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3. Breeding of Vegetable, Tuber and Spice Crops (HPV 201) 3 (2+1) 

 

Centres of origin, plant bio-diversity and its conservation. Models of reproduction, 

pollination systems and genetics of important vegetable, tuber and spice crops. Self-

incompatibility and male sterility, its classification and application in crop 

improvement. Principles of breeding self-pollinated crops, pure line selection, mass 

selection, heterosis breeding, hybridization, pedigree method, mass pedigree method, 

bulk method, modified bulk method, single seed descent method and back cross 

method. Polyploidy breeding. Mutation breeding. Principles of breeding cross 

pollinated crops, mass selection, recurrent selection, heterosis breeding, synthetics and 

composits. Application of biotechnology in crop improvement. Crops: Solanaceous 

vegetables, cole crops, cucurbits, bulb crops, root crops, leafy vegetables, okra, 

leguminous crops.  

Practical: Floral biology and pollination mechanism in self and cross pollinated 

vegetables, tuber crops and spices. Working out phenotypic and genotypic heritability, 

genetic advance. Preparation and uses of chemical and physical mutagens. Polyploidy 

breeding and chromosomal studies. Techniques of F1 hybrid seed production. Maintenance 

of breeding records. 
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Lecture.1 

 Centres of origin – different centres of origin – origin of important vegetable, tuber 

and spice crops 

 

Each of the world’s basic vegetable crops originated in a relatively confined 

geographic region. The regions overlap for a number of crops.Vavilov (1926) suggested 

that centres of origin of crop plants coincide with the areas of greater genetic diversity. 

Vavilov identified 8 centres some of which were subdivided. However, Zhukovsky 

(1965), a close associate of Vavilov, proposed 12 mega gene centres of crop plant 

diversity. The new areas added to Vavilov’s eight centres were Australia, whole Africa 

and Siberia followed by revision of boundaries to make 12 centres. The global genetic 

wealth comprising about 3000 cultivated taxa, which mainly include both 

primitive/native cultivars and their wild and weedy species is distributed  to these twelve 

primary centres of diversity (Zeven and Zhukovsky, 1975).This includes centres of origin 

and distribution of diversity in 218 vegetable crop species in different regions of 

diversity. During the process of domestication of vegetable crops other than the centres of 

origin/diversity, the primitive species moved to other areas during ancient past and due to 

continuous mutations, crossing with the related species, evolution, and selection by man 

and nature would have resulted in development of the secondary centre of diversity. The 

criteria for assigning a particular geographic region to a specific vegetable are the 

availability of considerable variability, presence of wild forms and existence of source of 

resistance to many of the diseases. Historical records, fossil records and archaeological 

findings add to this information.  

 

 Knowledge regarding gene centres of cultivated plants and their possible wild 

ancestors (progenitors) serve as guidelines to collect main sources of genetic resistance to 

parasitic and non-parasitic diseases, insect pests and nematodes. In these centres of 

origin, the vegetable crops have long been exposed to the selective pressure of local 

pathogens and insect pests, and have developed inherent basic resistance. Leppik (1970) 

reviewed the role of gene centres of plants as sources of disease and pest resistance. He 

opined that systematic exploration of primary and secondary gene centres of a particular 

vegetable may provide additional gene pools for resistance breeding. Exploration and 
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exploitation of gene centres therefore must for resistance proceed with systematic 

cooperation of taxonomists, geneticists and plant pathologists. The primary centres of 

origin and domestication and secondary centres of diversity of some of the important 

vegetable crops (Zeven and Zhukovsky, 1975) from important place for collection of 

genetic diversity given in the following table. 

 

Centres of diversity of the major vegetable crop species 

Mega gene 

centre 

Primary centres of origin and 

domestication 

Secondary centres 

Chinese – 

Japanese 

Egg plant, waxgourd, Chinese 

cabbage, kangkong,welsh onion 

Water melon, amaranth 

Indo- Chinese 

 

Waxgourd, spongegourd, ridgegourd, 

bittergourd,swordbean,wingedbean, 

Taro,cucumber, bottlegourd,chayote,  

yam 

Cucumber, 

bottlegourd,chayote, shallot, 

yam bean, yardlong bean, 

Chinese cabbage, amaranth, 

kangkong 

Hindustani Eggplant, waxgourd,cucumber,  

ridgegourd,spongegourd,bittergourd, 

hyacinthbean, kangkong,okra, 

 drumstick 

Watermelon, melon, bottle 

gourd, amaranth, roselle 

Central Asia Onion, garlic, mustard, spinach , 

carrot 

Eggplant, watermelon, melon, 

cauliflower 

Near East Onion, garlic, leek, mustard beet okra 

Mediterranean White cabbage, cauliflower, broccoli, 

bean, radish 

Sweet pepper, garlic, okra 

African Eggplant, watermelon, melon, 

 bottlegourd, locust bean, cowpea, 

okra, roselle 

Onion, shallot, limabean, 

mustard, amaranth, Corchorus 

European – 

Siberian 

Lettuce Onion, common bean, white 

cabbage, cauliflower, spinach, 

carrot 

South 

American 

Tomato, hot pepper, pumpkins and 

squashes, lima bean, common bean, 

cassava, xanthosoma, chayote 

Common bean 

Central 

American and 

Mexican 

Region 

Tomato, hot pepper, pumpkins and 

squashes, yam bean, common bean, 

amaranth, sweet potato 

- 

North 

America 

- Tomato, eggplant, pepper, 

melon, watermelon, pumpkin 

and squashes, onion, lettuce, 

common bean, lima bean, okra 
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Indian spices have been one of the prime sources of the fabulous wealth and 

prosperity and have been glowing accounts by Pliny, Ptolemy, Macropolo, Vasco da 

Gamma and other travelers. The Malabar Coast of India with its abundance of the 

World’s best pepper, cinnamon and ginger was avast emporium of spices, which attracted 

the foreign trade. Fortune seekers and invaders by overcoming the nature’s barriers 

traveled to India with the main object of capturing spice trade. Then Indian spices 

traveled far and wide to traditional destinations to flavor foods, beverages and to beautify 

their women of many countries. 

 

Origin Distribution and Growing states in India 

Sl.%o. Spices Origin World India 

1. Allspice  West Indies, 

Central and 

South America 

Jamaica, Mexico, 

Guatemala, Honduras 

Kerala, Tamil 

Nadu, Karnataka, 

Maharashtra 

2. Clove  Moluccas Zanzibar, Pemba, 

Madagascar, 

Indonesia, Malaysia, 

Sri Lanka, Brazil, 

Papua New Guinea 

Tamil Nadu, 

Kerala, Karnataka , 

Maharashtra 

3. Cinnamon 

(Cinnamomum 

verum) 

Ceylon and 

Malabar coast 

Seychelles, Burma, 

Malayan Peninsula, 

South America , Sri 

Lanka, Madagascar 

Naga hills, coastal 

districts of South 

Karnataka, 

Western ghats, 

Tamil Nadu 

4. Nutmeg 

(Myristica 

fragrans) 

Moluccas, East 

Indies 

Malaysia Tamil Nadu, 

Kerala, Karnataka, 

Maharashtra 

5. Vanilla Mexico to Brazil Java, Mauritius, 

Madagascar, Tahiti, 

Seycheles, Zanzibar, 

Brazil, Jamaica, 

Island of West Indies 

Kerala, Tamil 

Nadu, Karnataka 

6. Cardamom 

(Elletaria 

cardamomum)     

Western ghats of 

India 

Sri Lanka, Thailand, 

Indonesia, 

Guatemala, El-

salvadar, Papua New 

Guinea 

Kerala, Karnataka, 

Tamil Nadu 

7. Pepper 

(Piper nigrum) 

Western Ghats, 

Upper Assam 

Forests 

Sri Lanka, Malaysia, 

Indonesia, Brazil, 

Thailand, Vietnam, 

China, Madagascar, 

Kerala, Karnataka, 

Tamil Nadu, 

Assam, West 

Bengal, Andhra 
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Mexico, Micronesia Pradesh, Goa 

8. Turmeric 

(Curcuma 

longa  ) 

South East Asia Thailand, Peru, 

China, Sri Lanka, 

Pakistan, 

Bangladesh, Spain, 

Jamaica 

Kerala, Tamil 

Nadu, Maharahtra 

9. Saffron Greece and Asia 

Minor 

Italy, France, 

Germany, Greece, 

Iran, China, Spain 

Jammu and 

Kashmir 

10. Ginger 

(Zingiber 

officinale) 

Tropical, South 

East Asia 

Australia, Jamaica, 

Japan, Nigeria, 

Thailand, China, Fiji, 

Siagra Leone 

Kerala, Karnataka, 

Andhra Pradesh, 

Assam, Orissa, 

Himachal Pradesh, 

Tamil Nadu, 

Sikkim  

11. Garlic Central Asia and 

Mediterranean 

region 

U.S.A, Egypt, 

Bulgaria, Hungary, 

Taiwan 

Gujarat, Rajasthan, 

Maharashtra, 

Tamil Nadu 

12. Coriander 

(Coriandrum 

sativum) 

Mediterranean 

region 

Morocco, Former 

USSR, Hungary, 

Poland, Romania, 

Czechoslovakia, 

Bulgaria, France, 

Guatemala, Mexico, 

Argentina and USA 

Rajasthan, Gujarat, 

Tamil Nadu 

13. Cumin Upper Egypt, 

turkey and East 

Mediterranean 

region 

Turkey, Iran, Japan, 

Morocco, Indonesia, 

Southern Russia, 

China 

Rajasthan, Gujarat 

14. Fenugreek Egypt Egypt, France, 

Lebanon, Argentina 

Rajasthan, Gujarat 

15. Fennel Southern Europe 

and 

Mediterranean 

area 

Rumania, Russia, 

Germany, Italy, 

Argentina, U.S.A 

Gujarat, Rajasthan  

16. Celery Southern Europe United Kingdom Uttar Pradesh, 

Punjab 

17. Aniseed Mediterranean 

region 

 

 

Mexico, Spain, 

Germany, Turkey, 

Italy, Bulgaria, 

Cyprus 

Rajasthan, Punjab, 

Uttar Pradesh, 

Orissa 

18. Tamarind Eastern Tropical 

Africa 

- Tamil Nadu, 

 Madhya Pradesh, 

Andhra Pradesh, 

Maharashtra and 
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Karnataka 

 

Spice crops 

Pepper (Piper nigrum) 

Pepper originated in the tropical evergreen forests of the Western Ghats. The 

Malabar coast of India was the centre of pepper trade from time immemorial. Black 

pepper was essentially a minor forest produce in the past. Domestication of pepper 

appears to be a much later event. The history shows that Arabs, followed by the 

Portuguese, the Dutch and the British traders took pepper to all over the world and spread 

its use and cultivation. Initially black pepper was taken from the Malabar Coast to the 

Indonesian islands, and then it spread to various pacific islands, South East Asian 

countries and later to tropical Africa and America. Currently pepper is grown in about 26 

countries, major being India, Indonesia, Brazil, Malaysia and Srilanka. In India pepper is 

grown mainly in Kerala, Karnataka, Tamil Nadu and to a little extent in Goa, Orissa, 

Assam and Andaman group of islands. Kerala is the original home of pepper. The state 

accounts for 95% of country’s area and production. 

 

Cardamom 

 Cardamom is indigenous to the evergreen forests of Western Ghats of South 

India. It is grown extensively in hilly regions of south India at elevations of 800- 1300m 

as an under storey crop in forest lands. Cardamom is also grown in Srilanka, Papua New 

Guinea, Tanzania and Guatemala. Kerala is the major cardamom growing state in India. 

Cardamom is mainly grown in Idukki district, known as Cardamom Hill Reserve (CHR). 

Cardamom growing regions of South India are Idukki and Wayanad in Kerala, Coorg, 

Chikmagalore and Hassan districts in Karnataka and Pulney and Kodai hills of Tamil 

Nadu. 

 

Ginger 

Ginger originated in south- East Asia, but under cultivation in India as well as in 

China from ancient times. Main ginger growing countries are India, China, Jamaica, 

Taiwan, Sierra Leone, Nigeria, Fiji, Mauritius, Indonesia, Brazil, Costa Rica, Ghana, 
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Malaysia, Bangladesh, Philippines, Srilanka, Thailand, Trinidad, Uganda, Hawaii, 

Guatemala and many pacific ocean islands. Ginger was grown on west coast of India 

from time immemorial and later on its cultivation spread to various other parts mainly to 

Bengal and North Eastern India. It was the Arabs, Portuguese and the Dutch who took it 

to western world. Apart from India, south East Asia is major ginger producing region. 

Ginger production in this region comes mainly from China, Thailand, Taiwan, Korea and 

Vietnam, China being the largest producer. 

 

Turmeric 

 Turmeric, the sacred spice of Asian countries is a herbaceous perennial native to 

Indo Malayan region. Turmeric is essentially a tropical crop grown in India, Pakistan, 

Malaysia, Thailand, Philippines, Japan, China, Srilanka, Africa and Central America. It is 

the third important spice crop of India, next to chilies and black pepper. India is the 

largest producer and exporter of turmeric contributing about 80% of production and 45% 

of export. The crop occupies major share of area in Andhra Pradesh followed by Orissa, 

Tamil Nadu, West Bengal and Maharashtra. 

 

Clove 

It is native to Moluccas, so they called “spice islands” in Indonesia and was first 

introduced in India around 1800 A.D. by the East India Company in their “Spice garden” 

in Courtallam, Tamil Nadu. Major clove producing countries are Indonesia, Zanzibar, 

and Madagascar, Zanzibar being the biggest producer. Importing countries are India, 

USA, Germany, France and Singapore. 

 

%utmeg 

Native of Indonesia, nutmeg tree grows there abundantly and is now naturalized 

in West Indies, Srilanka, India, Philippines, Tropical America and Pacific Islands. In 

India the plant is grown in certain pockets of Kerala, Tamil Nadu, Karnataka, Goa, 

Maharashtra, North East India and Andaman. It is also grown in a small scale in Srilanka, 

Trinidad, China, Tobago, Zanzibar and Mauritius. 
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Cinnamon 

The genus, a native of South- Western tropical India and Srilanka, consists of 

more than 250 species distributed in South East Asia, China and Australia. Seychelles 

and Malagasy Republic are the major producing countries of Cinnamon besides Srilanka. 

In India cinnamon is mainly cultivated in Kenmore, south Karana, Nilgiris, Lower 

Pulneys, Courtallam and Kanyakumari in India. 

 

Kokum 

It is one of the most important indigenous tree spices mainly grown in the South 

Konkan region of Maharashtra, Western Ghats, Coorg, Wayanad, Goa, evergreen forests 

of Assam, Khasi and Jantia hills, West Bengal and Gujarat. Kokum plant grows widely in 

the tropical forests of Western Ghats of India, where it has originated. 

 

Vanilla 

It is native of Atlantic coast from Mexico to Brazil. Cultivation of vanilla spread 

after discovery of America by Columbus. History of introduction of vanilla into India 

appears to be obscure. Documentary evidences reveal that this crop was experimentally 

introduced to West Bengal, Bihar, Tamil Nadu, Pondicherry, Karnataka, Kerala and 

Assam only 100 years ago. Vanilla is one of the most expensive spices traded in the 

global market. Major Vanilla growing countries are Madagascar, Indonesia, India, 

Mexico, Comoros and Reunion. It is also grown to a lesser extent in French Polynesia, 

Tonga, Guadeloupe and Zimbabwe. Indonesia is the largest producer in the world and 

together with Madagascar contributes nearly 90% of the world production. Vanilla 

produced in Madagascar is called bourbon vanilla and this fetches the highest price in 

International market. 

 

Tamarind 

It is considered as a native of Eastern Tropical Africa. India is one of the largest 

producers of tamarind in the world and it is the only country which produces a 

commercial crop Tamarind. Tamil Nadu, Madhya Pradesh, Andhra Pradesh, Maharashtra 

and Karnataka are the major Tamarind growing states. 
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Coriander 

It is native of Mediterranean region. India, Morocco, Former USSR, Hungary, 

Poland, Romania, Czechoslovakia, Bulgaria, France, Guatemala, Mexico, Argentina and 

USA are important countries where coriander is grown commercially. In India coriander 

is grown in most of the states and constitutes an important subsidiary crop in black cotton 

soils of Deccan and South India under rain fed conditions and in rich silt loams of North 

India under irrigated conditions. 

 

Cumin 

It is native of Egypt and Syria Turkestan and Eastern Mediterranean region. The 

plant is grown extensively in Iran, India, Morocco, China, Southern Russia, Southern 

Europe and Turkey. India ranks first in the world in area and production of cumin. India 

is also the largest consumer of cumin and exports hardly four per cent of its total 

production. Major types of cumin in the international trade are Iranian cumin, Indian 

cumin, Egyptian cumin and Turkish cumin. In India, cumin is extensively grown in 

Rajasthan, Gujarat, Madhya Pradesh, Uttar Pradesh, Punjab and Maharashtra. 

 

Fennel 

It is native of the Mediterranean region. It is widely cultivated in India at altitudes 

up to 1825 m; Gujarat and Rajasthan are the major fennel growing states. Major types of 

fennel seed in the world market are Indian fennel, Egyptian fennel and Chinese fennel.  

 

Fenugreek 

Originated in the Mediterranean region and Asia, fenugreek is among the oldest 

of medicinal herbs. India is one of the major producer and exporter of fenugreek. It is 

grown on an extensive scale in Rajasthan, Madhya Pradesh, Gujarat, Uttar Pradesh, 

Maharashtra and Punjab.  
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Questions 

1. Cardamom is indigenous to Western Ghats of South India 

Ans: True 

 2. Major types of cumin in the international trade are Iranian cumin and Indian cumin 

Ans: True 

3. Vanilla produced in Madagascar is called Bourbon vanilla 

Ans: True 

4. India is one of the largest producers of tamarind in the world. 

Ans: True 
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Lecture.2 

Plant biodiversity – germplasm conservation-In situ and Ex situ germplasm 

conservation – Merits and Demerits, plant quarantine 

 

Plant biodiversity 

Biodiversity or biological diversity is a neologism and a portmanteau word, from 

bio and diversity. It is the diversity of living nature. Diversity, at its heart, implies the 

number of different kinds of objects, such as species. However, defining biodiversity or 

measures of biodiversity, is not so simple.  

The term biological diversity, was coined by Thomas Lovejoy in 1980, while the 

word biodiversity itself, was coined by the entomologist E.O. Wilson in 1986, in a report 

for the first American Forum on biological diversity organized by the National Research 

Council (NRC). The word biodiversity was suggested to him by the staff of NRC, to 

replace ‘biological diversity’ a word which was considered to be less effective in terms of 

communication.  

Since 1986, the terms and the concept have achieved widespread use among 

biologists, environmentalists, political leaders, and concerned citizens world-wide. This 

use has coincided with the expansion of concern over extinction observed in the last 

decades of the 20th century.  

Biodiversity definitions 

    Biological diversity has no single standard definition. One definition holds that 

biological diversity is a measure of the relative diversity among organisms present in 

different ecosystems. "Diversity" in this definition includes diversity among species, 

within species and comparative diversity among the types in different ecosystems.  

    Another definition, simpler and clearer, but more challenging, is the totality of 

genes, species, and ecosystems of a region. An advantage of this definition is that it 

seems to describe most instances of its use, and one possibly unified view of the 

traditional three levels at which biodiversity has been identified 
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• Genetic Diversity - diversity of genes within a species. There is a genetic 

variability among the populations and the individuals of the same species  

• Species Diversity - diversity among species  

• Ecosystem Diversity - diversity at a higher level of organization, the ecosystem 

(richness in the different processes to which the genes ultimately contribute)  

The latter definition, which conforms to the traditional five organisation layers in 

biology, provides additional justification for multilevel approaches.  

The 1992 Earth Summit in Rio de Janeiro defined biodiversity as 

 The variability among living organisms from all sources, including, inter alia, 

terrestrial, marine and other aquatic ecosystems and the ecological complexes of which 

they are part: this includes diversity within species, between species and of ecosystems  

 This is in fact the closest we come to a single legally accepted definition of 

biodiversity, since it is the definition adopted by the United Nations Convention on 

Biological Diversity. The parties to this convention include all the countries on Earth 

with the exception of Andorra, Brunei Darussalam, the Holy See, Iraq, Somalia, Timor-

Leste, and the United States of America.  

If the gene is the fundamental unit of natural selection, thus of evolution, some, 

scientist like E.O. Wilson, say that the real biodiversity is the genetic diversity. However, 

the species diversity is the easiest one to study.  

For geneticists, biodiversity is the diversity of genes and organisms. They study 

processes such as mutations, gene exchanges, and genome dynamics that occur at the 

DNA level and generate evolution.  

For biologists, biodiversity is the diversity of populations of organisms and 

species, but also the way these organisms function. Organisms appear and disappear; sites 

are colonized by organisms of the same species or by another. Some species develop 

social organisations to improve their reproduction goals or use neighbour species that live 
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in communities. Depending on their environment, organisms do not invariably use the 

same strategies of reproduction.  

For ecologists, biodiversity is also the diversity of durable interactions among 

species. It not only applies to species, but also to their immediate environment (biotope) 

and the ecoregions the organisms live in. In each ecosystem, living organisms are part of 

a whole; they interact with one another, but also with the air, water, and soil that surround 

them.  

Origin of life and biodiversity evolution 

Biodiversity found on Earth today is the result of 3.5 billion years of evolution. 

Until the emergence of humans, the Earth supported more biodiversity than in any other 

period in geological history. Since the advent of humans, however, biodiversity has 

begun a rapid decline, with one species after another suffering extinction.  

Estimates of global species diversity vary from 2 to 100 million species, with a 

best estimate of somewhere near 10 million.  

New species are regularly discovered (on an average about three new species of 

birds each year) and many, though discovered, are not yet classified (an estimate gives 

that about 40% of freshwater fishes from South America are not classified yet). Most of 

the diversity is found in tropical forests.  

Benefits of biodiversity  

Biodiversity has contributed in many ways to the development of human culture, 

and, in turn, human communities have played a major role in shaping the diversity of 

nature at the genetic, species, and ecological levels.  

There are three main reasons commonly cited in the literature for the benefits of 

biodiversity.  
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Ecological role of biodiversity 

All species provide some kind of function to an ecosystem. They can capture and 

store energy, produce organic material, decompose organic material, help to cycle water 

and nutrients throughout the ecosystem, control erosion or pests, fix atmospheric gases, 

or help regulate climate.  

Ecosystems also provide us various supports of production (soil fertility, 

pollinators of plants, predators, decomposition of wastes) and services such as 

purification of the air and water, stabilization and moderation of the climate, decrease of 

flooding, drought and other environmental disasters. These functions are important to an 

ecosystem, and to human survival.  

Research show that the more diverse an ecosystem, the better it can withstand 

environmental stress and eventually the more productive it is. The loss of a species thus 

decreases the ability of the system to maintain itself or to recover in case of damage. The 

mechanisms underlying these effects are complex and hotly contested. In recent years, 

however, it has become clear that these ecological effects of biodiversity do indeed exist.  

Economic role of biodiversity 

For all humans, biodiversity is first a resource for daily life. Such a diversity in 

crops is also called agro biodiversity. Most people see biodiversity as a reservoir of 

resources to be drawn upon for the manufacture of food, pharmaceutical, and cosmetic 

products. This concept of biological resources management probably explains most fears 

of resources disappearance related to the erosion of the biodiversity. However, it is also 

the origin of new conflicts dealing with rules of division and appropriation of natural 

resources.  

Some of the important economic commodities that biodiversity supplies to humankind 

are 

 Food Biodiversity: Food crops, livestock, forestry, and fish, contribute to the 

development of high yielding and disease resistant varieties.  
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 Medication. Wild plant species have been used for medicinal purposes from time 

immemorial. For example, quinine comes from cinchona tree (used to treat malaria), 

digitoxin from the foxglove plant (to treat chronic heart trouble), and morphine from 

the poppy plant (pain relief). According to the National Cancer Institute, over 70 % of 

the promising anti-cancer drugs come from plants in the tropical rainforests. Animals 

may also play a role, in particular in research. It is estimated that of the 250,000 

known plant species, only 5,000 have been researched for possible medical 

applications.  

 Industry : Biodiversity may be a source of energy (such as biomass) for example 

fibres for clothing and wood for shelter and warmth.  Other industrial products are 

oils, lubricants, perfumes, fragrances, dyes, paper, waxes, rubber, latex, resins, 

poisons and cork can all be derived from various plant species. Supplies from animal 

origin are wool, silk, fur, leather, lubricants and waxes. Animals may also be used as 

a mode of transportation.  

 Tourism and recreation : Biodiversity is a source of economical wealth for many 

areas, such as many parks and forests, where wild plants and animals are a source of 

beauty and joy for many people. Ecotourism in particular, is a growing outdoor 

recreational activity.  

Ecologists and environmentalists were the first to insist on the economic 

aspect of biological diversity protection. Thus, Edward O. Wilson wrote in 1992, 

that the biodiversity is the one of the bigger wealths of the planet, and nevertheless 

the less recognized as such. 

Estimation of the value of biodiversity is a necessary precondition to any 

discussion on the distribution of biodiversity richnesses. This value can be divided 

into use value (direct such as tourism or indirect such as pollination) or non-use or 

intrinsic value.  

If biological resources represent an ecological interest for the community, 

their economic value is also increasing. For society, biodiversity also is a field of 

activity and profit. It requires a proper management set up to determine how these 
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resources are to be used. The majority of species are yet to be evaluated for their 

current or future economic importance.  

Ethical role of biodiversity 

Finally, the role of biodiversity is to be a mirror of our relationships with the other 

living species, an ethical view with rights, duties, and education. If humans consider 

species have a right to exist, they cannot cause voluntarily their extinction. Besides, 

biodiversity is also part of many cultures of spiritual heritage.   

Scientific role of biodiversity 

Biodiversity is important because each species can give scientists some clue as to 

how life evolved and will continue to evolve on Earth. In addition, biodiversity helps 

scientists understand how life functions and the role of each species in sustaining 

ecosystems.  

Plant biodiversity 

Merits  

Gene sanctuaries offer the following two advantages. 

1. A gene sanctuary not only conserves the existing genetic diversity present in the 

population, but also allows evolution to continue. As a result, new allele and gene 

combinations would appear with time. 

2. The risks associated with ex situ conservation are not operative. 

 

Demerits  

Gene sanctuaries suffer from certain limitations as listed below. 

1. They are easiest to demarcate, difficult to establish and very difficult to maintain. 

This is particularly so in a country like India, which has an ever increasing 

population pressure. 

2. These cannot conserve the variability found in crop plants, for which ex situ 

conservation is the only answer. 
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Germplasm Conservation 

            Conservation refers to protection of genetic diversity of crop plants from genetic 

erosion.  There are two important methods of germpalsm conservation or preservation 

viz., in situ conservation and ex situ conservation. These are described below. 

i) In situ conservation 

            Conservation of germplasm under natural conditions is referred to as in situ 

conservation.  This is achieved by protecting the area from – human interference, such an 

area is often called natural park, biosphere reserve or gene sanctuary. The NBPGR, New 

Delhi, established gene sanctuaries in Meghalaya for Citrus, North Eastern regions for 

Musa, Citrus, Oryza and Saccharum.   

Merits: In this method of conservation, the wild species and the complete natural or 

seminatural ecosystems are preserved together. 

Demerits 

� Each protected area will cover only very small portion of total diversity of a crop 

species, hence several areas will have to be conserved for a single species. 

� The management of such areas also poses several problems. 

� This is a costly method of germplasm conservation. 

ii) Ex situ conservation 

            It refers to preservation of germplasm in gene banks.  This is the most practical 

method of germplasm conservation.  This method has following advantages. 

� It is possible to preserve entire genetic diversity of a crop species at one place. 

� Handling of germplasm is also easy. 

� This is a cheap method of germplasm conservation. 
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Ex Situ Germplasm Conservation 

Conservation of germplasm away from its natural habitat is called ex situ 

germplasm conservation. It can be achieved in the following five ways 

� Seed gene banks 

� Plant or field gene banks 

� Shoot-tip gene banks 

� Cell and organ gene banks and  

� DNA gene banks. 

In seed gene banks, germplasm is stored as seeds of various accessions. Virtually 

all gene banks are essentially seed gene banks. Seed conservation is quite easy, relatively 

safe and ordinarily needs minimum space. Under suitable conditions, seeds of many 

species can be stored for up to 50-100 years. Containers of glass, tin, plastic or a 

combination of these may be used for seed storage. Seeds are classified, mainly on the 

basis of their storability, into two major groups:  

� Orthodox and  

� Recalcitrant 

 This grouping of seeds was proposed by Roberts in 1973. 

1. Orthodox Seeds: Seeds of this type can be dried to a moisture content of 5% or lower 

without lowering their viability. Most crop seeds belong to this category. Such seeds 

can be easily stored for long periods; their longevity increase in response to lower 

humidity and storage temperature. 

 

2.  Recalcitrant Seeds: The viability of this group of seeds drops drastically if their 

moisture content is reduced below 12-30%. Seeds of many forest and fruit trees and 

of several tropical crops like citrus, cocoa, coffee, rubber, oil palm, mango, jackfruit, 

etc. belong to this group. Such seeds present considerable difficulties in storage. 

Therefore, germplasm of such plants are conserved by alternative approaches.  

The conditions for seed storage depend mainly on the duration of storage. 

Generally, seed bank collections are classified into three groups: (1) base collections, 

(2) active collections and (3) working collections. This grouping increases the 

efficiency of use and the level of management of the collections. 
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 Base collections: These consist of all the accessions present in the germplasm of a 

crop, which are stored at about - 20°C with 5% moisture content; they are disturbed 

only for regeneration. Germination tests are done every 5-10 years. When the 

germination of an accession falls below, usually, 95% of its germination at the start of 

storage, the accession is regenerated. For reasons of safety, duplicates of base 

collections should be conserved in other Germplasm banks as well. High quality 

orthodox seeds can maintain good viability upto 100 years. 

 

 Active collections: The accessions in an active collection are stored at temperatures 

below 15°C (often near 0°C) and the seed moisture is kept at 5%. The storage is for 

medium duration, i.e., 10-15 years. These collections are used for evaluation, 

multiplication and distribution of the accessions. Active collection are usually 

maintained by multiplying the seeds of their own accessions. But from time to time, 

base collection material should be used for regeneration of these collections. This is 

essential to prevent any appreciable shift in the genetic make up of the collections. 

 

 

 Working collections: The accessions being actively used in crop improvement 

programmes constitute working collection. Their seeds are stored for 3-5 years at less 

than 15°C and they usually contain about 10% moisture. These collections are 

maintained by the breeders using them. 

 

Field Gene Banks: Essentially, a field or plant gene bank is an orchard or a field, in 

which accessions of fruit trees or vegetatively propagated crops are grown and 

maintained. Field banks suffer from the following serious limitations:   

� They require large areas,  

� They are expensive to establish and maintain, and are prone to damage from 

disease and insect attacks, 

o They are man-made  

� There are natural disasters and  
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� human errors in handling.  

� Few good plant banks exist in India. 

 

Shoot Tip Gene Banks: In such gene banks, germplasm is conserved as slow 

growth cultures of shoot-tips and nodal segments. Their regeneration consists of sub 

culturing the cultures, which may be done every 6 months to 3 years. This approach 

offers the following advantages for the conservation of germplasm of vegetatively 

propagated crops and tree species. 

 Genotypes of the accessions can be conserved indefinitely free from diseases 

and pests. 

 They can be used for such crops, which either do not produce seeds or produce 

recalcitrant seeds. 

 Subculture becomes necessary only after relatively long periods (every 6-36 

 months). 

 Regeneration, i.e., subculturing, requires a comparatively very short time. 

In addition, cuttings, bulbs and tubers can be maintained under controlled humidity 

and temperature conditions; however, this approach is practical for the short and medium 

term storage, and it should be used in conjunction with a field gene bank. 

Plant quarantine 

The first legal restrictions to hinder the spread of disease were enacted against 

human disease. It was the notorious outbreak of bubonic plague, which swept through 

Europe during the 14th century that led the Venetian Republic to appoint three guardians 

of public health, to exclude infected and suspected ships and to make the first quarantine 

of infected areas in 1403. The term quarantine has been derived from latin words 

'quaranta giorni meaning fourty. Travellers from the Levant and Egypt, where plague 

was endemic, were isolated in a detection hospital for 40 days. In its strict sense, plant 

quarantine refers to the holding of plants in isolation until they are believed to be healthy.  

The meaning of this term has been broadened, and plant quarantine is now taken 

to mean all aspects of the regulation of the movement of living plants, living plant parts 

or plant products between politically defined territories or ecologically distinct parts of 

them. Plant quarantine may be defined as the restriction imposed by duly constituted 
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authorities on the production, movement and existence of plants or plant materials, or 

animals or animal products or any other article or material or normal activity of persons 

and is brought under regulation in order that the introduction or spread of a pest may be 

prevented or limited or in order that the pest already introduced may be controlled or to 

avoid losses that would otherwise occur through the damage done by the pest or through 

the continuing cost of their control.  

 

When plant pathogens are introduced into an area in which they did not 

previously exist, they are likely to cause much more catastrophic epidemics than do the 

existing pathogens. Some of the worst plant disease epidemics that have occurred through 

out the world, for example the downy mildew of grapes in Europe and the bacterial 

canker of citrus. It is extremely difficult to predict accurately whether an exotic organism 

will become established, and once established, become economically important.  

 

Factors which affect entry and establishment of an organism are  

� Hitchhiking potential compared with natural dispersal 

� Ecological range of the pest as compared with ecological range of its host 

� Weather 

� Ease of colonization including reproductive potential, and  

� Agricultural practices including pest management. 

 

History of plant quarantine regulations 

In 1660, a quarantine law was enacted in Rouen, France, ordering the eradication 

of barberry plants from the vicinity of grain fields. The first British legislation against a 

disease in animals or plants was an Act of 1866 granting emergency powers for the 

destruction of all cattle affected by rinderpest which had been introduced into Britain by 

imported Russian cattle the previous year. An embargo was passed in Germany to 

prevent importation of plant and plant products from the US to prevent the introduction 

of the Colorado potato beetle (Leptinotarsa decemlineata) in 1873. In 1877, the United 

Kingdom Destructive Insects Act was passed to prevent the importation of the Colorado 

beetle.  
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In North America, the first legislative measures against plant disease were 

promulgated by states in 1875. Such measures included a series of laws against peach 

yellows. In 1891, the first plant quarantine measure was initiated in US by setting up a 

seaport inspection station at San Padro, California. In 1912, the US Congress enacted the 

Federal Plant Quarantine Act, which among other things, prohibits the entry of plants into 

the United States. It was phylloxera gall louse (Phylloxera vastatrix) that provided the 

initial stimulus for the establishment of effective international cooperation on plant 

disease legislation. The aphid was introduced into Europe from America in 1865 and 

caused major losses in the vineyards of France. 

 

 The first international plant protection convention, the Phylloxera convention 

was signed at Berne on 3 November 1881 by five countries. This convention remained in 

force till 1951, when International Plant Protection Convention under FAO was 

established at Rome. This agreement was constituted with the purpose of securing 

common and effective action to prevent the introduction and spread of pests and diseases 

of plants and plant products. Within the framework of the cooperation, there are six 

regional groups. 

 

� European Plant Protection Organization. 

� Inter-African Phytosanitary Commission for South Africa, South of Sahara. 

� Plant Protection Committee for South East Asia and the Pacific Region. 

� Organizmo International Regional de Sanidad Agroperciane for Central America 

and Mexico. 

 

The PFS order was revised in order to fulfill India's legal obligations under the 

WTO Agreement and the Plant Quarantine (Regulation of Import into India), 2003 

(referred to as PQ order) came into force with effect from January 1, 2004. Under the DIP 

act, the Directorate of Plant Quarantine and Storage (DPPQS), Faridabad, headed by 

Plant Protection Advisor to the Govt. of India (under the Department of Agriculture and 

Cooperation, Ministry of Agriculture) is responsible for enforcing quarantine regulations 

and also for making rules for quarantine inspection and disinfestations of any article or 
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class of articles in respect of which a notification has been issued by the Central 

Government. There are 29 Plant Quarantine Stations under DPPQS. 

 

 

 

The National Plant Quarantine Station at Rangpuri, New Delhi and four Regional 

Plant Quarantine Stations at Amritsar, Chennai, Kolkata and Mumbai are the major 

stations and are located at places having international airport/seaport/land frontier with 

neighboring countries. National Bureau of Plant Genetic Resources, New Delhi, which is 

the nodal institution for exchange of plant genetic resources, has been empowered under 

PQ order to handle quarantine processing of germplasm and transgenic planting material 

being imported for research purposes in the country. As per the recent amendments made 

under the PQ order, the Advanced Centre for Plant Virology at IARI, New Delhi, Indian 

Institute of Horticultural Research, Bangalore and Institute of Himalayan Bioresource 

Technology, Palampur have been identified for ensuring virus-free status in the imported 

in vitro material. 

 

Under the DIP Act, there is a provision of Domestic Quarantine to restrict the 

inter-state movement of nine invasive pests viz flute scale, sanjose scale, coffee berry 
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borer, codling moth, banana bunchy top and mosaic viruses, potato cyst nematode, potato 

wart and apple scab. Keeping in view the biosafety concerns associated with the growing 

of imported transgenic material, a containment Facility of Level -4 has been established 

at NBPGR, New Delhi for their quarantine processing. 

Questions 

1. Genetic variability among the populations and the individuals of the same species 

is known as Genetic Diversity.  

Ans: True 

2. Totality of genes, species, and ecosystems of a region is known as biodiversity 

Ans: True 

3. Conservation of germplasm under natural conditions is referred to as ex situ 

conservation.   

Ans: False 

4. Preservation of germplasm in gene banks is known as in situ conservation 

Ans: False 
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Lecture.3 

Modes of reproduction – introduction – Asexual reproduction and sexual 

reproduction – relevance of different modes of reproduction 

Modes of Reproduction 

Knowledge of the mode of reproduction and pollination is essential for a plant 

breeder, because these aspects help in deciding the breeding procedures to be used for the 

genetic improvement of a crop species.  Choice of breeding procedure depends on the 

mode of reproduction and pollination of a crop species. 

Reproduction refers to the process by which living organisms give rise to the 

offspring of similar kind (species).  In crop plants, the mode of reproduction is of two 

types: viz. 1) sexual reproduction and 2) asexual reproduction 

In the sexually reproducing crop plants, definite male and female sexual organs 

namely androecium and gynoecium produce male gametes and female gametes 

respectively.  The male gametes are formed from a haploid cell called microspore and the 

female gametes are formed from a haploid cell, megaspore.                                                                          

I. Sexual reproduction  

Multiplication of plants through embryos which have been developed by fusion of 

male and female gametes is known as sexual reproduction.  All the seed propagating 

species belong to this group. 

Sporogenesis 

Production of microspores and megaspores is known as sporogenesis.  In anthers, 

microspores are formed through microsporogensis and in ovules, the megaspores are 

formed through megasporogenesis. 
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Microsporogenesis 

The sporophytic cells in the pollen sacs of anther which undergo meiotic division 

to form haploid microspores are called microspore mother cells (MMC) or pollen mother 

cell (PMC) and the process is called microsporogenesis.  Each PMC produces four 

microspores and each microspore after thickening of the wall transforms into pollen 

grain. 

Megasporogenesis 

A single sporophytic cell inside the ovule, which undergoes meiotic division to 

form haploid megaspore, is called megaspore mother cell (MMC) and the process is 

called megasporogenesis.  Each MMC produces four megaspores out of which three 

degenerate resulting in a single functional megaspore. 

Gametogenesis 

The production of male and female gametes in the microspores and megaspores is 

known as gametogenesis. 

Microgametogenesis 

Microgametogenesis is the production of male gametes or sperm.  On maturation 

of the pollen, the microspore nucleus divides mitotically to produce a generative and a 

vegetative or tube nucleus.  The pollen is generally released in this binucleate stage.  The 

reach of pollen over the stigma is called pollination.  After the pollination, the pollen 

germinates.  The pollen tube enters the stigma and travels down the style.  The generative 

nucleus at this phase undergoes another mitotic division to produce two male gametes or 

sperm nuclei.  The pollen along with the pollen tube possessing a pair of sperm nuclei is 

called microgametophyte.  The pollen tube enters the embryo sac through micropyle and 

discharges the two sperm nuclei. 

Megagametogenesis 

The nucleus of the functional megaspore undergoes three mitotic divisions to 

produce eight or more nuclei.  The exact number of nuclei and their arrangement varies 



3 

 

from one species to another.  The megaspore nucleus divides thrice to produce eight 

nuclei.  Three of these nuclei move to one pole and produce a central egg cell and two 

synergid cells on either side.  Another three nuclei migrate to the opposite pole to develop 

into three antipodal cells. 

The two nuclei remaining in the centre, the polar nuclei, fuse to form the 

secondary nucleus.  The megaspore thus develops into a mature female gametophyte 

called megagametophyte or embryo sac.  The development of embryo sac from a 

megaspore is known as megagametogeneis.  The embryo sac generally contains one egg 

cell, two synergids with the apparent function of guiding the sperm nucleus towards the 

egg cell and three antipodals, which form the prothalamus cells and one diploid 

secondary nucleus. 

Fertilization 

The fusion of one of the two sperms with the egg cell producing a diploid zygote 

is known as fertilization.  The fusion of the remaining sperm with the secondary nucleus 

leading to the formation of a triploid primary endosperm nucleus is termed as triple 

fusion.  The primary endosperm nucleus after several mitotic divisions develops into 

mature endosperm (consists of triploid cells) nourishes the developing embryo which is 

a diploid. 

 



4 

 

II. Asexual reproduction 

Multiplication of plants without the fusion of male and female gametes is known 

as asexual reproduction.  Asexual reproduction can occur either by vegetative plant parts 

or by vegetative embryos (diploids) which develop without sexual fusion (apomixis).  

