the substances that leak out of seeds might stimulate spore germination and growth of fungal pathogens  in the soil For example in phaseolus vulgaris , seed exudates promote germination of fusarium chlamydospores .

 The leakage of solutes has been studied by measuring the potassium content in the washing liquid or by measuring the conductivity of the leachate. Solute leakage is the fastest during the early stages of imbibition; thereafter, it shows a gradual decline with time . The threshold seed water content for leakage to occur varies from species to species ; for example it is 30% in pea, 17% in soybean and 20-25 % in lima bean (phaseolus lunatus ). Removal of or damage to the seed coat increases the leakage of solutes from the seeds, which in turn may affect the growth of seedling. This suggests that seed coat regulates water uptake with minimum leakage and, as a result, ensures normal germination.
The range and the type of substances present in the leachate indicate their cytoplasmic rather than apoplastic origin. Several hypotheses have been advanced to explain solute leakage during imbibition ; the most acceptable of them are as follows (1) membrane rupture theory . (2) The membrane repair theory. 
1- Membrane rupture theory:
 According to this theory, leakage occurs primarily due to the forces imposed upon cell membranes by the rush of water during imbibition. the rapid initial imbibition due to high gradient of water potential disrupts the cell membrane organization , Membrane damage in seeds has been studied in detail in soybean and pea by using Evan s blue dye , which enters only such cell that have damaged  membranes. Cell membrane disintegration allows the cytoplasmic contents of these cells to leach out. This may account for initial rapid leakage observed in seeds of plants, such as, pea .The tetrazolium test has also been used to support the hypothesis by measuring the loss of dehydrogenase substrate . However , this theory is objectionable from the point of view of its inability to explain various observation ,such as (i) continuation of leakage for long hours (ii) leakage even when the imbibition is low ,pea embryo in 55% sucrose or saturated lithium chloride , (iii) loss of  K of dehydrogenase substra high as 50% of the pea embryo volume.
2- Membrane repair theory:
   Membrane repair theory suggests that the cell membranes are not ruptured by the inflow of water but are re-organized or repaired following imbibition. This hypothesis explains solute leakage under situation in which water inflow is slow, and the phospholipids and protein of membranes adopt different configurations during dry and wet conditions of violent rush of water, it can occur only when seed hydration is slow .Thus each of the inner cell of a seed contributions to the overall leakage and could account for slow, long continued leakage from embryo of seeds like pea.

It has been further suggested that there might be the development of nonbilayer lipid structure within membranes, which disappear on imbibition. It was also proposed leakage in large amounts is associated with plasma membranes in seeds and solute lipids, which occurs during plasma membrane expansion.
6- Chilling injury during imbibitions:   
   Seeds of several species of tropical and subtropical region, such as ,cotton, soybean, and maize, are damaged when they imbibe cold water .Chilling injury is most intense when dry seeds are placed in cold water. This imbibitional chilling injury is similar in many respects to solute leakage from seeds that is not cold . sensitive .Therefore , it has been suggested that leakage due to initial rapid inrush of water is the key factor in imbibitional chilling damage . Consequently , seed coat has been observed to reduce imbibitional chilling damage by slowing down the  imbibition of seeds .
1- Stage  II  active metabolism

A series of metabolic events become initiated once the seeds imbibe water , Dry seeds contain several enzymes , which are desiccation .The activities of these enzymes enable seeds to prepare themselves for germination . Some of the major metabolic pathways affected are respiration , protein synthesis , DNA replication , RNA synthesis .
     3- stage  III Cell expansion and  seedling  protrusion

After imbibition and few hours following initiation of metabolic activity, seedling protrusion occurs. It is known that protrusion of radicle during germination is caused by cell expansion alone and that cell division is neither correlated with nor necessary for cell expansion. Mitotic cell division plays negligible role in the emergence and early growth of radicle. The occurrence of cell elongation before cell division has been observed in many seeds, maize (Zea mays) ,barely ( Hordeum vulgare ), broad beans (Vicia faba ),It has been shown that in  prunus lambertiana.
Cell division and cell elongation occur simultaneously ,while in prunus cerasus cell division precedes cell elongation .prunus may be treated as a special case because its embryo grows to maturity during the period of after – ripening at a low temperature .
The elongation of cells occurs in tow phases .In the early stage  ,elongation is relatively slower than that in the late stage .The initial phase of elongation occurs without a net synthesis of cell wall material , therefore there  is no change in cell dry weight and cell number . After few hours, there occurs a sudden increase in growth rate , which is   followed by mitosis in the apical meristem.  
Factors Affecting Germination   
A number of factors influence germination ,which may be classified as 

1- internal (seed) factors ,constitute those factors ,which are present with    the seed .   

2- external (environmental) factors ,influencing  seed germination are the environmental factors ,such as ,water ,oxygen ,temperature ,soil factors .
1- Internal factors

    Very often ,germinating seeds exhibit variable behavior due to reasons that are present within these seeds. The two important internal factors are seed age and mechanical injury.
A – Seed age or maturity

After fertilization, embryo requires a certain period of time to prepare itself for germination ,this period may extend from the period of embryo development to the period of dormancy breakdown .However , not all species show dormancy and seeds of many species may germinate much before their embryo development is complete .In general ,the ability of seeds to germinate is directly proportional to the time available for development ,and it reach the maximum at seed maturation .This state of maximum germination stays for a variable period of time till seeds start ageing . following this point ,a progressive decline in seed germination occure with the passage of time , finally culminating in seed death .
B – Mechanical Damage     
   A seed is well protected by the floral parts during its development . However ,many external factors act ,both under natural and cultivated conditions ,on the mature fruits and / or thestructures containing the mature seeds ,which results in the separation of seeds from the mother plant at maturity .During this process , seeds may suffer mechanical injury, which could cause abnormalities in germination . In general ,the effect of mechanical injury is greater when it affects the embryo .The susceptibility to mechanical injury depends on the moisture content and the genotype of the seed .Lower moisture contents make the seeds more prone to mechanical damage . For example, in cereals, safe moisture levels are 11-12 %, below this moisture level ,seeds are more susceptible to physical injury .Further hard –coated seeds are less prone to damage . The chance of mechanical injury greater in case of machine harvesting as compared to that in hand harvesting.
2- External Factors
   Water ,air ,temperature and light are needed by all living beings ,especially those belonging to the plant kingdom ,for functioning of the various physiological and biochemical processes . Germination of seeds is no exception; as a result, it is markedly influenced by these factors .  scientific   
 A – Water
    Seeds must absorb water to be able to germination. In absolute terms, the water uptake by an imbibing seed is around 2-3 times its own dry weight .But much larger and regular water availability has to be ensured for subsequent growth and development of the seedling. The imbibition of water, which is not related to seed viability, is determined by the chemical composition of seeds, permeability of seed coat and the availability of water in the soil. The main water absorbing component of seed is the protein ,other components that play a role in this process are cellulose and pectic compound .Starch does not play any role in water imbibition , except at acidic PH or after treatment with high temperature. Water helps in the dissolution of substrates leading to their translocation to the desired points .Therefore , water availability either in excess or lower than the optimum level, which varies from species to species, retards germination .

