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Abstract

      India's agricultural methods rely heavily on the utilization of newly produced, superior varieties which are the economic backbone of the nation. The notification and denotification mechanisms utilized by the statutory varietal release system are crucial for regulating seed quality in India. In India, private seed companies and ICAR-affiliated institutes collaborate with state agricultural colleges and the ICAR to develop new crop varieties. As a general rule, the upgraded variety must outperform the national and state check varieties in terms of yield and this is ensured by completing several multilocational evaluations at various levels. This chapter discusses the regulation of the Indian variety release system, the several levels of evaluation and the relevance of notice and denotification. The scientific community will be able to use this information to recommend better varieties for widespread cultivation by farmers.
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INTRODUCTION


The agricultural sector is the backbone of India's rapidly developing economy. Agriculture and the sectors that are closely tied to it are the primary sources of employment and income for around 70 percent of India's total population. When it comes to agriculture, the seed is considered to be a fundamental and essential component. Until the 1960s, the main concern on the Indian subcontinent was the creation of high-quality seeds. Prior to that, India's reliance on American food grain (PL480) to combat famine and feed a vast population was mostly inescapable. The government of India developed All India Coordinated Research Projects (AICRPs) and other institutes in a methodical manner in order to produce a large number of varieties of important crops with guaranteed seed quality. This was done to minimise the country's dependency on nations beyond its borders for food, to meet the food and nutritional demands of a growing population, and to become more self-sufficient in the production of food grain. Producing seeds of a superior quality was one of the cornerstones of elevating the standing of Indian agriculture within the new order of global agriculture, which was established in the 1960s. The end goal was to make newly produced high yielding cultivars available to farmers who had little resources so that those farmers may plant a wide variety of crops in the location where the cultivars were adopted. This was the final goal (Chand et al. 2021).

 In 1955, the Essential Goods Act was passed, and it was under this law that the Indian government acknowledged seed to be an essential good. In October 1964, the Central Variety Release Committee, also known as the CVRC, was founded at the central level, and at the same time, State Variety Release Committees, also known as SVRCs, were established at the state level. The Ministry of Agriculture, Cooperation, and Farmers' Welfare was responsible for establishing the Central Seed Committee (CSC) in accordance with the Seeds Act of 1966. In 1969, the CSC took over the responsibilities of the CVRC in order to make certain that the kinds and varieties of seeds that are available for purchase are of a high quality. To carry out these functions at the central level, the CSC established a central sub-committee on crop standards, notification & release of varieties for agricultural crops and horticultural crops. On the other hand, the State seed sub-committees were established to carry out these functions at the state level George Raymond (1999). The ultimate goal of any breeding effort is to develop varieties that are superior to the ones that are already available in terms of their ability to produce yield, resistance to disease and insects, and other features. 

There are many different approaches to breeding, and each one is aimed to assist the breeder in generating superior strains. In order for these strains to be used for commercial purposes, they need to be officially recognised as varieties by either the central or the state variety release committee. This release is based on conclusive demonstration that new strains are superior to the best existing varieties in terms of yielding ability or in some other feature of economic importance, such as resistance to disease, tolerance to drought or salt tolerance, etc. This release is based on this demonstration. As a result, new strains are subjected to rigorous testing for performance, disease resistance, quality, and other criteria in multilocation trials carried out under the umbrella of All India Coordinated Research Projects on a wide range of crops. Before adding the new strains to multilocation tests, the breeder should test them at his station to make sure they perform better. For the purpose of making it easier to describe the process, the numerous steps involved in releasing a strain as a variety can be broken down into the three categories that are listed here: (1) evaluation, (2) identification, and (3) release and notification.
VARIETY

 A variety is a genotype or collection of genotypes that have been released for commercial production by the State Variety Release Committee (SVRC) or the Central Variety Release Committee (CVRC) and notified by the Indian government. Varieties are also known as cultivars (cultivated varieties) (George et al., 1999).
A VARIETY MUST FULFIL THESE CHARACTERISTICS, VIZ.:
(1) Distinctness

(2) Uniformity, and

(3) Stability.

1. In order for the variety to be considered distinct, it must have at least one morphological, physiological, or biochemical characteristic that sets it apart from all other cultivars that are already in existence.

2. Uniformity suggests that the variety should be pure and have a uniform appearance, while stability means that the variety should perform consistently across generations.