Thus asexual reproduction is of two types: viz. a) vegetative reproduction and b) 

apomixis. 

Vegetative reproduction refers to multiplication of plants by means of various 

vegetative plant parts.  Vegetative reproduction is again of two types: viz. i) natural 

vegetative reproduction and ii) artificial vegetative reproduction. 

 atural vegetative reproduction 

In nature, multiplication of certain plants occurs by underground stems, sub aerial 

stems, roots and bulbils.  In some crop species, underground stems (a modified group of 

stems) give rise to new plants.  Underground stems are of four types: viz. rhizome, tuber, 

corm and bulb.  The examples of plants which reproduce by means of underground stems 

are given below: 

Rhizome: Turmeric (Curcuma longa), Ginger (Zingiber officinale) 

Tuber: Potato(Solanum tuberosum) 

Corm: Arvi (Colocasia esculenta), Bunda (C. antiquorum) 

Bulb: Garlic (Allium sativum), onion (A. cepa) 

 

 

  

  Tuber: Potato    Bulb: Onion Rhizome: Turmeric 
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Sub aerial stems include runner, sucker, stolon, etc.  These stems lead to 

vegetative reproduction in mint (Mentha sp), strawberry, banana, etc.  Bulbils are 

modified forms of flower.  They develop into plants when fall on the ground.  Bulbils are 

found in garlic. 

Artificial vegetative reproduction 

Multiplication of plants by vegetative parts through artificial method by human 

effort is known as artificial vegetative reproduction.  Such reproduction is done by 

cuttings of stem and roots, and by layering, grafting and budding.  Examples of such 

reproduction are given below: 

Stem cuttings: Tapioca (Manihot esculenta) grapes (Vitis vinifera), roses, etc. 

Root cuttings: Bread fruit, Sweetpotato etc. 

 

 

 

Layering, grafting and budding are used in fruit and ornamental crops. 

Apomixis 

Apomixis refers to the development of seed without sexual fusion (fertilization).  

In apomixes, the embryo develops without fertilization.  Thus apomixis is alsoan asexual 

means of reproduction.  Apomixis is found in many crop species.  Reproduction in some 

species occurs only by apomixis.  This apomixis is termed as obligate apomixes 

     Grafting Root cuttings 
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e.g. mangosteen. But in some species sexual reproduction also occurs in addition to 

apomixis.  Such apomixis is known as facultative apomixis.   

There are four types of apomixis: viz.  

1) parthenogenesis, 2) apogamy 3) apospory and 4) adventive embryony 

1. Parthenogenesis: Parthenogenesis refers to development of embryo from the egg cell 

without fertilization.eg. mangosteen 

2. Apogamy: The origin of embryo from either synergids or antipodal cells of the 

embryosac is called as apogamy. 

3. Apospory: In apospory, first diploid cell of ovule lying outside the embryosac 

develops into another embryosac without reduction.  The embryo then develops directly 

from the diploid egg cell without fertilization.  

4. Adventitious embryony: The development of embryo directly from the diploid cells 

of ovule lying outside the embryosac belonging to either nucellus or integuments is 

referred to as adventitious embryony. e.g. Citrus. 
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Questions 

1. Production of microspores and megaspores is known as sporogenesis.  

Ans: True 

2. The production of male and female gametes in the microspores and megaspores is 

known as gametogenesis  

Ans: True 

3.   The pollen along with the pollen tube possessing a pair of sperm nuclei is called 

       macrogametophyte  

Ans: False  

4. Endosperm cells have nucleus with diploid (2x) chromosome  

Ans: False 

5. The fusion of one of the two sperms with the egg cell producing a diploid zygote  

       is known as fertilization.   

 Ans: True 

 

6.   Multiplication of plants without the fusion of male and female gametes is known  

       as sexual reproduction.  

Ans: False 

 

7.  Apomixis refers to the development of seed without fertilization.  

Ans: True 

 

8. Origin of embryo from either synergids or antipodal cells of the embryosac is 

called as apogamy.   

Ans: True 
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Lecture.4 

Pollination – self and cross pollination – Mechanism of pollination in plants – 

methods of pollination in vegetable, tuber, spice crops 

Pollination is the transfer of pollen from the stamen (male flower part) to the pistil 

(female flower part). Since both a stamen and a pistil are necessary for seed formation, 

they are called essential organs. Most flowers contain two other parts, the sepals and 

petals, which may help attract insect pollinators. A complete flower contains all four 

parts. If only one of the essential organs is present in a flower, it is called an incomplete 

flower.  
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Pollination 

Plants develop seeds through a process called 

pollination and fertilization.Pollination refers to the 

transfer of pollen grains from anthers to stigmas. 

Pollination can be accomplished by cross-pollination or by 

self-pollination. Pollen from an anther may fall on to the 

stigma of the same flower leading to self-pollination or 

autogamy. When pollen grains from flowers of one plant 

are transmitted to the stigmas of flowers of another plant, 

it is known as crosspollination or allogamy 

Self-pollination 

Many cultivated plant species reproduce by self-pollination. Plant species 

showing self-pollination, i.e., inbreeding, are generally annuals or, in any case, short 

lived. These species, as a rule, must have hermaphrodite flowers. But in most of these 

species, self- pollination is not complete and cross-pollination may occur up to 5%. The 

degree of cross-pollination in self-pollinated species is affected by several factors, e.g., 

variety, environmental conditions like temperature, humidity and location. 

Mechanism promoting self-pollination 

 The various mechanisms that promote self-pollination are  

 

1. Cleistogamy: In this case, flowers do not open at all. This ensures complete self 

pollination since foreign pollen cannot reach the stigma of a closed flower. 

2. Chasmogamy: In some species, the flowers open, but only after pollination has 

taken place. 

3. In crops like tomato (S.lycopersicum) and brinjal (S. melongena), the stigma is 

closely surrounded by anthers, pollination generally occurs after the flowers open. 

But the position of anthers in relation to stigma ensures self-pollination. 
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4. In some species, flowers open but the stamens and the stigma are hidden by other 

floral organs. In peas (P.sativum), the stamens and the stigma are enclosed by the 

two petals forming a keel. 

5. In a few species, stigma become receptive and elongate through the staminal 

columns. This ensures predominant self-pollination. 

 

Cross- pollination 

 

           In cross-pollinating species, the transfer of pollen from a flower to the stigmas 

of the others may be brought about by wind (anaemophily), water (hydrophily) or 

insects (entomophily). Many of the crop plants are naturally cross-pollinated. In many 

species, a small amount (upto 5-10 per cent) of selfing may also occur. 

Mechanism promoting cross pollination: There are several mechanisms that facilitate 

cross pollination. They are 

 

Dicliny: Dicliny or unisexuality is a condition, in which the flowers are either 

staminate (male) or pistillate (female). Dicliny is of two types i) monoecy and ii) 

dioecy 

 

Monoecy: Staminate and pistillate flowers occur in the same plant separately e.g., 

cucurbits. 

 

Dioecy: The male and the female flowers are present on different plants e.g., spinach 

Dichogamy: In the same hermophordite flower stamens and pistils may mature at 

different times, thereby hindering self pollination eventually facilitating cross- 

pollination. 

 

Dichogamy is of two types 

Protogyny: The pistils mature before stamens 

Protandry: Stamens mature before pistils 

Self incompatibility: It refers to failure of pollen from a flower to fertilize the same 

flower or other flowers on the same plant. Self-incompatibility is of two types; 
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sporophytic and gametophytic. In both the cases, flowers do not set seed on selfing. 

Self-incompatibility is common in cauliflower and radish. It is highly effective in 

preventing self-pollination. 

 

Male sterility: It refers to the absence of functional pollen grains in otherwise 

hermaphrodite flowers.  

 

Often cross-pollinated species 

 In some crop plants cross-pollination often exceeds 5 per cent and may reach 30 

per cent. Such species are generally known as often cross-pollinated species. 

� Cross-pollination, also called allogamy occurs when pollen is delivered to a flower 

from a different plant. Plants adapted to outcross or cross-pollinate often have 

taller stamens than carpels or use other mechanisms to better ensure the spread of 

pollen to other plants' flowers. 

Methods of pollination 

 Vegetables may be grouped into four categories according to the way they 

pollinate 

Group 1. Vegetables in Group 1 have flowers that can receive only their own pollen. 

They are called self-pollinizers. 

Examples Bush, pole and lima beans 

  Chicory 

  Endive 

  English and Southern peas 

 Tomatoes 

Group 2 Vegetables in Group 2 form seed only with pollen from an unrelated plant. 

Examples cabbage 

  radish 
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Group 3 The cross-pollinated vegetables in Group 3 may either set seed from their own 

pollen (self-pollinated) or from pollen received from another plant (cross-pollinated). 

They can be divided into two sub-groups: (A) vegetables pollinated by air-borne pollen 

and (B) vegetables pollinated by insect-borne pollen. 

Examples (A) usually pollinated by air-borne pollen: 

Examples 

 Beets corn 

  carrots onions 

  celery spinach 

  Swiss chard   

 Examples (B) usually pollinated by insect-borne pollen: 

Examples 

  broccoli kale  parsnip 

  Brussels sprouts kholrabi hot pepper 

  cauliflower lettuce sweet pepper 

  citron muskmelon pumpkins 

  collards mustard rutabaga 

  cucumbers okra squashes 

  eggplant parsley watermelons 

  gourds    

Group 4 Vegetables in Group 4 have both male and female plants. Seeds are formed only 

when male plants furnish pollen. 

Examples asparagus 

  spinach 

  some hybrid cucumbers 

Pollination may occur between vegetable cultivars, creating new cultivar 

varieties. For example, plants in the Cucurbitaceae or gourd family belong to four 
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species among which crosses may occur. The success of such crossing depends on the 

species to which a variety belongs. Plants belonging to the Cucurbitaceae family produce 

separate male and female blooms on the same plant. Insects are usually required to cross-

pollinate blooms. 

Pumpkins and squashes do not cross-pollinate with cucumbers, watermelons or 

citron. Watermelons and citron both belong to the genus Citullus and, therefore, will 

cross-pollinate each other. Muskmelons and Casaba melons will cross since they are both 

in the genus Cucumis and also in the same species, melo. 

The pollination process 

Monoecious plants have both male and female flowers on the same plant. 

Dioecious plants have only one sex of flower per plant. Both monoecious and dioecious 

plants generally require cross-pollination. When a pollen grain lands on a receptive 

stigma, it forms a pollen tube down the style to the ovary. Male genetic material passes 

down the pollen tube and fertilizes an ovule. Ovules become seeds and the surrounding 

ovary develops into the fruit. 

 

Cucurbit plants, for example, have separate male (staminate) and female 

(pistillate) flowers. Male flowers generally appear on the plants several days before 

female flowers. The female flower is easily recognized by the presence of a miniature 

fruit below the flower petals. (Fig.1) Pollen from the male flower must be transferred to 

the female flower for pollination and subsequent fruit development to occur. 



7 

 

 

Female flowers on cucurbit plants have a miniature fruit below the petals. 

Many insects visit flowers to collect pollen and nectar as food. These insects 

spread pollen grains among flowers, accomplishing pollination. Many flowers offer 

sugary liquid nectar as an added enticement for these pollinating insects. Among insect 

pollinators, bees are especially efficient because they eat pollen and nectar exclusively, 

visit many flowers of the same species during a single trip and have hairy bodies that 

easily pick up pollen grains. 

Cucurbit flowers open shortly after sunrise and remain open until late afternoon or 

early evening, so each flower is open for only a few hours. The honeybee is the most 

common and effective cucurbit pollinator. Honeybee activity closely coincides with the 

period when the flower is open. Honeybees begin to visit flowers an hour or two after 

sunrise and continue to visit until mid-afternoon. If temperatures are very warm, bee 

activity may decline about noon. When bees are active, spraying pesticides should be 

avoided. 

Research on watermelon in Florida showed that the number of bee visits was 

more important than the length of time that each bee stayed on the flower. Well-shaped, 

fully-expanded fruit developed after eight bee visits to a female flower. Fruit set was 

significantly reduced when bees only visited two to four times. Misshaped or undersized 

fruit could be the result of poor or incomplete pollination. (Fig.2) 
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Misshaped or small fruit may result from poor or incomplete pollination. 

The formation of seed in more complex plants depends on sexual reproduction in 

the flower. This process can be quite complex and is of fundamental interest to plant 

breeders. It is important that plantings be sufficiently separated when crossings are not 

wanted.  

Home gardeners who want to save seed from vegetable plants can expect Group 1 

to contain less than five percent mixed seed. When seeds are saved from Groups 2, 3 and 

4 and more than one variety of the same species is grown in the garden, gardeners should 

use special care to prevent crossing. 

Table 1 Approximate time from pollination to market maturity under warm growing 

conditions 

Vegetable Time to market maturity (days) 

Bean 7-10 

Corn 18-23 

Cucumber, pickling (¾ - 1 in. diameter) 4-5 

Cucumber, slicing 15-18 

Eggplant (maximum size) 25-40 

Muskmelon 42-46 

Okra 4-6 

Pepper, green stage (about maximum size) 45-55 

Pepper, red stage 60-70 

Pumpkin, Connecticut Field 80-90 

Pumpkin, Big Max 120 

Pumpkin, Small Sugar 65-75 

Squash, summer, Crookneck 6-7
1
 

Squash, summer, Early Prolific Straightneck 5-6
1
 

Squash, summer, Scallop 4-5
1
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Squash, summer, Zucchini 3-4
1
 

Squash, winter, Banana 70-80 

Squash, winter, Boston Marrow 60-70 

Squash, winter, Buttercup 60-70 

Squash, winter, Butternut 60-70 

Squash, winter, Golden Delicious 60-70 

Squash, winter, Hubbard 80-90 

Squash, winter, Table Queen or Acorn 55-60 

Tomato, mature green stage 35-42 

Tomato, red ripe stage 45-60 

Watermelon 42-45 

To attain a weight of ¼ - ½ lb. 

 

Methods of pollination in spices 

Pepper: Black pepper is a predominantly self pollinated. While various degree of 

protogyny is encountered .Positive geotropism, spatial arrangement of flowers, sequential 

ripening of the stigma and non-chronological dehiscence of anthers stimulate selfing. 

Selfing with occasional outcrossing is the predominant mode of pollination in cultivated 

bisexual black pepper. It is adapted for pollination by gravitational descending of pollen 

grains combined with action of rain water or dew drops (Geitonogamy). 

 

Cardamom: Though cardamom has 

bisexual flowers and is self compatible, 

cross pollination is the rule. Self 

pollination is hindered due to the slight 

protrusion of the stigma above the 

stamens. In cardamom, cross pollination 

is mediated by activity of the bees (Apis 

cerana, Apis indica and Apis dorsata) as 

pollinators. The active foraging of bees 

is seen in the morning hours of the day which help in increasing the fruit set of cardamom. 

 

Cardamom Flower 
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Vanilla: Vanilla planifolia usually flowers only 

once in a year over a period of about 2-3 

months. In India the peak flowering period is 

during January to March. Irrespective of the 

fact that vanilla flower is self –fertile the floral 

architecture of vanilla is such that natural 

pollination is impossible, due to the separation 

of anther from stigma by the rostellum. A 

pollinating agent is essential for transferring pollen from anther to stigma. In Mexico and  

Central America, where vanilla is indigenous some of the flowers are pollinated the bees of 

the genus Melipona and also hummingbirds. Elsewhere hand pollination is unavoidable for 

fruit set. 

 

Tree spices: Nutmeg is a dioecious tree and the chief agent of pollination is wind. In 

cinnamom flowers are small; numerous in terminal and axillary panicles on current seasons 

growth. They are cross-pollinated insects are the pollinating agents. In clove the flowers are 

bisexual and self-pollination is predominant in clove. 

 

Seed spices: In coriander the inflorescence is compound umbel and the hermaphrodite and 

staminate flowers are small. The flowers are protandrous. Honey bees are the main 

pollinating agent. In fenugreek the flower is leguminous, which is small and borne on 

raceme and is extremely difficult to manipulate for artificial emasculation and 

hybridization. It is a typical self-pollinator in which fertilization occurs within the 

unopened floral buds (Cleistogamy). 

 

 

Vanilla Flower 
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Questions 

Match the following 

 

1. Self-pollination   -  the flowers open only after pollination 

2. Cleistogamy   -  Spinach 

3. Chasmogamy   -  cucurbits. 

4. Entomophily   -  the transfer of pollen from a flower to the stigmas   

      through insects 

5. Monoecious   -  Dicliny or unisexuality is a condition, in which the                       

      flowers are either male or female 

6. Dioecious  -  Autogamy 

7. Dicliny             -  the transfer of pollen from a flower to the stigmas 

8. Pollination - complete self pollination 

 

 

9. The chief agent of pollination in Nutmeg is Wind 

Ans: True 

10. Natural pollination is impossible, due to the separation of anther from stigma by 

the rostellum 

Ans: True 

Coriander Flower 
Fenugreek Flower 
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Answer 

1. Self-pollination     -    Autogamy 

2. Cleistogamy  -   Complete self pollination 

3. Chasmogamy  -   The flowers open only after pollination 

4.  Entomophily  -  The transfer of pollen from a flower to the stigmas  

           through insects 

5. Monoecious  -    Cucurbits. 

6. Dioecious -   Spinach 

7. Dicliny            -  Dicliny or unisexuality is a condition, in which the                       

     flowers are either male or female 

8. Pollination  -  The transfer of pollen from the stamen to the pistil. 
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Lecture.5 

Genetics – Chromosome number – Ploidy level of important vegetable, tuber and 

spice crops 

 

   Diploid chromosome number in major vegetable and tuber crops 

Crop Botanical !ame 2n !o 

Vegetables 

Eggplant(Brinjal) Solanum melongena  24 

Pepper Capsicum annuum  24 

Tomato Solanum lycopersicum 24 

Peas Pisum sativum 14 

Broad bean Vicia faba 12 (24) 

Cluster bean Cyamopsis tetragonoloba  14 

Cowpea Vigna unguiculata 22 

French-bean Phaseolus vulgaris  22 

Indian bean Dolichos lablab 22 

Soybean Glycine max 40 

Sword bean Canavalia gladiata  22 (44) 

Okra Abelmoschus esculentus 72 

Garlic  Allium sativum 16 

Onion Allium cepa 16 

Cauliflower Brassica oleracea var. botrytis 18 

Cabbage  B. oleracea var. capitata 18 

Knol-khol B. oleracea var. gongylodes  18 

Brussels sprouts B. oleracea var. gemmifera 18 

Ash gourd  Benincasa hispida  24 

Bitte rgourd Momordica charantia  22 

Bottle gourd Lagenaria siceraria 22 

Cucumber  Cucumis sativus  14 

Muskmelon Cucumis melo  24 

Pumpkin  Cucurbita moschata  40 

Ridge gourd  Luffa acutangula  26 

Snake gourd Trichosanthes cucumerina 22 

Watermelon Citrullus lanatus  22 

Amaranths  Amaranthus tricolor  32 

Beet leaf (palak) Beta vulgaris  18 

Spinach  Spinacea oleracea 12 

Lettuce Lactuca sativa 18 

Beetroot Beta vulgaris 18 



2 

 

Carrot Daucus carota 18 

Radish Raphanus sativus  18 

Turnip  Brassica rapa 20 

Asparagus Asparagus officinalis  20 

Tubers 

Potato Solanum tuberosum 48 

Sweetpotato Ipomoea batatas 90 

Tapioca  Manihot esculenta 36 (72) 

Yam Dioscorea alata 40 

Arvi (colocasia) Colocasia esculenta  28 

Spices 

Black pepper Piper nigrum 52 

Cardamom  Eletteria cardamomum 48 and 52 

Mysore type – 50 

Malabar type – 48 

Ginger  Zingiber officinale  22 

Turmeric  Curcuma longa 63 

Vanilla Vanilla planifolia 32 

Allspice Pimenta dioica 22 

Clove Syzygium aromaticum Not reported  however n 

= 11 

Cinnamon Cinnamomum verum 24 

Nutmeg Myristica fragrans 42 

Saffron Crocus sativus - 

Garlic Allium sativum 16 

Coriander Coriander sativum 22 

Cumin Cuminum cyminum - 

Fenugreek Trigonella foenum graecum 16 

Fennel Foeniculum vulgare 22 

Celery Apium graveolens - 

Aniseed Pimpinella anisum - 

 

  Spice crops chromosome number 

Crop Botanical !ame 2n !o 

Spices 

Black pepper Piper nigrum 52 

Cardamom  Eletteria cardamomum 48 and 52 

Mysore type – 50 

Malabar type – 48 

Ginger  Zingiber officinale Rosc 22 

Turmeric  Curcuma longa 63 
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vanilla Vanilla planifolia 32 

 

Black pepper: Black pepper originated in Western Ghats and a large number of natural      

variability exists in Western Ghats as well as in Eastern Himalayas. All the cultivated 

types are diploid with the chromosome number 2n= 52. 

 

Cardamom: Cardamom being a cross-pollinated crop, a lot of phenotypic variants exists 

in nature. Cardamom is considered to be a balanced tetraploid. The chromosomal 

numbers are 2n= 48 and 2n= 52. Mysore and Malabar varieties of cardamom possess 2n= 

50 and 2n= 48 chromosomes respectively and aneuploidy as well as structural alterations 

in the chromosome have contributed to the varietal differentiation. 

 

Ginger: Ginger (Zingiber officinale Rosc.) has 53 genera and over 1200 species, this is 

the largest family of the order Zingiberales.  It is a sterile diploid. The somatic 

chromosome number of Z. officinale is 2n =22.  

 

Turmeric: The genus Curcuma consists of several species of commercial importance, 

besides C. longa. A few economically useful species are C.amada (mango ginger), 

C.angustifolia (Indain arrowroot), C. aromatica (Kasturi Manjal) and C. ceasia (black 

turmeric).  Cultivated turmeric is triploid (2n =63) with a basic chromosome number  

X= 21. 

  C.amada 
C. longa 
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Vanilla: Vanilla planifolia is the only species commercially cultivated in India. The basic 

chromosome number of the genus vanilla is x=16 and V. planifolia is being considered as 

a diploid with 2n = 32. 

 

Questions 

1. Cardamom is a self-pollinated crop. 

     Ans: False  

2. Vanilla planifolia is the only species commercially cultivated in India 

     Ans: True 

 

 

C. aromatica C.angustifoli

a 
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Lecture.7 

Male sterility – Genic Male Sterility, Environmental Male Sterility – Cytoplasmic 

Male Sterility –Cytoplasmic Genic Male Sterility – Chemically Induced Male 

Sterility– Its application in crop improvement programmes 

 

Male Sterility 

 It is characterized by the production of non-functional or sterile pollen grain while 

female gamete functions normally. Male Sterility occurs in nature due to natural 

mutation. It can also be induced through interspecific crosses or by the use of 

gametocides, which will suppress the production of pollen grain. MS is classified into 

following groups: 

1. Cytoplasmic Male Sterility (CMS) 

 This type of sterility is determined by the cytoplasm. The zygote gets cytoplasm 

from mother or egg cell. Hence the progeny will also be male sterile. This type of male 

sterility is known in many crop plants such as onion. Genes conditioning male sterility is 

located in mitochondria or plasmid.  

 

 It is utilized in ornamental species a few vegetables where vegetative part is of 

economic use. In seed crops it is not useful because F₁ will be male sterile. 

The CMS can be transferred from strain A to strain B by repeated back crossing. 

By this cytoplasmic background of process the nuclear genes from strain B will be 

reconstituted in strain A. Back crossing is repeated for 7-8 generations and the end 

product will be strain B with male sterility. 
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2. Genic Male Sterility (GMS) 

 GMS is normally governed by nuclear recessive genes ‘ms ms’. The A line is 

sterile because it has ‘ms ms’ gene. The B line is similar to A line but for the 

heterozygous condition (Ms ms). The R line is completely fertile (Ms Ms). This type of 

male sterility is used in tomato for the production of hybrids. 

 

 Male sterile line will be having white translucent anthers, while fertile line will be 

having yellow, plumpy anthers. At the time of flowering, each and every plant is to be 

examined for identification of sterile and fertile lines. They are to be tied with different 

colour threads. At the time of harvest, sterile line and fertile line are to be harvested 

separately. The difficulties in the use of GMS are: 

 

1) Maintenance of GMS requires skilled labour to identify fertile and sterile 

lines. Labeling is time consuming. 

2) In hybrid seed production, spot identification of fertile line and removing 

them is expensive. 

3) Use of double the seed rate of GMS line is also expensive.. 

4) High temperature leads to break down of male sterility in some crops. 

 

3. Cytoplasmic – Genic Male Sterility (CGMS) 

 This is a case of cytoplasmic male sterility where dominant nuclear gene restores 

fertility. This system is utilized for the production of hybrids in onion, maize and many 

other crops. The A line which is male sterile is maintained by crossing it with isogenic B 

line (Maintainer line). The B line is similar to that of a line in all characters (isogenic) 

except fertile cytoplasm. The male sterile a line when crossed with R line (restorer) 

restores fertility in F₁. The limitations of CGMS lines are 

Practical achievement 

Sl. %o. Crop Hybrid Parentage 

1. Chillies CH-1 

CH-2 

MS -12 x LLS 

MS – 12 x S-2530 

2. Musk melon Punjab hybrid MS-1 x Hara Madhu 

3. Onion Arka Kirthiman MS -1 x IIHR-1 
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Arka Lalima 

Arka Pitambar 

MS -1 x IIHR 21-1 

MS - 8 x IIHR 52 - 1 

 

Environmental Genic Male Sterility (EGMS)  

EGMS is more popularly termed as “Two line Hybrid Breeding” as against 

“Three Line Hybrid Breeding” in case of CMS system. Certain GMS lines are conditional 

mutants, meaning thereby, in particular environment male sterile mutant plants turn into 

male fertile. After determination of critical environment (Usually temperature or 

photoperiod) for sterility and fertility expression, such GMS mutants are classified under 

Environmental Genic Male Sterility (EGMS) lines. EGMS lines have been reported in 

several vegetable crops. However, from practical view point, it is necessary to identify 

critical temperature or photoperiod for the fertility/sterility expression in temperature and 

photoperiod sensitive genetic male sterility, respectively and may not be hundred per 

cent. 

 

Seeds of EGMS line can be multiplied in an environment where it expresses male 

fertility trait, while hybrid seed can be produced in other environment, where it expresses 

male sterility trait. Initially EGMS lines were thought to be very less practical value, as 

they were unstable. But now they are considered to represent most efficient system for 

hybrid seed production.  

 

Chemical Induced Male Sterility 

The chemical which induces male sterility artificially is called as male 

gametocide. It is rapid method but the sterility is non-heritable. In this system A, B and R 

lines are not maintained. Some of the male gametocides used are gibberellins (rice, 

maize), Sodium Methyl Arsenate (rice) and Maleic hydrazide (wheat, onion). 

 

Application of Cytoplasmic Male Sterility in Plant Breeding 

It is applicable in production of hybrids in ornamental crops and vegetatively 

propagated crops. But in those of crop plants where seed is the economic part, it is of no 

use because the hybrid progeny would be male sterile.  
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Example – Onion 

Application of Genic Male Sterility in Plant Breeding 

It is applicable in production of hybrids in both, vegetative propagated crops and 

crops important for fruit or seed yield. 

Examples – Tomato and cucurbits 

 

Application of Cytoplasmic-Genic Male Sterility in Plant Breeding 

It is used in commercial production of hybrid seeds in Maize, Sorghum and Bajra. 

Examples – It is observed in maize, sorghum, bajra, sunflower, rice and wheat. The one 

with cytoplasmic male sterility would be included in the cytoplasmic genetic system as 

and when restorer genes for it are discovered. 

 

Questions 

1. The production of non-functional or sterile pollen grain is known as Genetic Male 

Sterility 

Ans: False 

2. Cytoplasmic male sterility is determined by the cytoplasm. 

Ans: True  

3. Tomato is an example for Genetic male sterility (GMS). 

Ans: True 

4. Onion is an example for Cytoplasmic Male Sterility. 

       Ans: True 

5. The chemical which induces male sterility artificially is called as male gametocide 

Ans: True 

6. Maleic hydrazide is a male gametocides used in onion.  

       Ans: True 
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Lecture.9 

Pureline selection – Characteristics – Steps in pureline selection – applications of 

pureline selection – Merits and demerits of pureline selection. 

 

Definition  

Pureline selection is a method in which new variety is developed by selection of 

single best plant progeny among traditional varieties or land races. 

 

Procedure of Pureline Selection 

Main steps in the production of pureline variety are as follows: 

 Selection of individual plants from a local / traditional variety, land races 

or some other mixed population  

 Visual evaluation of individual plant progenies  

 Yield trials  

 Release of new pureline variety  

 

Detailed procedure 

Step 

number 
Year Details 

One First year 

Many individual plants (about 200-3000) are selected from a local 

variety or some other mixed population based on phenotype. Any 

number of plants can be selected but importantly they should be 

homozygous. Seeds are harvested separately. 

Two 
Second 

year 

Seeds from each plant are grown separately with proper spacing. 

Evaluated for characters under consideration. Probably in this first 

season it will not be possible to judge the value of separate lines well, 

but surely visually poor, weak and defective progenies can be rejected. 

Number of progenies is drastically reduced in this step, fewer are 

carried to step three. 
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Three Third year 

Seeds of second year crop are planted in a preliminary yield trial. 

Standard plots for comparison are introduced, undesirable progenies 

are rejected. 

 

Four to 

seven 

years 

Replicated yield trials conducted at several locations. Standard plots for 

comparison are introduced, undesirable progenies are rejected. Tests 

are done for characters under consideration. 

 
Eighth 

year 

Best progeny is released as a new pureline variety. Seed is multiplied 

for distribution. 

 

Improvement of Local Varieties 

 Pureline selection is the favourite method for the improvement of local varieties 

that have considerable genetic variability. A large number of varieties have been 

developed by this method. Some example of such varieties are, NP4 and NP52 wheat, 

NP11 and NP12 linseed (Linum usitatisssimum), T1 cowpea (Vigna unguiculata) and T1 

mung (V.radiata); these are pureline selection from old local varieties. Pusa Sawani 

bhindi (Okra; Abelmoschos esculentus) is a selection from a local variety collected from 

Bihar; it showed an acceptable level of field resistance to yellow mosaic virus. 

 

Improvement of Old Pureline Varieties 

 Purelines become variable with time. Often selection is used to isolate new 

pureline varieties from such genetically variable purelines. Some examples of pureline 

varieties isolated from old pureline are, Chafa (from No. 816) gram; Jalgaon 781 (from 

China Mung 781), Khargone 1 (from K119-56), Pusa Baisakhi (from T44), CO2 (From 

PLS 365/3) and CO3 (From PLS367) mung; and CO2 (from P160, CO3 (from PLS364) 

and B76 (from No. 1766) urd (Vigna mungo). Sometimes off – type plants appear in 

purelines. Such off-type plants may be selected to develop new pureline varieties. A 

dwarf off-type plant was selected from the tall scented pureline variety of rice 

Kalimoonch 64, and released as a new pureline variety Shyama. 
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Applications of Pureline Selection 

Applications of pureline selection are listed below 

• As pureline selection gives out uniformity in maturity, height etc. suitable for 

cultivars in which machines are used for the various production processes like 

harvesting.  

• Because of the same reason as above it can be used for varieties grown for processing 

market, as uniformity in texture, canning qualities is important here.  

• It is practised after hybridization within segregating populations  

• Though it can serve above purposes this method has limited practical use in the 

breeding of major cultivated species. However, the method is still widely used while 

breeding less important species that have not yet been heavily selected.  

• Logically it was first step in the development of a uniform variety for the newly 

domesticated crops, with some amount of variability  

Steps in the development of pureline variety are given as Procedure for Pureline 

Selection.  

 

Advantages of Pureline Selection 

Merits of pureline selection are listed below 

• Easy and cheap method of crop improvement  

• Rapid method, lines are usually genetically fixed and yield trials can be 

immediately conducted.  

• Plants in such variety react in similar fashion to environmental conditions, means 

they are uniform in performance and at the same time in appearance too.  

• Maximum possible improvement over the original variety can be achieved  

• Useful in improving low heritability traits as selection is based on progeny 

performance  

 

Disadvantages of Pureline Selection 

Demerits of pureline selection are given below: 

• Purelines have poor adaptability due to narrow genetic base, just opposite to mass 

selected variety  
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• Superior genotypes can only be isolated from the mixed population. This selection 

is powerless to bring changes in hereditary factors i.e. to develop new genotype.  

• Mostly popular or in fact limited to self pollinated spp. only  

• Time and space consuming  

• More expensive yield trials have to be conducted than in mass selection  

 

Questions 

1. Selection of single best plant progeny among traditional varieties or land races is 

known as Pureline selection. 

Ans: True 

2. Pure line selection is the first step in the development of a uniform variety for the 

newly domesticated crops. 

Ans: True 

3. Minimum improvement over the original variety can be achieved by pur line 

selection method. 

Ans: False 
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Lecture.10 

Mass selection – procedure – improvement of local varieties – purification of 

existing pureline varieties – Merits and Demerits – Application of mass selection 

 

Definition 

In mass selection, seeds are collected from a large number of phenotypically 

similar plants available in a population and are bulked to grow next generation. In the 

simplest manner it is the creation of mixture of different lines. 

While selection, easily observable characters like plant height, leaf phenotype, branching 

habit, fruit colour, fruit size and number of fruits/plant etc., should be observed and best 

performing plants should be selected. 

 

Procedure for Mass Selection 

 Mass selection method of plant breeding is carried out in the manner explained 

below.  The general procedure is given, however; steps may vary depending upon certain 

factors. 

Year Details 

First year 

Plants with similar but desirable traits are selected from source 

population and their seeds are bulked. Alternatively, undesirable 

population and the seeds of remaining pollination can be bulked. 

Second 

year 

Seeds carried from first year are planted in a preliminary yield trial along 

with standard varieties as checks. Selected plant types are critically 

evaluated for phenotype.  

Third 

year to 

sixth year 

Co-ordinated yield trials of selected ones are conducted at several 

locations to confirm that selection could perform in the similar manner at 

different locations within an agro-climatic zone. 

Seventh 

year 

Mass selected variety is released if it is up to the expectation. Seeds are 

multiplied for distribution. 
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There are different methods of mass selection  

a) Hallets Mass selection 1869:- In this case, the plants are raised in the most 

optimum environment and best performing plants from that population are 

selected. These selected plants are bulked and advanced for next generation. 

b) Rimpai’s (1867):- Here the plants are grown either in the normal conditions or in 

stress conditions or in an unfavourable environment and from these stress 

conditions plants with desirable economic characters are selected and bulked for 

next generation.  

c) Fanned method:- The seeds are blown with wind and heavy seeds will be 

collected and raised in next generation   

  

Application of mass selection 

� In case of self-pollinated crops, mass selection has two major applications: (1) 

improvement of desi or local varieties, and (2) purification of the existing pureline 

varieties. 

 

Improvement of Local Varieties 

� Mass selection is useful for the improvement of land, desi or local varieties of self-

pollinated crops. The local varieties are mixtures of several genotypes, which may 

differ in flowering or maturity time, disease resistance, plant height, etc. Many of 

these plant types would be inferior and low yielding. As a result, they would lower 

the performance of the local variety. Hence the elimination of poor plant types 

through mass selection would improve the performance and uniformity of the variety. 

The local varieties have been under cultivation for a long time. Therefore, they would 

generally be well adapted to the local environment and would be relatively stable in 

their performance. Mass selection would improve the local variety without adversely 

affecting its adaptability and stability because the new variety would be made up of 

most of the superior plant types present in the original local variety. 
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Purification of Existing Pureline Varieties 

� Purelines tend to become variable with time due to mechanical mixtures, natural 

hybridization and mutation. It is, therefore, necessary that the purity of pureline 

varieties be maintained through regular mass selection. At present, mass selection is 

used precisely for this purpose, and the nucleus seed of pureline varieties is produced 

through mass selection. 

 

� Thus as a breeding method, mass selection has only a limited application for the 

improvement of self-pollinated crops. It is generally not used for the handling of 

segregating populations derived from hybridization. But it has been used for the 

selection of desirable traits in segregating populations, e.g., for seed size in oats. But 

this application is of limited scope where mass selection for the concerned character 

is rather easy and avoids extensive data collection necessary for single plant selection, 

e.g., for days to maturity, seed size, etc. However, in breeding of cross-pollinated 

species, mass selection has been very important. In such crops, inbreeding must be 

avoided since it leads to a loss in vigour and yield. In case of mass selection, several 

plants are selected and their seeds are bulked together to raise the next generation; 

therefore, inbreeding is avoided or kept to a minimum. Further, because of the 

heterozygous nature of the population, several cycles of mass selection may 

effectively be practised. 

Advantages of Mass Selection 

Merits of mass selection method of plant breeding are as given below 

� Varieties developed by mass selection have wide adaptability, wide genetic base and 

stable.  

� Rapid, simple and least expensive of plant-breeding procedures.  

� Retains considerable genetic variability  

� Of use for the improvement of land races.  

Disadvantages of Mass Selection 

Demerits of mass selection are listed below 
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� Variation exists in variety developed by mass selection. Phenotype of these varieties 

is not as uniform as pureline varieties.  

� To test the homozygosity of plants, progeny test is always required, as without 

progeny testing selected types will show segregation in next generation.  

� Less improvement as compared to pure line selection.  

� Limited use in improvement of self fertilizing crops.  

� Varieties are difficult to identify in seed certification programmes compared to pure 

lines.  

� Only effective for characters with high heritability.  

� Only those varieties which show genetic variation can be improved by this method, as 

it uses variability present in population.  

Questions 

 

Match the following 

1. Hallets Mass selection      - The seeds are blown with wind & heavy seeds will be  

           collected and raised in next generation 

2. Rimpai’s Mass selection  - use for the improvement of land races 

3. Fanned method      - the plants are raised in a most optimum environment 

4.  Mass selection      - the plants are grown either is the normal conditions or    

            in stress conditions  

Ans  

5. Hallets Mass selection      - the plants are raised in a most optimum environment 

6. Rimpai’s Mass selection  - the plants are grown either in the normal conditions or    

            in stress conditions   

7. Fanned method      - The seeds are blown with wind & heavy seeds will be  

          collected and raised in next generation 

8.  Mass selection      - use for the improvement of land races  
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Lecture.11 

Heterosis and Hybrid vigour – Theories of Heterosis: Genetic basis of 

Heterosis – Physiological basis of heterosis – Utilization of heterosis 

 

Heterosis 

Heterosis-Definition  

Heterosis is the superiority of F1 (first generation offspring from cross) in one or 

more characters over mid parental or even better parental value. 

 

Hybrid vigour 

      Another term used for heterosis is hybrid vigour. Shull (1914) used this term for 

the first time. Whadely (1994) opined that two terms namely heterosis and hybrid vigour 

are erroneously used in synonyms to each other. According to him heterosis refers to the 

developmental stimulation while ‘Hybrid vigour’denotes the manifest effect of heterosis. 

In short ‘Heterosis’ is the ‘influence’while hybrid vigour is its effect. 

Theories of heterosis  

 The term heterosis was first used by Shull in 1914. Heterosis is often called true 

heterosis or euheterosis. Heterosis may be defined as the superiority of an F1 hybrid 

over either its parents in terms of yield or some other character. 

 

Heterosis or euheterosis is classified as mutational and balanced heterosis. 

Mutational heterosis results from dominance gene action, i.e., masking of the deleterious 

effects of recessive mutant alleles by their dominant counterparts. Balanced heterosis, 

on the other hand, arises due to over-domianace gene action, i.e. superiority of the 

heterogygote over both the corresponding homozygotes. 

 

Causes – Basis of Heterosis 

Various basis or causes of heterosis can be listed as follows 

• Genetic basis  

o Dominance hypothesis 

o Overdominance hypothesis 
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o Epistasis 

• Physiological basis 

• Cytoplasmic basis 

• Biochemical basis 

 

Dominance hypothesis 

The dominance hypothesis was proposed by Charles Davenport (1908), which is 

the most widely accepted hypothesis among the other explanations for heterosis. As per 

this hypothesis, heterosis results due to superiority of dominant alleles over the 

deleterious recessive alleles by masking their effect and heterosis is in direct proportion 

with number of dominant genes contributed by the parent. 

 

Overdominance hypothesis 

The overdominance hypothesis was independently developed by Edward M. East 

(1908) and George Shull (1908).As per this hypothesis, heterosis results due to 

superiority of heterozygote over its both homozygous parents, due to complementation 

between divergent alleles. Here, heterosis is in proportion with heterozygosis. 

 

Utilization of heterosis 

 Wehner and Jenkins (1985) measured a natural outcrossing rate of 53% (36% 

between row). Some have reported heterosis from specific hybrid combinations (Ghaderi 

and Lower, 1979), especially when crossing diverse parents (Hayes & Jones, 1916).  

However, others have found no heterosis when parents were of similar type (Hayes & 

Jones, 1916).  In a study involving three years, two replications and eight locations in the 

USA (Wehner et al., unpublished data), the total once-over harvest yield of the popular 

gynoecious hybrid ‘Calypso’ was 60 fruits per plot, while the gynoecious inbred parent 

Gy 14 had 61 fruits per plot.  Where breeders have worked to develop elite hybrids, 

heterosis may average only a 5% advantage.  

 

 In cucumber gherkins and melons hybrids are produced commercially using a 

gynoecious inbred as the female parent crossed with a monoecious inbred as the male 
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parent, and honey bees as pollen vectors.  Gynoecious inbreds can be developed by self 

pollination of plants that have been treated with silver nitrate or other ethylene inhibitors 

(Tolla & Peterson, 1979).  One advantage of producing F1 with gynoecious female parent 

by crossing with monoecious male parentis that the resulting hybrid will be gynoecious, 

having pistillate flowers at every node.  If the F1 hybrid is not parthenocarpic for 

commercial crop a monoecious pollenizer must be mixed in with the hybrid. Gynoecious 

cultivars are earlier and sometimes higher yield than monoecious cultivars since they 

have pistillate flowers at every node (Wehner & Miller, 1985).  