B – Air (oxygen and carbon dioxide) 
    Germination of seeds requires relatively greater energy than any other development process occurring during the life-cycle of plants. The energy in the form of ATP is provided by the process of respiration , which requires oxygen for aerobically , an optimum concentration of oxygen is a must for normal germination .The minimum oxygen concentration required during germination is normally similar to that present in the air .An oxygen concentration lower than this reduces the ability of seeds to germinate .Generally ,root growth is more sensitive to lower oxygen levels, and the adverse effect on root is relatively more than that on shoot growth .However, some of the aquatic plants , are exception to this rule as their seeds germinate better under reduced oxygen levels . Rice shoots elongate and provide oxygen to the roots through their action.

    An interesting example of seed germination at low oxygen levels is the Bermuda grass (cynodon dactylon), which is not an aquatic plant. This represents an evolutionary advantage for its survival under various stress condition .Indian lotus presents an unique example where seed Carries its own oxygen supply for the embryo; the oxygen is stored in an internal cavity and in the intercellular spaces of seed tissues .The in situ oxygen availability is adequate enough to allow seed germination even in the complete absence of external oxygen or in the presence of 100% nitrogen, hydrogen or carbon dioxide.
  An oxygen concentration higher than that of air has been found to promote germination. In contrast, a carbon dioxide concentration higher than that of air retards germination .However, some seeds lettuce, requires a minimum carbon dioxide concentration for normal germination.
C – Temperature
    Temperature is the most important environmental variable responsible for synchronization of germination with conditions suitable  for seedling establishment . seed germination in all plant species shows maximum, minimum and optimum temperature. The concept of minimum and maximum temperature, outside which germination does not occur, was given by  J.Sachs in 1860. Optimum temperature refers to the temperature range that gives the best germination or the maximum germination in the shortest period of time.
   Like any other enzyme-mediated physiological process, germination performance above the minimum temperature is expected to improve with the increase in temperature till a limit is achieved. Different stages of germination have their own cardinal temperature. Therefore, optimum temperature varies with time \ duration of the incubation period.This may be because the activities of many enzymes are temperature-dependent, which is characterized by a lag phase ,Hence temperature response may change throughout the growing period .

   In general, the effect of temperature on germination depends on several factors, such as, the species or variety being grown, time from harvest of seed, growing region. In addition, all micro –and macro-environment al factors also exert direct or indirect influence .That is why seed germination in laboratory generally varies from that under field conditions 

    The range of temperature requirement for seed germination is very wide, from freezing point to higher temperature equivalent to lethal limits for higher plants .Seeds of plant species from temperate region  require much lower temperatures' than do those of tropical region species .For most of the seeds ,thee optimum  germination temperature range lies between and 15 and 30 C ,while the maximum temperature for germination of most seeds is between 35 and 40 C. Some species, such as alpine ,rock garden species germinate even at freezing point. Russian pig-weed can germinate even on ice Some seeds require a sort of preconditioning or treatment ,stratification or prechilling , for germination
D – Germination at Alternating Temperatures  
   In numerous species ,optimum germination requires fluctuating temperature .This is more prevalent in species having a brief-history of domestication and seems to be associated with dormancy .In one study ,85 species selected from 15 families were investigated .Out of these ,> 80% showed higher germination at alternating temperatures as compared to that constant temperatures .Cynodon dactylon seeds hardly germinate in dark with a constant temperature regime between 20 and 35 C ,but they do germinate when any temperature within this range alternates diurnally with another one that is several degrees lower than the first one .In case Johnson grass (Sorghum halepense ) ,seed germination decreases from 100 % to 75 % when temperature increased from 20 C to 40 C .However ,the germination at 30, and 45 C increases when these temperatures alternate diurnally with sub –optimal temperature that is 10-15 C lower .The freshly harvested seeds  Bidens radiatus  germinate at temperature >25 C .,however ,for germination below 25 C they require a fluctuating temperature  5/ 22 C .
   Many reasons have been suggested for the requirement of alternating temperatures by the seeds of various species .These relate to differential influences of the temperature on sequential steps of germination .In general, these hypothesis suggest that alternating temperature:
1- Cause changes in the macromoleculer entities of seeds, which in their original form prevent germination .

2-  Balance of the intermediate products of respiration .

3- Help to synchronize out – of –phase of  rhythms in the different parts of the seed ,synchronize different interdependent processes needed for germination .

Different authors have identified 9 to 13 attributes of diurnal temperature cycles each of which might be responsible for the stimulation of germination.
E - Light
    Seeds of many species require light for germination .Kinzel in 1926 investigated light response of the seeds of several hundred species and found that almost  50 %  of species exhibited a light response . The influence of light on seeds depends the and species ,genotypes and environmental factors , including pretreatment of seeds .