3. To put it another way, when the variety is produced or reconstituted, it should have the same distinctness and uniformity that it had before for an acceptable amount of time.

NORMS FOR THE RELEASE OF NEW VARIETY:  

Aside from distinctness, uniformity, and stability, the new variety should outperform previously released crop types in one or more of the following aspects such as:

1. The potential for the production of grain, oil, fibre, fodder, vegetables, or any other type of economic good.

2. Resistance to biotic (including diseases, insects, and parasitic weeds), as well as abiotic (including drought, salinity, frost, cold, heat, and metal toxicity, among other things) stressors.

3. The quality of the oil, fibre, protein, fodder, vegetable, grain, and other products.

4. Length of time spent maturing (earliness).

5. Adaptability refers to a plant's potential for widespread cultivation in different range of environments.

6. Machine harvesting suitability

Development of New Variety:

Plant breeding is the process of developing new varieties of plants, known as cultivars, which are then made available for use in agricultural settings.

The development of a new variety is primarily determined by two aspects, namely:

(1) The mode of reproduction of the crop species, and 

(2)  Breeding method used to create the new variety.

Selection without hybridization produces pure-line, mass-selected, and clonal varieties. Hybridization and selective breeding are two processes that are involved in the development of certain varieties. This comprises cultivars that were created through methods such as pedigree, bulk, and backcrossing. It also contains multiline cultivars.

After its initial release, each of these varieties will continue to be cultivated for a number of years. Some varieties, such as hybrids and triploids in species that are propagated from seed, require that new seed be created from scratch each year in order to continue breeding (i.e. watermelon). Some varieties, such as mutant and transgenic types, are produced by the application of specific breeding procedures.
Below is a description of plant breeding varieties developed through different breeding methods:

i. Pure-Line Variety: 
It is cultivated in self-pollinating plants through pure-line selection. The offspring of a single homozygous plant that has been obtained through the process of selfing are referred to as pure-line offspring. This particular variety is developed from a single, top-performing offspring. Always a heterogeneous population is employed as the foundation for the production of a pure-line variety that is known as the base population. A population that is both homozygous and homogenous is known as a pure-line variety.
ii. Mass Selected Variety: 
This variety is developed in both species that are self-pollinated and species that are cross-pollinated. On the other hand, self-pollinating plants are less likely to undergo mass selection than cross-pollinating plants. When it comes to crops that are capable of pollinating themselves, a mass selected variety is made up of multiple pure lines. To put it another way, it is a combination of a number of different pure lines.
Therefore, it is a population that is homozygous yet heterogeneous. In the case of species that are capable of self-pollination as well as cross-pollination, a mass selected variety is a mixture of numerous homo and heterozygotes. This results in a population that is both heterozygous and heterogeneous. A mass-selected variety has a vast genetic base and can adapt to a wide range of environments.

iii. Clonal Variety: 
This type of variety is developed in crops that are propagated asexually, such as potatoes, sugarcane, sweet potatoes, and other similar foods. The offspring of a single, superior clone will be used to produce a cultivar. These types of varieties are heterozygous yet homogenous, as the genotype of each individual plant in a clone is identical to the other plants in the clone. Compared to pure-line cultivars, clonal cultivars offer a wider range of adaptability. When developing a clonal variety, a diverse base population is used as the starting point.

iv. Synthetic Variety: 
A synthetic variety can be created in cross-pollinated crops like maize to produce the desired characteristics. The identification of good general combining inbreds is the initial step in the process of developing synthetic varieties. All inbreds that have strong overall combining ability are crossed with one another in as many different ways as feasible to produce hybrid seed.
To produce a synthetic variety, the hybrid seed from all possible combinations are combined in an equal amount and then blended together. Therefore, at the beginning, a synthetic variety will be made up of a few heterozygotes (Tandon et al. 2015). This is achieved through open pollination, which permits a certain level of genetic selfing; hence, a synthetic variety comprises of a number of homozygotes as well as heterozygotes in later generations.
As a result, the synthetic variety has a diverse population and a broad range of adaptations. The yield of a synthetic variety is almost always going to be higher than the yield of an open-pollinated variety, but it will always be lower than the yield of a single or double cross hybrid.
v. Composite Variety:  
This type of variety is formed in species that have been cross-pollinated. It is created by combining the seeds of numerous open-pollinated genotypes that are comparable to one another in characteristics such as height, maturity, seed colour, seed size, and so on. Therefore, a composite variety will have a population that is both heterozygous and heterogeneous. It is made up of a few homozygotes and a few heterozygotes in total. These types of plants are exceptionally tolerant of a wide range of climatic conditions.