 

 Melon has no inbreeding depression, but some crosses were reported to express  

3% heterosis for earliness and 8% for yield (Lippert & Legg, 1972).  Andromonoecious 

lines had only 20 to 35% natural outcrossing (Whitaker & Bohn, 1952), so the lack of 

inbreeding depression might be explained in the same way as for cucumber.  Hybrids are 

produced by hand pollination of emasculated perfect flowers on the female parent using 

staminate flowers from the male parent.  Gynoecious inbreds have been produced, but 

fruits from pistillate flowers are oval, rather than round like those produced from perfect 

flowers.  Also, gynoecy is controlled by several genes and is complex to work with.  The 

use of cytoplasmic genic male sterility would reduce hand labour requirements for 

crossing in hybrid seed production blocks.  

 

 Summer squash (Cucurbita pepo L.) has been shown to have heterosis for yield, 

with 11 to 84% hybrid advantage over open pollinated cultivars in zucchini types and 0 to 

82% advantage for yellow types (Elmstrom, 1978).  Hybrids are produced by crossing 

two monoecious inbred lines using honey bees as the pollen vector. One of the inbreds is 

made gynoecious for the first two to three weeks of flowering by spraying the plants with 

ethephon at the two and four-leaf stage.  Hybrids are used in 52% of the U.S. crop.  On 

the other hand, winter squash (Cucurbita maxima Duch and C. moschata Duch) is 

difficult to cross using monoecious inbreds since ethephon does not work well to change 

sex expression.  Heterosis for yield in hybrid cultivars may be 40% higher than for the 

open pollinated ones, and an increasing proportion of the crop is planted to hybrids.  
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 Watermelon is a monoecious, annual outcrossing species with little inbreeding 

depression.  Heterosis is expressed for yield in some parental combinations, perhaps 

averaging 10%; however, the main use of hybrids has been to protect the parental inbreds 

and to produce seedless fruits.  Seedless hybrids are triploids produced by crossing a 

tetraploid female parent with a diploid male parent.  Tetraploids are produced by 

doubling the chromosome number of elite diploid inbred lines. Once the triploid F1s are 

planted for commercial production of water melon fruits, a diploid cultivar must be 

planted in alternating rows with such triploid cultivar to provide the pollen required for 

fruit set, so seeded watermelons are produced along with the seedless ones.  

 

  The benefits provided to the world by heterosis in the vegetable crops is 

dependent on the crop.  In the case of bean, pea and lettuce, there has been no effect of 

heterosis.  In other cases, such as tomato, onion, cabbage and asparagus, there have been 

significant savings of agricultural land and a large increase in our ability to feed people as 

a result of heterosis.   

Questions 

1. Heterosis is superiority of offspring in one or more characters over its better parental 

or mid parental value. 

Ans: True 

2. Dominance hypothesis is due to superiority of dominant alleles over the deleterious 

recessive alleles. 

Ans: True 

3. The term heterosis is erroneously used as hybrid vigour. 

Ans: True 

4. Heterosis results due to superiority of heterozygote over its both homozygous parents. 

      Ans: True 

5. More heterosis effect is noticed in lettuce crop. 

      Ans: False  

 

 



1 

 

Lecture.12 

Hybridization - history – objectives – types – procedure of hybridization – raising 

F1 generation – difficulties – consequences of hybridization 

 

Hybridization 

Hybridization refers to the crossing of two individuals or plants or lines with 

dissimilar genotype. It is the most important among the methods of plant breeding. 

 

What is Hybrid – Definition? 

The outcome of crossing of two individuals or plants or lines with dissimilar 

genotype is called as hybrid. 

 

History of hybridization 

 In comparison to selection, hybridization is of more recent origin. There is 

evidence that Babylonians and Assyrians hand-pollinated date palm as early as 700 B.C. 

for metaxenic effects of pollen. Metaxenia is the effect of pollen on the maternal tissues 

of fruit. Clearly, the artificial pollination in this case was not for the purposes of crop 

improvement. Sex in plants was discovered by Camararious in 1694. In 1717, Thomas 

Fairchild produced the first artificial hybrid, the Fairchild’s mule, by crossing sweet 

William (Dianthus barbatus) with carnation (Dianthus caryophyllus). Subsequently, a 

large number of scientists used hybridization for scientific studies as well as for crop 

improvement. Notable among such scientists are, Joseph Kolereuter, who made many 

crosses in tobacco during 1760-1766, and emphasized hybrid vigour in F1.  

Thomas Andew Knight ,who developed several varieties of apples, pears, 

peaches, grapes and currants during 1759-1835; and Goss, Sargaret, Gaertner and 

Naudin, who had noted uniformity in F1,  dominance in F1, and segregation and 

appearance of parental types in F2. But it was left for Mendel (1865) to propose the clear-

cut laws of inheritance of qualitative traits. These and subsequent discoveries in genetics 

have given hybridization a scientific basis. Towards the end of nineteenth century, 

hybridization was widely used for crop improvement. With the help of genetic principles, 
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the breeder is able to predict the kind of progeny he is likely to obtain from a given cross. 

Therefore, he can plan the crosses from which he is most likely to obtain the desired plant 

type. Today, hybridization is the most common method of crop improvement, and the vast 

majority of crop varieties have resulted from hybridization. 

Objectives or Aims of Hybridization 

• To create genetic variability 

• To bring together desired qualitative characters found in different plants or plant lines 

into one plant or plant line i.e. to transfer desired character/s from other varieties to 

the considered one. 

• To make F1 useful as hybrid variety 

• Improvement of one or more quantitative characters 

Types of Hybridization – Hybrid 

Plant hybridization can be of two types. 

1. Intervarietal hybridization 

2. Distant hybridization 

 

Intervarietal Hybridization 

In this type of hybridization, two parents from the same species (may be from two 

varieties, strains or races of the same species) are crossed. 

1. Single Cross Hybrids 

2. Double Cross Hybrids 

3. Three-way Cross Hybrids 

4. Triple Cross Hybrids 

5. Top Cross Hybrids 

 

Single Cross Hybrids 

Results from the cross between two pure bred lines and produces an F1 generation 

called an F1 hybrid (F1is short for Filial 1, meaning “first offspring). The cross between 

two different homozygous lines produces an F1 hybrid that is heterozygous; having two 
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alleles, one contributed by each parent and typically one is dominant and the other 

recessive. The F1 generation is also homogeneous, producing offspring that are all similar 

to each other. 

Double Cross Hybrids 

Result from the cross between two different F1 hybrids. 

Three-way Cross Hybrids 

Result from the cross between one parent that is an F1 hybrid and the other is from 

an inbred line. 

Triple Cross Hybrids 

Result from the crossing of two different three-way cross hybrids. 

Top Cross Hybrids 

Cross between inbred line and OPV. 

Distant Hybridization (Population hybrids) 

It includes 

� Intergeneric hybridization – crossing between parents from the two different 

genera 

� Interspecific hybridization – crossing between parents from two different species 

Hybridization Procedure 

General Procedure for Hybrid Production or Hybridization 

Hybrid production or involves following main steps (i.e. steps in crossing). 

1. Choice of parents 

2. Evaluation or testing of parents 

3. Protection of male parent 

4. Emasculation 

5. Bagging 

6. Tagging 

7. Pollination and bagging, tagging 

8. Aftercare 

9. Harvesting 
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Production of F1 hybrids 

In plants 

Crossing two genetically different plants produces a hybrid seed (plant) by means 

of controlled pollination. To produce consistent F1 hybrids, the original cross must be 

repeated each season. As in the original cross, in plants this is usually done through 

controlled hand-pollination, and explains why F1 seeds can often be expensive. F1 

hybrids can also occur naturally, a prime example being peppermint, which is not a 

species evolved by cladogenesisor gradual change from a single ancestor, but 

a sterile stereotyped hybrid of  watermint and spearmint. Unable to produce seeds, it 

propagates through the vining spread of its own root system. 

In agronomy, the term “F1 hybrid” is usually reserved for 

agricultural cultivars derived from two different parent cultivars, each of which 

are inbred for a number of generations to the extent that they are almost homozygous. 

The divergence between the parent lines promotes improved growth and yield 

characteristics through the phenomenon of heterosis ("hybrid vigour"), whilst the 

homozygosity of the parent lines ensures a phenotypically uniform F1 generation. Each 

year, for example, specific tomato "hybrids" are specifically recreated by crossing the 

two cultivars over again. 

Two populations of breeding stock with desired characteristics are subject 

to inbreeding until the homozygosity of the population exceeds a certain level, usually 

90% or more. Typically this requires more than ten generations. After this happens, both 

populations must be crossed while avoiding self-fertilization. Normally this happens in 

plants by deactivating or removing male flowers from one population, taking advantage 

of time differences between male and female flowering or hand-pollinating. 

In 1960, 99 percent of all corn planted in the United States, 95 percent of sugar 

beet, 80 percent of spinach, 80 percent of sunflowers, 62 percent of broccoli, and 60 

percent of onions were hybrid. Such figures are probably higher today. Beans and peas 

are not commercially hybridized because they are automatic pollinators, and hand-

pollination is prohibitively expensive. 
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Hybrids 

 Hybrid plants are the result of the deliberate cross-pollination of two selected 

lines of plants. Hybrids are commonly produced to make seed that combines the best 

characteristics of the parents--productivity, uniformity, vigour, pest resistance. Seeds 

collected from hybrids usually do not grow true to their hybrid parents; rather they often 

revert and display characteristics from more distant progenitors. 

 

 F1 hybrid seed 

 Many selectively bred vegetable varieties are F1 hybrids (Filial 1, the frist filial 

generation). F1 hybrids are made by crossing two distinctively different parent lines or 

parent cultivars to produce an offspring that is different from the parental types but with 

specific desirable characteristics from either or both parents. F1 hybrids are created for 

exceptional vigour and improved growth, quality, uniformity, and yield. Seed from F1 

hybrids will not breed true-to-type. F1 hybrids must be remade by controlled pollination 

every time seed is needed. (That is why F1 hybrids are expensive.) This is a time 

consuming and exacting breeding process not usually undertaken by home vegetable 

gardeners. 

 

Difficulties in hybridization 

Ordinarily intervarietal hybridization presents little problem, if any, while distant 

hybridization is often beset by many difficulties. In many crops, however, some varieties, 

particularly when used as the female parent, show a considerably lower seed set than 

other varieties.  This problem is not a serious one, and can be easily resolved by 

pollinating a proportionately larger number of flower buds. 

 A more serious problem of hybrid (F1) mortality due to lethal genes is 

encountered in several cross combinations of some crops.  An excellent example is 

furnished by wheat (Triticum aestivum) where F1 plants from many cross combinations 

show hybrid necrosis.  Leave the affected areas of leaves first turn darker green, then 

greyish brown as the chlorophyll degenerates and finally the leaf tissue dies.  The hybrid 
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necrosis in wheat is believed to be the result of two dominant complementary genes Ne1 

and Ne2 located on the chromosome 5B
L 
and 2B

S
, respectively.  According to an estimate, 

about 18% of wheat varieties possess Ne1, while more than 43% have Ne2.  

 There is a considerable variation in the severity of hybrid necrosis in the different 

cross combinations of wheat.  In severe cases, necrosis may develop in the first or second 

leaf stage and the plants may die by the 3-6 leaf stag.  In mild cases of necrosis, only leaf 

tips may be affected and the plants may grow and reproduce normally.  All the grades 

between these two extremes   are known to occur and a 0-8 scale has often been used for 

scoring the intensity of necrosis is presumably due to multiple alleles of both Ne1(Ne1
w
, 

Ne1
m
 and Ne1

S
) and Ne2

w
, Ne2

m
, Ne2

ms 
and Ne2

S
) genes, which generate weak (w), 

moderate (m), moderately strong (ms) or strong (s) necrotic effects.  

 The problem of hybrid necrosis (or other lethal genes) may be overcome by (1) 

keeping necrosis crosses out of the breeding programme; (2) using one parent having 

recessive alleles of both the Ne genes; (3) inducing mutation  for the recessive allele of 

the concerned Ne gene, while allele of the concerned Ne gene, where available; 4) 

utilizing spontaneous mutants having the recessive allele of the concerned gene, such as 

praline; (5) using a chemical treatment, e.g. spray of an amino acid, where available;  6) 

growing the f1 plants in an environment if which will prevent the expression of the lethal 

gene(s), e.g. temperatures over 22
0
C in the case of Ne genes of wheat. 

Consquences of hybridization 

 In self – pollinated species, it is th e easier self –pollination in F1is easier to 

produce, F2 generation.  Segregation and recombination of genes would produce several 

new genotypes, in addition to the two parental types, in F2.  The number of genotypes 

produced in F2 increases rapidly with the number of segregating gene. The number of 

phenotypes with and without dominance also increases rapidly with an increase in F2   and   

increases rapidly with the number increase in the number of segregating genes.  If, for 

example 10 genes are segregating, the F1 would produce 1,024 types of gametes, 59,049 
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different genotypes in F2, 1,024 different phenotypes with full dominance, and 59,049 

different phenotypes without full dominance and epistasis.   

The smallest size of a perfect F2 population (a population that includes at least one 

plant of every genotype) would be 1,084,576.  Most of the intervaietal crosses would 

differ for many more genes.  It is, therefore, impractical to raise a perfect F2 population 

for any cross.  Thus the difficulty in recovery of rare recombinants from segregating 

generation can be easily appreciated.  This difficulty would be great enough even if the 

phenotypic effects of the genes were easily recognizable.  However, in the case of 

quantitative characters the effects of genes are masked by those of the environment as 

well as by gene interactions making the identification of rare recombination even more 

difficult.  

 In F2, vast majority of plants would be heterozygous for one or more genes.  

Hetrozygosity reduce the effectiveness of selection because such plants segregate to 

produce variable progeny, i.e., the genetic value of progeny is not the same as that of the 

parent plants.  The genetic composition i.e., the frequency of plants heterozygous for 

different numbers of genes, in a segregating generation is obtained by expanding and 

solving the terms of the following binomial. 

[1 + (2
m 
– 1)] 

Where, m is the number generation of selfing and n is the number of genes that 

are segregating (independently).  If we assume the values of m and n to be 3 and 4, 

respectively, the appropriate binomial and its expansion will be as follows. 

[1 + (23 – 1)] 4   = (1+ (8-1)] 4 

           = (1+ 7)] 4 

                                                           = 14+4 (1)3 (7) + 4(1) (7) 3(7) +3 

 

 In the expanded binominal, each term has a coefficient, e.g., 1,4,6,4 and 1 in the 

above binominal, the factor (1) having indices from 4to0 and the factor (7) (=2m-1) 
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having indices from 0 to 4.  In each term, the index of (1) denotes the number of 

heterozygous genes, while that of (7) i.e., (2
m 
- 1) signifies the number of homozygous 

genes.  Further, the solution of a term gives the frequency of plants having the genetic 

constitution described by the term. 

 In the above binominal, solution of the first term will give frequency of plants 

having 4 heterozygous and zero homozygous genes, that of second term will give the 

frequency of those having 3 heterozygous and one homozygous genes, of third term will 

be for plants having 3 heterozygous 2 homozygous genes, of fourth term will be for 

planting while that of fifth term will be for plants having all the four genes in 

homozygous state.  The solution of the terms of the above binomial gives the following 

values. 

                    = 1 + 28+ 294+1,372+2,401 

These value are interpreted as follows to give the frequencies of plants having 

different genetic constitutions. 

• Four heterozygous and zero homozygous = 1 plant. 

• Three heterozygous and one homozygous = 28 plants 

• Two heterozygous and Two homozygous = 294 plant 

One heterozygous and three homozygous = 1,372 plants 

Zero heterozygous and four homozygous = 2,401 plants. 

Frequency (in per cent) of completely homozygous plants 

/umber of genes segregating 

  F2 F3 F4 F5 F7 

1 50.0* 75.0 87.5 93.8 98.4 

2 25.0 56.3 76.6 87.9 96.9 

3 12.05 42.2 67.0 82.4 95.4 
4 6.3 31.7 58.6 77.2 93.9 

5 3.1 23.7 51.3 72.4 92.4 

10 0.0097 5.6 26.3 52.5 85.4 

20 0.00009 0.32 6.9 27.5 73.0 
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Thus in f4 generation of a cross segregating for 4 genes, the frequencies of plants 

segregating for different numbers of genes will be as given above. 

Frequency of completely homozygous plants in F2 and the subsequent 

generations of crosses segregating for different number of genes. 

* The number of generations of self –pollination will be 1 in F2, 2 in F4 and n – 1 in Fn 

generation since F1 is the result of hybridization and only F2 and the subsequent 

generations are due to selfing. 

The frequency of completely homozygous plants = [(2m – 1) /2m)]n where, m is 

the number of generations of self- pollination increases, the frequency of completely 

homozygous plants increases sharply. Consequently, the confusing effects of 

heterozygote are reduced and selection becomes more effective in the advanced selfed 

generations.  Therefore, many breeders feel that selection on individual plant basis should 

be delayed till F5 or even F6 generation. 

These considerations have assumed equal survival of all the genotypes, and no 

linkage. There is some evidence that heterozygotes may be favoured in nature, The 

increase in homozygosity, therefore, could be less than theoretically expected, Linkage 

would decrease the frequency of recombinant types and increase the frequency of 

completely homozygous plants.  The latter effect is produced because linkage reduces the 

number of genes segregating independently.  Linkage between favourable genes makes 

selection easier because the two desirable characters tend to be inherited together 

populations would be required to break this linkage.  

 In case of quantitative characters, recombinations may produce genotypes 

superior to the two parents.  For example, if a variety with the genotype AA bb cc dd is 

crossed with another variety with the genotype AA BB CC DD and aa bb cc dd would be 

produced.  These plants would be superior and inferior, respectively to both the parents; 

such recombinants are known as transgressive segregants. Breeding for yield generally 

aims at the recovery of transgressive segregants.  Frequency of such segregants  in F2, 

which 2 out of 4n plants (where n is the number of genes segregating), it would be 
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apparent that the chances of recovery of such genes from each parent, but rarely a plant in 

a small F2 population would have all the genes from both the parents. 

Questions 

1. Hybridization refers to the crossing of two individuals with dissimilar genotype. 

Ans: True 

2. Types of Hybridization? 

a. Intervarietal hybridization 

b. Distant hybridization 

3. Two parents from the same species are crossed is called as distant hybridization   

Ans: False 

4. Triple Cross Hybrids the crossing of two different three-way cross hybrids. 

Ans: True 

5. Cross between inbred line and OPV is known as Double cross. 

Ans: False (Top Cross) 

 

Match the following 

6. Distant Hybridization   - Population hybrids 

7. Intergeneric hybridization   - crossing between parents from the two different 

genera 

8. Interspecific hybridization  - crossing between parents from two different 

species 

 

Ans 

6. Distant Hybridization    - crossing between parents from two different 

species 

7. Intergeneric hybridization  - Population hybrids 

8. Interspecific hybridization  - crossing between parents from two different 

species 
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Lecture.13 

Pedigree method – Pedigree record and its maintenance – procedures – 

Application –Merits and Demerits of pedigree method 

Pedigree method 

 Pedigree may be defined as a description of the ancestors of an individual and it 

generally goes back to some distant ancestor or ancestors in the past. The pedigree is 

helpful in finding out if two individuals are related by descent, i.e., have a common 

parent in their ancestry and therefore are likely to have some alleles in common. 

Maintenance of pedigree record 

 The pedigree record may be kept in several different ways, but it should be simple 

and accurate. Generally, each cross is given a number; the first two digits of this number 

refer to the year in which the cross was made, and the remaining digits denote the serial 

number of the cross in that year. For example, the number 7911 denotes the cross number 

11 of year 1979. In the segregating generations, one of the following two systems of 

designation may be followed. 

Designation Based on the Location of Progeny Rows in the Field 

 In the first system, individual plant progenies in each generation are assigned row 

numbers corresponding to their location in the plot. In addition, each progeny in F4 and 

the subsequent generations is assigned the row number of the progeny in the previous 

generation from which it was derived. Thus each F3 progeny, derived from individual F2 

plants, is given a number corresponding to the row number at which it is located in the F3 

plot. Plants selected from an F3 progeny are identified by the row number of that 

progeny. When individual plant progenies are grown in F4, each progeny is also given the 

row number of the F4 plot at which it is located in addition to the F3 row number. 

Similarly, the plants selected from a progeny in F4 are given the row number of that 

progeny in the F4 plot. After the F5 progenies are planted, the row numbers of progenies 

in the F5   plot are added to the F4 row numbers. The same procedure is followed in the 

subsequent generations. Thus each progeny can be traced back to the F3 progeny (or the 
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F2 plant) from which it originated. But for determining the pedigree of a progeny, the 

breeder has to consult the records of the previous years as well. 

Designation Based on Serial "umbers of Selected Plants 

 In the second system, in each generation, the selected plants are assigned serial 

numbers within individual progenies; each progeny or selected plant bears the serial 

numbers of all the plants in the previous generations related to it by direct descent. Thus 

each selected plant F2 is given a serial number; the F3 progenies derived from these 

plants are given the serial numbers of their parent F2 plants. The plants selected from a 

progeny in F3 are given the number of that progeny; in addition, each selected plant from 

that progeny is also given a serial number. 

The system of designating individual plant progenies based on progeny row 

numbers of the concerned and the previous generations 

Generation Progeny number Description 

F2 7911-43    Progeny 11 No. 43 (Individual plant of whole F2          

population of cross 11 made in the year 1979 

F3 7911-7 Progeny in the 7
th
 row in the F3 plot. 

F4 7911-7-4 Progeny in the 4
th
 row in the F4 plot, selected from the 

progeny in the 7
th
 row of the F3 plot. 

F5 7911-4-14 Progeny in the 14
th
 row in the F5 plot, selected from 

the progeny in the 4
th
 row in the F4  plot. 

F6 7911-14-3 Progeny in the 3
rd
 row in the F6 plot, selected from the  

Progeny in the 14
th
 row in the F5 plot. 

 These two numbers together make up the progeny numbers in the F4 generation. 

Similarly, the plants selected from an F4 progeny are given the F4progeny number, i.e. the 

serial numbers of the F2 and the F3 plants from which the concerned F4 progeny was 

derived and a new number showing the serial number of the plant among those selected 

from the F4 progeny. In this system, the pedigree of a progeny is immediately known, and 

one does not have to refer to the previous year’s records. But there is a greater chance of 

error in this system since more numbers are to be recorded. The breeder may, however, 

devise his own system of record keeping. 
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The system of designating individual plant progenies based on the serial numbers 

assigned to the selected plants 

Generation Progeny 

number 

Description 

F3 7911-7 Progeny obtained from plant number 7 selected in F2  

F4 7911-7-4 Progeny from plant number 4, selected from the F3 progeny derived 

from the plant number 7 selected in F2 

F5 7911-7-4-2 Progeny form plant number 2, selected from the F4 progeny derived 

from plant number 4 selected from the F3 progeny obtained from the 

plant number 7 selected in F2 

F6 7911-7-4-2-8 Progeny from plant number 8, selected from the F3 progeny derived 

from the plant number 2 selected form the F4 progeny of the plant 

number 4 selected from F3 progeny of the plant number 7 selected in F2. 

In both the systems, the progenies are assigned a different serial number when 

they become homozygous and are included in preliminary yield trials. This serial number 

is given only to those homozygous lines that are included in preliminary yield trials.   

 In the pedigree record, a brief note is made about the distinguishing features of 

each progeny. In keeping a pedigree record, the following should be kept in mind. 

1. Only important characteristics should be recorded. If a large number of characters 

are noted, the record keeping would become a great burden. 

2. Only promising progenies should be included in the record. Post progenies may 

be simply marked ‘discard’. This would give more time for studying promising 

progenies. 

3. The pedigree record must be accurate. Keeping no record is better than keeping an 

inaccurate record, which will only create confusion. 

 

The pedigree record is often useful in the elimination of some progenies. In late 

generations, e.g. F5, F6 etc., if some lines originated from the same F4 or F5 progeny and 

are similar, only one of these lines need be maintained. Further, it may often be possible 

to obtain a general idea about the inheritance of characters by studying the pedigree 

record. 
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Applications of Pedigree method 

 The pedigree method is the most commonly used method for selection from 

segregating generations of crosses in self-pollinated crops. This method is often used to 

correct some specific weaknesses of an established variety. Pedigree method is also 

useful in the selection of new superior recombinant types. It is almost hoped that some 

transgressive segregants would be recovered. Thus the method is suitable for improving 

specific characteristics, such as disease resistance, plant height, yield, quality and 

maturity time etc.,  

Procedure for Pedigree selection 

 Development of hybrids derivatives through pedigree method of selection  

Hybridization  

 The selection of parents to be used in a cross is the most important step in 

a breeding programme based on hybridization. The selected parents are crossed to 

produce a simple or a complex cross. For convenience, we refer to the seed 

obtained from both simple and complex crosses as the F1 seed. 

1. F1 Generation 

 F1 seeds are space-planted so that each F1 plant produces the maximum 

number of F2 seed. Ordinarily, 15-30 F1 plants should produce enough seed for a 

good F2 population. 

 

2. F2 Generation  

 In F2, 2,000-10,000 plants are space-planted to facilitate selection. About 

100-500 plants are selected and their seeds are harvested separately. Usually, the 

F2 population size should be 10-100 time the number of F2 plants that are to be 

selected. The number of F3 progenies may vary from 100-500 depending upon the 

facilities available and the objectives of the breeding programme. When closely 

related varieties are crossed, the number of F3 progenies maintained would be 

considerably smaller than when the parent varieties are unrelated by descent. 
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When the objective of breeding is to improve yield, to recover transgressive 

segregants, or both, a relatively larger number of F2 plants would be selected. 

 

3. F3 Generation  

 Individual plant progenies are space-planted. Each progeny should have 

about 30 or more plants. Individual plants with desirable characteristics are 

selected particularly from superior progenies. Outstanding plants from inferior 

progenies may also be selected. Disease and lodging susceptible progenies and 

progenies with undesirable characteristics are eliminated. The number of plants 

selected in F3 should be preferably less than that of the F3 progenies. If the number 

of superior progenies is small, the whole cross may be rejected. 

 

4. F4 Generation 

 Individual plant progenies are space-planted. Again, desirable plants are 

selected mainly from superior progenies. The number of plants selected in F4 is 

generally much smaller than that of the progenies raised in F4. Progenies with 

defects and undesirable characteristics are rejected. If two or more progenies 

coming from the same F3 progeny are similar and comparable, only one of them 

may be saved and the others may be rejected. Thus the emphasis is on selection of 

desirable plants from superior progenies. 

 

5. F5 Generation  

 Individual plant progenies are generally planted according to the 

recommended commercial seed rate. Often three or more rows are grown for each 

progeny to facilitate comparison among progenies. Many families would have 

become reasonably homozygous and may be harvested in bulk. In families 

showing segregation, individual plants are selected. The breeders have to visually 

assess the yielding potential of progenies and reject the inferior ones. The number 

of progenies must be reduced to a size manageable in preliminary yield trials, 

which are usually 25-100 progenies. 
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6. F6 Generation 

 Individual plant progenies are planted in multi-row plots and evaluated 

visually. Progenies are harvested in bulk since they would have become almost 

homozygous. Progenies showing segregation may be eliminated unless they are 

outstanding; in such progenies individual plants may be selected. Preliminary 

yield trial is usually planted in F6 for those progenies, which are reasonably 

homozygous and have enough seed. Inferior progenies are eliminated based on 

yield data from preliminary yield trials and visual evaluation. 

 

7. F7 Generation  

 Preliminary yield trials with 3 or more replications are conducted to 

identify a few superior lines. The progenies are evaluated for plant height, 

lodging, disease resistance, flowering time, maturity time etc., quality tests for 

produce, organoleptic evaluation may serve as additional criteria for selection. 

Standard commercial varieties must be included as checks for comparison. Two to 

five outstanding lines, if superior to the checks, would be advanced to the 

coordinated yield trials. 

 

8. F8 to F10 Generations  

 The superior lines are tested in replicated yield trials at several locations. 

The lines are evaluated for yield, disease and lodging resistance, maturity time 

and quality including organoleptic quality etc., line that is superior to the best 

commercial variety included in the trial as check in yield and other characteristics 

is identified for release as a new variety. 

 

9. F11 Generation  

 When a strain is likely to be released as a variety, the breeder usually 

multiples its seed during its last year in trial. The breeder has the responsibility to 

supply the breeder’s seed to the National Seeds Corporation, which is responsible 
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for the production of foundation seed. Thus in F11 and F12, the seed of the new 

variety will be multiplied for distribution to the farmers. 

 

Merits of Pedigree method 

1. Excellent method for improvement of easily observable and high heritable 

characters. 

2. As pedigree record is maintained, information regarding inheritance pattern of 

characters can be obtained as and when required. 

3. Each plant can be traced back to its parent plant. 

4. Only those progeny lines which contain plants with desired characters are selected 

for next generation. So there is scope for plant breeder’s skills. 

5. Progeny tests are done, thus it is based on genotypic value rather than phenotypic 

value alone. 

6. Increased breeding efficiency by early identification of superior heterogeneous 

populations 

7. Scope for transgressive segregation to occur for the characters like yield. 

8. New variety development takes short period as compared to bulk method. 

Demerits of Pedigree method 

1. Costly 

2. Labour intensive. 

3. Requires skilled person as selection is practised 

4. Pedigree record maintenance is time consuming. 

5. Selection for yield or other characters in F2 and F3 is ineffective. 

6. One important point to note is genetic variation available for selection gets 

decreased in later generations due to the individual plant selection carried out 

earlier. 
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Questions 

1. Description of the ancestors of an individual and it generally goes back to some 

distant ancestor is known as Pedigree method. 

          Ans: True 

2. Pedigree method is useful in the selection of new superior recombinant types  

 Ans: True 

3. New variety development takes short period as compared to bulk method. 

 Ans: True 

4. Pedigree method is suitable for improving specific characteristics like disease 

resistance and yield. 

           Ans: True 
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Lecture.14 

Mass pedigree method – Principles – Procedures – Merits and Demerits – Its 

importance in crop improvement programme 

 

Mass Pedigree method  

 This method consists of selection among individual plants and their progeny 

during inbreeding following crosses between selected donor parents.  The parents are 

normally crossed in a single cross system.  The F2 populations are subjected to selection 

for apparent desirable traits viz. days to maturity, plant type, plant height, resistance to 

diseases and other easily identifiable traits.  The F3 progenies of the F2 plants are grown 

in rows.  The most desirable F3 progeny rows are selected / marked followed by selection 

and harvesting of superior individual plants from each of the selected rows.  This practice 

of selection among rows followed by selections within rows continued till F5/F6 

generation in which desirable rows are bulked within themselves separately and these 

bulks/new breeding lines are evaluated in the replicated trial for further selection.  

 

 In this method, best individuals with desired characters are selected on the basis 

of phenotypic performance in a source population.  Open-pollinated seeds of the selected 

individual plants are divided into two halves.  Second year replicated progeny row trial is 

conducted using one set of half seeds from each plant.  On the basis of progeny 

performance, the best parental individuals are identified.  The remnant half seeds from 

the superior parental plants are mixed and grown in isolation for random mating during 

the third year.  This method is called line breeding when selection is based on progeny 

tests and a group of progeny lines is composited.  The name, mass pedigree method was 

given by S.S. Rajan.  

 

Mass pedigree method 

Merits 

1. This method takes 14-15 years to release a variety while bulk method takes much 

longer time (15-16 years). 
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2. The breeding values of selected plants are ascertained by progeny test. Therefore, 

pedigree selection is based on genotypic value rather than phenotype value. 

3. Pedigree method provides information about the mode of inheritance of different 

oligogenic characters which is not possible by other breeding method.  

4. There is chance of recovering transgressive segregants by pedigree method. 

 

Demerits 

1. The selected materials become so large that handling of the same becomes very 

difficult. 

2. Because large number of progenies is rejected in this method, there are chances of 

elimination of some valuable materials.  

3. Records have to be maintained for all the selected plants and progeny which take lot 

of valuable time of a breeder. 
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Lecture.15 

Bulk method – procedure –natural and artificial selection during bulk method 

application – Modified bulk method for subsequent generations – Advantages and 

Disadvantages 

 

Bulk Method 

What is Bulk Method – Definition? 

It is a method which can handle segregating generations, in which F2 and 

subsequent generations are harvested in bulk to grow the next generation. At the end of 

bulking period, individual plant selection and evaluation is carried out in the similar 

fashion as in the pedigree method. 

 

Procedure for Bulk Method 

Bulk method of plant breeding comprises of following main steps. 

Step Details 

Hybridizatio

n 

Crossing among selected parents 

F1 

generation 

F1 seeds (minimum 20) planted. Bulk harvesting is carried out. 

F2 to F6 

generation 

F2 to F6 are planted, harvested in bulk. Number of plants should be as large as 

possible. Generally artificial selection is not carried out. 

F7 

generation 

Generally 30 to 50 thousand F6 seeds are space planted, selection is carried out 

based on phenotype and 1000 to 5000 selected ones are harvested separately. 

F8 

generation 

Individual plant progenies are grown, inferior progenies eliminated. Harvested 

in bulk. 

F9 

generation 

Preliminary yield trials with standard varieties as check. Selection is based on 

yield. 

F10 to F13 

generation 

Multi location yield trials are conducted using standard varieties as check. 

Evaluation of performance of lines is done. 

F14 

generation 

Seed multiplication for distribution. 

 

0atural and artificial selection during bulk period: 

A large number of F
2 
populations of several thousand plants are grown at 

conventional planting rates which are in contrast to the pedigree method. At maturity all 
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the plants are harvested in bulk and total seed is collected out of which a random sample 

is taken to grow approximately in the same area in next season i.e. in F
3 
generation. 

Normally the same procedure is followed uninterrupted upto F
5 
or F

6 
generation 

till sufficient level of homozygosity is attained. During all these years, natural selection is 

allowed to exert its influence, if any, to eliminate agronomically undesirable genotypes. 

As such, there is no attempt for artificial selection or to grow the material in off-season 

nurseries which may lead to loss of certain genotypes only on account of abnormal 

environmental conditions in the off-season. If, however, the off-season environment is 

expected to either reduce fitness of agronomically undesirable traits or even leave the 

characters unaffected, the generation can be advanced by taking two or more crops per 

year. Artificial selection is not conducted but there is no reason to loose sight of 

opportunity to improve the economic worth of population especially through negative 

selection for qualitative defects like susceptibility to diseases, late maturity etc. Even 

Nilsson-Ehle, the founding father of this method, helped natural selection in his bulk 

method, by discarding plants with winter damage which would have continued to 

produce at least some quantity of seed for several years.  

 

Florell (1929) also suggested that artificial selection towards a definite type may 

be practised to eliminate weak and undesirable plants. The use of artificially created 

environmental conditions can be made to exert specific type of selection pressure like 

that of incidence of diseases and pests. The single plant selection may be initiated any 

time in between F5
 
- F8

 
generation but that generation must be grown as space planted for 

better expression of potential of the individual plants as well as sufficient genetic 

variation which is usually suppressed under influence of interplant competition in thick 

planting. The plants are selected and evaluated in next generation like those in the 

pedigree method. The seed of individual plant is not sufficient for replicated yield trials 

so the growing of progeny rows serves the twin purpose of seed increase and also to 

reject some potentially less productive progenies by visual observation. Hence after the 

procedure for yield testing, multiplication and release of selections as new cultivars is 

essentially the same as in pedigree method. 
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Applications of Bulk Method 

• Homozygous lines can be isolated in less time, automatic increase in homozygosity 

up to F6 or F8generation, after this individual plant selection can be carried out. 

• Natural selection may improve considered character (yield), with minimum 

expenses. 

• Suitable for crops which are generally planted at high planting densities, e.g. small 

grain crops. 

Modification of the Bulk Method 

 A modification of the bulk method based on artificial selection in F2 and the 

subsequent generations is outlines below. 

1. F2 and F3 Generations. F2 and F3 generations are space-planted and a large 

number (1,000-5,000) of desirable plants are harvested separately. 

2. F4 Generation. F4 is space – planted and 1,000 to 5,000 desirable plants are 

selected. Seeds from the selected plants are harvested separately. 

3. F5 Generation. Individual plant progenies are grown. Selection among progenies is 

based on plant height, disease resistance, lodging resistance, maturity date, fruit 

weight, fruit shape, number of fruits and other agronomic characteristics. 

Undesirable and inferior progenies are eliminated. Often only 10-30 per cent of the 

progenies may be saved. Seeds from each of the selected progenies are harvested in 

bulk. 

4. F6 Generation. A preliminary yield trial is planted using the bulk seeds from the 

selected individual plant progenies. Observations are recorded on agronomic 

characteristics and yield. Quality tests may be done on superior progenies. 

5. F7 Generation. Superior progenies selected on the basis of yield trial are space –

planted for further purification. Individual plants are selected from the superior 

progenies and their seed is harvested separately. 

6. F8 Generation. Individual plant progenies are grown. Inferior progenies and 

progenies showing segregation are ordinarily rejected. Each selected progeny is 

harvested in bulk. 
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7. F9 Generation. Preliminary yield trial is conducted to identify few superior 

progenies for detailed yield tests. Quality test is done to eliminate undesirable 

progenies. 

8. F10 – F13 Generations: Replicated yield trials are conducted at several locations 

with standard varieties as checks. The line or lines that are found to be superior to 

the standard checks would be released as new varieties. 

9. F13 Generation. Seed of the newly released variety is multiplied for distribution 

among the farmers. 

This modification of the bulk method provides an opportunity for the breeder to 

exercise his skill and judgment in selection of plant types in the early generations (F2 to 

F4). At the same time, it does not involve laborious record keeping as in the case with the 

pedigree method. Therefore, this modification has the appeal that it provides for selection 

in the early segregating generations and yet it involves less time and labour than the 

pedigree method.  

Advantages of Bulk Method 

1. Simple and inexpensive 

2. Little record keeping. 

3. Easy to handle populations as bulk harvest is done.  

4. Natural selection is effective, possible to carry out artificial selection if required. 

5. Selection for some environment dependent characteristics like disease resistance, 

cold and high temperature tolerance can be carried out when environment is 

favorable for disease epidemic or not conducive for normal growth and fruit set 

due to very high and very low temperatures. Till that year, the bulk can be 

maintained easily. 

 

Disadvantages of Bulk Method 

1. Requires more time duration to develop a new variety 

2. Pedigree record is not maintained, so we cannot trace back progeny to the parent 

plant. 
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3. Not a suitable method for greenhouses 

4. Large number of progenies has to be selected at the end of bulking period. 

5. Natural selection may also work against desirable traits. 

6. Not much scope for skills 

7. Maximum productivity is established in F2 generation of method 

8. No recombination occurrence among superior lines. 

 

Questions 

1. Bulk method is a method which can handle segregating generations, in which 

F2 and subsequent generations are harvested in bulk to grow the next generation. 

       Ans: True 

2. Bulk Method is suitable for crops which are generally planted at high planting 

densities 

       Ans: True 

3. Bulk method is expensive method of breeding 

       Ans: False   

4. Bulk method is suitable method for greenhouses 

       Ans: False 
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Lecture.16 

Randomized blocks design – description – layout – analysis – advantages and 

disadvantages 

 

Randomized Blocks Design (RBD) 

When the experimental material is heterogeneous, the experimental material is 

grouped into homogenous sub-groups called blocks. As each block consists of the entire 

set of treatments a block is equivalent to a replication.  

 

If the fertility gradient runs in one direction say from north to south or east to west 

then the blocks are formed in the opposite direction. Such an arrangement of grouping the 

heterogeneous units into homogenous blocks is known as randomized blocks design. 

Each block consists of as many experimental units as the number of treatments. The 

treatments are allocated randomly to the experimental units within each block 

independently such that each treatment occurs once. The number of blocks is chosen to 

be equal to the number of replications for the treatments.  

 

 The analysis of variance model for RBD is  

Yij = µ + ti + rj + eij  

where 

µ = the overall mean 

ti  = the i
th
 treatment effect 

rj  = the j
th
 replication effect 

eij = the error term for i
th
 treatment and j

th
 replication 

 

Analysis of RBD 

 

The results of RBD can be arranged in a two way table according to the 

replications (blocks) and treatments.  

There will be r x t observations in total where r stands for number of replications 

and t for number of treatments. .  

The data are arranged in a two way table form by representing treatments in rows 

and replications in columns. 
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Treatment Replication Total 

 1 2 3 ………… r  

1 y11 y12 y13 ………… y1r T1 

2 y21 y22 y23 ………… y2r T2 

3 y31 y32 y33 ………… y3r T3 

t yt1 yt2 yt3 …………. ytr Tt 

Total R1 R2 R3  Rr G.T 

 

In this design the total variance is divided into three sources of variation viz., between 

replications, between treatments and error 

rt

GT
2)(

 = CF  

Total SS=TSS=∑∑ y ij 2 – CF 

Replication SS=RSS= = 
t

1
∑Rj2 – CF 

Treatments SS=TrSS = 
r

1
∑Ti2  - CF 

Error SS=ESS = Total SS – Replication SS – Treatment SS 

The skeleton ANOVA table for RBD with t treatments and r replications 

Sources of variation  d.f. SS  MS F Value 

Replication  r-1 RSS RMS RM S/ EM S 

Treatment  t-1 TrSS TrMS TrMS/EMS 

Error (r-1) (t-1) ESS  EMS  

Total  rt –1 TSS   

 

CD = SE(d) . t    where S.E(d)= 
r

EMS2
 

t = critical value of t for a specified level of significance and error degrees of freedom 

Based on the CD value the bar chart can be drawn.  