Light Requirement .Both light quality and quantity influence germination. Thus light intensity , spectral composition ( spectral energy distribution ) and the duration of limits and may interact in various ways to influence seeds .
In general, visible light radiation is required by seeds for germination. The maximum promotion of germination occurs between 660 – 670 nanometers with a peak at 670 nm (red area) since phytochrome (red) has an wave-length .Wavelengths above 700 nm and below 290 nm inhibit germination .However, a second inhibition zone occurs in the blue region (440 nm), whereas between 290 -400 nm a clear effect is not realized.
Photo reversible  Germination ,  Seeds germination may be promoted or inhibited by alternate exposure of imbibed seeds to red and  far-red light , the final effect depending on the wave length of the last exposure .This reversible effect of red –far –red light was first reported in 1952 in case of lettuce .It is now known in many other plant species like tobacco , pepper grass . The photoreversible germination in seeds is coupled with photoreversible chemical compound ,phytochrome .Phytochrome  is a protein that ,in plants exists in two interconvertible forms namely , phytochrome – red (pr) and phytochrome –far-red (pfr) .

In red light ( 660 nm ),pytochrome is converted into its biologically active ,far-red – absorbing from  pfr ;in the presence of pfr ,germination can take place .However , exposure to far-red light (730nm) reconverts pfr to its red-absorbing form (pr) ,which is inactive ;as a result , germination stops when the pr from is present in seeds .this transformation of phytochrome is induced by brief flashes of red \far- red light and occurs continuously, the rate of cycle depending upon the light quality and quantity 
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The above general scheme does not explain all the effects of light .For instance, in Bromus sterilis ,pfr may inhibit germination .In many seeds ,phytochrome (far-red) may pre-exist and originate before the ripening of seeds. In such case, germination may occur in darkness upon imbibition . There are some plants, where a prolonged dark period may also lead to conversion of pfr to pr through a process called thermal or dark reversion.  
Significance of Light Responses: The response of seed germination to light has bio-ecological implications for the survival of species; some of these implications are summarized below.
1- The requirement for specific day lengths decides the seasonal time limits within which germination is possible.
2- The light requirement of seeds helps seeds to avoid germination if they are located too deep in soil from where seedlings can not emerge .Thus, seeds take advantage of dark dormancy for the avoidance of germination at the unfavorable depths.
3- Light requirement of seeds allows them to germinate during soil disturbances when there is less competition by plants destruction of established vegetation Hence ,it maximizes their chances of survival .

4- In many cases ,leaf shade (canopy shade ) reduces germination through induction of dormancy at low temperature .This phenomenon is important in summer and / or autumn after dispersal of seeds since it can avoid germination of seeds dispersed in vegetation .  
Seed and Seedling Vigor
Introduction  
The expression of inherent genotypic potential of seed is dependent upon
the environment, both internal and external .Internal environment refers to seed health , which is crucial for the survival of  both the seed and seedling derived from it .therefore, the most important methods to assess seed quality is to determine seed vigor, which is considered as an index of seed quality.
Seed vigor:  
The concept of seed vigor remained ambiguous till Isley it in 1957 as 
"The sum total of all seed attributes, which favor stand establishment under unfavorable field condition .Subsequently ,several definition of seed vigor with varied emphasis have been proposed .The  AOSA
( Association of official seed analysts USA ) has defined seed vigor  as the sum total of all those properties in seed ,which ,upon planting ,result in rapid and uniform production of healthy seedlings under a wide range of environments , including both favorable and stress conditions (Anonymous,1975 ) The (International Seed Testing Association (ISTA) proposed the following definition of seed vigor .Seed vigor is the sum total of those properties of the seed ,which determine the potential level of performance and activity of a nondormant seed or seed lot during germination and seedling emergence .
Thus , a definition of seed vigor has following essential features ;

I - it is sum total of these properties of nondormant seeds 

II – which lead to rapid and uniform emergence of healthy seedling in th field .
III –under a range of both favorable and unfavorable environments.
Manifestation of differences in seed vigor
   Seed vigor differences may be expressed throughout the life cycle of the plant .These differences are more apparent in some crops and under certain circumstances ,and may be expressed  in term of field germination (percentage and speed ), plant growth and crop yield , uniformity of plant population , morphological abnormalities, and longevity of seeds in storage .

1- Germination :
 Percentage germination in laboratory may differ from that under field conditions due to the presence of suboptimal condition in the field. Besides germination percentage, vigor differences get expressed in the form of differences in speed of germination and growth rate of seedlings .L0w vigor seed lots take greater time for seedling emergence than do those from high vigor lots .The longer the time taken from the start of germination to the emerged seedling, the most vulnerable stage in any plants life cycle ,the greater is the chance of mortality from either physical stressor pathogen infection .

   2 – Plant growth and crop yield:
Exponential due to the near absence of competition for growth resources.

Therefore, a difference of few days n seedling emergence time can result in a manifold difference in subsequent growth of plants. Time of seedling emergence has its largest effect when the spread is large ,when seedling have a high relative growth rate ( warm moist condition and fast growing species ), when between –plant competition is intense (at high plant densities ),and when harvests are made not long after seedling establishment .The possibility that plants grown from low vigour seeds may yield less than those grown at the same density from seeds of high Vigour is expected but not so easy to demonstrate convincingly .
3 – Morphological Abnormalities:
Some of the common structural abnormalities observed in low vigour seeds are loss of storage tissue, injury to meristematic tissues of plumule or radicle, damage to vascular connections , presence of abnormal embryos .

4 – Longevity of Seeds:
Vigor differences in seeds are also observable in the longevity of  seeds storage even among lots with similar high levels of germination . The length of time that embryos retain their viability varies enormously among species, periods ranging from few days to several thousand years have been reported in various crops .The influence of maternal genotype is more pronounced in the expression  of seed longevity .although genetic  constitution of the seeds themselves does have some influence .
Factors Responsible for Seed Vigor Differences  
    The basis of differences in seed vigor basically lies in just two processes , ageing and imbibitions , and all tests of vigor and improvements in vigor can be explained in term of these two processes .Many other factors contribute directly or indirectly towards seed vigor differences  through their influence on ageing or imbibitions . these factors

Include genetic makeup , seed development / seed maturity ,mechanical damage ,microbial activity ,seed size and density ,and environmental factors ,such as ,temperature , moisture ,soil fertility .