vi. Multiline Variety: 
This variety is developed in crops that are capable of self-pollination. Mixing of numerous isogenic lines, related lines, or unrelated lines results in multiline variety. Multiline varieties can also be called hybrid varieties. Each component line contains a unique gene that confers resistance to illness. These kinds are not only homozygous but also heterozygous, and as a result of their broad genetic foundation, they have an excellent potential for buffering.

vii. Mutant Variety:
 The process of induced mutagenesis is what leads to the creation of a mutant variety. To a much lesser extent than in species that are self-pollinated and asexually propagated, mutant variations can occasionally emerge in species that are subjected to cross-pollination. A mutant variety has one or two characteristics that are distinct from its parent variety. These varieties are created to attain better quality, resistance to disease, earlier maturity, and dwarfism.

viii. Transgenic Variety: 
A transgenic variety is a variety that has been generated through the process of genetic engineering. Transgenic versions of numerous crop plants have "been produced with herbicide resistance, insect resistance, and enhanced quality." These varieties are developed to answer specific problems that are difficult to overcome using normal methods of plant breeding. These kinds of varieties can be generated in all three categories of crops—those that are self-pollinated, those that are cross-pollinated, and those that are propagated asexually.

ix. Pedigree, Bulk, and Backcross Bred Variants: 
Pedigree and bulk bred varieties are developed in self-pollinated species. Backcross bred varieties are developed in cross-pollinated species. These kinds are created by selecting the offspring of a single best homozygote and breeding them together. This means that varieties developed through pedigree or bulk procedures are genetically identical, homozygous, and have a limited genetic foundation. 

The backcross method is utilised in both self-pollinated and cross-pollinated species with the purpose of improving oligogenic characteristics such as disease resistance (Sharma et al. 2021). The offspring of a backcross breeding are quite similar to their parents, with the exception of the gene that has been introduced into the parent variety.

x. Hybrid Variety: 
The F1 population that is cultivated for use in commercial agriculture is referred to as a hybrid variety. Cross-pollinated and self-pollinating species can both contribute to the development of hybrid variations. On the other hand, self-pollinating species are less likely to produce hybrid variations than those that are pollinated by other species. There are a few distinct categories of hybrids, the most common of which are intervarietal hybrids (also known as single, three-way, and double-cross hybrids) and interspecific hybrids. The genetic makeup of hybrids is both heterozygous and homogenous. In order to grow hybrid types successfully, new seed must be created each year.
Every single one of the aforementioned varieties is put to use in industrial agriculture. On the basis of a number of distinguishing characteristics, these varieties are capable of being classified into various categories.
The main criteria which are used for classification of varieties include:
(1) Country of origin,

(2) Area of adaptation,

(3) Genetic constitution,

(4) Use of seed,

(5) Evolution techniques, etc.

Table 1: Classification of the crop varieties

	Basis of classification
	Types of varieties
	Brief description

	1. Country of origin
	Exotic variety
	A variety that is introduced from any foreign country for commercial cultivation.

	2. Area of adaptation
	Indigenous variety
	A variety which is developed within the country

	
	 National variety 
	A variety that is cultivated in several states.

	
	Local variety
	A variety which is cultivated in a small area or one state.

	3. Genetic constitution


	Homozygous variety
	A true breeding variety such as pureline. multiline varieties.

	
	Heterozygous variety
	A variety which will segregate on selfing such as F1. synthetic and composites. 

	
	Heterogeneous variety
	A variety which is mixture of several purelines or heterozygous genotypes. 

	
	Homogeneous variety
	A variety which is progeny of one genotype such as pureline and clonal varieties.

	4. Use of seed


	Straight variety


	A variety whose seed can be used for several years.

	
	Hybrid variety
	A variety whose fresh seed has to be produced every year.

	5. Evolution Technique
	Ordinary variety
	A variety which is developed by conventional breeding methods.

	
	Transgenic variety
	A variety which is developed by genetic engineering and contain transgene.


                                          VARIETY RELEASE PROCEDURE: 

The many activities and procedures associated with the release of a strain as a variety can be categorised into three groups for ease of description: (a) evaluation, (b) identification, and (c) release and notification (d) multiplication.