From the bar chart conclusion can be written. 

 

Advantages of RBD 

The precision is more in RBD. The amount of information obtained in RBD is 

more as compared to CRD. RBD is more flexible. Statistical analysis is simple and easy. 

Even if some values are missing, still the analysis can be done by using missing plot 

technique. 
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Disadvantages of RBD 

When the number of treatments is increased, the block size will increase. If the 

block size is large maintaining homogeneity is difficult and hence when more number of 

treatments is present this design may not be suitable.  

 

Questions 

 

1. RBD can be used with  

(a) Equal  replication                          (b) unequal  replication 

(c)Equal and unequal replication          (d) single replication 

 

Ans: Equal replication                           

 

2. When there are 5 treatments each replicated 4 times the total number of experimental 

plots will be 

(a) 5            (b)          4       (c)   9     (d) 20 

Ans: 20 

 

3. In RBD the error degrees of freedom is (r-1)(t-1). 

Ans: True 

 

4. RBD can be adopted when the experimental material is heterogeneous. 

Ans: True 

 

5. In RBD the blocking is done in one direction. 

Ans: True 

 

6. In RBD the total sum of squares is divided into treatment sum of squares, Replication 

sum of squares and error sum of squares. 

Ans: True 

 

7. Mention any two advantages of RBD? 

8. Furnish the ANOVA model for RBD 

9.Explain the Layout of the RBD? 

10. Explain the computational procedure of RBD? 
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Lecture.17 

Single seed descent method – important features – Advantages and 

Disadvantages 

 

Single Seed Descent 

What is Single Seed Descent (SSD) Method – Definition? 

This method is modification of bulk method. First proposed by Goulden (1939) 

and later modified by Brim (1966).Instead of bulking whole seed lot of selected plants, a 

single seed is selected randomly from each selected plant to make bulk. This method 

involves less record keeping (pedigree method) and works better where the main focus is 

on improvement of quantitative traits or characters such as yield and earliness, rather 

than qualitative traits or characters such as flesh colour and disease resistance.  

  

Important features 

The important features of this scheme are, (1)no special efforts for artificial 

selections or even there is no possibility for natural selection, till F5 or F6 when the 

population is reasonably homozygous, and (2) raising of F 3  and later generations from a 

bulk of one seed from each F2 and subsequent generation plant in order to ensure that 

each F2 plant is represented equally in the end population. As a result of the speed and 

economy, the single seed-descent scheme is becoming increasingly popular with the 

breeder. 

Procedure for Single Seed Descent Method 

Single Seed Descent (SSD) Method includes stages as described below 

Step Details 

Hybridization Crossing of selected parents. 

F1 generation F1 seeds grown and bulk harvested. 

F2 generation F2 seeds grown. One seed from each plant is selected 

randomly and mixed. 
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F3 generation F3 seeds are grown and harvested as above. 

F4 and F5 

generation 

The similar procedure as above is carried out. 

F6 generation F6 seeds are planted. Selection for superior plants is conducted 

and selected ones are harvested separately. Number of plants 

F7 generation The main point in this step is individual plant progenies are 

grown and selected progenies are harvested in bulk. 

F8 generation Preliminary yield trials and quality tests are conducted. 

F9 to F10 or 

F13 generation 

Co-ordinated yield trials and tests for resistance and quality 

are conducted. 

F11 of F14 

generation 

Seed multiplication for distribution 

 

Advantages of Single Seed Descent Method 

1. Requires little space 

2. Saves time. Extensive field trials are not required. 

3. Little record keeping 

4. Fast especially with multiple generations / year 

5. Easy method to handle populations, handles large number of crosses 

6. Good for traits with low heritability 

7. Natural selection has little influence 

 

Disadvantages of Single Seed Descent Method 

1. Little scope for natural selection 

2. Maximum productivity is established in F2 generations, superior plants may be 

lost 

3. No recombination occurrence among selected lines 

4. Must evaluate large numbers of inbred lines to find out superior ones. 

 

Questions 

1. SSD-Expand 

 Ans: Single Seed Descent 
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2. Single Seed Descent method is modification of bulk method. 

  Ans: True 

3. Single seed is selected randomly from each selected plant to make bulk is known 

as Single seed descent. 

 

 

4. SSD is good for traits with low heritability. 

 Ans: True 

5. In SSD recombination occurs among selected lines. 

 Ans: False       
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Lecture.18 

Back cross method – Requirements – Selection of parents – Procedure of back 

Cross method – Transfer of characters – Genetic consequences – Applications- 

Merits and    Demerits 

Backcross Method 

What is Backcross Method – Definition? 

Backcross method is the one whose main objective is to incorporate desired gene, 

either dominant or recessive, to the highly productive, commercially successful variety 

which lacks that specific gene. 

 

What is Backcross Breeding?  

Backcrossing has been used by plant breeders for decades to transfer specific 

character into elite lines. The variety which receives gene is ‘recipient parent’ and 

variety which is the source of gene is called as ‘donor parent’. Recipient parent is used 

repeatedly hence also named as ‘recurrent parent’. Donor parent is used only once and 

hence known as ‘non-recurrent parent’. Repeated backcrossing leads to homozygosity 

at the same rate as in case of selfing. 

Use of Backcross Breeding Method 

Backcross to transfer dominant gene 

Requirements of a Backcross Programme 

For the successful development of a new variety through the backcross method, 

the following requirements must be fulfilled. 

 1. A suitable recurrent parent must be available, which lacks one or two 

characteristics. 

 2. A suitable donor parent must be available. The donor parent should have the 

character to be transferred in a highly intense form. 

 3. The character to be transferred must have high heritability. Preferably, it should 

be determined by one or a few genes. 
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 4. A sufficient number of backcrosses should be made so that the genotype of the 

recurrent parent is recovered in full. Ordinarily, 6-7 backcrosses are sufficient for the 

purpose. In practice, 4-6 backcrosses are usually made. 

Selection of parents 

 It is clear that the backcross method of breeding changes the genotype of the 

recurrent parent only for the gene under transfer. That is, only that defect of the recurrent 

parent, which is aimed to be corrected, is removed through the backcross method. But 

some unexpected changes in one or more characters may also occur due to genes tightly 

linked with the gene or genes being transferred. Therefore, the recurrent parent must be 

the most popular variety of the area, which has high yielding ability, desirable quality and 

high adaptability. In each crop, one or two varieties dominate, and they are very popular 

with the cultivators. Such a variety may have one or two defects, e.g., susceptibility to a 

disease or undesirable seed size or colour. These defects may by removed through the 

back cross method. 

 The non recurrent parent is selected for the character that is to be incorporated in 

to the recurrent parent. The yielding ability and other characteristics of the non recurrent 

parent are not important. The only important factor in its choice is that it must have the 

character to be improved in an intense form. The intensity of the character should 

preferably be more than that desired in the recurrent parent because some intensity of the 

character is generally lost during the transfer and in the new genetic background of the 

recurrent parent.  

Backcross-Dominant gene transfer 

How Dominant Gene is transferred through Backcross Breeding? 

� Let the variety X is well adapted and high yielding. 

� Variety Y is resistant to a specific disease; which is governed by a dominant gene. 

We wish to transfer this dominant gene form variety Y to variety X.  

� So, variety X – recurrent parent (♀) Variety Y – donor parent (♂) 

� The various steps in backcrossing are as follows 
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Hybridization – The two varieties X and Y are crossed. Generally recipient / recurrent 

variety is used as female parent. 

 

F1 generation – Selection for disease resistance is not performed. Plants from F1 seed are 

back crossed with recipient variety X and seeds are collected to raise BC1 generation. 

 

First backcross generation (BC1) – Selection is done for disease resistance and selected 

ones are back crossed with recurrent parent X. 

 

Second to fifth backcross generation (BC2 to BC5) – Segregation for disease resistance 

occurs in every back cross generation. Plants are selected on the basis of similarity with 

recurrent parent and resistance to disease. Selected ones are back crossed with recurrent 

parent X. 

 

Sixth backcross generation (BC6) – Disease resistant plants are selected. They are self 

pollinated and harvested separately. 

 

BC6 F2 generation – Individual plant progenies are grown from seeds of BC6 generation. 

Plants are selected on the basis of similarity with recurrent parent and at the same time 

resistance to disease. They are harvested separately. 

 

BC6 F3 generation – Individual plant progenies are grown from seeds of above cross. As 

done in above step, plants are selected on the basis of similarity with recurrent parent and 

resistance to disease but harvested in bulk. 

 

Yield trials – Replicated yield trials are conducted with recurrent parent as a check. The 

newly constituted variety should be similar to variety X for most of the important 

characteristics with resistant to disease. Seeds are multiplied for distribution. 
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Backcross -Recessive gene transfer 

How Recessive Gene is transferred through Backcross Breeding? 

Let, variety X is well adapted and high yielding variety. Variety Y is another variety 

resistant to a specific disease; which is governed by a recessive gene. We wish to transfer 

this recessive gene form variety Y to variety X. So, variety X – recurrent parent (♀) 

Variety Y – donor parent (♂).When the desired character i.e. disease resistance is 

governed by a recessive gene, back crosses cannot be performed in continuation as 

in dominant gene transfer method. After first back cross and then after every two 

subsequent back crosses F2 must be raised to test rust resistance. Only F2 is tested for 

resistance as all F1 and back cross progenies are heterozygous and susceptible to disease. 

The various steps for this backcross breeding are as follows 

 

Hybridization – The two varieties X and Y are crossed. Generally recipient / recurrent 

variety is used as female parent. 

 

F1 generation – F1 plants are back crossed with the variety X. 

 

BC1 generation –As disease resistance is controlled by recessive gene all the plants will 

be susceptible to disease, so disease resistance is not tested for this generation. Plants 

raised from seeds of above cross are selfed. 

 

BC1 F2 generation – Test for disease resistance is conducted. Resistant plants which are 

similar in plant characteristic to recurrent parent are selected and back crossed with 

recurrent parent. 

 

BC2 generation – Plants are grown from seeds of above cross, plants those are similar in 

plant characteristic to recurrent parent are selected and backcrossed with recurrent parent. 

Resistance test is not conducted. 
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BC3 generation – Plants are selfed to grow F2. Resistance test is not conducted for the 

sake of selection; it is done on the basis of resemblance to variety. 

BC3 F2 generation – Selection for resistance is conducted and selected plants are back 

crossed with variety X. 

 

BC4 generation – Back cross of plants selected above with recurrent parent. Disease 

resistance test is not conducted. 

 

BC5 generation – Plants are selfed to raise F2. Disease resistance test is not conducted in 

this generation. 

 

BC5 F2 generation – Disease resistant plants similar in plant characteristics to recurrent 

variety are selected. Selfed and seeds are harvested separately. 

 

BC5 F3 generation – Individual plant progenies are grown. Selection is done for disease 

resistance and resemblance to variety X. Seeds of selected plants are bulked to constitute 

the new variety. 

 

Yield trials – Replicated yield trials are conducted with variety X as a check. The newly 

constituted variety should be similar to variety X for most of the important 

characteristics. Seeds are multiplied for distribution. 

 

Genetic consequences 

 Repeated backcrossing to the recurrent parent accelerates homozygosity equals to 

selfing and improving the recovery of recurrent parent type progenies. Heterozygous F1 

will have genes in ratio of 50:50 from non-recurrent and recurrent parents. In subsequent 

backcross generations, this ratio will tilt towards recurrent parent with the proportion of 

genes from donor parent being reduced by one –half and genes from recurrent parent 

increasing by the same rate. Contents of the donor parent in any backcross are given by 

the formula (1/2)n where n is number of crosses and backcrosses attempted with recurrent 
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parent so in BC4 the genes from donor parent would be (1/2)5 = 1/72 or 1/32 x 100 = 

3.125% indicating that contribution of recurrent parent by 96.875%. 

 The proportion of homozygosity in any generation is given by the formula. 

   [(2m-1/2m)]n 

m = number of generation 

So after 3 generation of backcrossing homozygosity will be 3-1/3 = 8-1/8 = 7/8 or 

7/8 x 100=175/2 = 87.5%. 

For n number of genes, the proportion of homozygous genotypes would be  

   [2-1/2] n 

So if we consider 4 genes then after 3 generation of backcrosses, the proportion of 

homozygotes would be = [23-1/23]4 = [7/8]4 = 76.5% 

 Objective in backcrossing is to recover recurrent phenotype along with target 

gene. Briggs and Allard (1953) suggested a complete the gene transfer through six 

backcrosses. Some important considerations in backcrossing program are:-minimum of 

53 plants from backcrossed seeds, 96 F2 plants and 68 F3 rows are required to  

1. If selection is not rigid for recurrent parent, the number of backcrosses required 

may increase to ten. 

2. Smaller populations necessitate more number of backcrosses. 

3. If the parental lines agronomically resemble then even fewer backcrosses are 

sufficient. 

4. If the target gene is linked to undesirable gene then more number of backcrosses 

need to be attempted. 

5. Normally six backcrosses that follow strict selection for recurrent genotype  are 

adequate for effective gene transfer 
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Advantages of Back Cross Method 

1. Gives predicted results. Extensive tests are not necessary as recurrent parent is 

usually a well established variety 

2. We can obtain same results again and again 

3. While eliminating defects of well established variety there is no much change in 

its adaptability, performance and genotypic background 

4. Only method for interspecific gene transfer. 

5. Independent of environment 

6. This method offers considerable control over the genetic variation in the 

segregating population under consideration 

7. Little record keeping 

8. Requires small populations 

9. Backcrossing is applicable for both – dominant gene transfer and recessive gene 

transfer. 

 

Disadvantages of Back Cross Method 

1. Newly developed variety is superior to the recurrent parent only for the character 

which is transferred, not for others. 

2. Ineffective for traits with low heritability viz., quantitative traits. 

3. If undesirable genes are closely linked to the desired gene, the undesirable genes 

are probably transferred along with the desired gene to the new variety. 

4. Little recombination 

5. It is a lengthy process, by the time we transfer a gene to the variety, that variety 

may have been replaced by other superior varieties. 

 

Applications of Back Cross Method 

1. Intervarietal transfer of qualitative characters and quantitative characters with 

high heritability. 

2. Interspecific transfer of traits with high heritability. 

3. To improve well established variety with respect to one or a few characters. 



8 

 

4. Isogenic lines production 

5. Cytoplasm transfer esp. with cytoplasmic male sterility (CMS) involved, used to 

transfer male sterility into purelines, which is a prerequisite for many hybrid 

production breeding programs. 

6. It may be modified so that transgressive segregation may occur for quantitative 

characters 

Questions 

1. What is Backcross Breeding – Definition? 

2. In Backcross Method of breeding We can obtain same results again and again  

Ans: True 

3. Backcross is the only method of interspecific gene transfer. 

Ans: True 

4. Recipient parent is used repeatedly hence also named as ‘non recurrent parent’ 

Ans: False  

5. Repeated backcrossing leads to homozygosity.  

Ans: True 
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Lecture.19 

Ploidy breeding – Euploidy and aneuploidy, their relevance, types of changes in 

chromosome number – Monoploidy – Aneuploidy – Haploidy – Autopolyploidy – 

Allopolyploidy – their application in crop improvement programme 

 

Ploidy breeding 

Ploidy refers to the number of sets of chromosomes in a biological cell. Plant 

germ cells (pollen and ovule) have one complete set of chromosomes from the male or 

female parent. Germ cells, also called gametes, combine to produce somatic cells. 

Somatic cells therefore have twice as many chromosomes as that of germ cells. 

The haploid number (n) is the number of chromosomes in a gamete. A somatic cell has 

twice that many chromosomes (2n). 

 

Euploidy 

Euploidy is the state of a cell or organism having an integral multiple of the 

monoploid number, possibly excluding the sex-determining chromosomes.  

 

Aneuploidy 

Aneuploidy is the state of not having euploidy. In humans, examples include 

having a single extra chromosome (such as Down syndrome), or missing a chromosome 

(such as Turner syndrome). Aneuploid karyotypes are given names with the suffix -

somy (rather than -ploidy, used for euploid karyotypes), such as trisomy and monosomy.  

 

Haploid and monoploid 

As stated above, the haploid number (n) is the number of chromosomes in 

a gamete of an individual, and this is distinct from the monoploid number (x) which is the 

number of unique chromosomes in a single complete set. Gametes (sperm, and ovary) are 

haploid cells. The haploid gametes produced by (most) diploid organisms are monoploid, 

and these can combine to form a diploid zygote. For example, most animals are diploid 

and produce monoploid gametes. 
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During meiosis, germ cell precursors have their number of chromosomes halved 

by randomly "choosing" one homologue, resulting in haploid gametes. Because 

homologous chromosomes usually differ genetically, gametes usually differ genetically 

from one another. 

 

All plants including algae and even many fungi switch between a haploid and a 

diploid state (which may be polyploid), with one of the stages emphasized over the other. 

This is called alternation of generations. Most fungi and algae are haploid during the 

principal stage of their life cycle. Male bees, wasps, and ants are haploid organisms 

because of the way they develop from unfertilized, haploid egg cells. 

 

Polyploidy in plants 

Polyploidy is pervasive in plants and some estimates suggest that 30-80% of 

living plant species are polyploid, and many lineages show evidence of ancient 

polyploidy (paleopolyploidy) in their genomes. Huge explosions in angiosperm species 

diversity appear to have coincided with the timing of ancient genome duplications shared 

by many species. It has been established that 15% of angiosperm and 31% of fern 

speciation events are accompanied by ploidy increase. Polyploid plants can arise 

spontaneously in nature by several mechanisms, including meiotic or mitotic failures, and 

fusion of unreduced (2n) gametes.  

 

Both autopolyploids (eg. potato
]
) and allopolyploids (e.g. Okra, canola, wheat, 

cotton) can be found among both wild and domesticated plant species. Most polyploids 

display heterosis relative to their parental species, and may display novel variation or 

morphologies that may contribute to the processes of speciation and eco-niche 

exploitation. The mechanisms leading to novel variation in newly formed allopolyploids 

may include gene dosage effects (resulting from more numerous copies of genome 

content), the reunion of divergent gene regulatory hierarchies, chromosomal 

rearrangements, and epigenetic remodeling, all of which affect gene content and/or 
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expression levels. Many of these rapid changes may contribute to reproductive isolation 

and speciation. 

Lomatia tasmanica is an extremely rare Tasmanian shrub which is triploid and 

sterile, and reproduction is entirely vegetative with all plants having the same genetic 

structure. There are few naturally occurring polyploid conifers. One example is the 

giant tree Coast Redwood (Sequoia sempervirens) which is a hexaploid (6x) with 66 

chromosomes (2n = 6x = 66), although the origin is unclear. 

 

Polyploid crops 

Polyploid plants tend to be larger and better at flourishing in early succession 

habitats such as farm fields. In the breeding of crops, the tallest and best thriving plants 

are selected for. Thus, many crops (and agricultural weeds) may have unintentionally 

been bred to a higher level of ploidy. 

 

The induction of polyploidy is a common technique to overcome the sterility of a 

hybrid species during plant breeding. For example, Triticale is the hybrid of wheat 

(Triticum turgidum) andrye (Secale cereale). It combines sought-after characteristics of 

the parents, but the initial hybrids are sterile. After polyploidization, the hybrid becomes 

fertile and can thus be further propagated to become triticale. 

 

In some situations polyploid crops are preferred because they are sterile. For 

example many seedless fruit varieties are seedless as a result of polyploidy. Such crops 

are propagated using asexual techniques such as grafting.  Polyploidy in crop plants is 

most commonly induced by treating seeds with the chemical colchicine. 

 

Examples of polyploid crops 

� Triploid crops: banana, apple, ginger seedless watermelon, citrus 

� Tetraploid crops: durum or macaroni wheat, cotton, potato, cabbage, leek, tobacco,   

peanut, kinnow, Pelargonium 
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� Hexaploid crops: chrysanthemum,bread wheat, triticale, oat, kiwifruit and sweet 

potato   

� Octaploid  crops: strawberry, dahlia, pansies, sugarcane 

 Some crops are found in a variety of ploidy. Apples, tulips and lilies are 

commonly found as both diploid and as triploid. Daylilies (Hemerocallis) cultivars are 

available as either diploid or tetraploid. Kinnows can be tetraploid, diploid, or triploid. 

 

Terminology 

Autopolyploidy 

Autopolyploids are polyploids with multiple chromosome sets derived from a 

single species. Autopolyploids can arise from a spontaneous, naturally 

occurring genome doubling, like the potato. Others might form following fusion of 

2n gametes (unreduced gametes). Bananas and apples can be found as autotriploids. 

Autopolyploid plants typically display polysomic inheritance, and are therefore often 

infertile and propagated clonally perfect. 

 

Allopolyploidy 

Allopolyploids are polyploids with chromosomes derived from different species. 

Precisely it is the result of doubling of chromosome number in an F1 hybrid.  

Amphidiploid is another word for an allopolyploid. Some of the best examples of 

allopolyploids come from the Brassicas, and the Triangle of U describes the relationships 

among the three common diploid Brassicas (B. oleracea, B. rapa, andB. nigra) and three 

allotetraploids (B. napus, B. juncea, and B. carinata) derived from hybridization among 

the diploids. Current day cultivated Okra is an example of an allopolyploid.  

 

Types of changes in chromosome number 

The somatic chromosome number of any species, whether diploid or polyploid, is 

designed as 2n, and the chromosome number of gametes is denoted as n. An individual 

carrying the gametic chromosome number, n, is known as haploid. A monoploid, on the 

other hand, has the basic chromosome number, x. In a diploid species, n = x; one x 

constitutes a genome or chromosome complement. The different chromosomes of a 
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single genome are distinct from each other in morphology and/ or gene content and 

homology; members of a single genome do not show a tendency of pairing with each 

other. Thus a diploid species has two, a triploid has 3 and a tetraploid has 4 genomes and 

so on. 

 The terminology of heteroploidy is summarized. Individuals carrying 

chromosome numbers other than the diploid (2x, and not 2n) number are known as 

heteroploids, and the situation is known as heteroploidy. The change in chromosome 

number may involve one or a few chromosomes of the genome; this is known as 

aneuploidy. The aneuploid changes are determined in relation to the somatic 

chromosome number (2n and not 2x) of the species in question. Therefore, the 

terminology for aneuploid individuals arising from diploid and polyploidy species is the 

same. Heteroploidy that involves one or more complete genomes is known aneuploidy. 

By definition, therefore, the chromosome numbers of euploids are an exact multiple of 

the basic chromosome number of the concerned species, while those of aneuploids re not. 

Aneuploid individuals from which one chromosome pair is missing (2n-2) are termed as 

nullisomics,          

  A summary of the terms used to describe heteroploidy (variation in chromosome 

number). 
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Term Type of change Symbol* 

Heteroploid 

A. Aneuploid 

 

      Nullisomic 

      Monosomic 

      Double trisomic 

 

 Trisomic 

B.  Euploid 
        

 

Monoploid 

      Haploid 

      Polyploid 

 

      

 1. Autopolyploid 
           

            Autotriploid 

          Autotetraploid 

          Autopentaploid 

          Autohexaploid         

         Autooctaploid  

2. Allopolyploid 

 

 

Allotetraploid  

Allohexaploid 

Allooctaplid 

 

 

A change from 2x 

One or a few chromosomes extra or 

missing from 2n 

One chromosome pair missing  

One chromosome missing 

One chromosome from each of two 

different chromosome pairs missing  

One chromosome pair extra 

Number of genomes or copies of a 

genome more than two  

One copy of a single genome 

Gametic chromosome complement 

More than 2 copies of one genome or 

2 copies each of 2 or more 

genomes** 

Genomes identical with each other 

Three copies of one genome 

Four copies of one genome 

Five copies of one genome 

Six copies of one genome 

Eight copies of one genome 

Two or more distinct genomes 

(Generally each genome has two 

copies) ** 

Two distinct genomes 

Three distinct genomes 

Four distinct genomes 

- 

2n ± few 

 

2n-2 

2n-1 
 

 

2n-1-1 
 

2n+2 

 

 

x 

n 

 

 

 

 

3x 

4 x 

5 x 

6 x 

8x 

 

 

 

(2x1+2x2)** 

(2x1+2x2+2x3)** 

(2x1+2x2+2x3+2x4)** 
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              2n= Somatic chromosome number (and complement) and n= gametic 

chromosome number (and complement) of the species, whether diploid or polyplod. 

X = The basic chromosome number (and complement) or genomic number. 

x1, x2, x3, x4 = Distinct genomes from different species. 

** In general, this condition occurs; other situations may also occur. 

A diploid in which 1 chromosome is missing from the total complement (2n-1) is 

known as monosomics. A double monosomic individual has two chromosomes missing, 

but the two chromosomes belong to two different chromosome pairs (2n-1-1). An 

individual having one extra chromosome (2n+1) is known as trisomic, and that having 

two extra chromosomes each belonging to a different chromosome pair is called double 

trisomic (2n+1+1). When an individual has an extra pair of chromosomes, it is known as 

tetrasomic (2n+2). The same is true about the various features of and the facts 

accumulated about aneuploidy as well as euploidy. The breeder is generally concerned 

with monosomics and trisomics, and, in some situations, with nullisomics and 

tetrasomics. 

 In euploids, the chromosome number is an exact multiple of the basic or genomic 

number. Euploidy is more commonly known as polyploidy. When all the genomes 

present in a polyploidy species are identical, it is known as autopolyploid and the 

situation is termed as autopolyploidy. In the case of allopolyploids, two or more distinct 

genomes are present.  

Euploids may have 3 (triploid), 4 (tetraploid), 5 (pentaploid), 6 (hexaploid), 7 

(heptaploid), 8 (octaploid) or more genomes making up their somatic chromosomes 

number. In case of autopolyploidy, they are known as autotriploid, autotertaploid, 

autopentaploid, autohexaploid, autoheptaploid, auto octaploid and so on, while in the 

case of allopolyploidy they are termed as allotriploid, allotetraploid, allopentaploid, 

allohexaploid, alloheptaploid, allooctaploid etc, Amphidiploid is an allopolyploid that has 

two copies of each genome present in it and, as a consequence, behaves as a diploid 
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during meiosis. A segmental allopolyploid contains two or more genomes, which are 

identical with each other, except for some minor differences.  

Application of Allopolyploidy in Crop improvement 

Alloployploidy has three major applications in crop improvement: (1) as bridging 

species in the transfer of characters from one species into another, (2) in the production of 

new crop species, and (3) for widening the genetic base of existing allopolyploid crop 

species. 

 The promising alloplyploids are Raphanobrassica, the triploid (AAC) obtained by 

crossing B. napus (AACC) with B. campestris (AA), allopolyploid clovers, Festuca-

Lolium hybrids and some species hybrids in Rubus and Jute (Corchorus sp.,). In 

Raphanaobrassica, the breeding objectives are to combine the hardiness of B. oleracea 

with quick growth and disease resistance of fodder radish. The problems of 

Raphanobrassica are the same as those of triticale. i.e., low fertility, cytogenetic and 

genetic instability and leafy rape-like plants that do not produce bulbs. There is evidence 

that hybridization and selection at the polyploidy level would be effective in improving 

Raphanobrassica. 

  In cassava the triploids developed by crossing tetraploids and diploids, have been 

reported to be promising and it therefore seems possible to improve cassava by producing 

new chromosomal lines, in which the chromosome number does not go beyond an 

optimum level.The triploid plants derived from OP-4 (2x) X S-300 (4x) and OP-4(2x) X 

H-2304 (4x) consistently produced roots with high dry matter in the seedling and 

succeeding clonal generations, which ranged from 34 to 43%. Some of the triploids 

recorded high starch content from the eighth month onwards, being significantly higher 

than that of the control. Among these, the triploid 76-9 had a yield similar to that of H- 

2304, the released cultivar, at CTCRI. 

 The amphidiploids B.napus (AACC) crosses very easily with B. campestris (AA) 

to produce the triploid (AAC), which has some desirable features. The triploid is 
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produced so easily that it may be used as a hybrid variety, a special case of hybrid 

varieties produced by crossing two different species.  

Application of Autopolyploidy in Crop Improvement 

 Triploids: Triploids are produced by hybridization between tetraploid and diploid 

strains. They are generally highly sterile, except in a few cases. This feature is useful in 

the production of seedless watermelons. In certain species, they may be more vigorous 

than the normal diploids, e.g.in sugarbeets.  

 Seedless watermelons are grown commercially in Japan. They are produced by 

crossing tetraploid (4x, used as female) and diploid (2x, used as male) lines, since the 

reciprocal cross (2x x 4x) is not successful. The triploid plants do not produce true seeds; 

almost all the seeds are small, white rudimentary structures like cucumber (Cucumis 

sativus) seeds. But a few normal sized seeds may occur, which are generally empty. For 

good fruit setting, pollination is essential. For this purpose, diploid lines are planted in the 

ratio 1 diploid; 5 triploid plants. There are several problems, viz, genetic instability of 4x 

lines, irregular fruit shape, a tendency towards hollowness of fruits, production of empty 

seeds and the labour involved in triploid seed production (by hand-pollination). 

 Triploid sugarbeets (B.vulgaris) produce larger roots and more sugar per unit 

area than do diploids, while tetraploids produce smaller roots and lower yields than 

diploids. Apparently, 3x is the optimum level of ploidy in sugarbeets. Triploid sugarbeet 

varieties have been grown commercially in Europe and Japan, but their popularity is 

declining rapidly. The triploid varieties are mixtures of triploid, diploid and other ploidy 

level plants. Seed production of triploid sugarbeet is difficult because the beet flower is 

small.  

Triploid seed may be produced in one of the following two ways: (1) using 4x 

plants as female and 2x as male or (2) using 4x as male and 2x as female. The first 

combination gives lower seed yield but a higher proportion of triploids, while the second 

gives higher seed yield but a lower proportion of triploids. Commercial triploid sugarbeet 

seed is produced by interplanting  4x and 2x lines in the ratio 3:1, and seed from both 4x 
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and 2x plants is harvested. This seed consists of about 75% triploid (3x) seeds. Triploids 

sugarbeet may give 10-15 per cent higher yields than diploids. 

 Pusa Giant Berseem is the first autopolyploid variety released for general 

cultivation in India. It yields 20-30 per cent more green fodder than the diploid berseem 

varieties. 

1. Autoployploidy is more likely to succeed in species with lower chromosome numbers 

    than in those with higher chromosome numbers. 

2. Cross-pollinating species are generally more responsive than self pollinating species. 

3. Crops grown for vegetative parts are more likely to succeed as polyploids than those  

    grown for seeds. 

Application in Crop Improvement  

 1. Aneuploids are useful in the studies on effects of loss or gain of an entire 

chromosome or a chromosome arm on the phenotype of an individual. 

 2. Aneuploids are useful in locating a linkage group and a gene to a particular 

chromosome. By using a secondary or tertiary trisomic, the gene may be located to one of 

the two arms of a chromosome, or even to a part of the chromosome arm. The most 

important application of aneuploids is in locating genes on particular chromosomes; this 

will be considered in some detail. 

 3. Aneuploids are useful in identifying the chromosome involved in 

translocations. 

 4. They are useful in the production of substitution lines. Chromosome 

substitution may be desirable for studying the effects of individual chromosomes of a 

variety or for the transfer of the genes carried by specific chromosomes or a variety into 

another one. 
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Questions 

Match the following 

1. Ploidy - sex-determining chromosomes. 

2. Euploidy - Sequoia sempervirens 

3. Aneuploidy - Brassica oleracea  

4. Polyploid - the number of sets of chromosomes in a biological cell. 

5. Allopolyploidy - multiple chromosome sets derived from a single species. 

 

Answer 

1. Ploidy - the number of sets of chromosomes in a biological cell. 

2. Euploidy - sex-determining chromosomes. 

3. Aneuploidy - multiple chromosome sets derived from a single species. 

4. Polyploid - Sequoia sempervirens 

5. Allopolyploidy - Brassica oleracea 
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Lecture.20 

Mutation breeding – Spontaneous and induced mutation – Effects of mutation – 

mutagens – Procedures – Advantages and Disadvantages – Application of 

mutation   breeding in crop improvement programme 

 

What is Mutation? 

It refers to the sudden heritable change in the phenotype of an individual. In other 

words, mutations arise due to change in DNA bases. 

 

Mutation Breeding 

Hugo de Vries introduced the term Mutation in 1990. In 1927, Muller - showed 

that x-ray induce genetic deviants in Drosophila. In 1928, Stadler-reported high mutation 

rates in x-rayed maize and barley.In 1910 Morgan discovered white eye mutant in 

Drosophila by  

 

Transition- changes in the nucleotide involves replacement of one Purine by another 

Purine viz.,Adinine substituted by Guanine or vice versa. G or one Pyrimidine by another 

Pyrimidine viz., Thymine substituted by Cytosine or Uracil. 

 

Transversion- changes in the nucleotide involves Substitution (Adenine by Thymine, 

Cytocyine by Thymine or vice versa) of a Purine by a Pyrimidine.  

Mutations occur in two main ways. 

 By alteration in nuclear DNA (Point mutations) 

 By change in cytoplasmic DNA (Cytoplasmic mutations) 
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Types of Mutations 

� Spontaneous mutations- Mutations occur in nature 

� Induced mutations – Artificially induced by various mutagenic agents 

These are two types: 

� Macro mutations – Mutations with distinct morphological changes in the phenotype. 

It is also called  oligogenic mutations  

� Micro mutations – Mutations with invisible phenotypic changes .It is also called as 

polygenic mutations. Depending upon the effect on the survival of an individual, 

induced mutations are of types namely, 

1. Lethal (all the individuals carrying such mutations are killed) 

2. sub-lethal (mortality is more than 50%) 

3. sub-vital (mortality is less than 50%) 

4. vital (all mutants survive)                

Mutagens and their mode of action 

It refers to various physical or chemical agents which greatly enhance the frequency 

of mutations. Two types of mutagens 

Physical mutagens -X rays, Gamma rays, Alpha particles, Beta particles, Fast and 

thermal neutrons, UV rays 
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 Gamma rays 

Gamma rays have generally a shorter wavelength and hence possess more energy 

per photon than X-rays. Gamma radiation in usually obtained from radioisotopes in 

contrast to X-rays. A gamma radiation facility can be used essentially in the same manner 

as an X-ray machine for acute or semi-acute exposures.  

 

The most distinct advantage of gamma radiation source for prolonged treatments 

is that it can be placed in a greenhouse or field so that plants can be exposed as they 

develop over long periods of time. Cobalt-60 and Cesium -137 are the main sources of 

gamma rays used in mutation breeding. They are stored in lead containers when not in 

use and operated by remote control mechanisms to irradiate plant material. 

 

UV rays 

Ultraviolet light has limited penetrating ability; therefore its use is limited to 

treating spores, pollen grains cells and cultured tissue. Wavelengths in the range of 2,500 

to 2,800 nm are biologically most effective because this is the region of maximal light 

absorption by nucleic acids. 

 

Beta particles 

Beta particles such as those from Phosphorus-32 and Sulfur- 35 produce effects in 

tissues similar to those of X- or gamma rays. The penetrating ability of beta particles is 

lower than that of X- and gamma rays.  

The lower penetrating ability of beta particles can be overcome by putting the 

radioisotope in a solution and administering them to the plant material. P-32 and S-35 

may then be incorporated directly into cell nucleus giving somewhat greater localization 

of the site of action. But, because of the variability from tissue to tissue and cell to cell, it 

is difficult to determine the exact dose given by an internal emitter in plant material. 
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-eutrons 

Neutrons have been shown to be highly effective for the induction of mutation in 

plants but, a certain degree of confusion exists concerning the results of early 

experiments and due to lack of adequate dosimetric techniques. 

 

 Ion beams 

Ion beams can give a large amount of energy with high LET (Linear Energy 

Transfer) to the localized position in tissues. Therefore, we can expect different 

biological effects will be given to plant material compared with low LET radiations, such 

as, gamma- and x-rays.  

 

Also ion beams can produce large structural changes in chromosomes and DNA. 

So we can expect to induce different kinds of mutations in plants with high frequency 

than gamma- and x- rays. But further basic and practical researches should be made to 

use ion beams efficiently in the future. 

 

Radiation  Main properties  Mode of action or changes caused  

X rays  

 

S.I., penetrating and non particulate  Induce mutations by forming free radicals 

and ions. Cause all changes.  

Gamma rays  

 

S.I., very penetrating and non particulate 

 

Induce mutations by ejecting atoms from 

the tissues. Cause all changes. 

 

Alpha 

particles  

 

D.I., Particulate, less penetrating & +ve 

charged  

 

Act by ionization and excitation. Cause 

chromosomal breakage and gene 

mutations 

 

Beta 

particles  

 

S.I., particulate ,more penetrating and –ve 

charged 

 

 

Act by ionization and excitation.   Cause 

chromosomal breakage and gene 

mutations 

 

 Fast and 

thermal 

neutrons  

 

D.I., Particulate, neutral particles, highly 

penetrating  

 

Cause chromosomal breakage and gene 

mutations  

 

UV rays  

 

Non-ionizing, low penetrating  

 

Cause chromosomal breakage and gene 

mutations 
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Chemical mutagens 

The number of chemical mutagens is numerous and continuously increasing. But 

for mutation inductin in cultivated plants only a few are readily very useful and most of 

them belong to the special class of alkylating agents such as, ethyl methane sulhonate 

(EMS), diethyl sulfate (dES), ethyleneimine (EI), ethyl nitroso urethane (ENU), ethyl 

nitroso urea (ENH), and methyl nitroso urea (MNH). 

 

Group of 

mutagen  

-ame of chemical  Mode of action  

Alkylating agents  Ethyl methane sulphonate  

Methyl methane sulphonate  

Ethyl ethane sulphonate  

AT                 GC transitions 

Transitions 

GC                  AT transitions  

Base analogues  5 bromo uracil  

2 amino purine  

AT                 GC transitions 

GC                 AT transitions 

Acridine dyes  Acriflavin, proflavin  Deletion and addition  

Others  Nitrous acid 

Hydroxylamine 

Sodium azide  

AT                 GC transitions 

GC                  AT transitions 

Transitions 

 

Base analogues and related compounds 

True base analogues are closely related to DNA bases, adenine, guanine, cytosine 

or thymine and can be incorporated into DNA without affecting its replication. But 

analogue differs from the normal base in certain substitutes hence its electronic structure 

is modified and it can be expected that occasional pairing errors will occur at the time of 

DNA replication after the analogue has been incorporated. The most frequently used 

analogues are 5-bromo-uracil (BU) and 5-bromo-deoxyuridine (BUDR), which are 

analogues of thymine. Apart from true analogues, it has been found that N-methylated 

oxypurines have a chromosome effect. 

 

  The most efficient compounds are 8-ethoxy caffeine (EOC) and 1,3,7,9 

tetramethyluric acid (TMU), but their mode of action is still unknown. Maleic hydrazide 
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(MH), an isomer of uracil, induces chromosome breaks in cell and aberrations are 

localized in heterochromatic regions near the centromere of the chromosomes. 

 

Antibiotics 

Antibiotics such as azaserine, mitomycin C, streptonigrin and actinomycin D have 

been found to have chromosome breaking properties, but their usefulness is limited. 

 

Alkylating agents 

This is the most important group of mutagenic chemicals for mutation induction 

in cultivated plants. They have one or more reactive alkyl groups which can be 

transferred to other molecules. They react with DNA by alkylating the phosphate groups 

as well as the purine and pyrimidine bases. One should be extremely careful in using 

them because most are potential carcinogens, such as EI, EMS, MNH and should be used 

in small units. 

 

Azide 

Azide is an effective mutagen under certain treatment conditions. It is possible to 

obtain high mutation frequencies with azide. Most mutations are gene mutations with 

some minor frequencies of chromosome aberrations. It is relatively safe, non-persistent 

and inexpensive but are also potential carcinogens. 
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Procedure of mutation breeding 

Step1. 1. Choice of material 

The best adapted variety of a crop should be chosen. Only one or two features of 

such variety have to be altered through mutagenesis depending upon the objectives. 

Suppose a variety is high yielding, but susceptible to a particular disease, the objectives 

of mutation breeding would be to induce resistance to that particular disease in the 

variety. 

 

Step: 2.Choice of mutagen 

It depends upon the plant parts to be treated. Generally, chemical mutagens are 

more preferred for seed treatment and radiations for the treatment of vegetative parts. The 

penetration of chemical mutagens can be enhanced dissolving the mutagen in solvents 

like dimethyl sulphoxide. 

 

Step: 3. Mutagenic treatment 

1. Plant species- Seeds, Pollens, Buds, Cuttings or Suckers. 

2. Dose of mutagen –LD 50 refers to a dose of mutagen that kills 50% of the treated 

individuals 
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3. Duration of treatment- depends on the intensity of radiations or concentration. 

The seeds are water soaked before treatment. After treatment the seeds or cuttings 

are immediately planted and pollens are used for pollination. Plants obtained from treated 

seeds or cuttings are called M1 plants. 

 

Step: 4 Handling of Treated Material 

Seed propagated species 

 

M1 Generation 

Several hundred (500 or more) treated seeds are space planted. All the 

M1populations are grown using wider spacings for easy identification. Generally the 

mutants are recessive. All the plants will be chimeras for the mutation present in 

heterozygous state. About 20 seeds from each M1 plant are harvested separately 

 

M2 Generation 

About 2000 progeny rows are grown using wider spacings. Oligogenic mutants 

with distinct features are identified and selected. Only 1-3% of M2 rows may be expected 

to have beneficial mutations 

 

M3 generation 

Progeny rows form individual selected plants. Inferior mutant rows are eliminated. 