1 – Seed ageing and Deterioration:
    Seed ageing, both pre- and post – harvest, is the major factor, which decides the germination and vigor of seed lot. Viability loss due to ageing causes seed death, but other symptoms precede it. Avery common symptom of deterioration is the appearance of morphologically abnormal seedling on germination .There is considerable evidence that the period of time from the point of time when a seed becomes defective ,produces abnormal seedling ,till it dies ,is the same for all the seeds in a given population . Since the distribution of seed life span is normal ,the proportion of abnormal to normal seedlings in a germination test will vary in a peculiar but predicatable manner, which does not depend on storage condition ,but depend on the relative time before death after a seed had become defective .

2 – Imbibition and Vigor Loss:
   Imbibition refers to the physical process of water uptake by air – dry seeds. This process depend on the matrix potential generated by long chain molecules in the cell of an embryo when it gains free access to water .Very often rapid imbibition causes cell damage on the surface  of embryos leading to a leakage of cell solutes .Under field condition , the occurrence of imbibition damage is greater under high soil  moisture  coupled with low temperature than under normal moisture and temperature .Such injuries are more common in crops of subtropical origin ,such as  phaseolus vulgaries and soybeans .Seeds that are aged or damaged or are excessively dry show substantially greater injury due to rapid imbibition .The mechanism of imbibition damage has important practical implication not only in the commercial production of crops but also in germination tests where even normal viable seeds may fail to germination under  conditions favouring rapid imbibition .Both the genotype as well as the physical conditions of seeds influence the occurrence  and the degree of resulting damage . Therefore , suitable genotypes may be identified for minimizing or even avoiding losses due to rapid imbibition damage and thereby ,reducing the proportion of low vigor seeds in the final seed lots .

Seed and Seedling Vigor Stimulation                  
    These can be grouped into the following two categories :
A – Pre –Sowing Treatments

     1 – Seed Singulation

 Seed singulation refers to coating of seeds with certain substances ,bentonite clay , to form pellets of desired size .Seed singulation by placing individual seeds on plastic or paper tape followed by planting of the tape has also been proposed .Obviously ,such techniques allow a grower to modify the seeds into such entities that are better suited to planting conditions ,especially in crops having very small seeds .Seed pelleting provides a better scope for space –planting and ,consequently, saves the cost of thinning ,but it tend to reduce the rate of seedling emergence .

      2 – Seed Soaking in Water 
Presoaking of seeds in water for few hours before sowing improves 

vigor in certain crops ,such as ,cereals and pulses . Seedling from presoaked seeds emerge earlier than those from untreated seeds, especially in light and dry soil .
3- Seed Treatment With Chemicals

A number of chemicals, boric acid, ascorbic acid, kinetin, gibberellic acid, naphthalene or indole acetic acid, potassium nitrate, potassium phosphate ,sodium chloride ,zinc and other micronutrients, have been suggested by various workers for promoting seed performance .In case of   

Vegetables like tomato and cucumbers, fermentation of seeds in the respective fruit juices for few days' increases seedling vigor.
    4 – Seed Treatment with Physical Agents
Certain physical agents, on fra-red and radiofrequency radiation, fast plasma and magnetic fields ,have been evaluated for stimulation of seed vigour .bean seeds were subjected to a magnetic field for 240 hr and then were planted with their microphyles facing the north pole. However, this treatment combination of physical agent is not a suitable means of stimulating seed vigor for commercial cultivation.

   B – Post – sowing Treatments 

  Application of micronutrients, particularly molybdenum, and other chemicals during seed development and maturation has been observed to produce seeds having improved vigor. Therefore, such applications in seed production fields have been suggested with a view to produce seeds having enhanced vigor.
  Factors Effecting Seed Viability and Longevity
1 – Internal factors:
      Physiological  and physical status of seeds ,genetically properties ,human treatments and transportation  effecting on the storage seeds life .Genetically there were a variation among species in storage capability ,depending on seeds hard coats , impermeable, as in legumes family (except field nut ) ,some economically important seeds have short life as lettuce ,onion ,field nut and carrot . About cereal seeds, oats have higher capability of storage, the ray, wheat, barley, and corn medium capability for storage. Therefore, many scientist try to improve the storage ability of corn seeds, they believed that, they could found the responsible genes for long life in corn inbred lines through back cross breeding, and the weak and short life seeds correlated with two genes on the chromosome 10.
2 – Correlation between seed structure and chemical composition with viability and longevity :

    Many kinds of seeds which have coat keep seed viable for a long period ,the coat and hay not allowed the rot growth during storage .Therefore, seed remain viable for along period , while others revere it for mechanical injury to the seed during threshing process. Robert (1972) reported that ,small seeds are less mechanical injury from large seeds .

  The hard seeds impermeable to water as in legumes (except nut )have longer life than water permeable seeds .The oil seeds remain viable for short time ,less than the high protein and starch seeds .Therefore ,the oil seeds treated with  (Ethylene chlorohydrin )to stop the seeds oxidization then remain viable for long period. 
3 – Correlation between degree of maturity and viability : 

    Physiological maturity  denotes that stage of development when a seed reaches its maximum Seeds less viable ,longevity and vigour than mature seeds .The seed size correlated with its age because seed size determine the degree of maturity , Therefore , preferring the heavy and mature seeds than light and immature seeds .

4 – Seed moisture content and its correlation with viability  :

    When moisture increase in the orthodox seeds ,viability and longevity decrease .Therefore ,the seed must be dried to decrease its moisture to safety level for storage ,and not dry too much because it cause the mechanical injuries or seed broken ,so it became easy for fungus attack .
5 – Correlation between injuries and longevity:

    An appropriate harvesting and threshing technology for crops ,when seed are fully mature with out any mechanical injury .But all seeds in plant population do not mature at the same time ,therefore ,some percentage of immature seeds is also harvested along with the mature healthy seeds .When the percentage of immature seeds is relative high ,it affects the viability of seed  lot since such seeds have poor viability . It is not practical to harvest seeds at different stage as in costly ornamental plants .(Seeds are harvested at different stages of crop growth ) .As result ,judgment of the right time of harvest is of vital importance ,Since delay in harvest time ,often causes  yield losses due to shattering .