A. Evaluation

When a strain is being considered for release as a variety, it must first be put through a series of tests and trials to determine whether or not it is superior to the currently available best variety in terms of yield and other agronomic characteristics, as well as whether or not it is suitable for human consumption. During the course of an evaluation, there are generally seven distinct sorts of trials and tests that are carried out:
1. A Trial at the Station: The breeder who developed the new strain (or strains) is the one who will carry out the station trial. This trial, which is also often known as the preliminary yield trial, may be carried out for one or more years. Before being included in the multiplication trials, the new strains that have been created by the breeder should go through a series of tests called station trials to ensure that they have a performance level that is higher (at that place) than that of the best available variety for the area. Therefore, in order to prevent being let down and rejected in the preliminary rounds of testing, the breeder should personally verify the superiority of his strains.

2. Tests Conducted in Multiple Locations: The various All India Coordination Crop Improvement Projects are responsible for running these tests and trials. The purpose of these tests is to assess how well newly created strains perform in a diverse range of  environmental conditions at different places. Since soil and climatic (agro- climatic) conditions vary greatly from one region of the country to the next, the country has been split into numerous agroclimatic zones; each zone is comprised of regions with similar agro- climatic conditions. The number of zones as well as the zoning pattern looks very different depending on the type of crop being grown. It is possible to classify the several experiments that were carried out as part of the coordinated initiatives into one of the following four groups:

i. Initial Evaluation Trial (IET): A novel strain is first put through an initial evaluation test within the region in which it was produced. This test is called the "first evaluation trial." It is usual practise to refer to a strain that is included in IET or URT as an entry. The IET is carried out at ten to twelve different locations in a zone. IET may be carried out for one or more years, after which it is either advanced to URT if its performance was exceptional or rejected if it did not meet the standards. The entries that are judged to be somewhat subpar will be eliminated during the IET in order to bring the total number of candidates down to a level that is more manageable for the URT.

ii. Uniform Regional Trials (URT): The URT for any entry is conducted under the same conditions under which it was evaluated in IET. This ensures that the results are comparable. URT is carried out in anywhere from 25 to 30 distinct locations across the zone, and it may be maintained for one to several years at a time. Every year, the entrants that did not perform well enough in terms of disease resistance or yield are eliminated, and new entries are added on the basis of how well they performed in the IET the year before.

iii. Agronomic Trials: If an entry demonstrates exceptional performance in the URT during the first year, it will be considered for inclusion in the Agronomic Trials of the respective AICRP. Agronomic trials are conducted with the purpose of determining the optimal number of irrigations and the most opportune times for planting the seeds. Although the data from these trials are included in the proposals for identification, they are not normally required in order for an entry to be considered for identification.

iv. Model Agronomic Experiments: Under the auspices of the AICRP, several experiments are being carried out. Only those entries are considered for inclusion in Model Agronomic Trials that have been designated for pre-release multiplication by the workshops of the corresponding coordinated projects. This ensures that the results are accurate. These experiments are carried out at each and every one of the centres of the Coordinated Agronomic Research Projects located within the zone of interest.

 v. National Tests: The National Trials go all over the country to each of the several zones and test participants there. One entry from each zone that earned first place in that zone in the URT of the previous year is qualified to compete in the national trials. The results of the National Trials can be used as IET evidence in jurisdictions other than the one in which the product was first created and evaluated in URT. The exceptional entries from one agroclimatic zone are put to the test in all of the other zones to see whether or not they are also successful in those other zones through the use of national trials.
vi. Adoptive Research Trials: These are usually carried out at state-run research stations or agricultural establishments. These trials include the entries identified for pre-release multiplication by the concerned coordinated project's workshop. The agronomic procedures that were utilised in the Adoptive Research Trials were identical to those that were employed to identify the relevant entry. The results of these tests are being looked at in consideration for the introduction of the indicated entry as a new variety.

vii. Minikit Trials: The farmer's fields serve as the location for the Minikit Trials to be carried out. These trials, together with the Adoptive Trials, are carried out during the crop season once the entry for pre-release multiplication has been identified. The Minikit Trials are managed by the Director of High Yielding Varieties within the Ministry of Agriculture and Irrigation within the Government of India. These tests are carried out in between 300 and 400 different locations in a zone. Minikit Trials have been designed with the intention of making the newly developed variety more well-known among the local farmers. In addition to this, it accomplishes another goal by getting the seed of a promising new variety out to farmers a full year before the certified seed of that variety would be made accessible on the market.