If the mutant progenies are homozygous, two or more M3 progenies containing the same 

mutation. Mutant M3 rows are harvested in bulk 

 

M4 generation 

A preliminary yield trial is conducted with a promising mutant lines are selected 

for replicated multilocation trials 

 

M5-M8 generation  

Selected lines are tested in coordinated Multilocation trials. The best performing  

line is released as a variety 
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In case of polygenic traits, identification of character is not possible through 

visual observations. The material is tested in replicated trial and screening is done for the 

character under improvement using appropriate statistical methods 

 

Inferior plants are rejected in M3 and M4generation based on screening tests and 

superior plants are bulked to raise next generation. The homozygous progeny are tested in 

coordinated trial from M5 to M9 and the best line is released as a variety. 

 

Advantages 

� Used for the induction of CMS 

� It is a cheap and rapid method of developing new varieties as compared to backcross, 

pedigree and bulk breeding methods. 

� It is more effective for the improvement of oligogenic characters such as disease 

resistance than polygenic traits 

� This  is the simple, quick and best way when a new character is to be induced in 

vegetatively propagated crops 

 

Limitations 

� Most of the mutations are deleterious and undesirable 

� Identification of micro mutations, which are most useful to a plant breeder is usually 

very difficult 

� Since useful mutations are produced at a very low frequency (0.1%),a very large plant 

population has to be screened to identify and isolate desirable mutants 

� It has limited scope for the genetic improvement of quantitative or polygenic 

characters. 

 

Applications in crop improvement 

Development of improved varieties- All over the world, 1542 improved varieties have 

been developed in different crops (IAEA, 1991) 
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Induction of male sterility- Use of GMS &CMS lines helps in reducing the cost of 

hybrid seed production 

 

Production of haploids- Use of X rays Irradiated pollens has helped in the Production of 

haploids in many crops. 

 

Creation of genetic variability- In asexually propagated crop like potato, somatic 

mutations may be useful. 

 

Overcoming self incompatibility –Mutation of S gene by irradiation leads to restoration 

of self fertility in self incompatible species. 

 

Improvement in adaptation- Induced mutations helped in improving the adaptation of 

some crop species. 

Questions 

1. Hugo de Vries introduced the term Mutation in 1990. 

Ans: True 

2. Mutation is the sudden heritable change in the phenotype of an individual. 

Ans: True 

 

Match the following 

1. Transition    -  Artificially induced by various mutagenic 

agents  

2. Point mutations   -  Mutations occur in nature 

3. Cytoplasmic mutations  -  Cobalt-60 and Cesium -137 

4. Spontaneous mutations -  By change in cytoplasmic DNA 

5. Induced mutations   -  By alteration in nuclear DNA 
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6. Gamma rays              -  changes in the nucleotide involves 

replacement of      one Purine by another 

Purine 

 

Answer 

1. Transition   -  changes in the nucleotide involves    

replacement of     one Purine by another Purine 

2. Point mutations   -  By alteration in nuclear DNA 

3. Cytoplasmic mutations  -  By change in cytoplasmic DNA 

4. Spontaneous mutations -  Mutations occur in nature 

5. Induced mutations   –  Artificially induced by various mutagenic 

agents 

6. Gamma rays     -  Cobalt-60 and Cesium -137 
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Lecture.21 

 Principles of breeding of cross pollinated crops – Hardy – Weinberg law – factors 

affecting equilibrium in population – systems of mating 

 

Principles of breeding of Cross Pollinated Crops 

The most important methods of breeding cross-pollinated species are (1) mass 

selection; (2) development of F1hybrids and (3) development of synthetic varieties. Since 

cross-pollinated species are naturally hybrid (heterozygous) for many traits and lose 

vigour as they become purebred (homozygous), a goal of each of these breeding methods 

is to preserve or restore heterozygosity. 

 

Hardy–Weinberg principle 

The Hardy–Weinberg principle (also known by a variety of 

names: HWP, Hardy–Weinberg equilibrium, Hardy–Weinberg Theorem, HWE, 

or Hardy–Weinberg law) states that both allele and genotype frequencies in a 

population remain constant—that is, they are in equilibrium—from generation to 

generation unless specific disturbing influences are introduced. Those disturbing 

influences include non-random mating, mutations, selection, limited population size, 

"overlapping generations", random genetic drift, gene flow and meiotic drive. It is 

important to understand that outside the lab, one or more of these "disturbing influences" 

are always in effect. That is, Hardy–Weinberg equilibrium is impossible in nature.  

 

Static allele frequencies in a population across generations assume: random 

mating, no mutation (the alleles don't change), no migration or emigration (no exchange 

of alleles between populations), infinitely large population size, and no selective pressure 

for or against any traits. 

 

The Hardy-Weinberg model, named after the two scientists that derived it in the 

early part of this century, describes and predicts genotype and allele frequencies in a non-

evolving population. The model has five basic assumptions: 1) the population is large 
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(i.e., there is no genetic drift); 2) there is no gene flow between populations, from 

migration or transfer of gametes; 3) mutations are negligible; 4) individuals are mating 

randomly; and 5) natural selection is not operating on the population. Given these 

assumptions, a population's genotype and allele frequencies will remain unchanged over 

successive generations, and the population is said to be in Hardy-Weinberg equilibrium. 

The Hardy-Weinberg model can also be applied to the genotype frequency of a single 

gene. 

 

Importance  

The Hardy-Weinberg model enables us to compare a population's actual genetic 

structure over time with the genetic structure we would expect if the population were in 

Hardy-Weinberg equilibrium (i.e., not evolving). If genotype frequencies differ from 

those we would expect under equilibrium, we can assume that one or more of the model's 

assumptions are being violated, and attempt to determine which one(s).  How do we use 

the Hardy-Weinberg model to predict genotype and allele frequencies? What does the 

model tell us about the genetic structure of a population? 

 

Mass selection  

Mass selection in cross-pollinated species takes the same form as in self-

pollinated species; i.e., a large number of superior appearing plants are selected and 

harvested in bulk and the seed used to produce the next generation. Mass selection has 

proved to be very effective in improving qualitative characters, and, applied over many 

generations, it is also capable of improving quantitative characters, including yield, 

despite the low heritability of such characters. Mass selection has long been a major 

method of breeding cross-pollinated species, especially in the economically less 

important species. 

 

Hybrid   

The outstanding example of the exploitation of hybrid vigour through the use of 

F1 hybrids has been with corn (maize). The production of a hybrid corn  `involves three 

steps: (1) the selection of superior plants; (2) selfing for several generations to produce a 
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series of inbred lines, which although different from each other but  each  one a  pure-

breeding and highly uniform; and (3) crossing selected inbred lines. During 

the inbreeding process the vigour of the lines decreases drastically, usually to less than 

half that of field-pollinated varieties. Vigour is restored, however, when any two 

unrelated inbred lines are crossed, and in some cases the F1 hybrids between inbred lines 

are much superior to open-pollinated varieties. An important consequence of the 

homozygosity of the inbred lines is that the hybrid between any two inbreds will always 

be the same. Once the inbreds that give the best hybrids have been identified, any desired 

amount of hybrid seed can be produced. 

 

Pollination in corn (maize) is by wind, which blows pollen from the tassels to the 

styles (silks) that protrude from the tops of the ears. Thus controlled cross-pollination on 

a field scale can be accomplished economically by interplanting two or three rows of the 

seed parent inbred with one row of the pollinator inbred and detasselling the former 

before it sheds pollen. In practice most hybrid corn is produced from “double 

crosses,” in which four inbred lines are first crossed in pairs (A × B and C × D) and then 

the two F1 hybrids are crossed again (A × B) × (C × D). The double-cross procedure has 

the advantage that the commercial F1 seed is produced on the highly productive single 

cross A × B rather than on a poor-yielding inbred, thus reducing seed costs. In recent 

years cytoplasmic male sterility, described earlier, has been used to eliminate detasselling 

of the seed parent, thus providing further economies in producing hybrid seed. 

 

Much of the hybrid vigour exhibited by F1 hybrid varieties is lost in the next 

generation. Consequently, seed from hybrid varieties is not used for planting stock but 

the farmer purchases new seed each year from seed companies.  

 

Perhaps no other development in the biological sciences has had greater impact on 

increasing the quantity of food supplies available to the world’s population than has the 

development of hybrid corn (maize). Hybrid varieties in other crops, made possible 
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through the use of male sterility, have also been dramatically successful and it seems 

likely that use of hybrid varieties will continue to expand in the future. 

*Factors affecting the equilibrium in populations 

Migration 

Migration is the movement of individuals into a population from a different population. 

Migration may have introduced new alleles into the population or may change the frequencies of 

existing alleles. In plant breeding programmes, migration is represented by intervarietal crosses, 

polycrosses etc., wherein the breeder brings together into a single population two or more 

separate populations. 

Mutation 

Mutation is a sudden and heritable change in an organism and is generally due to a 

structural change in a gene. Mutation may produce a new allele not present in the population or 

may change the frequencies of existing alleles.  

Random Drift 

Random drift or genetic drift is a random change in gene frequency due to sampling 

error. Random drift occurs in small population because sampling error is greater in a  smaller 

population than in a larger one. Ultimately, the frequency of one of the alleles becomes zero and 

that of the other allele becomes one. The allele with the frequency of one is said to be fixed in the 

population because there would be no further change in its frequency. It may be expected that in a 

small population all the genes would become homozygous, or would be fixed in due course of 

time. Breeding populations are generally small, hence a certain amount of genetic drift is found to 

occur in them. The breeder cannot do anything to prevent this genetic drift, except to use very 

large populations, which is often not practicable. Alternatively, he may resort to phenotypic 

disassortative mating, which would again require time, labour and money. 

Inbreeding 

Mating between individuals sharing a common parent in their ancestry is known as 

inbreeding. In small populations, a certain amount of inbreeding is found to occur. Inbreeding 

reduces the proportion of heterozygotes or heterozygosity and increases the frequency of 

homozygotes or homozygosity.  
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Selection 

Differential reproduction rates of various genetopes are known as selection. In crop 

improvement, selection is very important because it  allows the selected genotypes to reproduce, 

while the undesirable genotypes are eliminated. In a random mating population, if plants with AA 

or aa genotypes are selected, the frequency of  A allele in the selected of population would be 1 or 

0, respectively.  

Thus selection in a random mating population is highly effective in increasing or 

decreasing the frequency of alleles, but it is unable to either fix or eliminate them. However, in 

combination with a system of inbreeding, selection is highly efficient in the fixation and 

elimination of alleles.  

Mutation breeding 

Physical Mutagens 

Physical mutagens include various types of radiation, viz X-rays, gamma rays, 

alpha particles, beta particles, fast and thermal (slow) neutrons and ultra violet rays.  A 

brief description of these mutagens is presented below: 

 

Chemical Mutagens 

            The chemical mutagens can be divided into four groups, viz. 1) alkylating agents, 

2) base analogues, 3) acridine dyes, and 4) others.  A brief description of some commonly 

used chemicals of these groups is presented below. 

 

Variables 
 

p frequency of one of two alleles 

q frequency of the other of twoalleles 

 

Methods: The Hardy-Weinberg model consists of two equations: one that calculates 

allele frequencies and one that calculates genotype frequencies. Because we are dealing 

with frequencies, both equations must add up to  

1. The equation 
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p + q = 1 

describes allele frequencies for a gene with two alleles. (This is the simplest case, but the 

equation can also be modified and used in cases with three or more alleles.) If we know 

the frequency of one allele (p) we can easily calculate the frequency of the other allele (q) 

by 1 ó p = q. 

 

In a diploid organism with alleles A and a at a given locus, there are three possible 

genotypes: AA, Aa, and aa. If we use p to represent the frequency of A and q to represent 

the frequency of a, we can write the genotype frequencies as (p)(p) or p
2
 for AA, (q)(q) 

or q
2
 for aa, and 2(p)(q) for Aa. The equation for genotype frequencies is 

p
2
+ 2pq + q

2
 = 1. 

Systems of mating 

 The breeder has two basic tools to change the genetic composition of a population: (1) 

selection, and (2) mating system. We have discussed the effects of selection in some detail. Here 

we would examine the consequences of various systems of mating. There are five basic mating 

schemes: (1) random mating, (2) genetic assortative mating (3) genetic disassortative mating, (4) 

phenotypic assortative mating, and (5) phenotypic disassortative mating. 

Random Mating 

In random mating, each female gamete is likely to unite with any male gamete equally 

and the rate of reproduction of each genotype is equal, i.e. there is no selection. 

Genetic Assortative Mating 

In genetic assortative mating, the mating is between individuals that are more closely 

related by ancestry than in random mating. Thus in this mating system, it is not important that the 

genotypes of the plants selected for mating be correctly identified. This mating system is more 

commonly known as inbreeding.  

Genetic Disassortative Mating 

In genetic disassortative mating, such individuals are mated, which are less closely 

related by ancestry than would be under random mating. Thus in this system, totally unrelated 

individuals are mated. These individuals often belong to different population. Example of such a 
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mating are intervarietal and interspecific crosses. The effects of genetic disassortative mating are 

similar to those of migration. It may be expected that this mating system would reduce 

homozygosity and increase heterozygosity. 

Phenotypic Assortative Mating 

Mating between phenotypically dissimilar individuals belonging to the same population 

is referred to as phenotypic disassortative mating. The consequences of this mating are as follows. 

1. It leads to the maintenance of or even some increase in heterozygosity 

2. There is some reduction in population variance since it tends to produce intermediate 

phenotypes 

3. There is a reduction in correlation between relatives or in prepotency due to the 

increase in heterozygosity.  

This mating system is very useful in making a population stable, i.e., in maintaining 

variability. Suitable parents may be selected to remove their weaknesses. The progeny from such 

a mating would be more desirable than the parents. It is also useful when the desirable type is an 

intermediate one and the available parents have the extreme phenotypes. But the most notable use 

of this mating system is in maintaining variability in relatively smaller populations as it reduces 

inbreeding. 

Achievements 

Synthetics and composite approaches have been often used in improvement of cross 

pollinated vegetables like onion, cauliflower, carrot, cabbage and spinach. Some examples of 

synthetic varieties are Pusa Early Synthetic 78-1, Pant Gobi -3 and Pusa Synthetic in cauliflower. 

Composites in some vegetables have been developed at SKUAST-J, Chatha, Jammu. Super Lal in 

carrot and C-13 in spinach beet are in advanced stage of testing. 

 

Questions 

 

1. Cross-pollinated species are naturally heterozygous. 

 Ans: True 
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2. Mass selection has proved to be very effective in improving qualitative characters. 

Ans: True 

3. Most of the hybrid corn is produced from “single crosses   

Ans: False (Double Cross)  

4. X-rays is example for Physical Mutagens. 

Ans: True 

5. X-rays were first discovered by Roentgen in 1895. 

Ans: True 

6. Alkylating agents is an example for chemical mutagens. 

Ans: True 
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Lecture.22 

Mass selection – objectives – procedures – Merits and Demerits of mass 

Selection of cross pollinated crops 

 

Mass Selection 

What is Mass Selection – Definition? 

In mass selection, seeds are collected from a large number of phenotypically 

similar plants available in population and are bulked to grow next generation. In the 

simplest manner it is the creation of mixture of different lines. 

 

While selection, easily observable characters like plant height, grain colour, grain 

size, tillering ability, disease resistance etc. are considered. Mass selection increases 

frequencies of desirable genes. This type of selection method of plant breeding can be 

carried out multiple times as mass selected variety may contain considerable genetic 

variation. But, new genetic variability is not created; only the present one is used just to 

improve base population performance. 

 

Genetic basis of Mass Selection 

Mass selection is used in both self pollinated and cross pollinated species. In case 

of cross pollinated species the mass selected varietie are heterozygous and heterogeneous. 

In self pollinated species, these varieties are a mixture of several pure lines, means 

homozygous but heterogeneous. 

 

Types of Mass Selection 

It can be of two types as given below. 

• Positive mass selection 

• Negative mass selection 

Procedure for Mass Selection 

Mass selection method of plant breeding is carried out in the manner explained 

below. It is the general procedure; steps may vary depending upon certain factors. 
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Year Details 

First year Plants with similar but desirable traits are selected from source population and 

their seeds are bulked. Alternatively we can rouge out the undesirable 

population and bulk the remaining. 

Second year Seeds carried from first year planted in a preliminary yield trial along with 

standard varieties as checks. Selected plant types are critically evaluated for 

phenotype. 

Third year to 

sixth year 

Co-ordinated yield trials of selected ones are conducted at several locations just 

to confirm that selection could perform in the similar manner at different 

locations within an agro-climatic zone. 

Seventh year Mass selected variety is released if it is up to the expectation. Seeds are 

multiplied for distribution. 

 

Advantages of Mass Selection 

1. Varieties developed by mass selection have wide adaptability, wide genetic base 

and stability. 

2. Rapid, simple and least expensive of plant-breeding procedures. 

3. Retains considerable genetic variability 

4. Of use for the improvement of land races. 

Disadvantages of Mass Selection 

1. Variation exists in variety developed by mass selection. Phenotype of these 

varieties is not as uniform as pure line varieties. 

2. To test the homozygosity of plants progeny test is always required, as without 

progeny testing selected types will show segregation in next generation. 

3. Less improvement as compared to pureline selection. 

4. Limited use in improvement of self fertilizing crops. 

5. Varieties difficult to identify in seed certification programme than purelines. 

6. Only effective for characters with high heritability. 

7. Only those varieties which show genetic variation can be improved by this 

method, as it uses variability present in population 
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Applications of Mass Selection 

1. To maintain purity of existing variety simply by roguing of unwanted ones. 

2. In breeding of crops like forage crops, which are less considered from economic 

point of view. 

3. To preserve identity of established cultivar. 

 

Mass selection in cross pollinated crops 

It is the simplest, easiest and oldest method of selection, where individual plants 

are selected based on their phenotypic performance, and bulk seed is used to produce the 

next generation by mixing it. Mass selection proved to be quite effective in maize 

improvement at the initial stages but its efficacy especially for improvement of yield, 

soon came under severe criticism that culminated in the refinement of the method of mass 

selection. The selection after pollination does not provide any control over the pollen 

parent as result of which effective selection is limited only to female parents. The 

heritability estimates are reduced by half, since only parents are used to harvest seed 

whereas the pollen source is not known after the cross pollination has taken place. 

 

Questions 

1. What is Mass Selection – Definition? 

2. Types of Mass Selection? 

3. Mass selection is to preserve identity of established cultivar. 

Ans: True 

4. Mass Selection Retains considerable genetic variability. 

Ans: True 

5. Mass selection is used in only self pollinated. 

Ans: False 
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Lecture.23 

Recurrent selection – principles – types of recurrent selection – Its role in crop 

improvement programme 

A method of breeding designed to concentrate favourable genes scattered among 

a number of individuals by selecting in each generation among progeny produced by  

 

 inter se of the selected individuals or their self progeny of the previous 

generation. 

Principles  

The probability of isolating an outstanding inbred line depends primarily on two 

factors;  

(1) The proportion of superior genotypes present in the base population from which 

inbreds are isolated, and  

(2) The effectiveness of selection during the inbreeding process in increasing the 

frequency of desirable genes or gene combinations.  

 Recurrent selection is effective in increasing the frequency of desirable genes in 

the selected population. It is most suited for characters with high heritability. Based on 

the ways in which plants with desirable characters are identified, recurrent selection has 

been classified into four types 

I. Simple recurrent selection or recurrent selection for phenotype 

In this a number of plants are self pollinated in a source population in first year. 

At maturity, superior plants based on phenotypic performance are selected. In the second 

year, seeds produced by self fertilization of the selected plants are planted and crossed in 

all possible combinations and the produce is bulked. This completes original selection 

cycle. Since selection is based on the phenotype of the plant, it is useful only for 

characters with high heritability. In case of cabbage and cauliflower, etc. where it is not 

possible to identity the desired selection before flowering, inter-crosses of selections may 

be made in the first year of each cycle and the second year may be eliminated from each 



2 

 

cycle. This, strictly speaking, selfing is not an integral component of simple recurrent 

selection, rather it is done to prevent crossing from the inferior pollen grains before the 

plants reach to selection stage.  

II. Recurrent selection for general combining ability (gca) 

Here a three year cycle involved. In first year, a number of plants are self 

pollinated as well as crossed to a broad – based heterozygous tester stock to identify the 

so-called plants with good general combining ability. In second year, the crosses are 

evaluated to identify those that are superior. Selfs of first year are kept in reserve. In third 

year, the reserve selfed seeds of those superior genotypes which exhibited good 

performance in the evaluation of gca during second year are grown out, inter-crossed in 

all possible combinations, and a composite of inter – crossed seed is used to establish an 

improved population for further selection. 

III. Recurrent selection for specific combining ability (sca) 

This method is the same as that of recurrent selection for general combining 

ability except that the tester selected is a narrow base inbred line. The recurrent selection 

for general and specific combining ability is equivalent to half sib progeny. 

IV. Reciprocal recurrent selection 

Aims at simultaneous improvement of two heterozygous and heterogeneous 

population, one acts as a tester for another and vice versa. This method is as effective as 

recurrent selection for sca when non-additive effects are of major importance. 

Role in crop improvement programme 

Recurrent selection has been used successfully in corn, sweet clover bromegrass,  

 strawberries and onion. Genetic patterns can be modified by control of light and heat. 

Since Borthwick and Hendrikes discovered phtyochorme in 1952, numerous studies have 

shown that controlled lighting and chemical treatment can modify flowering and fruiting 

in plants. 
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This has not been tested in autogamous vegetable crops because of difficulties of 

producing enough seed for testing and necessary intercrossings in each cycle. Phenotypic 

recurrent selection has been tested in an elegant study in cantaloupe (muskmelon) by 

Andrus and Bohn (1967). Nine cycles of mass selection were practised in a heterozygous 

base population using an index representing 16 fruit characters.  

Questions 

1. Expand sca - Specific Combining Ability 

2. Reciprocal recurrent selection method is as effective as recurrent selection for sca. 

Ans: True 

3. The recurrent selection for general and specific combining ability is equivalent to 

half sib progeny. 

Ans: True 

4. Recurrent selection is effective in increasing the frequency of desirable genes.  

           Ans: True 
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Lecture.24 

Heterosis breeding – objectives – Types of Heterosis – use of Heterosis in crop 

improvement programme 

 

Definition 

Hybrid vigour or heterosis, usually refers to the increase in size or rate of growth 

of offspring over parents 

 Heterosis or hybrid vigour is the increased or decreased vigour exhibited by the 

hybrid over their better parent value or their mid parental value or to a standard variety.  

Objectives 

• Hybrid vigour in crop plants can be increased in yield of fruits/tubers/bulbs, or 

reduction in number of days to flower. 

• Heterosis is credited for large increases in production per unit area 

Types of heterosis 

Types of heterosis on the basis of two different criteria are given below 

On the basis of origin and nature 

• Euheterosis or true heterosis  

• Mutational heterosis  

• Balanced heterosis  

• Pseudoheterosis or luxuriance  

On the basis of types of estimation 

• Average or Relative heterosis  

• Heterobeltiosis  

• Useful or standard or Economic heterosis  

Mutational Heterosis 

It is simplest type of heterosis. 
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 Lethal (mostly), recessive, adaptively unfavourable mutants are either eliminated 

or sheltered by their non-lethal, dominant and adaptively superior alleles in cross 

pollinated crops. This is termed as mutational heterosis. Naturally occurring mutants are 

generally of recessive and less adaptive to environmental conditions, hence risk of their 

elimination by natural selection process is higher. Its mutational heterosis which gives 

them to chance to be in population by sheltering them. 

Balanced Heterosis 

 Well balanced gene combinations which are more adaptive to environmental 

conditions and useful from the agriculture point of view result in balanced heterosis. 

 It has application in hybrid production. 

Pseudoheterosis 

 Also termed as luxuriance. Progeny possess superiority over parents is in 

vegetative growth, but not in yield and adaptation, usually sterile or poorly fertile. This 

concept cannot be utilized in hybrid varieties production. 

Average or Relative Heterosis 

 When heterosis is estimated over mid parental value i.e. average of two parents it 

is referred to as average or relative heterosis. 

Formula 

Average heterosis = [(F1-MP) / MP] x 100 

Where, F1 = value of F1, MP = mean value of two parents 

Heterobeltiosis 

When heterosis is estimated over better parent it is called as heterobeltiosis. 

Formula 

Heterobeltiosis = [F1 – BP] / BP x 100  

Where, F1 = value of F1, BP = value of better parent 
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Standard Heterosis 

 When heterosis is estimated over standard commercial hybrid it is called as 

standard heterosis. It has practical importance in plant breeding. It is also referred to as 

useful or economic heterosis. 

Formula 

Standard Heterosis = [(F1 - SH) / SH] x 100. 

Use of heterosis in crop improvement programme  

• Gains in yield and yield stability offered by heterosis have prompted use of 

hybrids in several crops.  

• Genetic yielding ability has been increased greatly, and thus total production has 

been increased, with minimal dependence on chemical inputs and maximum use 

of biological power.  

• Enthusiasm and funds have been directed to hybrid breeding, in part because of 

the proven efficiency of the inbred/hybrid method for producing products that 

farmers need and want, and in part because private capital was attracted to the 

profit potential of hybrid breeding and sales.  

• The inbred/hybrid method has given breeders greater precision in developing, 

identifying, and multiplying the best hybrid genotypes in cross-pollinated crops.  

Question 

1. Hybrid vigour refers to the increase in size or rate of growth of offspring over parents. 

Ans: True 

2. Heterosis is the increased or decreased vigour exhibited by the hybrid over their any 

one of the parental value.  

      Ans: False (Mid parental value) 

3. Heterosis is credited for large increases in production per unit area  

Ans: True 
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Lecture.25 

Exploitation of Heterosis: Single cross, double cross, polycross crosscross 

 

Exploitation of Heterosis 

Private firms are attracted to the hybrid seed business because of the built-in 

plant variety protection of hybrids. Customers need to buy new seed for every 

planting season. But the breeding, production, and sale of hybrid seed the 

“commercialization of heterosis” can be successful only if it meets the following 

criteria:  

• The hybrids must satisfy the needs of the customer for all important traits. Simply to 

be “hybrid”, or simply to exhibit “heterosis”, is not enough.  

• The price of hybrid seed must be low enough to enable the customer to make 

substantial profits from annually recurring investments in expensive hybrid seed. A 

rule of thumb is that a first time use of hybrid seed should enable the farmer to earn an 

extra profit equal to at least three times the added cost of the seed.  

• The price of hybrid seed must be high enough to enable the seed company to make 

substantial profits from its investments in research, production, and sales. A 

successful seed company needs to realize a 10-15% return on equity. Its investments 

in research are one of the essential business expenditures for a research-based seed 

company should be equivalent to 5-10% of sales income. 

Two other criteria which are other requirements for success in the hybrid seed 

business:   

I. Farmers will risk investment in improved seed only when they have some assurance 

of a fair price in a dependable market for their crop.  

II. Government regulations, formal and informal, must give minimal hindrance to honest 

and prudent business operations. These two requirements apply to all seed firms, not 

just hybrid seed companies. They have particular significance in many developing 

countries. 

 

 To satisfy the three primary criteria for success in the hybrid seed business, 

companies must integrate a host of variables such as:  

1. The pollinating system of the crop 

2. Options for manipulation of the pollinating system 
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3. Supply and cost of labour for emasculation or other requirements for hybridization  

4. The yield of the crop in the farmer’s field  

5. The commercial value of the crop per unit of land area 

6. The seeding rate of the crop  

7. The seed yield in the seed production field  

8. The extra yield to be expected from heterosis 

9. The implications of hybrid uniformity  

10. The most important traits to improve in the crop, and their genetics  

11. The ease of demonstrating improvements in new hybrids  

12. Availability of inbred parents and other breeding materials in either public or private 

institutions. The following examples illustrate, for three different crop species, some 

of the many ways in which these twelve variables can be integrated. 

 

Single cross 

Two inbreds are crossed A X B = AB (Hybrid). A hybrid progeny from a 

cross between two unrelated inbreds  

 

Double cross or double hybrid 

Two inbreds are crossed, similarly another two are crossed and then their F1 

hybrids are crossed e.g. (A X B) X (C X D) = (AB X CD) = ABCD. 

 

Poly cross     

In case of inbred lines which cannot be crossed easily. Planting is done in such 

a way to get equal chance to cross with each other. Maintain the lines by vegetative 

propagation or interse mating of progenies of same generation if vegetative 

propagation is not possible.  

 

Question 

1. A hybrid progeny from a cross between two unrelated inbreds is known as 

Single cross. 

Ans: True  
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2. (A X B) X (C X D) = (AB X CD) = ABCD Double cross. 

Ans: True 

3. In case of inbred lines poly cross cannot be crossed easily. 

Ans: True 

4. The hybrids must satisfy the needs of the customer for all important traits 

Ans: True 
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Lecture.26 

Synthetic and Composite – Differences – Their role in crop improvement 

Programme 

 

Synthetic Varieties 

• The use of synthetic varieties for commercial cultivation was first suggested in 

maize(Hayes and Garber(1919) 

• A synthetic variety is produced by crossing in all combinations a number of 

inbreds (4-6) that combine well with each others. 

• The inbreds are tested for GCA. 

• Synthetic is maintained by open pollination. 

• The lines that make up a synthetic may be usually inbred lines but open pollinated 

varieties, or other populations tested for GCA also used. 

• Synthetic varieties are common in grasses, clover, maize and sugar beet. 

• The normal procedure is equal amounts of seeds from parental lines is mixed and 

planted in isolation. 

• Open pollination is allowed. 

 

Features of Synthetic Variety 

• Heterogeneous  

• Synthetic variety can be developed by using clones, inbreds or OPV i.e. open 

pollinated variety  

• Cross pollination is must  

• Maintained by open pollination  

• Unlike composite variety, exact reconstitution of synthetic variety is possible 

•  More adaptive to varying growing conditions as compared to hybrids  

• Less uniform as compared to hybrids 

•  Less attractive as compared to hybrids  

• Show some amount of heterosis as compared to OPV  

• Have better disease resistance 
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Steps involved in synthetic variety 

Development of synthetic varieties consists of 4 major steps. 

1. Isolation of inbred lines 

2. Evaluation of inbred lines for GCA 

3. Intermating of good general combining inbreds in all possible combinations. 

4. Mixing the seed of all F1 crosses in equal quantity.   

 

Procedure of Developing Synthetic Variety 

Year  Main breeding activity  

First  Selection of inbred lines, crossing with a common tester , harvesting top 

crossed seed separately. 

Second  Evaluation of top crosses in replicated trial using standard hybrid or 

open pollinated variety as check. Identification and selection of good 

general combining inbred lines based on top cross performance. 

Third  Making all possible single crosses among inbred lines selected for good 

GCA and harvesting crossed seed of single crosses seperately. 

Fourth and 

fifth  

Mixing seed of single crosses in equal quantity and seed multiplication 

by open pollination in isolation for one or two generations. 

 

Role in crop improvement  

Synthetic varieties have been widely used in forage crops and in crops where 

pollination control is difficult. The maize breeding programme at CIMMYT, Mexico and 

the pearl millet breeding programme at ICRISAT, Hyderabad ( to some extent) are based 

on synthetic varieties generally developed through population improvement. The maize 

breeding programme in India is placing increasingly greater emphasis on the production 

of synthetic or composite varieties. 

In cauliflower Pusa Early Synthetic is a synthetic variety adapted to many 

environments was developed at IARI. 

 

Merits 

• Less costly compared to hybrids 
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• Farmer can maintain his synthetic variety for more seasons which is not possible 

in hybrids  

• Because of wider genetic variety base, the synthetics are more stable over years 

and environments. 

• Seed production is more skilled operation in hybrids where as it is not so in 

synthetics. 

• Synthetic varieties have vast genetic variability which provides then better 

protection from the infestation of new races of a disease. 

 

Demerits 

• Performance is little bit lower compared to single or double cross hybrids because 

synthetics exploit only GCA while hybrids exploit both GCA and SCA. 

• The performance of synthetic is adversely affected by lines with relatively poorer 

GCA. Such lines have to be included to increase the number of parental lines 

making up the synthetics as lines with outstanding GCA are limited in number. 

• The performance of synthetic varieties is less uniform and less attractive. 

• Synthetic varieties are utilized in cross pollinated species only, 

Whereas hybrids can be developed in both cross & self pollinated species. 

 

Composite varieties 

• In cross pollinated crops, the mixture of genotypes from several sources that is 

maintained in bulk from one generation to the next is referred to as composite 

variety.” 

• Composites are constituted by seed mixture of advanced generation material of 

intervarietal or inter racial cross. 

 

Steps in Development of Composite Variety 

• Selection  of base or parental material 

• Intermating of selected genotype. 

• Evaluation of crosses. 

• Mixing of parental material of superior crosses in equal quantity   
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Selection of Base Material 

• In developing composite cultivars, open pollinated varieties or other heterozygous 

sources serve as the base material. 

• Several open pollinated varieties with similar maturity duration, height, seed 

colour are selected for this purpose. 

 

Evaluation of Crosses 

• All the single crosses are evaluated in replicated trials for yield performance in 

F1, F2, F3 & F4 generations using standard hybrid or open pollinated variety as a 

check. 

• Crosses exhibiting little or no inbreeding depression in F2, F3 &F4 generations 

are indentified & selected for the development of composite cultivar. 

 

Intermating Selected Genotype 

• Selected genotypes are crossed in all possible combinations. 

• Total crosses to be made are equal to n (n-1)/2, where n is the no of varieties 

selected for intermating. 

• If there are 10 varieties would be 10(9)/2=45 single crosses. 

• Seed of each crosses harvested separatly. 

 

Mixing Parental Seed of Superior Crosses 

• Parental seeds (of the superior crosses) is mixed in equal quantity to develop a 

composite variety. 

• Seed multiplication is carried out by open pollination in isolation for 1 or 2 

generations. 

• Composite cultivars also exhibit more of additive gene action, because 

composites are constituted from the parents of only those crosses which exhibit 

little or no inbreeding depression in F2, F3 and F4 generations. 

 

Features of Composite Variety 

• Heterogeneous 
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• Relevant to cross pollinated species only 

• Can be developed from open pollinated variety or any other heterozygous variety 

• Farmer can use his own saved seed for 3 to 4 years, after that seed should be 

replaced 

• There can be two or more constituent genotypes 

• Evaluation for general combining ability (gca) as in synthetic variety production, 

is not carried out 

• Exact reconstitution of composite variety is not possible 

 

Procedure of developing composite variety 

Year Main breeding activity 

First Selection of base material, intermating in all possible combination and 

harvesting crossed seed separately 

second Evaluation of F1 crosses in replicated trial using hybrid or open 

pollinated variety as check. 

Third to fifth Evaluation of F2, F3 and F4 generations in replicated trial using standard 

check, identification of crosses exhibiting little or no inbreeding 

depression. 

Sixth and seventh Mixing parental seed of superior crosses in equal quantity to constitute 

composite variety, seed multiplication by open pollination in isolation. 

Eighth Release of new composite variety, distribution of seed to the farmers for 

commercial cultivation. 

 

Differences between Synthetic and Composite Cultivars 

Particulars Synthetic cultivars Composite cultivars 

Base Material Inbreds or clones Open pollinated varieties or any other 

heterozygous source 

Component genotypes Two to eight Two to many 

Evaluation of GCA Always done Usually not done 

Seed Replacement After 4-5 years After 3-4 years 

Exact Reconstitution Possible Not possible 
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Achievements: Synthetic varieties 

• Synthetic varieties have been developed in cross pollinated crops like cauliflower, 

cabbage, beet root, onion and carrot and several other crops in USA. 

• In India, synthetic varieties have been developed in pearmillet at ICRISAT. and in 

sugar beet at pantnagar university. 

• Cauliflower synthetic 3 has been developed. 

Achievements: Composite varieties 

 In India, the first composite varieties were released in 1967: the six maize 

composites were, Ambar, Jawahar, Kisan, Vikram, Sona and Vijay. Subsequently, a 

number of other composites have been released by both the central and provincial variety 

release committees. At present, there are more than 25 maize composites recommended 

for cultivation in the various parts of country. These composites range from those based 

on local materials (Makki Safed 1 and Moti), through those involving both Indian and 

exotic sources (Mansar, Chandan3, Diara Composite etc) to those developed from exotic 

lines only (Chandan Safed 2, Amber Pop, Chandan 1 etc). Some of the composites 

involves as many as 18 (composite C1) or even 22 (Agaity 76) lines, while certain others 

involve only two (Jawahar, Kisan, Sona) or even one (Chandan Safed 2, A-de-Cuba) 

populations. 

 

 Some of the recently released maize composites are: Co 1 (full season, resistant to 

downy mildew), NLD (full season, white seeded), Renuka (very early), Kanchan (very 

early), and Diara 3 (developed by three cycles of full-sib selection in Diara Composite). 

 

 These composites yield as much as 90 per cent of the best hybrid varieties. Three 

opaque 2 composties, viz., Shakti, Ratan and Protina, have been released. They have 

twice the amount of lysine and tryptophan as compared to the normal maize hybrids and 

composites. Thus the nutritional value of these composites is superior to the other 

composites and hybrids. 

 



7 

 

 A composite variety, Composite I, has been evolved in Brassica campestris var. 

toria. It was developed by compositing 10 elite toria strains; it matures in 100 days, 

exhibits profuse branching, yields about11 q/ha of seed, which contain about 40% oil.  

 

Questions 

1. The use of synthetic varieties for commercial cultivation was first suggested by 

Hayes and Garber (1919). 

Ans: True 

2. Synthetic is maintained by open pollination.  

 Ans: True 

3. Synthetic Variety is Homogeneous.  

Ans: False  

4. Farmer can maintain his synthetic variety for more seasons which is not possible 

in hybrids. 

 Ans: True  

5. Give one example for synthetic variety  

 Ans: Cauliflower synthetic 3  



1 

 

Lecture.27 

Elements of biometrics and use of statistical tools in crop improvement 

 

Elements of biometrics 

Biostatistics (a contraction of biology and statistics; sometimes referred to 

as biometry or biometrics) is the application of statistics to a wide range of topics 

in biology. The science of biostatistics encompasses the design of biological experiments, 

especially in medicine and agriculture; the collection, summarization, and analysis of 

data from those experiments; and the interpretation of, and inference from, the results. 

 

Biometrics and the history of biological thought 

Biostatistical reasoning and modeling were of critical importance to the 

foundation theories of modern biology. In the early 1900s, after the rediscovery 

of Mendel's work, the conceptual gaps in understanding between genetics and 

evolutionary Darwinism led to vigorous debate between biometricians such as Walter 

Weldon and Karl Pearson and Mendelians such as Charles Davenport, William 

Bateson and Wilhelm Johannsen. By the 1930s statisticians and models built on statistical 

reasoning had helped to resolve these differences and to produce the neo-

Darwinian modern evolutionary synthesis.\ 

 

The leading figures in the establishment of this synthesis all relied on statistics and 

developed its use in biology. 

� Sir Ronald A. Fisher developed several basic statistical methods in support of his 

work The Genetical Theory of �atural Selection 

� Sewall G. Wright used statistics in the development of modern population 

genetics 

� J. B. S Haldane's book, The Causes of Evolution, reestablished natural selection as 

the premier mechanism of evolution by explaining it in terms of the mathematical 

consequences of Mendelian genetics. 



2 

 

These individuals and the work of other biostatisticians, mathematical biologists, and 

statistically inclined geneticists helped to bring together evolutionary 

biology and genetics into a consistent, coherent whole that could begin to 

be quantitatively modeled. 

 

In parallel to this overall development, the pioneering work of D'Arcy 

Thompson in On Growth and Form also helped to add quantitative discipline to 

biological study. 

 

Despite the fundamental importance and frequent necessity of statistical reasoning, 

there may nonetheless have been a tendency among biologists to distrust or deprecate 

results which are not qualitatively apparent. One anecdote describes Thomas Hunt 

Morgan banning the Friden calculator from his department at Caltech, saying "Well, I am 

like a guy who is prospecting for gold along the banks of the Sacramento River in 1849. 

With a little intelligence, I can reach down and pick up big nuggets of gold. And as long 

as I can do that, I'm not going to let any people in my department waste scarce resources 

in placer mining. Educators are now adjusting their curricula to focus on more 

quantitative concepts and tools. 

 

Applications of biometrics 

The biometric principles and tools can be applied in the following areas. 

� Public health, including epidemiology, health services research, nutrition, 

and environmental health 

� Design and analysis of clinical trials in medicine 

� Population genetics, and statistical genetics in order to link variation in genotype with 

a variation in phenotype. This has been used in agriculture to improve crops and farm 

animals (animal breeding).In biomedical research, this work can assist in finding 

candidates for gene alleles that can cause or influence predisposition to disease 

in human genetics 
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Analysis of genomics data, for example from microarray or proteomics experiments. 

Often concerning diseases or disease stages. 

� Ecology, ecological forecasting 

� Biological sequence analysis  

� Systems biology for gene network inference or pathways analysis 

 

Statistical tools in crop improvement 

A study of DNA polymorphism has become an active area of research in all 

important crops and several model plant species like Arabidopsis thaliana and 

Brachypodium distachyon. This involves development and use of molecular markers, 

which have proved useful not only for marker-assisted selection during plant breeding, 

but also for understanding crop domestication and plant evolution. To resolve the pattern 

of DNA polymorphism in any crop, the ultimate approach would be to 

sequence/resequence the entire genome (or a part of it) in a large number of accessions. 

This was, however, unimaginable during the 1980s and still remains cost ineffective; 

therefore DNA-based molecular markers (for example, Restriction Fragment Length 

Polymorphisms (RFLP), Random Amplified Polymorphic DNAs (RAPD), Simple 

Sequence Repeats (SSRs) and Amplified Fragment Length Polymorphisms (AFLPs)) 

have largely been employed for the study of DNA polymorphism (Collard et al., 2005). 