    Physical injuries at the time of harvesting and threshing may also reduce seed viability and longevity .The damaged seeds normally have poor germination ,even if the damage is not sufficient to cause an decline in seed viability, it may still reduce seed longevity by making the seeds prone to attack by storage pathogens .

6 – Pre – harvesting environments affecting viability:

    The environmental factors ( temperature ,light period ,mineral nutrition , rain ,soil moisture )affecting seed viability due to adverse environmental factors , such as , high humidity ,temperature , insects , pests ,diseases . Storage seed must be mature, normal size, healthy, disease free, and dry.
7 – Effect of climate condition during seed maturity on seed viability    
      It's more obvious that climatic conditions effects on the seed viability and storage period. there are very dangers effect of high seed moisture  ,temperature and frost on the seed during last stage of maturity and after maturity in the field . They found that the harvested seed after maturity and storage with out thresher have longer viable period and longevity .The positive correlation were found between germination per. and temperature at 10 -30 days before harvest
Took place. Participation of the rain during maturity cause wheat seed germination on the spike ,this phenomenon called ( vivipary ) ,this linked with amylase enzyme activity which digest part of starch.The long period of early frozen when the corn still in the field and high moisture content caused high seed deterioration .

8 – Effect of storage condition on the period of seed viability :

   A – Relative humidity and temperature of the store 

       It’s the external factors which affect seed viability period ,must cereals seeds loss its viability very fast when the relative humidity is about 80% and store temperature between 25 – 30 C .It is possible to maintenance  or keep the viability for  10 years or more at 50% relative humidity or less and temperature at 5 C or less .According to Harrington (1972) ,the total of relative humidity and temperature degree in F must not exceed (100) for safety storage . In general at 5C and 45 -50 % relative humidity many cereal seeds can be storage safety for 10 years or more.
  B – The equilibrium between seed moisture and relative humidity of stores air 

     The hygroscopic nature of seeds organized the seed moisture content in equilibrium with store relative humidity, this equilibrium happen when the seed not absorb or loss the moisture .The curves of hygroscopic equilibrium called also (Resemble temperature absorption)
The curve like (S) (sigmoid) Contain three recognized stages represented three different Stages for water absorption or losing .The first stage represented linked water ,it’s a part of chemical structure of the seed ,this kind of water can not removed it with out deteriorate the seed tissues .The second stage represented the water liked less strongly than first stage . The water at the upper part can be removed easily by drying, and lower part represented the very strong linkage and it very difficult to remove .The water at upper part of second stage ,significantly affecting the seed deterioration during the storage .the third stage represented the water which linkage very weakly as free water between spaces, and can removed very easy by drying .If this water not removed ,it cause seed deterioration . As well as ,there were other factors affecting this balance as chemical structure of seeds ,the seeds with high protein and starch are more hygroscopic than oil seeds .Therefore ,the starchy seeds contain moisture more than oil seeds at the same relative humidity , maybe because the seed cannot absorb the water and linked strongly ,this caused accumulation of water very fast and caused deterioration of the oil seed as in flax ,sunflower ,and soybean comparing to starchy seeds .

The temperature has its affect on seed moisture balance with air relative humidity , with increase temperature 10 C the seed moisture decrease  2% ,reversible ,with decrease 10 % the seed moisture increase 2 % .

9 – Gas composition in storage air:
     Its clear that the essential factors limiting longevity of storage seeds are the ,temperature ,seed moisture and oxygen pressure .Decrease the temperature and moisture caused extension in orthodox seeds longevity for many years .General response is ,the viability period increased with increase these three factors .The air contain 20% O2 ,0.03% CO2 and 80% N .They found that with increase in O2 concentration, the seed will loss viability very fast For many species as, corn . But the air contain high CO2 concentration increased the period of viability as in (onion ,lettuce ,red clover ) and the air with high N delay deteriorate of wheat seeds ,but accelerate the deteriorate of onion ,red clover seeds . In other study on seed viability for  50 species ,they found that the viability not change after 10 years of storage because of ( vacuum – sealed storage ) (with out air ) ,This explain the seed in the deep soil keep its viability due to gas composition and no O2 and increase in CO2 which caused decrease in respiration rate and physiological processes .               
                                                 SEED PROCESSING

     Introduction

           Seed processing means improving the quality of harvested seed through a series of operation, drying, cleaning, testing, treating, bagging, and labeling. in almost all the cases, the quality of seeds after harvest is not satisfactory and seeds do not meet "minimum seed standards " The seed at harvest may carry contamination from inter matter, weed seeds at quantities greater than the minimum prescribed limits .the seed may show wide variation for size, may possess high moisture, and its germination may be unknown. Therefore, this seed cannot be marketed without proper processing. Seed processing is considered integral part of all seed production programs because improper processing or lack of processing would surely mean that the entire effort in cultivating the seed crop is in vain.
The ultimate aim of seed processing is to improve the real value or utility percentage of seed .Real value of seed is a function of purity ( % ) and germination ( % ) and is indicative of pure live seed in a given seed lot . It is defined as the percent seed of a seed lot that will give rise to normal seedlings of the variety in question. 
                                                Purity (%)   x  Germination (%)  
        Real value of seed % = -----------------------------------------------
                                                                 100    
Seed lots having higher impurities and\or lower germination than prescribed standards possess lower real value and thus considered unsuitable for raising a seed or commercial crop.
  Objectives of seed processing: 
        Seed processing is a wide term and is not limited to improving seed quality alone .Besides removal of adulterants ,it includes such activities that help maintain the viability of seed ,facilitate seed handling and provide information to buyers about the seed standards. Thus there are the following four basic objectives of seed processing.
1- Improving the seed quality by removing adulterants and / or unfit seeds.
2- Taking such preventive measures that maintain seed viability.
3- Providing information about seed quality standards to the prospective buyers 

4- Making seed handing easier.
The above objectives of seed processing are achieved through a series of operations.
Removal of physical impurities and unhealthy seeds is achieved through cleaning and grading. Seed viability is sustained by optimum drying .Seed quality standards are determined through seed testing for purity ,moisture and germination .Seed treatment and use of appropriate bags prevent seed damage during handling and storage .proper bagging also makes seed handling easier .Further ,the use of designated tags facilitates seed identification and handling .Thus seed processing involves the following five steps : 1- drying 2- cleaning  3 –seed treatment  4 – seed dressing  5 – bagging and labeling. 