viii. Testing for Diseases and Insects: The entries are examined for resistance to disease and insects during the course of the testing period, which includes both the IET and the URT. The disease and insect resistance of a population is evaluated under both natural and artificially induced epidemic situations. The disease reaction tests for a wide range of diseases that affect a variety of crops are carried out at a different range of locations across the world where epidemics of the relevant diseases often occur. In the context of a particular disease, "hot spots" refer to geographic locations that consistently have high disease prevalence, or epidemic levels of that disease. In any instance, the sensitivity of a variety to a disease would result in financial losses for the farmers, and in many cases it would also result in the rejection of the variety. In consideration of these, the disease resistance of an entry is examined throughout each year that it is included in the various yield trials. 

ix. Tests to Ensure Quality: The entry is put through a series of quality tests in order to establish whether or not it is suitable for the numerous applications of its produce. The quality of a crop is not a straightforward characteristic and is frequently difficult to evaluate accurately. As a result, it is necessary to carry out a variety of tests, each of which may call for the use of specialised equipments in order to guarantee accurate and prompt outcomes. In the normal course of events, quality checks are performed on every single entry that is entered into URT or CVT.
 B. The Identifying of Entries for the Prerelease Multiplication
During the annual workshops held by the coordinated research projects on the various crops, outstanding entrants are selected for prerelease multiplication. In the case of certain crops, the participants in the workshop consider the identification proposals to be an open forum; however, in the case of other crops, such as wheat, the identification proposals are reviewed by an Identification Subcommittee, which in most cases is made up of the following individuals: (1) the Deputy-Director General (Crop Sciences), ICAR, New Delhi (Chairman); (2) the project Director/Project Coordinator of the concerned coordinated project; (3) Principal Investigators for the different disciplines, such as agronomy, pathology, quality, entomology, physiology, etc., of the concerned coordinated project; and (4) up to 5-6 persons actively involved in the project. The various breeders who were responsible for the development of the entries  are the ones who are responsible for preparing the proposals for identification. They are prepared in accordance with the stipulated performa and include the performance of entries in URT for a period of at least two years, data from pathological, entomological, quality tests, and those from agronomic experiments, among other types of data.

An entry that has been evaluated by the relevant workshop and found to be suitable for release as a variety is referred to as having been identified for prerelease multiplication. The criteria used to identify entries into competitions are highly variable from one crop to the next. However, an entry that is resistant to the disease but much less productive than the check is not identified because productivity is the most essential breeding target for any crop. In addition, one of the fundamental needs for the identification of a strain is that the breeder must be able to spare 10 Q seed of the proposed strain. This is one of the requirements that must be met before a strain can be identified. This seed is provided to the State Farms Corporation of India (SFCI) for the purpose of prerelease multiplication as well as distribution for the Adoptive and Minikit Trials.
C. The Release of a Variety by the Central Subcommittee on Crop Standards and Release of Varieties

Once a variety has been identified, it is put through a series of Adoptive Research Trials that last for at least a year. During this time, we also perform tests to check for diseases and evaluate the overall quality. The breeder who was responsible for developing the concerned entry submits a proposal for its release as a new variety to the Central Subcommittee on Crop Standards and Release of Varieties for consideration. This proposal is based on the data from the Adoptive Trials as well as tests for disease and quality. After a variety has been released for a zone, the relevant authorities of the states within that zone are notified for seed multiplication and distribution. This is known as variety notification. Before a variety's seed can be certified, it needs to first be notified by the Ministry of Agriculture, which is part of the Indian government. Every state also has its own variety release committee, in addition to the Central Subcommittee on Crop Standards and Release of Varieties. In most cases, the State Variety Release Committee requires an additional set of trials to be carried out at the state's Regional Research Stations in addition to the results from coordinated Multilocation trials. 

D. Multiplication

The breeder begins the process of seed multiplication for an entry in the following crop season once it has been identified by the workshop of the project that is concerned. Stock seed is a term that refers to the seed that is produced by the breeder after an entry has been identified but prior to the entry being published as a variety. Once the recognised entry is published as a variety and notified, the stock seed itself becomes known as breeder seed. Certified seed of a variety is often generated during the crop season that immediately follows the release of the variety. Thus, the farmer can only get certified seed of a newly released variety for commercial production in the third crop season after its release and notice Singh (2015).
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