Most of these molecular markers are based on the use of restriction digestion of genomic 

DNA, followed by hybridization of electrophoresed DNA, and/or visualization of the 

products of PCR carried out using suitably designed PCR primers. More recently, 

however, single nucleotide polymorphisms (SNPs), whose discovery was largely based 

on sequence information, became the markers of choice due to their abundance and 

uniform distribution throughout a genome. Once discovered, SNP genotyping can be 

done using any of the dozens of available methods. For SSR/SNP genotyping, some 

efforts in the past were made to provide for the desired high throughput and cost 

effectiveness through the use of PCR tetrad machines (handling 384 PCR reactions at a 

time), multiplexing, multiple loading of the gels and the use of automatic sequencers. 

However, this appeared inadequate and there has been an increasing demand to develop 
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ultra-high-throughput low-cost assays for a variety of novel marker systems including 

SNPs. These new methods will allow ultra-high-throughput genotyping of either one or 

few individuals for hundreds of thousands of markers, or that of thousands of individuals 

for one or few markers. High-density oligonucleotide arrays, which are now becoming 

available in several crops, provide a means for achieving this goal of low-cost ultra-high-

throughput genotyping. These arrays may also be custom made according to specific 

needs and, therefore, also allowed for the development of novel marker systems like 

single feature polymorphisms (SFPs) (including gene-specific hybridization 

polymorphisms and gene expression markers), diversity array technology (DArT) and 

restriction site-associated DNA (RAD) markers, which have now become the markers of 

choice. Technologies have also been developed, which make use of tag arrays for 

detection of the products of genotyping reactions. These novel array- or chip-based 

markers are useful for a variety of purposes including genome-wide association studies, 

population studies, bulk segregant analysis, quantitative trait loci (QTL) interval 

mapping, whole genome profiling and background screening and so on (Steinmetz et al., 

2002; Winzeler et al., 2003; Wenzl et al., 2004, 2007a; Hazen et al., 2005; Kim et al., 

2006). A brief account of the development and use of these high-throughput array-based 

molecular markers in plants is presented in this study. 

 

 

Questions 

1. Biometrics is a contraction of biology and statistics. 

Ans: True 

2. Applications of biometrics 

3. Explain Statistical tools in crop improvement: 
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Lecture.28 

Scope and importance of Biotechnology in crop improvement – genetic engineering 

in plants - Bio-safety -Intellectual property issue 

Biotechnology is a rapidly developing area of contemporary science. It can bring 

new ideas, improved tools and novel approaches to the solution of some persistent, 

seemingly intractable problems in food crop production. Given the pressing need to 

enhance and stabilize food production in response to mounting population pressures and 

increasing poverty, there is an urgent need to explore novel terminologies that will break 

traditional barriers. 

Biotechnology is usually defined as “any technique that uses living organisms, or 

substances from those organisms, to make or modify a product, to improve plants or 

animals, or to develop microorganisms for specific uses". It is comprised of a continuum 

of terminologies, ranging from traditional biotechnology such as plant tissue culture to 

modern biotechnology such as genetic engineering of plants and animals and represents 

the latest front in the ongoing scientific progress of this century. However, its increasing 

importance, at least in plant improvement, should not obscure the fact that traditional 

plant breeding, based on hybridization followed by selection and evaluation of a large 

population in the field, accounts for over 50% of the global increase in agricultural 

productivity. Not only have particularly important new genotypes been bred in Asia 

through the so-called Green Revolution but also, worldwide, new varieties have been 

bred in response to the changing needs of agriculture. 

 

The key areas in which biotechnology has application to agriculture include 

1) Multiplication of selected/elite clones from hybrid or specific parental lines and rapid 

production of disease-free propagates through conventional micro propagation or somatic 

embryogenesis 

2) Development of plant varieties, in conjunction with whole plant breeding, through 

genetic engineering of plant species 

3) Application of agricultural microbiology to produce microorganisms beneficial to crop 

cultivation 
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4) Development of techniques, based on the use of monoclonal antibodies and nucleic 

acid probes, for the diagnosis of plant pests and diseases and the detection of foreign 

chemicals in food 

5) Application of genetic mapping techniques, based on the use of molecular markers, as 

an aid to conventional plant breeding programmes 

 

Current Role of Biotechnology in Crop Improvement 

Some of the applications of biotechnology that are currently being used in crop 

production are shown below. The fact that a whole plant can be regenerated from a single 

cell, explant, or organ makes tissue culture a valuable technique to proliferate genetically 

identical material and select interesting variants for commercial purposes. Totipotency, 

which states that cells are autonomic and, in principle, capable of regenerating to give a 

complete new plant, also allows a genetic change, made at the cellular level, to become 

an established traits of a whole plant. The newly introduced or selected trait can, 

subsequently, be passed on to future generations of the species by conventional breeding 

methods. Tissue culture is particularly important for vegetatively propagated crop species 

since it reduces the labour associated with line maintenance and Germplasm 

conservation. The micropropagation is also used for the exchange of disease-free plant 

material. Anther or pollen culture also facilitates in early achievement of homozygosity, 

and is particularly useful to breed for recessive traits. 

 

Genetic engineering in plants 

Meristem and bud culture 

Zygotic embryo culture, Anther and microspore culture, Cell and tissue 

culture,Chromosome engineering, Protoplast culture, Genetic engineering, Molecular 

markers, Monoclonal antibodies, micro propagation for commercial purposes, genetic 

conservation, and exchange of material, inter specific crosses, haploid production, in 

vitro selection, somaclonal variation, somatic embryogenesis, artificial seeds 2n gametes 

for inter specific crosses, fusion for somatic hybridization gene transfer, aid to breeding 

programmes to develop resistant varieties to plant diseases. In vitro culture of zygotic 

embryos (embryo rescue) has enabled us to overcome barriers to a number of inter 
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specific crosses from zygotic failure. Several interspecific hybrids have been obtained in 

this way-for example, between Lycopersicon species and Solanum species, among 

cucurbits, and among legumes. In vitro culture of anthers allows the regeneration of large 

number of haploid plants, from which, by chromosome doubling via colchicine treatment 

or via further in vitro culture, diploid plants, homozygous at all loci, can be obtained. 

Lines produced from anther culture of hybrids are obtained in less time and show greater 

variability than those obtained by self-pollination; several varieties produced using this 

method have already been released. Direct culture of microspore has proved to be 

efficient in Brassica species. 

 

Agrobacterium-mediated genetic engineering 

Recombinant DNA procedures can be used to make discrete changes in the 

genetic make up of plants. Transgenic plants of over 50 species that contain genes from 

other plant species, bacteria, viruses, and animals, are currently available. The foreign 

genes expressed in transgenic plants confer on them a variety of important agronomic 

traits including: insect resistance, virus resistance, microbial resistance, herbicide 

resistance, altered macromolecular composition, modified reproductive capacity, and 

.delayed senescence. 

 

 Alien genes from organisms that cannot hybridize with AVRDC mandate crops 

can be introduced through genetic engineering. Such gene transfers are impossible with 

conventional breeding methods. Genetic engineering also allows introduction of only one 

or two well-characterized genes at a time, unlike hybridization where extensive 

backcrossing is needed to remove undesirable genes. 

 

 Efforts have been made at AVRDC in producing transgenic mung bean, hot 

pepper (chilli), tomato, and vegetable soybean plants via the Agrobacterium-mediated 

uptake of marker genes. Bacterial genes that conferred antibiotic resistance "marked" 

transformed cells. These selectable marker genes permitted the transformed cells to be 

grown in antibiotic that would kill non-transformed cells. Such marker genes have been 

used to optimize the transformation protocol and to study the inheritance and stability of 

introduced genes. 
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Cucumber mosaic virus (CMV) causes large yield losses in pepper and tomato. 

Since there are no resistant sources in germplasm and no effective way to prevent the 

infection, the novel approach of genetic engineering becomes new solution to problems. 

The truncated CMV RNA-2 replicase and coat protein genes were transferred to pepper 

and tomato. The detection of certain nucleotides had resulted in a truncated translation 

product about 75% of the full length protein. The AVRDC scientists have observed a 

high degree of CMV resistance in the RO and R1 lines of the transgenic chilli pepper and 

tomato plants. 

 

 Once a gene is successfully transferred, transgenic plants need to be grown and 

tested in a newly-constructed, special confinement facility — a greenhouse for transgenic 

plants — in order to establish the stability and effectiveness of the gene, and to further 

produce transgenic plants. 

 

 The movement of transgenic plant materials from the laboratory or greenhouse to 

the field is highly regulated in many countries. The regulations state that field tests of 

transgenic material can only be done under a permit that is granted on a case by case 

basis. However, the results from many studies in the last five years indicate that the 

use of genetic engineering does not impose extraordinary risks on environment and 

society. It is obvious from the level of activity in this area that the pipeline is full with a 

large variety of potential products. 

 

Isolation of useful genes 

Before the means to transfer the gene (trait) into a recipient plant being 

established, the trait or gene of interest has to be identified and isolated. 

 

AVRDC scientists have identified several strains of bacteria isolated from field 

soils and plant roots, which have strong inhibitory effects of Fusarium wilt pathogen and 

other fungi. Genomic libraries have been constructed from the two bacteria, and 

transformants from these libraries are presently being screened for antifungal genes. 

Another bacteria has also been identified to possess an inhibitory effect on fusarium wilt 
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pathogen as well as chitinolytic activity, i.e., the digestion of the major component of 

fungal cell wall, chitin. The chitinase gene from this bacterium is also in the process of 

being cloned.  

 

 Although both mungbean and vegetable soybean are rich in proteins, their 

nutritional values are low due to low sulfur-containing amino acids. Among AVRDC's 

mungbean and soybean germplasm collection, there are no accessions with significant 

levels of sulfur-rich proteins. In cooperative project with the University of Hawaii, 

AVRDC is attempting to introduce the cloned cDNA encoding the 2S proteins from 

paradise nuts for protein quality improvement in mungbean and vegetable soybean. 

Biosafety 

Biosafety: prevention of large-scale loss of biological integrity, focusing both on 

ecology and human health. 

Biosafety is related to several fields 

• In ecology (referring to imported life forms from beyond ecoregion borders), 

• In agriculture (reducing the risk of alien viral or transgenic genes, or prions such 

as BSE/"MadCow", reducing the risk of food bacterial contamination) 

• In medicine (referring to organs or tissues from biological origin, or genetic 

therapy products, virus; levels of lab containment protocols measured as 1, 2, 3, 4 

in rising order of danger), 

• In chemistry (i.e., nitrates in water, PCB levels affecting fertility) and 

• In exobiology (i.e., NASA's policy for containing alien microbes that may exist 

on space samples - sometimes called "biosafety level 5"). 

The international Biosafety Protocol deals primarily with the agricultural 

definition but many advocacy groups seek to expand it to include post-genetic threats: 

new molecules, artificial life forms, and even robots which may compete directly in the 

natural food chain. 
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Biosafety in agriculture, chemistry, medicine, and exobiology and beyond will 

likely require application of the precautionary principle, and a new definition focused on 

the biological nature of the threatened organism rather than the nature of the threat. 

When biological warfare or new, currently hypothetical, threats (i.e., robots, new 

artificial bacteria) are considered, biosafety precautions are generally not sufficient. The 

new field of biosecurity addresses these complex threats. 

Biosafety level refers to the stringency of biocontainment precautions deemed 

necessary by the Centers for Disease Control and Prevention (CDC) for laboratory work 

with infectious materials. 

Intellectual property 

Traditionally, farmers in all nations saved their own seed from year to year. 

Allowing to follow this practice with genetically modified seed would result in seed 

developers losing the ability to profit from their breeding work. Therefore, genetically-

modified seed are subject to licensing by their developers in contracts that are written to 

prevent farmers from following this traditional practice. Many objections to genetically 

modified food crops are based on this change. 

Enforcement of patents on genetically modified plants is often contentious, 

especially because of gene flow. In 1998, 95-98 percent of about 10 km
2
 planted with 

canola by Canadian farmer Percy Schmeiser were found to contain Monsanto Company's 

patented Roundup Ready gene although Schmeiser had never purchased seed from 

Monsanto. The initial source of the plants was undetermined, and could have been 

through either gene flow or intentional theft. However, the overwhelming predominance 

of the trait implied that Schmeiser must have intentionally selected for it. The court 

determined that Schmeiser had saved seed from areas on and adjacent to his property 

where Roundup had been sprayed, such as ditches and near power poles.  

Although unable to prove direct theft, Monsanto sued Schmeiser for piracy since 

he knowingly grew Roundup Ready plants without paying royalties (Ibid). The case made 
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it to the Canadian Supreme Court, which in 2004 ruled 5 to 4 in Monsanto’s favour. The 

dissenting judges focused primarily on the fact that Monsanto's patents covered only the 

gene itself and glyphosate resistant cells, and failed to cover transgenic plants in their 

entirety. All of the judges agreed that Schmeiser would not have to pay any damages 

since he had not benefited from his use of the genetically modified seed. 

In response to criticism, Monsanto Canada's Director of Public Affairs stated that 

"It is not, nor has it ever been Monsanto Canada's policy to enforce its patent on Roundup 

Ready crops when they are present on a farmer's field by accident...Only when there has 

been a knowing and deliberate violation of its patent rights will Monsanto act."  

 

Questions 

1. Totipotency which states that cells are autonomic and, in principle, capable of 

regenerating to give a complete new plant. 

Ans: True 

2. Intellectual property? 

3. Biosafety prevention of large-scale loss of biological integrity, focusing both on 

ecology and human health. 

Ans: True 

4. PMMV 54 K gene is being cloned to develop pathogen-derived resistance in 

pepper. 

Ans: True 
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Lecture.29 

Embryo culture – Meristem culture – Anther culture – Somatic hybridization and 

their role in crop improvement 

Embryo culture 

Removal of developing young embryos from seeds and their cultivation in vitro. 

Exchange of genes between cultivated and wild species and transfer of resistant gene(s) 

from wild species to cultivated varieties is hampered due to certain barriers in sexual 

hybridization. Therefore, the in vitro method has been successfully used to overcome 

such barriers in distant hybridization. In this case, hybrid embryo are rescued prior to 

their abortion and cultured directly into artificial media. The embryo culture technique 

has been practically utilized for proper development of fertilized embryos in following 

cases: 

• Solanum lycopersicum syn (Lycopersicon esculentum) x L.peruvianum 

• Capsicum pendulum x C.annuum 

• Phaseolus vulgaris x P.acutifolius 

• Cucurbita pepo x C.ecuadorensis 

• Cucurbita metuliferus x C.zeyheri 

• Abelmoschus esculentus x A. moschatus 

• Abelmoschus esculentus x A.ficulneus 
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Meristem culture  

Regeneration of a plant from tissues of an actively dividing organ like stem tip, 

root tip or vegetative bud. Aseptic culture of shoot apical meristem on nutrient media for 

the production of complete plant. Apical meristems are excised from the shoot tip and 

placed on media. Meristem is not capable of growing independently unless some leaves 

primordial are retained below it. By this method plants can be rapidly multiplied, 

regenerated plants are genetically similar to the donar plants and pathogen free plants 

especially plants free from viruses can be produced. 

Anther culture 

Culture of anthers (or pollen grains) on a suitable medium (in vitro) for the 

production of callus and/or haploid plants. This technique can be used to obtain haploid 

in many vegetable crops e.g.potato, brinjal, tomato, capsicum, pea, French bean, 

muskmelon, and sprouting broccoli. 

Somatic hybridization 

Somatic hybridization allows fusion of complete cytoplasm of two parents. The 

cytoplasm mix, obtained offers the opportunity of producing hybrids.  

Embryo culture 
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Their role in crop improvement programme 

Somatic cell fusions have been successfully employed for resynthesis of Brassica 

napus by fusing protoplasts of B.oleracea and B.compestris. Cytoplasmic  male sterile 

gene(s) can also be transferred in vegetables like onion and carrots to produce hybrid 

seed cheaply. Hexaploid hybrid resulting from protopast fusion of Solanum brevidem x S. 

tuberosum, which show reisistance to leaf roll virus and race ‘O’ of late blight. Also 

protoplast fusion of Solanum melongena x S.sisymbrifolium show reisistance to 

phomopsis blight. Fusion between sexually incompatible members of the same family has 

produced hybrid plants that retain some chromosome numbers of both parents. The best 

known example is the ‘pomato’ which is potato – tomato somatic hybrid. 

Questions 

1. Embryo culture removal of developing young embryos from seeds and their 

culture in vitro. 

Ans: True 

2. Culture of anthers (or pollen grains) on a suitable medium (in vitro) for the 

production of callus and/or haploid plants Anther culture. 

Ans: True 

3. Meristem culture? 
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Lecture.30 

Molecular markers – Methods employed in crop improvement – Achievements and 

future prospects in breeding of vegetable, tuber and spice crops 

 

Molecular makers: An effective tool for genome analysis 

Molecular makers are mainly divided into two categories. 

 A. Hybridization based markers 

 B. PCR based markers                                                                                                                                 

            PCR based markers are again of two types 

 (i) PCR with arbitrary primers 

 (ii) PCR with sequence specific primers. 

 

(A) Hybridization based markers 

 Hybridization based marker technology use cDNA, cloned DNA elements or 

synthetic oilgonucleotides as probes, which are labeled with radioisotopes or with 

conjugated enzymes that catalyze a coloured reaction to hybridize DNA. The DNA, 

either cleaved with restriction enzyme or amplified by PCR, are separated by gel 

electrophoresis and transferred to a solid support matrix by Southern hybridization and 

hybridized mainly with labeled probe of known origin and sequence. RFLP is 

representative of this type of technology. Restriction polymorphism occurs when 

mutation remove an existing restriction site or create a new restriction site. These 

alterations are detected by using a labeled probe. 

 

Restriction Fragment Length Polymorphism (RFLP) 

 RFLP was the first technique which enables the detection of polymorphism at the 

DNA sequence level. In this method, DNA is digested with restriction enzymes that cut 

the DNA at specific sequences, electrophoreed, blotted on a membrane and probed with a 

labeled oligonucleotide. The DNA sequence variation detected by this method was 

termed restriction fragment length polymorphism.  
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Advantages 

1. RFLP are co dominant markers, enabling heterozygote to be distinguished from 

homozygote. 

2. The method is simple and no sequence specific information is required. 

3. They are reliable markers in linkage analysis and can be easily determined if  linked  

4. Trait is present in a homozygous or heterozygous state in individual, an information  

highly desirable for recessive traits. 

5. This technique has been successfully employed for tagging gene of economic value. 

 

Limitations 

1. Utility of RFLP has been hampered due to the large amount of DNA required for 

    restriction digestion and southern blotting. 

2. The requirement of radioactive isotope makes the analysis relatively expensive and 

    Hazardous. 

 

B.PCR based markers 

 It is a PCR method, whereby a specific sequence of nucleotides within a double 

stranded DNA is amplified. The sequence is identified by the use of short synthetic 

oligonucleotides that are complementary to the terminal regions of the DNA sequence to 

be amplified; these oligonucleotides are extended by the thermostable Taq DNA 

polymerase on the DNA template. 

 

1. PCR with Arbitrary Primers 

 In this category of PCR based markers, the random or arbitrary primers are used 

for DNA fingerprinting. Random primers of different lengths and sequences are mainly 

used for this purpose. Primer sequence is mainly selected in such a way that it binds with 

most probability to their complementary sequence on the template DNA. The molecular 

markers of this category are divided on the basis of their primer lengths like RAPD 

(Random Amplified Polymorphic DNA), AP-PCR (Arbitrary Primed-PCR), DAF (DNA 

amplification Fingerprinting), and AFLP (Amplified Fragement Length Polymorphism). 
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Random Amplified Polymorphic D,A (RAPD) 

 A PCR based molecular marker technique in which a single type of random 

decamer primers are used to amplify a set of DNA segment distributed randomly 

throughout the genome. In this technique, a single species of decamer (10 bp) primers are 

used to exploit random sites from the genome and resulted in polymorphism between two 

distinct species.  

 

Advantages 

 1. Only a small amount of DNA is required for PCR amplification. 

 2. No need of radioactivity as RFLP\ 

 3. There is no need of prior genomic information for designing primer 

 4. The primers are random and can be used across a large variety of species. 

 

Disadvantages 

 1. It is a dominant type of marker system and this causes a loss of information 

relative to marker which shows codominance. 

 2. It is not a reproducible method because of short primer length, that binds to 

nonspecific sites in the genome and makes the results inconvenient for data 

interpretation. 

 

D,A Amplification Fingerprinting (DAF) 

 DNA Amplification Fingerprinting (DAF) is one of the recent amplification based 

nucleic acid scanning techniques. DAF utilizes primers of 5-12 nts of length of arbitrary 

sequence. Primers as short as 5 nts in length can produce complex banding patterns that 

are resolved by polyacrylamide gel electrophoresis and silver staining. DAF uses low 

stringency amplification condition, so that primers can anneal arbitrarily at multiple sites 

on template DNA strand and initiate DNA synthesis. 

 DAF does not depend on cloning or DNA sequence information and can generate 

fingerprints from DNA of viral, bacterial, fungal, plant and animal origins. DAF can be 

used to assess genetic diversity, to identify genotype and also for segregation and linkage 

analysis. 
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Amplified Fragment Length Polymorphism (AFLP) 

 It is based on the PCR amplification of genomic restriction fragments generated 

by specific restriction enzymes and oligonucleotide adaptors of a few nucleotide bases. 

AFLP is a combination of RAPD and RFLP methods, but detects a ten fold greater 

number of loci than those detected by RAPD analysis, thus the AFLP have the capacity to 

rapidly screen thousands of independent genetic loci. It is novel DNA fingerprinting 

technique in which no prior sequence knowledge is required for amplification. The 

number of DNA fragments in single reaction can be tuned by selection of specific primer 

sets. AFLP technique uses stringent reaction condition for primer annealing and 

combines the reliability of RFLP technique with the power of PCR technique. 

 

Advantages 

 1. AFLP is highly reproducible over RADP and RFLP. 

 2. AFLPs are faster, less labour intensive and provide more information than  

     RFLPs. 

 3. Compared to RAPD, fewer primers are needed to screen all possible sites. 

 4. AFLPs can be codominant marker like RFLPs. So it can be used for the 

discrimination of heterozygotes from homozygotes. AFLP analysis is especially useful in 

screening backcross individuals. 

 5. AFLPs are extremely useful as a tool for DNA fingerprinting and also for 

cloning and mapping of variety specific genomic sequences. 

 6. AFLP has wide spread application including assessment of genetic diversity 

studies, construction and saturation of linkage maps and tagging of genes. 

 

Disadvantages 

 1. AFLP generate huge quantity of information, which may need automated 

analysis therefore computer technology. 

 2. AFLP markers display dominance. 
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PCR with Sequence Specific Primers 

 An approach opposite to the PCR with arbitrary primers is to design primers to 

target specific genome. These primers are based on sequence specific knowledge of the 

genome and bind to a particular complementary sequence because of their long length 

and specificity. 

 

Sequence Tagged Sites (STS) 

 Sequence tagged sites are primers that are based on some degree of sequence 

knowledge of genome under study. Sequence tagged site primers target and amplify a 

specific region of the genome. A sequence tagged site is general term given to a marker 

defined by its primer sequences amplified from the arbitrary primers. 

 

Example of STSs are 

 1. Sequence Tagged Microsatellites (STMs) 

 2. Sequence Characterized Amplified Region (SCAR) 

 3. Cleaved Amplified Polymorphic Sequence (CAPS) 

 

Advantages 

 1. Only a limited quantity of DNA is required for this process. 

 2. highly polymorphic in nature 

 3. Good analytical resolution and high reproducibility because of the longer 

primer sequences. 

 4. Codominant in nature that is useful in distinguishing between homozygotes 

from heterozygotes. 

 5. Evenly distributed throughout the genome. 

 

Disadvantage 

 One obvious drawback of SSR marker is the development of polymorphic SSR 

marker because time, cost and skill is required for construction and screening of library 

and then sequencing of the hybridized clone to determine the flanking region of the 

repeats for SSR primer designing. 



6 

 

Sequence Characterized Amplified Regions (S CAR) 

A technique in which RAPD marker termini are sequenced and longer primers are 

designed (15-30bp long) for specific amplification of a particular locus.  

 

Advantages 

 1. PCR products of SCAR produce a clear banding pattern then RAPDs. 

 2. Usually dominant but can be converted into codominant markers that can be 

used for genetic mapping. 

 

Disadvantage 

 There is no need to design and screen a library to pick up a sequence for primer 

synthesis, but sequencing efforts are required to find out the end sequences of RAPD 

products to synthesize specific primers for amplification. So skill, efforts and expenses 

are required to design specific primers for each locus. 

 

Cleaved Amplified Polymorphic Sequence (CAPS) 

 If specific primers designed for STMS, EST and STMS do not show 

polymorphism, than the amplified products are digested with a particular restriction 

enzyme and scored for polymorphism which is termed as Cleaved Amplified 

Polymorphic Sequences.   

 

Advantages 

 1. Codominant in ‘nature’ so the information can be effectively used for genetic 

mapping. 

 2. CAPSs are reproducible because of specific and long primer sequences. 

 

Disadvantages 

 1. To design a primer some genomic sequence specific knowledge is required. 

 2. Efforts and expenses are required to design specific primers for each locus. 
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Spice crops 

 In pepper molecular markers are used for detecting sex of the plants at young 

stage or for phylogenetical studies.  Molecular markers like RAPD, AFLP and ISSR 

polymorphism were used to characterize important cultivars, varieties and related species 

of black pepper to develop fingerprints and to study the inter relationship. Attempts are 

being made to isolate genes that could offer resistance to foot rot caused by Phytophthora 

capsici and clone coat protein genes for conferring resistance to viral diseases. Attempts 

are made to clone resistance genes from allied species of Piper, namely P.colubrinum and 

use of markers for developing mapping population. Significant variation in DNA amount 

was observed among 9 species of Piper. The DNA amount of a wild octoploid accession 

of P. nigrum was approximately double that of a cultivated tetraploid variety of the same 

species. 

 In vanilla RAPD and AFLP profiles coupled with morphological characters can 

be utilized to assess the variability and hybrid nature of genotypes and of successful 

interspecific hybridization and production of hybrids. 

 

Question 

 

1. Define Molecular markers 

2. Expand – AFLP, STS, 

Answer: Amplified Fragment Length Polymorphism 

         Sequence Tagged Sites 

3. DNA sequence variation is detected by -------------------- method 

Answer: Restriction Fragment Length Polymorphism.  

4. Nucleic acid scanning technique--------------------------- 

Answer: D,A Amplification Fingerprinting 

5. Define Molecular markers 

6. Mention two important molecular markers 

Answer: RAPD, AFLP and ISSR 



1 

 

Lecture.31 

Centre of origin – Ploidy level – objective and methods of breeding – Achievements 

of Solanaceous vegetables, okra and cucurbits. 

 

Solanaecous vegetable 

Keys to the genera  

 Fruit is a berry.  Anthers connivent in a cone, longer than the filaments. Anther 

dehiscing introversely by longitudinal slits, the tips empty, leaves pinnate sect: 

Lycopersicon (Solanum).  

 

Tomato 

Centre of origin: Peru, Equador and Bolivia 

Ploidy level: 2n= 2x=24 

 Tomato  Solanum lycopersicum Mill. (syn.Lycopersicon esculentum) is one of the 

most important warm-season fruit vegetables grown throughout the world.  Among the 

vegetables, maximum attempts have been made to improve this crop.  Short duration of 

crop, easiness in cultivation and a large number of seeds per fruit has made it an ideal 

crop for many research works.  

 

Origin 

 Tomato is a native of Peru in South America.  The crop spread to North America 

primarily by migrating birds. The largest concentration of wild tomatoes is present in 

Mexico.   

 

Floral biology  

  Dehiscence of anther occurs 1-2 days after the opening of corolla. It occurs from 

base to top and is longitudinal.  It is mainly self-pollinated but certain percentage of 

cross-pollination also occurs.  If the pollen is shed as the style grows up through the 

anther tube, self fertilization is the rule. Self-pollination also takes place when the style is 

short and the stigma is not extroverted beyond the connivent anther. A certain degree of 
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cross-pollination happens when the stigma protrudes outside the level of anther 

(extrovert).  

 

Breeding goals  

• Earliness  

• Increased fruit yield  

• Fruit quality  

• Indeterminate cultivars for green house production  

• Resistance to disease (Wilt,Tospo virus,TLCV, blight, anthracnose, mosaic and 

root knot nematode) 

• Resistance to insects (Fruit borer, whitefly) 

• Resistance to abiotic stresses  

(i) Cold set varieties  

(ii) Hot set varieties   

(iii) Drought tolerance  

(iv) Salt tolerance  

(v) Low temperature germination and growth  

(vi) Chilling injury tolerance  

(vii) Herbicide tolerance  

 

Cytogenetics 

 Tomato is a true diploid with 2n=24. Haploids, tetraploids, trisomics and 

monosomics have also been produced in the tomato.  

 

Breeding methods  

 Tomato varieties have been developed by introduction, selection and 

hybridization procedures.  
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Introduction  

 A few varieties like Sioux, Marglobe, Best of All, Roma, Keckruth Ageti, La 

Bonita, etc. were introduced from America and adopted by growers at several places in 

India.  

 

Pedigree selection  

 Two parents are selected based on genetic divergence and desirability of 

characters. The F1 and F2 are developed.  Selection starts from the F2 generation onwards.  

This method is followed when character under improvement is governed both by non-

additive and additive gene action.  Pusa Ruby is such a selection from the cross between 

Improved Meeruti and Sioux.  

 

Mutation breeding  

 This method has been successfully utilized to evolve S-12 from Sioux, and Pusa 

Lal Meeruti from Improved Meeruti.  Seeds are irradiated with 15-30 k gamma rays.  

Selection can be initiated from M1 generation. As considerable natural variability exists 

in tomato, utility of mutation breeding is limited as no methodology exists for direct 

mutagenesis.   

 

Heterosis breeding  

 Tomato is a classical example of self-pollinated vegetable where heterosis is 

being exploited on a commercial scale.  Heterosis, being a function of specific combining 

ability of parental combinations, depends on the genetic divergence of the parents 

involved in the cross.  This method has been successfully utilized to evolve Pusa Hybrid 

2, Swarna 12, ARTH 3, ARTHA, NARF 101, Nath Amruth 501, Nath Amruth 601, FM2, 

KT4, MTH6, FM1.  

 

Salient breeding achievements  

Varieties have been evolved resistant to physiological disorders diseases and pests  

Disease, Pest &Physiological disorder Resistant varieties/Source  identified 

Fruit cracking Pelican, Florida 10111 

Catface K7, K10 
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Puffiness K7, K10 

Drought injury S. cheesmaniae 

Sunscald Vivid 

Late blight Red Cherry 

Fusarium wilt Step 530, IRB 301-30 

Anthracnose  PI 272636 

Cercospora leaf spot  Marglobe, Dwarf Stone Floradel 

Mosaic Sonato, Estrelia 

Root-knot nematode  Heralani, Nematex, COTH-3 

Leafcurlvirus resistant COLCRH3 

   

Future prospects 

• Twenty-six desirable characteristics have been ascribed to a tomato ideotype, but 

there is still a long way to go to achieve the objectives.  

 

Malvaceous vegetable 

Okra 

Centre of origin: Ethiopia 

Ploidy level: 2n= 66-144 

 

Keys to the genera  

 Plants destitute of peltate scales, leaves simple, entire, lobed or palmatified, 

carpals not separating, fruit capsular, bracteoles neither spreading nor fimbriate, capsule 

5-valved, epicalyx, calyx, corolla and androecioum fall as one unit after fruit set : 

Abelmoschus. 

 

Okra (or) Lady’s finger (or) Bhendi 

 Bhendi, Abelmoschus esculentus (L.) Moench. Syn. Okra, bhindi, lady’s finger or 

gumbo belongs to family Malvaceae.  It is a warm-season fruit vegetable in the tropical 

and subtropical countries of the world. The dehydrated bhendi is a processed product for 

preservation and export.  Bhendi seeds form a nutritious ingredient to cattle feed and also 

is a source of vegetable oil.  
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Origin  

 The cultivated okra is of old world origin.  According to Zeven and Zhukovsky 

(1975), Okra is believed to have originated in the Hindustani Centre of Origin, chiefly 

India, Pakistan and Burma.  However, according to some other authors, A. esculentus 

originated in India (Masters, 1875), Ethiopia (De Candolle, 1883; Vavilov, 1951), West 

Africa (Chevalier, 1940; Murdock, 1959) and tropical Asia (Grubben, 1977). 

 

Floral biology 

 The flowering starts from below to upwards. Dehiscence of anthers usually occurs 

around 8-10 a.m., about 20 minutes after anthesis.  Flowers remain open for shorter 

duration and wither in the afternoon.  The stigma is receptive during anthesis, hence 

pollination is not very successful at bud stage.  It is basically a self pollinated crop, 

however, cross-pollination through insects can be as high as 19% hence okra is classified 

as often-cross-pollinated vegetable crop.  

 

Breeding goals  

• High pod yield  

• Dark green, tender, thin, medium long, smooth, 4-5 ridged pods at marketable stage 

• Pods free from conspicuous hairs 

• Early and prolonged harvest 

• Short plant with more number of nodes / short internodes 

• Optimum seed setting ability  

• Pods suitable for processing industry and export market  

• Resistance to disease (Yellow vein mosaic virus, Fusarium wilt, Cercospora leaf 

spot, Fruit rot) 

• Resistance / tolerance to insects (Fruit and shoot borer, Jassids and Whitefly) 

• Tolerance to abiotic stresses (low temperature, excessive rains, saline and alkaline 

soils).  
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Cytogenetics 

 The small size and large number of chromosomes make exact chromosome count 

difficult in okra.  Majority of the researchers have reported 2n=130 in okra. However, 

other diploid chromosome numbers like 58, 60, 68, 72, 124, 182 and 194 have also been 

reported in Abelmoschus.  Most of the cultivated varieties which exhibit a chromosome 

number of 2n=130 are considered to be allotetraploid (amphidiploids). 

 

Breeding methods  

 The common breeding methods applicable to any autogamous crop are used for 

improvement of okra.  These are as follows: 

Introduction  

 A cultivar from Africa (Ghana) belonging to  Abelmoschus manihot spp manihot 

introduced into India has been successfully used as a source of resistance to YVMV.  

 

Pureline selection  

 This is applicable to land races / cultivars collected from farmer’s field, for 

example, Pusa Makhmali was bred from a material collected from West Bengal. 

Similarly, CO1 is a single plant selection from Red Wonder.  

 

Pedigree selection  

 This method is applicable for segregating generations after hybridization between 

donors.  The individual plant selection starts in the F2 generation and continues till F5 or 

F6.  For example, Pusa Sawani was developed through this method in an inter varietal 

cross. Punjab Padmini, Parbhani Kranti, P-7, Arka Anamika and Arka Abhay are 

examples following interspecific hybridization.  

 

Mutation breeding  

 Ethyl methane sulfonate (EMS) has been found to be an effective mutagen to 

induce useful mutants carrying resistance to YVMV and tolerance to fruit borer.  
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Heterosis breeding  

 Heterosis in okra has been reported for various economic traits, viz., early and late 

flowering, plant height, number, weight and size of pods, number of ridges, marketable 

and total yield.  Using hand emasculation and pollination, commercial hybrids are 

developed. A few promising hybrids under private sector seed companies are H-7, H-8, 

AROH1.  

 

Salient breeding achievements  

• Variety Pusa Sawani, a selection from a cross Pusa Makhmali x IC 1542, was 

observed to be high yielding and highly stable over different locations.  

• Variety Long Green Smooth has shown high resistance to nematode. 

• High yielding varieties Lam Selection, Sel 2, Vaishali Vadhu, Lam Hybrid, R7, 

EMS8, Co1 and Beltes Five have been evolved.  

 

Future prospects 

• The yellow-vein mosaic disease is the most serious disease in okra.  There is need 

for continuous breeding programme to evolve new resistant lines as resistant 

varieties developed low resistance over a period. Cultivation of okra during 

summer season has been problematic and less economic. There is a need to evolve 

varieties resistant to YVMV disease and suitable for summer cultivation.  Hybrid 

technology in okra needs to be popularized.  

 

Curcurbitaceous Vegetables 

Keys to the genera 

 Fruit fleshy many seeded pepo.  Petals entire, calyx tube of male short, anther free 

or slightly cohering, usually exert.  Stamens free, inserted on the tube of the calyx.  Male 

flowers solitary or fasciculate.  Calyx lobed subulate, entire, erect, pistillode glandular, 

seeds compressed, usually smooth.  Connectives protruded tendril 2-3 fid. Corolla 

companulate, 5 lobed to the middle or lower, tendrils usually simple: Cucumis. 
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Cucumber 

Centre of origin: India 

Ploidy level: 2n= 14 

 Cucumber, genus Cucumis, C. sativus L. Warm season fruit vegetable.  In 

developed countries, it is grown as a glasshouse vegetable and in developing countries as 

an open-field vegetable.  Cucumber forms an essential item of dietary in the West.  

 

Origin  

 According to De Candolle (1967), cucumber is an indigenous vegetable to India.  

Burma could be regarded as a secondary centre of origin of this crop.  

 

Floral biology 

 Opening and closing of the male flowers are mainly influenced by the sunrise and 

sunset, that is, by light and the time of the day.  Anther in all varieties dehisces between 

temperature range of 20.5and 21.5
0
 C.  Pollen fertility is considerable up to noon and by 

afternoon (2.00 pm), fertility is greatly reduced, and it is negligible by the evening. 

Stigma receptivity is of very short duration and pollination should be carried out within 

two hours after anthesis.  Rise in temperature causes early drying of stigmatic secretion.  

Different floral abnormalities like mixed inflorescence, hermaphroditism, fusion, 

dimorphic female flowers, reduction and increase in the floral parts are also observed.  

A great tendency is observed in exotic collections towards the abnormalities.  

 

Breeding goals  

• Early fruiting  

• High female to male sex ratio 

• Attractive green or dark green fruits with smooth surface and without prominent 

spines or prickles  

• Uniform long cylindrical shape without crook neck  

• Fruits free from carpel separation without hollow spots  

• Fruits free from bitterness  

• Less seeds at edible maturity  
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• Resistance to powdery mildew, downy mildew, anthracnose, cucumber mosaic 

virus, insect pests and abiotic stresses.  

 

Cytogenetics  

 C. sativus has 2n=14.  The karyotypes of C. sativus are described by examining 

cells from shoots in metaphase association.  It is suggested that cucumber is a secondary 

polyploid with x = 3.  In cucumber, maximum number of nucleoli (6) corresponded 

exactly with the number of secondary constrictions plus satellities.  This information 

confirms the theory of evolution of cucumber by fragmentation of chromosomes.  

 

Breeding methods  

 The breeding methods used for improvement of cucumber are introduction, 

selection, hybridization and heterosis breeding.  

 

Introduction    

 Varietal improvement programme in India started with introduction of varieties 

from foreign countries and these were recommended for commercial cultivation. These 

include Japanese Long Green, Straight Eight and Poinsette.   

 

Selection  

 Some varieties such as Sheetal, Khira 90 and Khira 75 were developed by 

employing selection procedure and released.  

 

Hybridization  

 Two varieties, Himangi (Poinsette x Kalyanpur Ageti) and Phule Shubhangi 

(Poinsette x Kalyanpur Ageti) were developed by hybridization followed by selection.  

 

Heterosis breeding  

 Heterosis breeding has brought about much improvement in cucumber.  The open 

pollinated cultivars of cucumber are monoecious in sex form.  A few attempts have been 

made to exploit monoecy in heterosis breeding in this crop.  Examples are: Poona Khira x 
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Japanese Long Green, Chaubatia Local x Solan Local, White Long Cucumber x Poinsette 

and Kalyanpur Ageti x Panvel.  However, more of these hybrids are commercially 

exploited or grown by farmers.  

 Presence of gynoecious sex forms has made possible phenomenal progress in 

exploitation of F1 hybrid under glass house conditions. The first F1 hybrid, Pusa Sanyog 

developed in India in 1971 has a gynoecious female parent. It is suited to subtropical and 

cooler conditions also.  This hybrid has shown heterosis for early yield, total yield and 

number of fruits per plant.  

 

Resistance breeding  

 The Indian variety Banglora was the starting point for developing downy mildew 

resistance in cultivars in the United States. The cucumber cultivars, All Season, Improved 

Long Green and Korea Dutch are less susceptible to red pumpkin beetle. Moderate 

resistance to Meloidogyne incognita has been observed in line GY 59 37-587.  

  

Questions 

1. The Indian variety Banglora is resistant to downy mildew. 

Ans: True 

2. Cucumber cultivars All Season, Improved Long Green and Korea Dutch are less 

susceptible to red pumpkin beetle. 

Ans: True 

3. Heterosis breeding has brought about much improvement in cucumber. 

Ans: True 

4. Breeding methods? 

5. Cucumber is an indigenous vegetable to India. 

Ans: True 
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Lecture.32 

 Centre of origin – ploidy level – objectives and methods of breeding – Achievements 

of Bulb and Tuber crops 

 

Onion  

 Onion Allium cepa L. is an important vegetable crop grown throughout the world. 

It is a cool season vegetable.  It is grown for its bulbs.  In India, the most important onion 

growing states are Maharashtra, Tamil Nadu, Andhra Pradesh, Bihar and Punjab.  Onion 

is one of the crops which India exports. A global review of area and production of major 

vegetables shows that onion ranks second in area and third in production in the world. 

About 25.40 million tonnes of onion is produced in the world from 1.79 million hectares 

of land.  India ranks first in area and second in production (0.29 million hectares and 2.45 

million tonnes). 

 

Origin 

 The Russian scientist Vavilov reported Central Asia as the primary centre of 

origin and near east as the secondary centre of origin.  Onion originated from the region 

comprising north-west India, Afghanistan, the Soviet Republic of Tazik and Uzbek and 

Western Tiensens.  Western Asia and the area around Mediterranean sea are its secondary 

centres of origin.  It is now cultivated throughout the world.  