1-Seed drying   
   Seed drying refers to reducing the seed moisture to safer levels .It is the purpose of sustaining seed viability and longevity by minimizing attacks by storage pests and pathogens ,and by avoiding heating damage due to higher respiration rates in moist seeds. When a seed attains physiological maturity ,its vigour and capacity for germination are the maximum .However ,at this stage ,seed moisture is also high (generally 30-40 %) , which is not at all safe for seed longevity .As a result, seeds harvested at this stage deteriorate quickly during storage .In cereal ,if seed has moisture of 12-14 %,it can lead to mould development ; moisture at 16% or higher leads to heating damage due increased rates of respiration and microorganism activity may begin. If moisture is further higher (35-60 %) seeds may germinate under favourable temperature and humidity (or rain ) and may lead to sprouting or vivipary .therefore, either the seed is harvested at maturity suitable for its safe storage ,or the seed is dried to bring the moisture below the danger limits . Seed drying may be done before or after seed cleaning mainly depending upon the facility available .However, usually it is done after pre-cleaning, removal of particles that are either small or larger than the seed.

   A – Principle of drying 

      Seed is biological entity of which water is an essential part .Because seed is living and hygroscopic in nature ,drying must take care of the following two factors  (a) the  water- vapor equilibrium and (b) probability of the occurrence of seed injury .
1 –water –vapour equilibrium 

       Since seeds are hygroscopic ,movement of moisture across seeds will depend upon the water vapour differences between the seed and the environment surrounding the seed. The  seed can be dried only when the water –vapour pressure of seed is higher than that of the outside environment .But when the situation is reverse ,seed will absorb moisture from the environment .If the values of the two vapour pressure are equal there is  water- vapour equilibrium .No movement of water will take place .

2- Probability of seed injury 

Seed is a living entity. A result .seed is also affected by all those factors that influence life .A vapour pressure gradient away from seed is created during drying ;the greater the degree of the gradient ,the faster will be drying .But are susceptible to heat; in general, seed can survive up to 110 F. Hence, drying should be at temperatures that are less than 110 F .Excessive drying too rapid drying may also cause seed damage. In addition ,mishandling of seeds during drying may cause physical damage or injury to seeds .
How to dry seeds 
         Seeds can be dried under natural conditions, under the sun, or with the help of an artificial system, driers, sun drying is possible only in tropical climate where long bright sunny days are frequent. However, sun drying even in these areas is not possible during the rainy season. Artificial driers are of different type .The type of drier to be used depending upon the volume of the seed and the length of the drying season. Generally ,seed driers are the following five types  1- bag drier 2- box drier 3- bin drier 4- flat storage drier 5- continuous flow tower drier .
    Bag driers and box driers  are used for seed lots of small size .Bag drier are especially suited for the situation when many varieties are handled and seed from field is obtained in jute bags .it is cheap and easy to make .in box drying .instead of bags ,boxes of suitable design having perforated bottoms are used .Boxes are kept over the drier and once drying is over ,are replaced with other boxes . Bin drier  are used when seed lots are larger than 5 tons Bins having perforated floors are widely used in many countries .Some time ,multi-bin installation are also used .When large seed lots of one variety are to be dried , flat storage drying is used .Continuous flow tower driers are used when large quantities of seed are to be handled . 
 Design of the drying equipment
     Drying machines usually the following two components (1) blower or fans to throw air (2) heater to heat the air to be blown .The size of fans varies according to the amount of air required for drying, which in turn, depends upon the thickness of the seedbed .In bin or flat storage driers, fan should deliver 8m2 air per minute per cubic meter of seed. the heater should be of such type that generates warm air of 43 C temperature since beyond this temperature the probability of seed injury increase. Heater may be based on gas ,petroleum or electricity .The size of heater will depend upon the size of the seed lot to be dried or on the total airflow required for drying. During drying shaking or turning of  bags/containers at regular intervals permits better drying. Use of heater increase the cost, but it is preferred in order to avoid objectionable small to the seed.
2 - Cleaning and Grading           
    Cleaning refers to the separation of physical impurities like trash, dirt, and weed seeds. from the seed lots .In contrast, grading is removal of under –sized \under-weigh seeds from seed lot .Before cleaning and grading ,a pre- conditioning of seed may also be done , preconditioning  refers to operations that prepare or condition the seed for further cleaning and grading .Some examples of  preconditioning are ,shelling in maize ,pre-cleaning debearding (de-owning) in cereals. Shelling is required in maize when harvesting is done by hand or by corn pickers. It is not necessary when harvesting is done by combine or picker- Sheller.
3 - Seed Treatment

Seed treatment refers to exposing the seeds to certain agents, physical or chemical, which are able to protect them from pests and provide good health to seed and the emerging plant.    
In other words, it is biological, chemical. Mechanical or physical process, which is designed to control seed-borne or soil –borne microorganisms resulting in the emergence of healthy seedlings and plants , Apure seed having high germination and vigor is of little value if  it is not healthy and free from seed-borne pathogens\pests. The knowledge about seed-borne pathogens is important because of the following reason:
1- Infected seeds are a source of viable inoculum, which under a congenial environment, may cause disease that can lower crop productivity and quality.
2- Infected seeds may fail to germinate and, thereby, tend to reduce yield.
3- Such seeds can lead to the introduction of pathogens into new area, where the seeds are taken.

4- They also render the crop unfit from the point of view of "minimum seed standards "due to a higher level of inoculum present in the progeny seed.

Seed may be infested by different kinds of pests and pathogens, such as ,bacteria, viruses ,fungi ,nematodes and insects .these may either cause damage to the seed or may simply use seed as a vehicle for their spread to the following generation as smuts of cereals .Therefore ,all seed lots are treated with suitable pesticides ,generally fungicides ,after cleaning and grading. Seed treatments are helpful in the following two ways:

1- They prevent infestation during storage and thus keep seeds in good health and maintain seed quality.