Ploidy level= 2n=2x=16 

 

Floral biology 

 The flower structure is called an umbel which is an aggregate of many small 

inflorescences (cymes) of 5 to 10 flowers, each of which opens in a definite order causing 

flowering to be irregular and to last for two or more weeks.  Each individual flower 

contains 6 stamens, 3 carpels united into one pistil and 6 perianth segments.  The pistil 

contains 3 locules each of which has 2 ovules. The flower also contains nectarines which 

secrete nectar to attract insects for cross-pollination.  The flowers are protandrous and 

anthers shed pollen over a period of 3-4 days prior to the time when full length of style is 

attained. Anthesis occurs in early morning (6-7 AM).  Anther dehiscence is between 
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7.00AM and 5.00 PM and on next day also with peak between 9.30AM and 5.00 PM.  

Pollen fertility is maximum on the day of anthesis. Thus, stigma becomes receptive 3-4 

days after shedding of pollen grains and protandry leading to favour cross pollination.  

 

Breeding goals  

• High bulb yield 

• Long bulb storage life 

• Resistance to diseases (purple blotch, basal rot, stemphyllium blight, bacterial 

storage rot) 

• Resistance to insect pests (thrips) 

• Resistance to abiotic stresses (moisture stress, high temperature, salinity, 

alkalinity) 

• Bulb quality (size, shape, colour, pungency, firmness, dormancy, amount of 

soluble solids) 

 

Cytogenetics  

 The Allium cepa species are diploid with basic chromosome number of x=8 (2n = 

16).  Occasional tetraploids have also been reported.  There are morphological and 

cytological similarities between the species of section cepa, but still strong crossing 

barriers exist between them.  This prevents gene flow between the two even where 

sympatric distribution of two species occurs.  Introgression of genetic material from wild 

to cultivated species is also difficult. Low success has been recorded in several 

interspecific hybridizations.  

 

Breeding methods 

 Introduction, mass selection, selfing and massing, inbreeding followed by 

hybridization to exploit heterosis have been used for improvement of onion.  

 

Plant introduction  

 Early Grano is an introduction into India.  In long-day types, Brown Spanish was 

also a successful introduction.  



3 

 

Mass selection  

 Common in cross-pollinated crops.  Most of the onion varieties in India have been 

developed by mass selection.  

 

Selfing and massing  

 Suggested by Jones and Mann (1963). This method is very good for improvement 

in a crop, where inbreeding depression is common.  Improvement in cultivar can be 

effected by selfing followed by massing. The procedure is as follows.  

 

First year (bulb crop): Select 100 best bulbs of desired type.  

Second year (seed crop): Grow selected bulbs, self one or more umbels per plant to 

initiate a separate line each.  

Third year (bulb crop): Grow the progenies of each inbred line separately.  Discard the 

poor performing lines during the growing season, at harvest or in storage.  Select at least 

25 best lines and keep 15-20 bulbs of each for selfing and open pollination for next year.  

Fourth year (seed crop): Self pollinate 1-2 umbels in each plant and allow others to 

open pollinate. Mass open pollinated seed and increase for large-scale production for 

more than two generations to avoid much inbreeding depression.  

Fifth year (bulb crop): Grow the selfed progenies separately. Select again the best 25 

lines and 15-20 bulbs of each lines as above in the third year.  

Sixth year (seed crop): Composite and plant bulbs of all selections in a field or in a cage 

for free open pollination in between the unrelated lines.  The open pollinated seed can be 

massed and increased as foundation seed.  

 

Inbreeding 

 In any onion improvement programme, a considerable amount of inbreeding or 

selfing is necessary.  Brown paper bags and three ring muslin cloth bags are used for 

selfing.  

 

Hybridization  

 Used when we want to introduce characters from other varieties.  
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1. Intervarietal  :  Very common 

2. Interspecific  :  Very rare 

Utilized in A. cepa x A. fistulosum. 

 

Heterosis breeding 

 The F1 hybrids are high yielding with uniformity in bulb size, the two most 

desired characters.  One of the main components for exploitation of heterosis in onion is 

isolation of male-sterile lines.  The male-sterile lines have been isolated in Pusa Red at 

IARI.  Male-sterile lines have been also isolated at IIHR, Bangalore, but there is no 

hybrid in commercial production yet; work is in progress to isolate the best combiners.  

 Heterosis breeding involves three important stages, namely: 

(i) Production of inbred lines  

(ii) Testing combining ability of inbred lines  

(iii) Production of the seeds of F1 hybrids  

A line = male sterile line (S msms) caused by sterile cytoplasm (S) and nuclear recessive 

gene (msms).   

B line = maintainer line (N msms) 

C line = male parent (N MsMs or N Msms or N msms or S MsMs or S Msms) 

Maintenance AxB 1:1 F1 production AxC 4:1 or 8:2. 

 

Salient breeding achievements  

• The varieties Italian Red and Local Brazilian are observed resistant to purple 

blotch.  

• Granex and Excel 35 are reported to be resistant to pink root 

• Some promising F1 hybrids identified are Abundance, Aristocrat, Banaza, 

Champion and Contender 

• F1 hybrids developed in India namely, Purple x Red, Purple x White and Red x 

White have more weight of plants and increased bulb diameter  

• Yellow-red colour of bulb was linked with resistance to Colletotrichum arienans 

• Punjab Selection and N 2-4-1 were good for dehydration. Pusa Red and Punjab 

Red Round were best suited for storage at room temperature (up to 5 months) 
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• Developed CO ON.5 in aggregatum onion at TNAU which has profuse seed 

setting ability and can be propagated by seeds unlike the other varieties of 

aggregatum onion. 

 

Future prospects 

• Development of varieties with improved quality and high yield suitable for 

different agro-climatic conditions  

• Breeding varieties resistant to major diseases and insect pests, such as purple 

blotch, basal rot, stemphyllium blight and thrips 

• Heterosis breeding for development of short-day, high yielding F1 hybrids in red, 

white and yellow types with longer storage life 

• Development of varieties of multiplier onion with bright red colour and higher 

bulblets 

• Standardization of improved package of practices particularly for new varieties 

and hybrids.  

TAPIOCA 

Breeding objectives 

1. To develop varieties with high tuber yield and starch content with low HCN 

content. 

2. To develop varieties with short duration and non-branching type. 

3. To develop varieties resistant to Cassava Mosaic Virus (CMV) 

Breeding methods 

Clonal selection 

Considerable amount of variability exists in the crop in India and much more is 

available in other cassava growing regions, particularly in tropical south Latin 

America, which is the centre of origin for cassava. This breeding technique has been 

used to develop improved cultivars at TNAU such as CO1, CO2and CO3. 
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Varieties Pedigree Yield 

(t/ha) 

Duration 

(months) 

Starch 

(%) 

Year of 

release 

CO 1 Clonal selection (ME7) 

from a local type collected 

from Tiruchirapalli 

district. 

29.97 8.5 to 9  35.0 1977 

CO 2 Clonal selection (ME 167) 

from an open pollinated 

seedling progenies raised 

from the seeds collected 

from a Thiruvarur type in 

Thanjavur district. 

35.37 8 to 8.5  34.50 1984 

CO 3 Clonal selection (ME120-

1) from seedling 

progenies of open 

pollinated seeds obtained 

from IITA, Ibandan, 

Nigeria. 

42.58 8 35.60 1993 

CO (TP)4 clonal selection from one 

of the seedling progenies 

of the hybrid SM1679 

(CM 2766-5 x CM 4843) 

obtained from CIAT 

50.60 8.5 40.0 2002 

Hybridization and selection 

Tapioca being propagated vegetatively, breeding programme is more time 

consuming due to its long production period. Induction of flowering in sparingly 

flowering varieties is a problem. It can be done by increasing day length, since long 

day condition favours induction of more flowering. Foliar application of IAA, NAA 

and Ascorbic acid at 50 ppm is also recommended to increase the intensity of 

flowering. 

Many varieties have been developed through hybridization and selection as 

indicated below: 

 

Varieties Pedigree Yield 

(t/ha) 

Duration 

(days) 

Starch 

(%) 

Year of 

release 

H.97 Manjavella x Brazillian 

seedling selection  

25.30 290-310 29 1971 

H.165 Chadyamangalam vella x 33-38 240-260 25 1971 
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clone similar to Kalikalan 

H.226 Ethakkakaruppan x M4 30-35 290-310 29 1971 

Sree 

Visakham 

(H.2304) 

Multiple hybrid involving 

5 parents, viz., Acc. 468 

Ac. No.174.S.1310 

(Madagascar) Ac.No.82 & 

M4 

35-40 300-320 31 1977 

Sree 

Prakash 

(S-856) 

Selection from local 

accessions 

35-40 220-240 29 1987 

 

Interspecific hybridization 

 To enhance the protein content and to incorporate disease resistance into 

cultivated cassava, hybridization between cera rubber (Manihot glaziovii) and selected 

clones of cassava was attempted at CTCRI, Thiruvananthapuram. Repeated back crossing 

of interspecific hybrid of cassava was carried out, but acceptable root quality was not 

recovered. 

 

Heterosis breeding 

 To exploit the hybrid vigour in cassava, work done at CTCRI, 

Thiruvananthapuram revealed that some hybrids are performing better than their parents 

and even existing varieties in terms of tuber yield, quality etc. 

 

Polyploid breeding 

 Induced tetraploids by colchicine treatment was attempted at CTCRI, 

Thiruvananthapuram and found that they were poor yielding and less adapted to the 

normal field conditions. However,one of the triploid strains evolved after crossing 

tetraploids and diploids out-yielded both the parents and the scientists were of the opinion 

that there is a possibility of improving cassava by producing new chromosomal races in 

which the chromosome underdoes not go beyond an optimum level. Evolution of 

triploids by crossing diploids and the artificially induced tetraploids has been done. 

Though a few of the selected triploids showed relatively high dry matter content and 

extractable starch, they did not prove to be superior in yield to the released varieties 
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namely Sree Visakham and Sree Sahya. A spontaneous triploid was identified from a 

cross involving the two released diploid varieties H-165 and Sree Sahya. 

 

Mutation Breeding 

 Mutation with gamma irradiation has been employed successfully on single node 

cutting of cassava but no economic mutant has been isolated so far.  

 

Questions 

 

1. Onion ranks second in area and third in production in the world. 

Ans: True 

2. India ranks first in area and second in onion production. 

Ans: True 

3. Central Asia is the primary centre of origin for onion. 

Ans: True 

4. The flowering structure is called an umbel. 

Ans: True 

5. The varieties Italian Red and Local Brazilian are observed resistant to purple 

blotch.  

Ans: True 
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Lecture.33 

Centre of origin – Ploidy level – objectives and methods of breeding – Achievements 

of leafy vegetables and leguminous vegetables 

 

Leguminasae 

Keys to the genera  

 Flowers zygomorphic, stamens definite, corolla papilionaceaous, petals imbricate, 

the uppermost (standard, the outer most) and the 4 others in 2 opposite pairs, stamens 

usually combined.  Climbing or prostrate, rarely erect, herbs or shrubs, rarely trees, 

leaves pinnately trifoliate, rarely one or 5-7 foliate, stamens monadelphous or 

diadelphous, pod dehiscent not jointed, leaves not gland, dotted, leaflets stipulate.  Style 

bearded below the stigma, stamens diadelphous, stigma oblique, keel not spiral.  

 

Cowpea  

 Cowpea (Vigna unguiculata) also called as southern pea and black eyed pea 

belongs to family leguminosae.  Less attention has been given to the vegetable cowpea. It 

is a nutritious leguminous crop low in anti-nutritional factors.  It has a wide range of 

ecological adaptations and can be grown more widely. In fact, it probably has the greatest 

potential among all food legumes in the semi-arid to sub-humid tropical areas.  The 

typical vegetable cowpea is characterized by a long pod (>30 cm), stringless pods, fleshy 

pod pericarp, thin and long seeds and higher monosaccharide: polysaccharide ratio.  Pole 

and bushy types are available in vegetable cowpea.  

 

Origin  

 Africa is considered as the primary centre of origin of 170 species of genus Vigna, 

22 are found in India.  The crop spread from Africa to Asia and Europe through Egypt.  

Now cowpea is widely distributed throughout the tropics and subtropics.  

 

Floral biology  

 The flower opens early in the morning, closes before noon and falls down on the 

same day.  The extra floral nectarines at the base of the corolla attract ants, flies and bees 
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but a heavy insect is required to depress the wing petal and expose the stamen and 

stigma.  Cowpea flower bloom between 6.30 and 7.00 a.m.  The process of opening of 

corolla takes 45-60 minutes.  Anther matures and starts dehiscing about 78 hours before 

the time of opening corolla.  Pollen remains viable for 42 hours at room temperature and 

relative humidity 91%.  Stigma becomes receptive from 12 hours before blooming to 6 

hours after blooming.  

 

Breeding goals  

• High green pod yield (vegetable type varieties) 

• High seed yield (dry-seed type varieties) 

• High fodder yield (fodder type varieties) 

• Dual purpose (seed and vegetable type and seed and fodder type) 

• Earliness 

• Appropriate plant type (erect, determinate for vegetable and seed type cultivars 

and spreading for fodder type cultivars) 

• Wider adaptability 

• Photo-insensitive  

• Short tender pods for whole pod processing  

• Long tender and stringless pods for fresh consumption  

• Varieties suitable for inter cropping  

• Resistance to disease 

• Resistance to insects  

• Better seed quality  

 

Cytogenetics  

 It is true diploid with 2n=22.  Sen and Bhowal (1960) made cytotaxonomic 

studies on Vigna sinensis (L.) Savi, V. catjang (Bur.M) Waqlp. and V. sesquipedalis (L.) 

Fruw, popularly known as cowpea, catjang bean and asparagus bean.  The three 

cultivated species could be easily crossed among themselves.  The hybrids among them 

were fertile like intervarietal hybrids. Chromosome number of each of three cultivated 
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species was found 2n=22.  As mentioned elsewhere, all the above cultivated species are 

put under Vigna unguiculata.  

 

Breeding methods 

Pedigree selection  

 The pedigree system of breeding is the most common method used by cowpea 

breeders.  This method has been successful in developing cowpea cultivars with new 

combinations of characteristics and resistance to diseases.  Single plant selections are 

carried out within larger F2 / F3 populations. Individual plant progenies are planted in one 

or more rows, 4-6 m in length and 1.5 m apart.  
 

 

Backcross method 

 The backcross breeding procedure has been found efficient for transferring single-

gene resistance to specific diseases into cowpea cultivars.  For example, this procedure 

has been used to transfer Cls gene, which provides resistance to Cercospora leaf spot, 

into the susceptible cultivar Colossus in USA.  

 

Heterosis breeding  

 Seven Vigna unguiculata var. sesquipedalis varieties were crossed in diallel.  Of 

the 42 hybrids, only three exceeded the higher parent in seed protein content and pods / 

plant. The methods of F1 hybrid production are hand emasculation and pollination, use of 

‘protruded stigma’ types female and use of male sterile line.  
 

 

Mutation breeding  

 Mutation breeding in cowpea has been utilized on a limited scale through 

irradiation (9-40 Krad) by gamma rays to isolate mutants with increased yield and 

earliness.  
 

 

Salient breeding achievements 

• Varieties Pusa Phalguni suited for spring season, Pusa Barsati for rainy season 

and Pusa Dofasli for both the seasons have been evolved.  
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• K 1552 (Pusa Komal) evolved is an early variety which is resistant to bacterial 

blight 

• Variety Grant is  resistant to Fusarium wilt, Chinese Red is resistant to 

Phytophthora stem rot, Mississipi 57-1 and Iron are resistant to root-knot 

nematodes have been evolved 

• Variety Goit, Dixies-Cream and Alabunch are resistant to cowpea mosaic disease. 

 

Future prospects  

• Many valuable genes like male sterility, high protein and methionine content, 

resistance to thrips, aphids, pod-borers, root-knot nematodes, anthracnose and 

cowpea mosaic virus are available which need further utilization.  Bush types of 

yard-long bean have been developed (Los Banos Bush Sitao No.1).  There is a 

need to evolve high essential amino acid lines in cowpea.  The extent of damage 

due to various diseases has not been estimated except for a few diseases.  

AMARA(THUS 

Floral biology 

Most amaranthus species are monoecious. The flowers can be terminal or axial 

but are always organized in to glomerules with in the inflorescence. Within the 

glomurules, the first flower is generally staminate, and the later flowers are pistillate (Pal 

1972; Joshi and Rana 1991). Emasculation in A.spinosus is restricted to the topping off of 

the upper part of the panicle carrying male flowers above the female flowers. After 

emasculation, the flower heads are bagged with butterpaper bags in A.tricolor, A.lividus 

and A.dubius, emasculation process is very tedious due to the intermixed nature of the 

male and female flowers within the same glomerule. The time of anthesis is 8.30 to 

9.30am. 

Breeding objectives 

1. To identify suitable vegetable amaranth types with high yield potential coupled with 

nutritional qualities and with out anti-nutrient factors. 
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2. To develop an ‘erect’ and ’clipping’ (cutting) types, suited for early harvest for 

‘pulling’ and continued harvest by periodical cutting respectively to suit different 

regions of Tamil Nadu and 

3. To develop a dual amaranth types i.i., grain cum leafy amaranth. 

Breeding methods 

 Selection is the only method through which number of improved varieties have 

been developed. 

Improved selections of Amaranthus developed at T(AU 

(ame of variety Pedigree of the variety Chief characteristics 

CO.1  

Amaranthus  

A.dubius Mart.ex. 

Thellyung 

Selection from a local type Seeds-black, small (about 4000 seeds/g); 

lack initial vigour but rapid growth rate after 

25-30 days; leaves – dark green, broad with 

ridged surface; stem-round, glossy green and 

succulent even at mature stage; specially 

suited for late harvest at 30-35 days after 

sowing as whole plant green (Mulakkerai) 

with green yield 7-8 t/ha. 

CO.2. Amaranthus 

(A.tricolor L.) 

Selection from a local type Seeds-black; and bolder in size (1200-1400 

seeds/g); good early germination and 

vigorous growth; leaves – green and long 

lanceolate; stem-green; highly suited for 

‘tender green’ harvest at 20-25 days after 

sowing as the stems are tender 

(Thandukeerai) with  yield – 10-11 t/ha. 

CO.3.(A.tricolor 

L.var.tristis) 

Selection from a local type 2800 seeds/g; grows to a height of 90-100 

cm with 12-15 basal branches; lends itself 

for periodical cuttings (clippings- Arukeerai 

or Arakeerai) and hence can be retained for 

more than 3 months. 1st clipping commences 

20 days after sowing and thereafter at weekly 

intervals. A total of 10 clippings can be had, 

yields 10-12 t/ha. 

CO.4 amaranthus 

(A.hypochondriacus 

L.) 

Selection from a local type Seed-pale yellow, medium sized (2000-2300 

seeds/g); leaves-green, lanceolate; stem-

green; inflorescence-green,long, terminal and 

generally unbranched; flowers in 40-45 days 

after sowing and matures in about 90 days; 

yields 8 t/ha by thinning at 25 days and about 

2-2.5t. of grains per ha at maturity. The 

grains are rich in protein (15.9%) and other 

essential amino acids; popping rate of grain 

is about 2.5 times by volume. 
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CO.5 Amaranthus Single plant selection The leaves are double coloured (green and 

pink). It gives a rosette growth in early 

stages. First harvest starts 25 days after 

sowing and in duration of 55 days it 

produces 40t/ha. 

 

Questions 

 

1. Leguminous Flowers are zygomorphic. 

Ans: True 

2. Pusa Komal evolved is early crop and resistant to bacterial blight. 

Ans: True 

3. The pedigree system of breeding is the most common method used by cowpea 

breeders. 

Ans: True 

4. Variety Grant is resistant to Fusarium wilt. 

Ans: True 
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Lecture.34 

Centre of origin – Ploidy level - objective and methods of breeding – Achievements 

of important spice crops 

                                        1. Cardamom 

Cardamom: Elletaria cardamomum      

 Family: Zingiberaceae 

  The genus Elettaria consists of about seven species distributed in India, Srilanka, 

Malaysia and Indonesia. Only E. cardamomum occurs in India and this is only 

economically important species. Closely related E. ensal, native to Sri lanka, is a much 

larger and slender plant known as Sri Lankan cardamom. Twin advantages of vegetative 

propagation and viable sexual reproduction, cardamom offers immense scope for crop 

improvement. Thrust areas in the improvement programmes identified are 

1. High yield of capsule  

2. Selection of plants with bold capsules and more number of seeds /fruit 

3. Resistance to biotic stress viz., viral diseases such as katte and kokkekandu and 

fungal diseases such as rhizome rot, clump rot and capsule rot so as to produce 

cardamom capsules free from the residues due to excessive plant protection 

chemicals. 

4. Tolerance to abiotic stresses especially drought 

5. Higher percentage of dry capsule recovery (> 22%) 

6. Higher seed: husk ratio. 

7. Breeding for higher quality i.e. higher percentage of essential oils, ά- terpenyl 

acetate which is responsible for the aroma and flavour 

8. Developing location specific varieties suitable to different agro-climatic 

conditions. 

Selection 

Breeding in cardamom is currently based on selecting recombinants that are 

superior with regard to yield and quality of capsule and tolerance to biotic and abiotic 

stresses. Systematic evaluation of available germplasm followed by comparative yield 

trials and multilocational trials under various agro- ecological conditions have resulted in 

release of several improved selections in cardamom. 
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Selection for biotic and abiotic stress 

Efforts are made to survey and collect disease escapes from hot spot areas of 

“Katte” disease and they were subjected to further evaluation by artificial inoculation. A 

natural Katte Escape (NKE) line was found promising and was released as IISR Vijetha 

for the mosaic infected areas of Karnataka and Wayanad in Kerala. A preliminary 

screening of cardamom varieties for “azhukkal” disease showed that Malabar and 

Vazhukka were more susceptible compared to Mysore. Survey, collection and evaluation 

of drought escapes from low rainfall areas are also been done to select a drought tolerant 

type. 

 

Hybridization 

Intervarietal hybridization using genetically divergent genotypes started as early 

as 1976. Cardamom hybrids being heterozygous and heterogenous in nature have to be 

multiplied either clonally or through micropropagation to produce “true to type” planting 

materials and to avoid segregation. 

 

Polycross breeding 

Being a cross pollinated crop, polycross method of breeding may be useful to get 

better varieties. Elite clones having predominantly desirable characters are inter- planted 

in an isolated plot. Two to three beehives can also be maintained in the plot for assured 

pollination so that maximum fruit set as well as high number of seeds per capsule could 

be obtained. Since parents have superior characters their progeny might possess a 

combination of desirable characters. Cardamom yield could be substantially improved 

through a poly cross breeding programme. Up to 60% increase in yield was obtained 

from a polycross progeny of Mudigere-1. A population of more than 3000 plants is 

essential for carrying out effective selection. 

 

Mutation and polyploidy breeding 

The objective of mutation breeding is to develop clones tolerant to cardamom 

mosaic (Katte) virus and drought. Induced mutants (through x-rays, gamma rays, EMS 
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and MH) were developed in cardamom but none was derivable. Polyploids (2n= 4x = 96) 

were also successfully induced in cardamom, but they were inferior to diploids. 

Varieties  

 Cultivated varieties are grouped into three main groups primarily based on nature 

of panicle. They are ‘Malabar’, ‘Mysore’ and ‘Vazhukka’. Vazhukka is a natural hybrid 

between Malabar and Mysore. Distinguishing features of these varieties are as follows 

Parameters Malabar Mysore Vazhukka 

Plant stature Medium (2-3m ht) Tall (3-5 m ht) Tall (3-5m ht) 

Leaf Dorsal side may be 

pubescent or glabrous, 

short petiole 

Lanceolate or 

oblong- lanceolate, 

glabrous on both 

sides, petiole long 

Deep green oblong – 

lanceolate long petiole 

Panicle  Prostrate Erect Semi erect 

Capsule Globose - oblong shaped Ovoid , bold dark 

green 

Bold, globose or ovoid 

Bearing 

nature 

Early, short span of 

flowering 

Late, long 

flowering span 

Late , long flowering 

span 

Adaptability Lower elevation (600 -

1000 m MSL) 

Higher elevation 

(900 – 1200 m 

MSL) 

Higher elevation (900 -

1200 m MSL) 

Tolerance to 

drought 

Thrives under low 

rainfall 

Thrives well under 

well distributed 

rainfall 

Thrives well under well 

distributed rainfall 

 

High yielding cardamom varieties and their characteristics 

Variety / year of release Pedigree / 

parentage and 

plant type 

Institute / 

University 

Salient features  

Mudigere 1 

1984 

Clonal selection 

from Malabar 

type 

Regional 

Research 

Station, 

Chikmagalur 

Erect and compact plant, 

short panicle, pale green, 

oval bold capsule, suitable 

for high density planting, 

moderately tolerant to 

thrips, pubescent leaves. 

Average yield – 275 kg/ha 

(dry) 

Mudigere 2 

1996 

Clonal selection 

from open 

pollinated 

Malabar type 

Regional 

Research 

Station, 

Chikmagalur 

Early maturing, suitable for 

high density planting, 

round/oval and bold 

capsule, oil 8.0%, 1,8 

cineol 45.0%, α- terpenyl 

acetate 38.0% 
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PV 1 

1991 

A selection from 

Walayar 

collection a 

Malabar type 

Cardamom 

Research 

Station, KAU, 

Pampadumpara 

A early maturing type, 

short panicle, elongated 

slightly ribbed, light green 

capsule, essential oil 6.8%, 

1,8 cineol 33.0%, α- 

terpenyl acetate 46.0%, dry 

recovery 19.9% 

PV 2 

2001 

A selection from 

OP seedlings of 

PV-1, vazhukka 

type 

Cardamom 

Research 

Station, KAU, 

Pampadumpara 

Early maturing, 

unbranched lengthy 

panicle, long bold capsules, 

high dry recovery 

percentage (23.8%), 

essential oil 6.6%, field 

tolerant to stem borer and 

thrips. Suitable for 

elevation range of 1000 to 

1200 meters above MSL. 

ICRI 1 

1992 

Selection from 

Chakkupallam 

collection, a 

Malabar type 

ICRI (Spices 

Board) 

Myladumpara 

A early maturing variety, 

medium sized panicle with 

globose, round and extra 

bold dark green capsules 

contains oil 8.7%, 1,8 

cineol 29.0%, α- terpenyl 

acetate38.0% and dry 

recovery 22.9% 

ICRI 2 

1992 

Clonal selection 

from germplasm 

collection Mysore 

type 

ICRI (Spices 

Board) 

Myladumpara 

Performs well under high 

altitude and irrigated 

condition, medium long 

panicles, oblong bold and 

parrot green capsule, 

tolerant to azukkal disease. 

Average yield is 375 kg/ha 

(dry) 

ICRI 3 

1993 

Selection from 

Malabar type 

ICRI (Spices 

Board) 

Sakleshpur 

Early maturing, non-

pubsecent leaves, tolerant 

to rhizome rot disease, 

oblong, bold parrot green 

capsule, suitable for hill 

zone of Karnataka, oil 

6.6%, 1,8 cineol 54.0%, α- 

terpenyl acetate 24.0%, dry 

recovery 22.0% with ab 

average yield of 440kg/ha. 

TKD 4 

1997 

Clonal selection 

from 

Vadagaraparai 

ICRI (Spices 

Board) 

Thadiyankudisai 

Early maturity, medium 

sized panicle, globose bold 

capsule, suitable for low 
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area of lower 

pulney, a Malabar 

type 

rainfall areas, relatively 

tolerant to rhizome rot and 

capsule borer. Average 

yield -455 kg /ha (dry) 

IISR Suvasini (CCS-1) 

1997 

 

Selection from OP 

progeny of CL 37 

from RRS 

Mudigere, 

Malabar type 

IISR, Calicut Early maturing, suitable for 

high density planting, long 

panicle, high % of bold 

parrot green capsule(89), 

tolerant to rhizome rot, 

thrips, 

shoot/panicle/capsule 

borer, essential oil 8.7%, 

1,8 cineol 42.0%, α- 

terpenyl acetate 37.0%, dry 

recovery 22.0%. Average 

yield of 745kg/ha (dry) 

IISR Vijetha 

(NKE-12) 2001 

 
 

Clonal selection 

from field 

resistant plant for 

katte, a Malabar 

type 

IISR, Calicut Virus resistant selection 

with high percentage of 

bold capsules (77.0%) oil 

7.9%, 1, 8 cineol 45.0%, α- 

terpenyl acetate 23.4%, dry 

recovery 22.0%. 

Recommended to moderate 

rainfall areas with 

moderate high shaded and 

mosaic infected area, field 

tolerant to thrips and borer 

as well as mosaic. 

IISR Avinash 

2001 

 

A selection from 

OP seedlings of 

CCS -1 a Malabar 

type 

Indian Institute 

of Spices 

Research, 

Calicut 

Extended flowering period, 

dark green capsule and 

retains its colour even after 

processing. Tolerant to 

rhizome rot, 

shoot/panicle/capsule 

borer. Highly suitable for 

planting in valleys and 

rhizome rot prone areas 

and intensive cultivation. 

Average yield is 847 kg/ha 

(dry) 

Njallani  A clonal selection Farmers  A high yielding clonal 
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Green Gold 

 

 

from Vazhukka 

type 

selection from 

Idukki district 

of Kerala 

selection by cardamom 

grower in Idukki district. 

Capsule bold over 70% of 

the cured cardamom above 

7mm. Reported to be of 

high quality. Currently the 

highest yielding cultivar. 

Yield upto 5000 kg /ha has 

been recorded. Average 

yield is 1600 kg/ha (dry) 

 

 

1. Black pepper 

Black Pepper – Piper nigrum                                                             Family: Piperaceae 

Black pepper, christened as “King of spice” and “Black gold” is the most 

important and the most widely used spice in the world occupying a position that is 

supreme and unique. It was the lure of Indian pepper that brought the western world to 

Indian subcontinent. Apart from black pepper the genus also includes economically 

important species like 

 

P.longum – long pepper, P. betle – betel leaf, P.chaba – Java long pepper and P.cubeba – 

Cubeb, Tailed pepper. 

  

 

P.longum P. betle 
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The main objectives of pepper breeding are higher yields, resistance to diseases 

(mainly foot rot and virus diseases), higher quality (piperine and piperidine content), 

tolerance to abiotic stresses and evolving low input responsive varieties. Pepper being a 

vegetatively propagated in addition to viable seed reproduction offer much scope for crop 

improvement work, especially for selection, breeding and exploitation of hybrid vigour. 

Existing genetic variability can be exploited through clonal selection, as there are more 

than 100 pepper cultivars known to exist in India with substantial amount of inter and 

intra cultivar variability. 

 

 Diversity of pepper is great in evergreen forests of Western Ghats. Out of 17 

species of Piper occurring, 11 are endemic. Through the process of natural evolution, 

domestication and selection, a lot of cultivars originated in its centre of origin. Cultivar 

diversity is the richest in Kerala, followed by Karnataka. Most of the cultivars are 

bisexual. 

 

Selection in OP progenies 

Pepper being heterozygous and propagated mainly through cuttings, there exist 

segregation in open pollinated and selfed progenies. Selection in OP progenies was 

carried out at Pepper Research Station, Panniyur. Two varieties Paniyur-2 and Panniyur -

P.chaba P.cubeba 
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5 were developed through selection from OP progenies of cvs. Balankotta and Perumkodi 

respectively.  

 

Hybridization 

Great variability that exists among cultivars is utilized in hybridization. 

Hybridization work in pepper was started at Pepper Research Station, Panniyur as early 

as 1959 and the first ever hybrid pepper variety in the world Panniyur-1 was released in 

1971. It is a selection from F1 of a cross between cv. Uthirankotta x Cheriyakaniakkadan. 

The average yield of the variety is 1242kg/ha of dry berries. Interspecific hybridization 

was reported between P. nigrum x P. attenuatum and P. nigrum x P.barberi.  

 

Breeding for quality 

In pepper quality is mainly decided by content of piperine, essential oil and 

oleoresin. Piperine is responsible for pungency. Piperine content varies from 2- 7.4% 

among the cultivars. Essential oil ranges from 0.4-7 %. The property of piperine as 

bioavailability enhancing agent is being exploited by pharmaceutical industry. 

Diversification of value added products from pepper also demands high quality varieties. 

The existing cultivar diversity can be utilized for locating high quality varieties which 

can be subjected to selection as well as intercultivar hybridization. 

 

Resistance breeding 

The main objective is to evolve black pepper variety resistant/ tolerant to 

Phytophthora foot rot disease. 

 

Polyploidy & mutation breeding 

Poly ploidy plays an important role in crop improvement. However, the success is 

very much limited in black pepper. A natural triploid (2n(3x) = 78), Vadakkan having 

bold fruits and less fruit setting and large leaves was identified. The progenies of the 

cultivar exhibited wide morphological variations and varying chromosome numbers, 

however none of these exhibited horticulturally useful traits. The plants produced through 

mutation breeding were slow in growth. 
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Varieties developed  

Variety Parentage Institution Salient features 

Panniyur 1 

1971 

Inter- cultivar hybrid 

of Uthirankotta x 

 Cheriyakaniyakadan 

Pepper 

Research 

Station, 

Panniyur 

Vigorous growing vine. Do not tolerate 

shade. Long spikes, close setting of berries, 

bold berries, oleoresin 11.8 % piperine 

5.3%, essential oil 3.5% dry recovery 

35.3% with an average yield of 1242kg/ha 

(dry) 

Panniyur 2 

1991 

Clonal selection from 

open pollinated 

 progeny of Balankotta 

Pepper 

Research 

Station, 

Panniyur 

Shade tolerant, suitable for intercropping, 

medium maturity group, medium quality, 

oleoresin 10.9%, high piperine (6.6%), 

essential oil 3.4%, dry recovery 35.7% 

with an average yield of 2570 kg/ha (dry) 

Panniyur 3 

1991 

Inter cultivar hybrid of 

Uthirankotta x 

 Cheriyakaniyakadan 

Pepper 

Research 

Station, 

Panniyur 

Suitable for all pepper growing regions, 

performs well under open situation, late 

maturity group, Long spikes and bold 

berries, piperine 5.2%, oleoresin 12.7%, 

essential oil 3.1%, dry recovery 27.8% 

Panniyur 4 

1991 

Clonal selection from 

Kuthiravally type II 

Pepper 

Research 

Station, 

Panniyur 

Stable yielder, performs well under adverse 

condition also, tolerant to shade, late 

maturity, 4.4% piperine, 9.2% oleoresin, 

2.1% essential oil and 34.7% dry recovery. 

Panniyur 5 

1996 

Clonal selection from 

open pollinated 

 progeny of 

Perumkodi 

Pepper 

Research 

Station, 

Panniyur 

Suitable for both mono and mixed 

cropping in coconut/arecanut gardens, 

shade tolerant, medium maturity, tolerant 

to nursery disease, long spikes, piperine 

5.3%, oleoresin 12.33% essential oil 3.8% 

and dry recovery 35.7% with an average 

yield of 1110kg /ha (dry) 

Panniyur 6 

2000 

Clonal selection from 

Karimunda type III 

Pepper 

Research 

Station, 

Panniyur 

A vigorous vine, tolerant to drought and 

adverse climatic conditions, stable and 

regular bearer, medium maturity group. 

Suitable for ope condition as well as partial 

shade, spike 6-8cm, more number of 

spikes/unit area, close setting and attractive 

bold berries, piperine 4.9%, oleoresin 

8.27% and essential oil 1.33% and 33.0% 

dry recovery with an average yield of 

2127kg/ha (dry) 

Panniyur 7 

2000 

Open pollinated 

 progeny of Kalluvally 

Pepper 

Research 

Station, 

Panniyur 

Vigorous vine and a regular bearer, long 

spike, a hardy type vine, tolerant to adverse 

climatic conditions, suitable for open and 

shaded conditions, very long spike (16-

24cm) high piperine content (5.6%), 

oleoresin 10.6%, essential oil 1.5% and 
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34.0% dry recovery with an average yield 

potential of 1410 kg/ha (dry). 

Sree kara  Clonal selection from 

Karimunda 

Indian 

Institute of 

Spices 

Research, 

Calicut 

Suitable for all pepper growing regions 

including high elevations as well as for 

intercropping. Medium maturity, gives 

high quality pepper with 5.1% piperine, 

13.0% oleoresin, 7.0% essential oil and 

35.0% dry recovery. 

Subhakara 1990 

 

Clonal selection from 

Karimunda 

Indian 

Institute of 

Spices 

Research, 

Calicut 

Wide adaptability to all pepper growing 

tracts. Suitable for intercropping as well as 

for high elevations, high quality, medium 

maturity, piperine 3.4%, oleoresin 12.4%, 

6.0% essential oil and 35.0% dry recovery 

with an average yield potential of 

2352kg/ha (dry) 

Panchami 

2001 

Clonal selection from 

Aimpiriyan 

IISR, 

Calicut 

High yielding, spike twisting, late 

maturing, suitable for high elevation, 

excellent fruit set, piperine 4.7%, oleoresin 

12.4% essential oil 6.0% and 35.0% dry 

recovery. Average  yield potential is 

2828kg/ha (dry) 

Pournami 2001 

 

Clonal selection from 

Ottaplackal 

IISR, 

Calicut 

Tolerant to root knot nematode and shade. 

Medium maturity, suitable for 

intercropping with arecanut and 

banana.Piperine 4.1 % and dry recovery of 

31.0%. Average yield potential is 2333 

kg/ha (dry) 

IISR Thevam 

 
 

Clonal selection  

from germplasm of 

 Thevammundi 

IISR, 

Calicut 

Stable yielding, grow vigorously, field 

tolerant to phytophthora, medium maturity, 

suitable to high altitude areas of South 

India up to 3000 ft MSL in coffee and tea 

estate. Piperine 1.6%, oleoresin 8.15%, 

essential oil 3.1% and dry recovery 32.5%. 

the average yield potential is 2437 kg/ha 

(dry) 

IISR Malabar A hybrid of IISR, Recommended for rainfed condition 
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Excel 

 

 Cholamundi x 

 Panniyur 1 

Calicut including coffee and tea plantation. 

Oleoresin 11.7%, piperine 2.4%, essential 

oil 2.8%, dry recovery 32.3%. suitable for 

high elevations and plains.The average 

yield is 1453kg/ha (dry) 

IISR Girimunda 

 

A hybrid of 

 Cholamundi x 

 Panniyur 1 

IISR, 

Calicut 

Recommended for rainfed condition 

including coffee and tea plantation. A 

medium maturity group. Piperine 2.2%, 

oleoresin 9.65%, essential oil 3.4% and dry 

recovery 32.0%. The average yield is 

2880kg/ha (dry) 

IISR – Sakthi (P-

24) 

Open pollinated 

 seedling progeny of 

cv. Perambra mundi a 

clonal cultivar 

IISR, 

Calicut 

Tolerant to P.capsici, piperine 3.3%, 

oleoresin 10.2%, essential oil 3.7% and 

driage 43.0%. The average yield is 

5.2kg/vine fresh/ha 

PLD -2 1996 

 

 

Clonal selection from 

Kottanadan 

NRC for 

Oil palm, 

Palode 

Late maturity high quality cultivar contains 

piperine 3.0%, oleoresin 15.45%, essential 

oil 4.8%. Suitable for plains and higher 

elevations. The average yield is 2475kg/ha 

(dry) 

 

3. Ginger 

 

Ginger: Zingiber officinale                                                            Family: Zingiberaceae 

Ginger is a herbaceous perennial grown as an annual crop. The family 

Zingiberaceae consists of 47 genera and about 1400 species. Among these, 22 genera and 

178 species are endemic to India. Apart from cultivated ginger, the other important 

economic species of the genus are Z. zerumbet, Z.odoriferum, Z. spectabile, Z. 

squarrosum and Z.casumunnar, which are used as medicine and aromatic purposes. 
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Exotic Germplasm 

In India, many exotic ginger cultivars have been introduced and some of them got 

adapted well to conditions and performed well in terms of yield and quality. Some of 

them are: 

• Rio-de-Janeiro (Brazil) – bold rhizome, fair skin, pungency, flavour and less 

fibrous 

• China (China) – extra bold rhizome, yellowish white skin, good pungency, 

flavour and fibrous  

• Jamaica (Jamaica) – bold rhizome, white skin, moderately pungent, high flavour 

and less fibrous. 

• Sierra- Leone (Sierra- Leone) – slender rhizome, buff skin, pungent, moderately 

flavoured and fibrous 

• Taffingiva (Nigeria) – a moderately high yielder, which is under commercial 

cultivation in the ginger growing tracts of Nigeria. 

 Crop improvement work in ginger is limited to clonal selection, mutation 

breeding and polyploidy breeding. Conventional recombination breeding programmes 

were handicapped by relatively shy flowering behaviour and absence of seed set.  

The main objectives of breeding are high yield, higher driage, wide adaptability, high 

quality (high oil, high oleoresin, low fibre etc.) and resistance to fungal and bacterial 

pathogens (bacterial wilt and rhizome rot). 

 

Introduction and Selection 

Both indigenous and introduced cultivars were screened under various geographic 

situations and selections made for yield, quality and resistance attributes. 

 

Mutation breeding 

Because of existence of sterility, alternative to induce variability is through 

physical and chemical mutagens. Being a vegetatively propagated crop, induced 

variability can be fixed immediately and true to type can be propagated. Induction of 

variability through mutations were tried by many workers and desirable mutants 

identified. Ginger buds are sensitive to irradiation and LD50 was reported below 2Krad. 
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Polyploidy breeding 

Because of chromosomal sterility, polyploidy breeding offers scope to explore 

possibilities of inducing variability in ginger.  