2- They control seed borne-diseases and thus save the progeny crop from being damaged.  In addition ,treated seeds also show better germination in the field due  
Seed treatment in broadly of the following two type :

1- Temperature  treatment .

2- Chemical treatment ( seed –dressing or fumigation ) .        

1- Temperature  treatment 
It consists of exposing seeds to such a high temperature, which is able to kill the pest\ pathogen (external or internal) associated with the seed without damaging seed viability .Temperature treatment may be given by using hot water, hot air or direct exposure to the solar radiation .Before the invention of systemic fungicides in 1960s, heat treatment used to be the common method of keeping seeds free from pests and diseases. For example, cereal seeds were given a 10 minutes hot water (54 C) treatment after pre-soaking them for about 5 hours (at 36-40 C )solar treatment is still practiced in many countries having hot climate.
2- Chemical treatment 
Now a day ,chemical treatment widely used method of seed treatment .A large number of chemicals are available in different formulations ,such as ,dust ,wettable powder or  liquid .Some of these have broad range ,while others have narrow range of action and can control only a specific pest or pathogen .Therefore , the user must have a knowledge about the suitability of these chemicals with respect to the target pest .
4 - Seed Dressing 

There are two classes of seed treatment chemicals  (1) disinfectants  (2) protectants . Disinfectants inactivate the organisms present on seed surface ,organo-mercurial compounds like Agroson  GN, Cereson . protectants , ,on the other hand .protect seeds from attack by seed- born and soil –born pathogens, Thiram ,Captan ,Chloranil . Organomercurial  are injurious to seeds ,particulariy to cracked seeds .Therefore ,they are used when disease incidence in the seed crop necessitates it and in crops where seed is not easily injured ,in rice ,wheat ,barley, cotton, Organomercurial are not used in such crops as maize ,bean ( P.vulgaris )  peanut and vegetable seeds . An appropriate insecticide is often combined with fungicide to protect seeds from insect damage  .
The chemicals may be applied as dry powder or in the form of slurry, the latter
Provides a more uniform coverage and is commonly used.
Fumigation 
It is widely used method for the control of storage pests .In this approach ,a volatile  chemical is used in an air-tight closed chamber (fumigation chamber ) ,room or warehouse. The main advantage of fumigation is its ease in use, and its ability to control all target due to the inherent capability of gas fumes of the chemical to reach almost all seeds and spaces .The two most commonly  used fumigants are aluminium phosphide and  EDB (ethylene-di- bromide ) . Both fumigantes are toxic to insectc pests,but their application varies slightly due to the difference in their specific gravity. Phosphine has almost similar specific as air, while methyl bromide is 3.5 times heavier than air, Hence , EDB easily occupies the entire space when applied on the top of the chamber . The aluminum phosphide tablets are distributed evenly in the chamber because of its inability to move downwards.
Most of seed treatment chemicals are hazardous to human or animal health ,therefore 

, care must be taken during seed treatment to avoid any harm to the handler or the user . Some of the essential points to be remembered are as follows:
1- All treated seeds must be labeled as "treated and unfit for consumption "
2- Seed treatment should be performed in a safe place following standard application methodology .

3- Protective gloves ,clothing face masks ,should be used during treatment to avoid contact with the chemical.

4- After seed treatment ,all empty containers and other residues should be disposed off properly . 

5 - Bagging and labeling   
  After seed treatment, seeds are packed in bags of appropriate  quality and size . The basic objective of bagging is to ensure easy safe seed handling during storage , transport and sale .thus seed packaging is like a small storage container .the choice of the type and the size of packaging material depends upon several factors ,including (1) crop and amount of seed to be stored, transported or offered for sale .(2) the production needed cost of packing (3) storage condition under which the container is to be placed .
In general, the packaging materials are of the following three types:

1- moisture –vapour permeable as, jute, cloth, paper, bags.

2- moisture – vapour resistant as, polythene .200-300 gauge ,laminate jute bags. 
3- moisture-vapour proof as, tin container ,polythene bags ( >700 gauge ), aluminum  foil ,in case of larger quantities ,bags are generally made of jute .In small quantities ,as hybrids of vegetables ,seed bags are made of good quality paper or aluminum pouches .Seeds of floricultural crops are packed in moisture – vapour    proof  containers .The vapour  proof  containers should also be used in high  humidity locations with inadequate seed storage facilities .

All seed bags must carry printed  information  about  the  crop ,variety , class of  seed 

and name and address of the producer.  Bag should also be labeled  with  tags 

purity (%),  genetic  purity (%) , moisture (%) , germination (%) ,date of germination These tags are attached to bags, and they must carry signature of the  authority  under      

which the seed has been produced .      
Seed Certification
Seed certification is quality system ensure that the farmer handling seeds have the (genetic purity) characters (variety characters), Physical characters (clean seed), germination ability and disease free.
 There were many eligible systems for seed certification in many countries on international level. The seed certification low according to (OECD) Organization For Economic Cooperation and Development, and according to the system of (AOSCA) Association of Certifying Agencies. Both organizations have a variety evaluation as:
1- Eligibility of varieties :

The released varieties represented the varieties which evaluated for Distinctness ,Uniformity , and Stability .All these characters summarized in (DUS) .As well as its evaluated for high production ability and agronomical performance .

2- Seed Classes :

Its special evaluation for stages of seed production of the seed classes (orders). According to official association. This division is different according the system of association .In Iraq, the division is as follow:        

 
Breeder seeds

         Foundation seeds 

        Registered seeds

        Cerified seeds  
  3- Seed Quality

     There are many stander characters to recognize 
each class (order) from others .Only the evaluated and realized varieties, which have quality characters conditions, can be handling or sending to the seed producer and farmers. These seeds must controlled by seed testing and certification organizations .At all production stages begging with the source of seeds , sowing , field inspection at growth stage ,pollination , isolation distance ,harvesting ,transportation and control after harvest .

    Evaluation of quality factors: 
Including the contaminations at high seed orders field as genetic and physical contaminations and disease contamination.

1- Genetic contaminations: Its results of cross pollination for the cultivated variety with pollen grain from other variety. This depends on the isolation distance and field free from off-type plants.
2- Physical contaminations: The mixed of seeds with other seeds from different varieties or weed seeds.

3- Disease  contaminations : Its produced because there are plants from the same variety crops carrier for the disease .

Some important factors for quality evaluation:

1-  Off-type plants and other varieties 
The plants which produce seeds different genetically, because of cross pollination or mutation .The off –type plants and other varieties revered to the same crop but its different in one or more characters .so, Roguing is the removal off-type plants from the field . 
2- Associated seeds 

Seeds of other crops which associated with the seeds of cultivated crops . If the physical characters of associated seeds are similar to the cultivated seeds, it caused adifficulties to clean it as mixed wheat and barley or oats.

      3-The weed seeds 

          The very dangers weeds in the seed production field as:

       A- If the weed seeds are physically and phenotypically similar to the cultivated  

           seeds, this caused difficulties in cleaning and isolations .   
       B- The competition between weeds and cultivated plants.
       C-If weeds reproduction in nature is developed, so, it's difficult to control it .for    
           Example weeds reproduction by rhizomes or produce high number of seeds.

4-Disease carrier plants:
  The plant disease produced by fungus or by virus or bacteria or nematode .The seeds Carrier the disease on the surface of the seed or inside the seed ,these disease would Transfer to the next generations .Therefore, it must isolate the carrier seeds and Plants .

   Field Inspection:
     Field inspection refers to the scrutiny of seed production plots by a team of qualified persons .The  primary objective of field inspection is to ensure that the seed production pertains to the designated variety and that it has not been contaminated genetically or physically beyond certain specified maximum limits .Field inspections also ensure that the steps necessary to minimize genetic and physical contamination  have  been taken properly and in time to make them effective . 

General field observation :

The observation made during field inspection by walking in the field .The observation taken about homozygosity of the variety and determined the following points :

1-The variety .

2-Diseases incidents  % estimation .

3-The weeds .

4-Isolation distance .

5- Stability of variety .
6-Yield  expectation .

7- Fixed the preceding cultivars.

8-Applied agricultural practices.
Samples of field inspection :

     To excepted or rejected the field ,it must be determined the percentage of the contamination in the field ,therefore ,the field will divided to smaller area lands known as field count .Each field sample divided to 5-6 field counts distributed in different locations in the field . The field inspectors before they arrived to the field , they must have information about the variety ,seed order which cultivated , source of seeds , planting date ,field location and the distance to the source of contamination .  
When inspector arrived ,he begin to determined the area according to the plant species .For example in cereals the area of each field sample or field count is (10 m2).one field sample determined for each (5 ha ) or ( 20 Donum )  .Then the inspector estimate the contamination as off-types ,other variety ,% of disease incidents ,weed %.The    calculation % of each contaminate depending on the number of plant in (10m2).

Inspection condition and crop fields acceptance

1- The inspection field area must not be more than (300 Donum) ,if its more ,its consider as second field .

2- The lodging plants ratio not exceed than 1/3 of the total plants.
3- The plant growth and fertility of spikes must be normal to produce yield at an economical level.

4- The isolation distance must be according to the standard .

5- Field must be clean from genetical  and physical contaminations and disease free.

  Libratory seed testing before cleaning:

This procedure used when there were no harvesting control at the field ,those the conditions are variance from year to year depending on the cleaning ability .The tests include   :

1- Cleaning the unviable materials, as hay plant parts or spikes ,soil and stones .All of   these can be cleaned by cleaning machines .

2- Cleaning from seeds of other crops ,its very important test to get the field certificate .If confirmed that the field is free from other crops as wheat field free from barely ,but then appear some seeds ratio from other crop with wheat seeds ,it mean that ,there are mechanical  problems during harvesting or transportation or cheating  by farmer during marketing .The same thing about weed seeds.

3- Cleaning from different varieties ; many testing were done depending on the physical and chemical differences between varieties during that the determination of contamination ratio with other varieties done ,mostly the yield not accepted if there were any small  ratio of contamination .

4- Disease free.
5-General testing  for seed moisture contain and to be sure that the seed is new and not damage mechanically .           

  Laboratory seed testing:
      After the seed cleaning  done at seed production company ,the sample of seeds were taken directly from the yield  and at the last step of cleaning  (it is crading stage) using isolation instrument according to specific weight .The sample were taken and mixed  by hand to make it uniform ,then seed bagging and send to laboratory for testing according to 

(ISTA) Organization (1985) which include physical purity ,germination % ,moisture % ,genetic purity ,seed health . Some time other test like germination vigor , viability ,1000 seeds weight . Each seed order have  its category for laboratory testing .

Bagging and labeling:
    After cleaning , grading and seed treatment ,the seed will bagging according to the seed order .The label contain information about species and variety ,year of production ,purity % ,other seeds % , weed seeds %  ,germination % . Different label color were used to each order of seed:
White    = Foundation seeds .

Blue      =  Registered  seeds .

Red       = Certified seeds.   
Yellow =  Commercial seeds .
Course Book 

Seed technology:

It is the creation and application of the knowledge to seeds for its better utilization in agriculture. 

Seed technology deals with every thing about seed uses in crop production. Understanding the basic aspects of seed quality, seed development, its survival, vigor, longevity, germination. 

Objectives: 

Increasing of agriculture productivity by using improved seed high yielding varieties and possibility of multiplication of varieties, make sure that the improved seed will be used and seed supply at time before planting date.
Contains: 

1st week: seed technology definition and seeds.

2nd week: seed dormancy, type of dormancy, biological significant of dormancy, factors conditioning dormancy state.

3rd week: exogenous dormancy. 

4th week: endogenous dormancy. 

5th week: methods of breaking dormancy. 

6th week: germination, type of germination, stage of germination processes. 

7th week: factors affecting germination, internal and factors.

8th week: external factors. 

9th week: seed and seedling vigor.

10th week: seed and seedling vigor stimulation. 

11th week: seed processing. 

12th week: seed treatment, seed dressing. 

13th week: seed certification, field inspection. 
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Question examples:
Q1 / improved seed, seed…
Q2 / type of dormancy. 

Q3 / some herbicides stops germination.   
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