 

High yielding ginger varieties released in India 

6ame and year 

of release 

Pedigree/parentage 

& Plant type 

Salient features 

Suprabha 

1988, OUAT, 

Pottangi 

Clonal selection 

from Kunduli local 

Plumpy rhizomes, less fibre, wide adaptability, 

suitable for early and late sowing with a  duration of 

229 days, 8.9% oleoresin, 4.4% crude fibre, 1.9% 

essential oil and 20.5% dry recovery. Suitable for 

Orissa and adjoining states. 

Suruchi 

1990, OUAT, 

Pottangi 

Clonal selection 

from Kunduli local 

Profuse tillering, bold rhizome, suitable for 

rainfed/irrigated conditions with a duration of 218 

days, 10.9% oleoresin, 2.0% essential oil, 3.8% crude 

fibre with a dry recovery of 23.5%. Suitable for 

Orissa, Central and South India. 

Surabhi 

1991, OUAT, 

Pottangi 

Induced mutant of 

Rudrapur local 

Plumpy rhizome, dark skinned yellow fleshed, 

suitable for both irrigated/ rainfed with a duration of 

225 days. 10.2% oleoresin, 2.1% essential oil, 4.0% 

crude fibre with 23.5% dry recovery.Suitbale for 

Orissa. 

V3S1-8, OUAT, 

Pottangi 

Sodium azide 

mutant 

A mutant line moderately tolerant to diseases and 

pests. Having an oleoresin content of 10.8%, essential 

oil 1.8%. crude fibre 3.2%, dry recovery 22.2%, 

suitable for green and dry ginger, wide adaptability, 

suitable for both hills and plains 

V1E8-2 

OUAT, Pottangi 

An EMS mutant A mutant line moderately tolerant to diseases and 

pests.Contains 10.8% oleoresin, 1.8% essential oil, 

3.5% crude fibre, 21.4% dry recovery, suitable for 

green ginger, late planting under rainfed conditions in 

hills and plains. 

Himgiri 

1996, Solan, 

Himachal 

Pradesh 

Clonal selection 

from Himachal 

collection 

Best for green ginger, less susceptible to rhizome rot 

disease, suitable for rainfed condition,  

4.29% oleoresin, 1.6% essential oil, 6.05% crude 

fibre, 20.2% dry recovery with a duration of 230 days.  

IISR Varada 

1996, IISR 

Selection form 

germplasm 

High yielder, high quality bold, low fibre content 

(3.29% to 4.50%), essential oil 1.7% , 6.7% oleoresin 

and 19.5% dry recovery, tolerant to diseases, maturity 

200 days. 

IISR Rejatha  

2004, IISR 

Selection form 

germplasm 

High yielder, plumpy and bold rhizome, 2.36% 

essential oil, 6.3%oleresin, 4.0% crude fibre, 20.8% 

dry recovery, maturity – 200 days. Suitable for Kerala 

and Karnataka 
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IISR Mahima 

2004, IISR 

Selection form 

germplasm 

High yielder, plumpy bold rhizomes, 1.72% essential 

oil, 4.5% oleoresin, 3.26 crude fibre, dry recovery 

23.0% , maturity 200 days. The variety is resistant to 

nematode (M. incognita and M. javanica) 

 

4. Turmeric 

Turmeric: Curcuma longa                                                            Family: Zingiberaceae 

 

 Nearly 40 species of Curcuma are known to exist in India, while only one species 

C. longa contributes to commercial production of turmeric of commerce (96%). It is an 

herbaceous perennial with under ground rhizomes. It is a sterile triploid (3n = 63) and do 

not normally set viable seeds. The other species are C. aromatica (Kasthuri manjal), C. 

caesia (Black turmeric), C. amada (mango ginger), C. zedoaria, C. purpurescens, 

C.mangga, C.heyneana, C. xanthorrhiza, C. aeruginosa, C. phaeocaulis and C. petiolata 

are also cultivated in different parts of India. C. aromatica is cultivated to a lesser extent 

for Kasturi turmeric used in cosmetics. 

 

 Turmeric types can be grouped into three based on maturity period as short, 

medium and long duration types. Short duration types are known as Kasturi. They mature 

in seven months, rhizomes possess pleasant aroma, good yielders of dried turmeric and 

rich in volatile oil content but low in curcumin and used in culinary preparation. 

Flowering is common in these types and seeds produce gametic seedlings. Medium 

duration Kesari types which mature in eight months are referred as intermediary types 

and are high yielders of fresh rhizomes than Kasturi types and rich in curcumin and 

volatile oil. Long duration types mature in nine months and are moderately good both for 

rhizome yield and other quality constituents. Flowering and seed set are rare in medium 

and long duration types.  

The important characteristics of C. longa,  C.aromatica, C. amada,  C. angustifolia and 

C. zedoaria. 
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C. longa (Popularly known as Longa types) 

Pseudostem is tall, robust with oblong elliptic leaves narrowed at the base. Plant 

reach a height up to 1m with 8 to 10 leaves. Spike is apical, length ranges between 10-18 

cm. with pale yellow flowers. Starchy root tubers are not produced at the end of fibrous 

roots. Rhizomes are bigger in size with more curcumin content but moderate in volatile 

oil. 

 

 C.aromatica (Popularly known as Kasthuri types) 

In this group, cultivars mature early, within 6-7 months. Pseudostem is short with 

elliptic/oblong leaves. Flowering is lateral, and being a tetraploid, fertile and viable seeds 

are produced. Plants produce peculiar root tubers at the end of the fibrous roots. 

Rhizomes possess pleasant unique aroma due to volatile oil but low in curcumin content. 

Rhizome production is less as compared to C. longa types. It is used in the preparation of 

dyes, cosmetics and drugs but not used as a spice or condiment. 

 

C. amada (Mango ginger) 

Popularly known as mango ginger cultivated in India for its rhizomes, which have 

the odour of raw mangoes and it is used for the preparation of pickles , chutneys etc. 

 

C. zedoaria  

It is considered to be native of north- eastern India and to have spread in 

cultivation throughout the Indian subcontinent and Malaysia. The interior of the rhizome 

is yellow and when dried has an agreeable musky odour with a slight smell of camphor 

and a pungent bitter taste. Zedoary rhizomes are used in indigenous medicines in Asia 

and in perfumery in India. 

 

Selection 

        Among the characters, plant height, rhizome yield, curing percentage , curcumin 

content, oleoresin content and resistance to leaf blotch and leaf spot diseases recorded 

higher percentage of genetic advance indicating scope for selection. Estimation of oil and 

curcumin contents in different cultivars of C. longa and C. aromatica indicated that 
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variability for oil and curcumin content was high in C. longa compared to C. aromatica 

and for identifying cultivars with high curcumin and oil content, it may be worth while to 

carry out selection in C. longa alone. 

 

Hybridization 

 Hybridization work is limited in turmeric as commercial cultivars are sterile 

triploids of C. longa.  

 

Mutation breeding 

Efforts were made to evolve improved varieties through mutation breeding which 

resulted in release of a few varieties, such as BSR 1, BSR 2, CO 1 and Suroma. 

Improved varieties of turmeric 

6ame and year 

of release 

Pedigree/parentag

e & Plant type 

Av. yield t/ha 

(Fresh) 

Salient 

features 

CO 1 

1983, TNAU 

 

Vegetative mutant 

by x-ray irradiation 

of Erode local 

35.0 The crop duration 270 days. It yields 

35t/ha. Rhizomes are bigger in size and 

bright orange coloured and better than 

Erode local. The curcumin content of 

rhizome is 3.2 per cent with 20 per cent 

processing recovery.Plants are robust, 

vigorous and taller (40-60cm) with more 

number of leaves (25-32) and tiller 

production 3.7 to 5.0. 

BSR 1 

1986, TNAU 

 

Clonal selection 

from Erode local 

irradiated with x-

rays 

39.6 The crop duration is 280 days. It yields 

31t/ha of fresh rhizomes and 6tonnes of 

dried rhizomes. The rhizomes are 

attractive with yellow fingers and close 

internodes. The processing ratio is 20 

per cent. The rhizome contains 4.2 per 

cent curcumin, which is higher than CO 

1 and Erode local. 

BSR 2 

1994, TNAU 

 

Induced mutant 

from Erode local 

32.7 The crop yields 32t/ha in a duration of 

240-250 days. The plants are medium 

stature, high yielding and resistant to 

scale insects. The variety is adaptable to 

Erode, Coimbatore, and Salem, 
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Dharmapuri, Trichirapalli, thanjavur, 

North Arcot and South Arcot districts. 

Roma  

1988, Pottangi, 

Orissa. 

Clonal selection 40.0 Suitable for both rainfed and irrigated 

condition, suitable for hilly areas and 

late season planting. Curcumin 9.3%, 

oleoresin 13.2%, essential oil 4.2% and 

dry recovery 31.0% witha duration of 

250 days. 

Suroma 

1989, Pottangi, 

Orissa. 

Clonal selection 44.9 Round and  rhizomes, field tolerant to 

leaf blotch, leaf spot and rhizome scale, 

curcumin 9.3% , oleoresin 13.1%, 

essential oil 4.4% and dry recovery 

26.0% with a duration of 253days. 

Rajendra sonia 

1989, Dholi, 

Bihar 

Selection from 

local germplasm 

           23.0 Bold and plumpy rhizome grows widely 

under all north Indian conditions. 

Curcumin 8.4%, essential oil 5.0% and 

dry recovery 18.0% with duration of 

225 days. 

Megha turmeric 

1996, Meghalaya 

Selection from 

Lakadong type 

27.5 Suitable for North East hill and North 

West Bengal. Bold rhizomes, high 

curcumin content 6.8% and dry recovery 

16.37% with a duration of 300-315 

days. 

Pant Peetabh 

2001, Pant Nagar 

Clonal selection 

from local types 

29.0 Long attractive fingers, curcumin 7.5%, 

essential oil 1.0%, dry recovery 18.5%, 

resistant to rhizome rot. 

Suranjana (TCP-

2) 

2000 West 

Bengal 

Clonal selection 

from local types of 

North Bengal 

29.0 Suitable for open and shade condition 

sole or intercrop, suitable for rainfed as 

well as high rainfall areas. Curcumin 

5.7%, oleoresin 10.9%, essential oil 

4.1%, dry recovery 21.2%, duration 235 

days, tolerant to leaf blotch and rhizome 

rot. Resistant to rhizome scales and 

moderately resistant to shoot borer. 

IISR Alleppy 

Supreme 

2004, Calicut 

A clonal selection 

from Alleppy 

turmeric 

35.45 Shows tolerance to leaf blotch disease. 

Rhizome contains 5.5% curcumin, 

16.0% oleoresin, 19.0% dry recovery 

with crop duration of 210 days. 
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IISR Kedaram 

2004, Calicut 

Clonal selection 

from germplasm 

34.5 Tolerant to leaf blotch disease, Rhizome 

contain 5.5% curcumin, 13.6% 

oleoresin, dry recovery of 18.9% with 

duration of 210 days. 

Kanthi  

1996, KAU, 

Trichur 

Clonal selection 

from Mydukur 

variety of Andhra 

Pradesh 

37.65 Erect leaf with broad lamina, big mother 

rhizomes with medium bold fingers and 

closer internodes, Medium duration, 

Curcumin content (7.18%), oleoresin 

8.25%, essential oil 5.15%, dry recovery 

20.15% with a duration of 240-270 

days. 

Sobha 

1996, KAU, 

Trichur 

Clonal selection 

from local type 

35.88 Mother rhizome big with medium bold 

and closer internodes. Inner core of 

rhizomes is dark orange like alleppey. 

More tertiary rhizomes. Dryage 19.38%, 

curcumin content (7.39%), oleoresin 

(9.65%), essential oil (4.25%) with a 

medium duration of 240-270 days. 

Sona 

2002, Trichur, 

Kerala 

Clonal selection 

from local 

germplasm 

4..02 (dry) Orange yellow rhizome, medium bold 

with no tertiary fingers. Best suited for 

central zone of Kerala. Rhizome 

medium bold, field tolerant to leaf 

blotch. Curcumin 7.12%, essential oil 

4.4%, oleoresin 10.25%, 18.8% dry 

recovery, medium duration of 240-270 

days. 

Varna 

2002, Trichur, 

Kerala 

Clonal selection 

from local 

germplasm 

4.16 (dry) Bright orange yellow rhizome, medium 

bold with closer internodes, tertiary 

fingers present. Suited to central zone of 

Kerala. Field tolerant to leaf blotch, 

curcumin 7.87 %, essential oil 4.56%, 

oleoresin 10.8%, 19.05% dry recovery 

with a medium duration of 240-270 

days. 
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5. 6utmeg 

 

6utmeg: Myristica fragrans                                                           Family: Myristicaceae 

The genus Myristica consists of about 120 species of which five have been 

described from India. They are M. fragrans, M. malabarica, M. magnifica, M..beddomei 

and M. contorta. The main difficulties are the long juvenile phase, the difficulty in 

propagating vegetatively, the dioecy and the single ovule in female flower. Wide 

variation was reported in growth rate, productivity, size and shape of the leaf, flower size 

and shape and size of the fruit and nut. Selection will be effective in improving fruit 

number in nutmeg and selecting nutmeg trees with optimum fruit number and moderately 

good seed weight. 

 

Varieties 

6ame and year 

of release 

Released by Av. yield t/ha 

(Fresh) 

Salient 

features 

Konkan 

Sungandha 

Dr. Balasaheb 

Sawant Konkan 

Krishi Vidyapeeth at 

Regional Fruit 

Research Station, 

Vengurla. 

526 nuts /tree @ 

age of 15 years 

This is the only hermaphrodite 

variety released. It yields 2.63 kg dry 

nuts . The nut size is 5g with 1.2g mace. 

 

Konkan Swad 

 

Regional Coconut 

Research Station, 

Bhatye, Ratnagiri, 

Maharashtra 

761.36kg 

fruits/tree 

 It gives an average yield of 761.38 kg 

fruits/tree. Seeds contain 39.8% 

essential oil and mace 10.9%. 

 

IISR-Vishwasree 

High yielding 

selection 

IISR, Calicut. It gives an 

average yield of 

3122 kg nut/ha 

(dry) and 480 kg 

mace (dry)/ha. 

This variety possesses 7.1 per 

cent oil in nut and mace, 13.0 per cent 

oleoresin in mace and 2.5 per cent 

oleoresin in nut. Butter content is 30.9 

per cent in nut. 
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6. Cinnamon 

Cinnamon: Cinnamomum verum (syn: C.zeylanicum)     Family: Lauraceae 

 

The genus is a native of south western tropical India and Srilanka consist of more 

than 250 species distributed in South East Asia, China, Australia etc. Srilanka is the 

leader in cinnamon production; Seychellus and Malagay Republic are the other major 

producing countries. The introduction of C. verum from Srilanka and C. cassia from 

China to India in due course enhanced cinnamon production in India. The conservation of 

available variability of cinnamon in India and from exotic sources is carried out at IISR, 

Calicut, RRL, Bhubaneswar, KAU and TNAU. The genus cinnamomum has two centre 

of diversity in India, the north east region and the Western ghats, South India. 

   

  The existence of wide variability for number of peeler shoots per plant, plant 

height, plant girth and tree spread indicated that the further improvement in the genotype 

may be made through selection. 

 

Varieties developed 

6avashree & 6ithyashree 

 Two high yielding and high quality cinnamon selections were released from IISR, 

Calicut. 

Vishwasree 
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Characteristics of elite cinnamon lines; 6avashree and 6ithyashree 

S.6o. Character 6avashree (Sl.63) 6ithyashree (Sl.189) 

1. Regeneration capacity 

(shoots/plot of 4 plants) 

25.45 18.90 

2. Fresh weight of bark (g) 488.95 511.15 

3. Dry weight of bark (g) 201.1 194.6 

4. Yield of bark /ha (kg) 55.56 54.16 

5. Recovery of bark (%) 40.6 30.7 

6. Bark oil (%) 2.70 2.70 

7. Yield of bark oil (l/ha) 1.50 1.46 

8. Bark oleoresin (%) 8.0 10.0 

9. Yield of oleoresin (kg/ha) 4.44 5.42 

10. Leaf oil (%) 2.80 3.00 

 

 

6ame and year 

of release 

Released by Av. yield t/ha 

(Fresh) 

Salient 

features 

Yercaud -1 

 

Horticultural 

Research Station, 

Yercaud,TNAU. 

It gives a bark 

yield of 359.75 

kg quills and 

3800 kg of dried 

leaves/ha 

It comes to harvest from third year 

onwards and can be maintained 

economically for 20 years. It gives high 

bark recovery of 35.3 per cent. It has got 

2.8 and 3 per cent volatile oil in quills 

and leaves respectively. It gives a high 

regeneration capacity of 19.2 

harvestable shoots. Quills are sweet and 

light pungent in taste.  

 

Konkan Tej 

Clonal selection 

Konkan Krishi 

Vidyapeeth, Dapoli 

Fresh bark  yield 

789.75 g and 

3.56 kg leaf per 

plant. 

 

High oil (3.2%), cinnamaldehyde 

(70.23%) and eugenol (6.93%)  

Sugandhini 

selection 

Aromatic and 

Medicinal Plant 

Research Station, 

Odakkali, Kerala 

Agricultural 

University 

Average leaf 

yield is 

18kg/tree/year 

and average bark 

yield is 1.2 

kg/tree/year. 

It is recommended for cultivation in the 

midlands and highlands of Kerala both 

in open and as an intercrop in coconut 

gardens for cinnamon leaf oil. Leaf oil 

yield is 295ml/tree/year or 125kg/ha and 

the eugenol content is 94 per cent in leaf 
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oil. 

 

PPI (C)-1 

selection 

Horticultural 

Research Station, 

Pechiparai, Tamil 

Nadu Agricultural 

University. 

 

It gives a fresh 

bark yield of 

980kg/ha 

 Bark recovery is 34.22%, leaf oil 

recovery 3.3% and bark oil recovery 

2.9% 

 

RRL (B) C-6 

selection 

Regioanl Research 

Laboratory, CSIR, 

Bhubaneswar 

Bark oil yield is 

250kg/ha. 

Bark is of high quality with 83.0% 

cinnamaldehyde in the oil. Leaf oil 

contains 94.0% eugenol. 

 

 

  

7. Coriander 

 

Coriander: Coriandrum sativum                                            Family: Apiaceae 

 

 Cultivated types of Indian coriander can be divided into two more or less distinct 

classes on basis of seed size- small and bold seeded. Small seeded types are highly 

aromatic and fetch better price. English, German and Russian varieties are of this type. 

Besides, they are hard to break, which reduces breakage during handling, transport and 

storage. Small seeded types are normally cultivated in irrigated areas. Bold seeded types 

are usually less aromatic and fetch comparatively low price. These types are cultivated in 

unirrigated areas. There is another classification based on part used viz. seed purpose 

varieties and dual purpose varieties. It is a cross pollinated diploid species with 2n = 22 

chromosomes. 

 

Breeding objectives 

• High yielding varieties with disease resistance 

• Varieties with high essential oil content 

• Varieties adaptable for different agro – climatic regions. 

Large variability exists in the yield and the yield contributing characters in 

coriander. The characters such as days to flowering, days to maturity and number of 

secondary branches are to be taken into account while selecting parents for hybridization. 
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The methods of breeding that can be attempted are selection, hybridization and mutation 

breeding. 

Improved varieties of Coriander 

6ame and 

year of 

release 

Pedigree/parentage 

& Plant type 

Salient features 

CO 1  

1981, TNAU 

 

Selection from 

germplasm type. 

The crop duration is 110 days and yields 500kg per 

hectare. The variety is suitable for both greens and grains. 

CO 2 

1982, TNAU 

 

It is a selection from 

a type P2 of Gujarat. 

The duration is 90 to 100 days and yields 600 to 700 kg of 

grains per hectare with 22 per cent increase over CO 1. It is 

a dual purpose variety suited for both grains and greens. 

CO3  

1991, TNAU 

 

It is a reselection 

from accession 695 

introduced from 

IARI, New Delhi 

It has a high yield potential of 275.6 kg/ha in khariff and 

644 kg/ha in Rabi season. The crop comes to maturity 

earlier by about 5 days in kharif and 6 days in rabi 

compared to CO 2. This variety registered lower incidence 

of wilt and gray mould. The seeds are medium size with an 

attractive brownish yellow colour. The 1000 seed weight is 

16.2g as against 15g in CO 2. The seed oil content ranges 

from 0.38 to 0.41 per cent. In the adaptive research trials, 

this variety has recorded higher yields ranging from 4.6 to 

71.4 per cent than CO 2. 

CO (CR) 4 

2002 , TNAU 

 
 

It is a single line 

selection from LAM 

(Andhra Pradesh) 

type.  

It is fast growing plant with short internodes, high yielder 

(590kg/ha in irrigated and 540 kg/ha under rainfed) in a 

short duration of 65 – 70 days. The grains are bold, light 

yellow colour with 0.41 per cent essential oil content. It is 

suitable for cultivation throughout Tamil Nadu during 

June- July and October – November months. 

Gujarat 

coriander 2 

1985, 

Jagudan, 

Gujarat 

Reselection from CO 

2 

High yield, more secondary branches, dense foliage, 

fistular stem, umbel large sized, grain purpose variety, bold 

seeds , no lodging 

Rcr 41, 1988 

Jobner 

Recurrent selection 

from UD 41 

 

High yield, tall, erect plant type, round and small seeds, 

suitable for irrigated areas. 0.25% oil, resistant to stem gall, 

tolerant to wilt. 
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Rajendra 

Swati (1988) 

Dholi 

Mass selection from 

germplasm 

High yield potential, medium height, suitable for 

intercropping, fine seeded rich in essential oil, resistant to 

stem gall disease, free from attack of fruit fly. 

Swati 

1989, Guntur 

Mass selection from 

germplasm 

High yield, semi-erect plant type, suitable for delayed 

sowing, escapes powdery mildew, 0.3% oil 

Sadhana 

1989, Guntur 

Mass selection from 

germplasm 

High yield, suitable for rainfed areas, semi erect type 

resistant to aphid and mite, 0.2% oil. 

Lam Sel.CS 2 

Guntur 

Mass selection Medium tall, bushy type, more number of branches, grain 

purpose variety, tolerant to pest and diseases, good quality 

grain, 0.4% oil. 

 

Questions 

1. Mutation breeding in cardamom  

2. Cultivated types of Indian coriander? 

3. Navashree & Nithyashree varieties of Nutmeg. 

Ans: True  



Black pepper varieties 

Variety Parentage Institution Salient features 

Panniyur 1 

1971 

Inter- cultivar hybrid of 

Uthirankotta x 

 Cheriyakaniyakadan 

Pepper 

Research 

Station, 

Panniyur 

Vigorous growing vine. Do not 

tolerate shade. Long spikes, close 

setting of berries, bold berries, 

oleoresin 11.8 % piperine 5.3%, 

essential oil 3.5% dry recovery 

35.3% with an average yield of 

1242kg/ha (dry) 

Panniyur 2 

1991 

Clonal selection from 

open pollinated 

 progeny of Balankotta 

Pepper 

Research 

Station, 

Panniyur 

Shade tolerant, suitable for 

intercropping, medium maturity 

group, medium quality, oleoresin 

10.9%, high piperine (6.6%), 

essential oil 3.4%, dry recovery 

35.7% with an average yield of 2570 

kg/ha (dry) 

Panniyur 3 

1991 

Inter cultivar hybrid of 

Uthirankotta x 

 Cheriyakaniyakadan 

Pepper 

Research 

Station, 

Panniyur 

Suitable for all pepper growing 

regions, performs well under open 

situation, late maturity group, Long 

spikes and bold berries, piperine 

5.2%, oleoresin 12.7%, essential oil 

3.1%, dry recovery 27.8% 

Panniyur 4 

1991 

Clonal selection from 

Kuthiravally type II 

Pepper 

Research 

Station, 

Panniyur 

Stable yielder, performs well under 

adverse condition also, tolerant to 

shade, late maturity, 4.4% piperine, 

9.2% oleoresin, 2.1% essential oil 

and 34.7% dry recovery. 



Panniyur 5 

1996 

Clonal selection from 

open pollinated 

 progeny of Perumkodi 

Pepper 

Research 

Station, 

Panniyur 

Suitable for both mono and mixed 

cropping in coconut/arecanut 

gardens, shade tolerant, medium 

maturity, tolerant to nursery disease, 

long spikes, piperine 5.3%, oleoresin 

12.33% essential oil 3.8% and dry 

recovery 35.7% with an average yield Panniyur 6 

2000 

 

Clonal selection from 

Karimunda type III 

Pepper 

Research 

Station, 

Panniyur 

A vigorous vine, tolerant to drought 

and adverse climatic conditions, 

stable and regular bearer, medium 

maturity group. Suitable for ope 

condition as well as partial shade, 

spike 6-8cm, more number of 

spikes/unit area, close setting and 

attractive bold berries, piperine 4.9%, 

oleoresin 8.27% and essential oil 

1.33% and 33.0% dry recovery with 

an average yield of 2127kg/ha (dry) 

Panniyur 7 

2000 

 

Open pollinated 

 progeny of Kalluvally 

Pepper 

Research 

Station, 

Panniyur 

Vigorous vine and a regular bearer, 

long spike, a hardy type vine, tolerant 

to adverse climatic conditions, 

suitable for open and shaded 

conditions, very long spike (16-

24cm) high piperine content (5.6%), 

oleoresin 10.6%, essential oil 1.5% 

and 34.0% dry recovery with an 

average yield potential of 1410 kg/ha 

(dry). 



Sree kara  Clonal selection from 

Karimunda 

Indian Institute 

of Spices 

Research, 

Calicut 

Suitable for all pepper growing 

regions including high elevations as 

well as for intercropping. Medium 

maturity, gives high quality pepper 

Subhakara 1990 

 

Clonal selection from 

Karimunda 

Indian Institute 

of Spices 

Research, 

Calicut 

Wide adaptability to all pepper 

growing tracts. Suitable for 

intercropping as well as for high 

elevations, high quality, medium 

maturity, piperine 3.4%, oleoresin 

12.4%, 6.0% essential oil and 35.0% 

dry recovery with an average yield 

potential of 2352kg/ha (dry) 

Panchami 

2001 

Clonal selection from 

Aimpiriyan 

IISR, Calicut High yielding, spike twisting, late 

maturing, suitable for high elevation, 

excellent fruit set, piperine 4.7%, 

oleoresin 12.4% essential oil 6.0% 

and 35.0% dry recovery. Average  

yield potential is 2828kg/ha (dry) 

Pournami 2001 

 

Clonal selection from 

Ottaplackal 

IISR, Calicut Tolerant to root knot nematode and 

shade. Medium maturity, suitable for 

intercropping with arecanut and 

banana.Piperine 4.1 % and dry 

recovery of 31.0%. Average yield 

potential is 2333 kg/ha (dry) 



IISR Thevam Clonal selection  

from germplasm of 

 Thevammundi 

IISR, Calicut Stable yielding, grow vigorously, 

field tolerant to phytophthora, 

medium maturity, suitable to high 

altitude areas of South India up to 

3000 ft MSL in coffee and tea estate. 

Piperine 1.6%, oleoresin 8.15%, 

essential oil 3.1% and dry recovery 

32.5%. the average yield potential is 
IISR Malabar Excel 

 

A hybrid of 

 Cholamundi x 

 Panniyur 1 

IISR, Calicut Recommended for rainfed condition 

including coffee and tea plantation. 

Oleoresin 11.7%, piperine 2.4%, 

essential oil 2.8%, dry recovery 

32.3%. suitable for high elevations 

and plains.The average yield is 

1453kg/ha (dry) 

IISR Girimunda A hybrid of 

 Cholamundi x 

 Panniyur 1 

IISR, Calicut Recommended for rainfed condition 

including coffee and tea plantation. A 

medium maturity group. Piperine 

2.2%, oleoresin 9.65%, essential oil 

3.4% and dry recovery 32.0%. The 

average yield is 2880kg/ha (dry) 

IISR – Sakthi (P-24) Open pollinated  

seedling progeny of cv. 

Perambra mundi a 

clonal cultivar 

IISR, Calicut Tolerant to P.capsici, piperine 3.3%, 

oleoresin 10.2%, essential oil 3.7% 

and driage 43.0%. The average yield 

is 5.2kg/vine fresh/ha 



PLD -2 1996 

 

Clonal selection from 

Kottanadan 

NRC for Oil 

palm, Palode 

Late maturity high quality cultivar 

contains piperine 3.0%, oleoresin 

15.45%, essential oil 4.8%. Suitable 

for plains and higher elevations. The 

average yield is 2475kg/ha (dry) 

 



�ame and 

year of 

release 

Released by Av. yield t/ha 

(Fresh) 

Salient 

features 

Yercaud -1 

 

Horticultural Research 

Station, Yercaud,TNAU. 

It gives a bark 

yield of 359.75 kg 

quills and 3800 

kg of dried 

leaves/ha 

It comes to harvest from third year onwards 

and can be maintained economically for 20 

years. It gives high bark recovery of 35.3 

per cent. It has got 2.8 and 3 per cent 

volatile oil in quills and leaves respectively. 

It gives a high regeneration capacity of 19.2 

harvestable shoots. Quills are sweet and 

light pungent in taste.  

 

Konkan 

Tej 

Clonal 

selection 

Konkan Krishi 

Vidyapeeth, Dapoli 

Fresh bark  yield 

789.75 g and 3.56 

kg leaf per plant. 

 

High oil (3.2%), cinnamaldehyde (70.23%) 

and eugenol (6.93%)  

Sugandhini 

selection 

Aromatic and Medicinal 

Plant Research Station, 

Odakkali, Kerala 

Agricultural University 

Average leaf 

yield is 

18kg/tree/year 

and average bark 

yield is 1.2 

kg/tree/year. 

It is recommended for cultivation in the 

midlands and highlands of Kerala both in 

open and as an intercrop in coconut gardens 

for cinnamon leaf oil. Leaf oil yield is 

295ml/tree/year or 125kg/ha and the 

eugenol content is 94 per cent in leaf oil. 

 

PPI (C)-1 

selection 

Horticultural Research 

Station, Pechiparai, Tamil 

Nadu Agricultural 

University. 

It gives a fresh 

bark yield of 

980kg/ha 

 Bark recovery is 34.22%, leaf oil recovery 

3.3% and bark oil recovery 2.9% 

 

RRL (B) C-

6 

selection 

Regioanl Research 

Laboratory, CSIR, 

Bhubaneswar 

Bark oil yield is 

250kg/ha. 

Bark is of high quality with 83.0% 

cinnamaldehyde in the oil. Leaf oil contains 

94.0% eugenol. 

 
 



Improved varieties of Coriander 

�ame and 

year of 

release 

Pedigree/parentage 

& Plant type 

Salient features 

CO 1  

1981, TNAU 

 

Selection from 

germplasm type. 

The crop duration is 110 days and yields 500kg per 

hectare. The variety is suitable for both greens and grains. 

CO 2 

1982, TNAU 

 

It is a selection from 

a type P2 of Gujarat. 

The duration is 90 to 100 days and yields 600 to 700 kg of 

grains per hectare with 22 per cent increase over CO 1. It is 

a dual purpose variety suited for both grains and greens. 

CO3  

1991, TNAU 

 

It is a reselection 

from accession 695 

introduced from 

IARI, New Delhi 

It has a high yield potential of 275.6 kg/ha in khariff and 

644 kg/ha in Rabi season. The crop comes to maturity 

earlier by about 5 days in kharif and 6 days in rabi 

compared to CO 2. This variety registered lower incidence 

of wilt and gray mould. The seeds are medium size with an 

attractive brownish yellow colour. The 1000 seed weight is 

16.2g as against 15g in CO 2. The seed oil content ranges 

from 0.38 to 0.41 per cent. In the adaptive research trials, 

this variety has recorded higher yields ranging from 4.6 to 

71.4 per cent than CO 2. 

CO (CR) 4 

2002 , TNAU 

 
 

It is a single line 

selection from LAM 

(Andhra Pradesh) 

type.  

It is fast growing plant with short internodes, high yielder 

(590kg/ha in irrigated and 540 kg/ha under rainfed) in a 

short duration of 65 – 70 days. The grains are bold, light 

yellow colour with 0.41 per cent essential oil content. It is 

suitable for cultivation throughout Tamil Nadu during 

June- July and October – November months. 

Gujarat Reselection from CO High yield, more secondary branches, dense foliage, 



coriander 2 

1985, 

Jagudan, 

Gujarat 

2 fistular stem, umbel large sized, grain purpose variety, bold 

seeds , no lodging 

Rcr 41, 1988 

Jobner 

Recurrent selection 

from UD 41 

 

 

High yield, tall, erect plant type, round and small seeds, 

suitable for irrigated areas. 0.25% oil, resistant to stem gall, 

tolerant to wilt. 

Rajendra 

Swati (1988) 

Dholi 

Mass selection from 

germplasm 

High yield potential, medium height, suitable for 

intercropping, fine seeded rich in essential oil, resistant to 

stem gall disease, free from attack of fruit fly. 

Swati 

1989, Guntur 

Mass selection from 

germplasm 

High yield, semi-erect plant type, suitable for delayed 

sowing, escapes powdery mildew, 0.3% oil 

Sadhana 

1989, Guntur 

Mass selection from 

germplasm 

High yield, suitable for rainfed areas, semi erect type 

resistant to aphid and mite, 0.2% oil. 

Lam Sel.CS 2 

Guntur 

Mass selection Medium tall, bushy type, more number of branches, grain 

purpose variety, tolerant to pest and diseases, good quality 

grain, 0.4% oil. 

 



High yielding ginger varieties released in India 

 

�ame and year 

of release 

Pedigree/parentage 

& Plant type 

Salient features 

Suprabha 

1988, OUAT, 

Pottangi 

Clonal selection 

from Kunduli local 

Plumpy rhizomes, less fibre, wide adaptability, 

suitable for early and late sowing with a  duration of 

229 days, 8.9% oleoresin, 4.4% crude fibre, 1.9% 

essential oil and 20.5% dry recovery. Suitable for 

Orissa and adjoining states. 

Suruchi 

1990, OUAT, 

Pottangi 

Clonal selection 

from Kunduli local 

Profuse tillering, bold rhizome, suitable for 

rainfed/irrigated conditions with a duration of 218 

days, 10.9% oleoresin, 2.0% essential oil, 3.8% crude 

fibre with a dry recovery of 23.5%. Suitable for 

Orissa, Central and South India. 

Surabhi 

1991, OUAT, 

Pottangi 

Induced mutant of 

Rudrapur local 

Plumpy rhizome, dark skinned yellow fleshed, 

suitable for both irrigated/ rainfed with a duration of 

225 days. 10.2% oleoresin, 2.1% essential oil, 4.0% 

crude fibre with 23.5% dry recovery.Suitbale for 

Orissa. 

V3S1-8, OUAT, 

Pottangi 

Sodium azide 

mutant 

A mutant line moderately tolerant to diseases and 

pests. Having an oleoresin content of 10.8%, essential 

oil 1.8%. crude fibre 3.2%, dry recovery 22.2%, 

suitable for green and dry ginger, wide adaptability, 

suitable for both hills and plains 

V1E8-2 

OUAT, Pottangi 

An EMS mutant A mutant line moderately tolerant to diseases and 

pests.Contains 10.8% oleoresin, 1.8% essential oil, 

3.5% crude fibre, 21.4% dry recovery, suitable for 

green ginger, late planting under rainfed conditions in 

hills and plains. 

Himgiri 

1996, Solan, 

Clonal selection 

from Himachal 

Best for green ginger, less susceptible to rhizome rot 

disease, suitable for rainfed condition,  



Himachal 

Pradesh 

collection 4.29% oleoresin, 1.6% essential oil, 6.05% crude 

fibre, 20.2% dry recovery with a duration of 230 days.  

IISR Varada 

1996, IISR 

Selection form 

germplasm 

High yielder, high quality bold, low fibre content 

(3.29% to 4.50%), essential oil 1.7% , 6.7% oleoresin 

and 19.5% dry recovery, tolerant to diseases, maturity 

200 days. 

IISR Rejatha  

2004, IISR 

Selection form 

germplasm 

High yielder, plumpy and bold rhizome, 2.36% 

essential oil, 6.3%oleresin, 4.0% crude fibre, 20.8% 

dry recovery, maturity – 200 days. Suitable for Kerala 

and Karnataka 

IISR Mahima 

2004, IISR 

Selection form 

germplasm 

High yielder, plumpy bold rhizomes, 1.72% essential 

oil, 4.5% oleoresin, 3.26 crude fibre, dry recovery 

23.0% , maturity 200 days. The variety is resistant to 

nematode (M. incognita and M. javanica) 

 



 

Improved varieties of Coriander 

�ame and 

year of 

release 

Pedigree/parentage 

& Plant type 

Salient features 

CO 1  

1981, T�AU 

Selection from 

germplasm type. 

The crop duration is 110 days and yields 500kg per 

hectare. The variety is suitable for both greens and grains. 

CO 2 

1982, T�AU 

It is a selection from 

a type P2 of Gujarat. 

The duration is 90 to 100 days and yields 600 to 700 kg of 

grains per hectare with 22 per cent increase over CO 1. It is 

a dual purpose variety suited for both grains and greens. 

CO3  

1991, T�AU 

 

It is a reselection 

from accession 695 

introduced from 

IARI, New Delhi 

It has a high yield potential of 275.6 kg/ha in khariff and 

644 kg/ha in Rabi season. The crop comes to maturity 

earlier by about 5 days in kharif and 6 days in rabi 

compared to CO 2. This variety registered lower incidence 

of wilt and gray mould. The seeds are medium size with an 

attractive brownish yellow colour. The 1000 seed weight is 

16.2g as against 15g in CO 2. The seed oil content ranges 

from 0.38 to 0.41 per cent. In the adaptive research trials, 

this variety has recorded higher yields ranging from 4.6 to 

71.4 per cent than CO 2. 

CO (CR) 4 

2002 , T�AU 

 

It is a single line 

selection from LAM 

(Andhra Pradesh) 

type.  

It is fast growing plant with short internodes, high yielder 

(590kg/ha in irrigated and 540 kg/ha under rainfed) in a 

short duration of 65 – 70 days. The grains are bold, light 

yellow colour with 0.41 per cent essential oil content. It is 

suitable for cultivation throughout Tamil Nadu during 

June- July and October – November months. 



Gujarat 

coriander 2 

1985, 

Jagudan, 

Gujarat 

Reselection from CO 

2 

High yield, more secondary branches, dense foliage, 

fistular stem, umbel large sized, grain purpose variety, bold 

seeds , no lodging 

Rcr 41, 1988 

Jobner 

Recurrent selection 

from UD 41 

 

 

High yield, tall, erect plant type, round and small seeds, 

suitable for irrigated areas. 0.25% oil, resistant to stem gall, 

tolerant to wilt. 

Rajendra 

Swati (1988) 

Dholi 

Mass selection from 

germplasm 

High yield potential, medium height, suitable for 

intercropping, fine seeded rich in essential oil, resistant to 

stem gall disease, free from attack of fruit fly. 

Swati 

1989, Guntur 

Mass selection from 

germplasm 

High yield, semi-erect plant type, suitable for delayed 

sowing, escapes powdery mildew, 0.3% oil 

Sadhana 

1989, Guntur 

Mass selection from 

germplasm 

High yield, suitable for rainfed areas, semi erect type 

resistant to aphid and mite, 0.2% oil. 

Lam Sel.CS 2 

Guntur 

Mass selection Medium tall, bushy type, more number of branches, grain 

purpose variety, tolerant to pest and diseases, good quality 

grain, 0.4% oil. 

 

 



Improved varieties of turmeric 

 
�ame and year 

of release 

Pedigree/parentag

e & Plant type 

Av. yield t/ha 

(Fresh) 

Salient 

features 

CO 1 

1983, TNAU 

 

Vegetative mutant 

by x-ray irradiation 

of Erode local 

35.0 The crop duration 270 days. It yields 

35t/ha. Rhizomes are bigger in size and 

bright orange coloured and better than 

Erode local. The curcumin content of 

rhizome is 3.2 per cent with 20 per cent 

processing recovery.Plants are robust, 

vigorous and taller (40-60cm) with more 

number of leaves (25-32) and tiller 

production 3.7 to 5.0. 

BSR 1 

1986, TNAU 

 

Clonal selection 

from Erode local 

irradiated with x-

rays 

39.6 The crop duration is 280 days. It yields 

31t/ha of fresh rhizomes and 6tonnes of 

dried rhizomes. The rhizomes are 

attractive with yellow fingers and close 

internodes. The processing ratio is 20 

per cent. The rhizome contains 4.2 per 

cent curcumin, which is higher than CO 

1 and Erode local. 

BSR 2 

1994, TNAU 

 

 

Induced mutant 

from Erode local 

32.7 The crop yields 32t/ha in a duration of 

240-250 days. The plants are medium 

stature, high yielding and resistant to 

scale insects. The variety is adaptable to 

Erode, Coimbatore, and Salem, 

Dharmapuri, Trichirapalli, thanjavur, 

North Arcot and South Arcot districts. 

Roma  

1988, Pottangi, 

Orissa. 

Clonal selection 40.0 Suitable for both rainfed and irrigated 

condition, suitable for hilly areas and 

late season planting. Curcumin 9.3%, 



oleoresin 13.2%, essential oil 4.2% and 

dry recovery 31.0% witha duration of 

250 days. 

Suroma 

1989, Pottangi, 

Orissa. 

Clonal selection 44.9 Round and plumpy rhizomes, field 

tolerant to leaf blotch, leaf spot and 

rhizome scale, curcumin 9.3% , 

oleoresin 13.1%, essential oil 4.4% and 

dry recovery 26.0% with a duration of 

253days. 

Rajendra sonia 

1989, Dholi, 

Bihar 

Selection from 

local germplasm 

           23.0 Bold and plumpy rhizome grows widely 

under all north Indian conditions. 

Curcumin 8.4%, essential oil 5.0% and 

dry recovery 18.0% with duration of 

225 days. 

Megha turmeric 

1996, Meghalaya 

Selection from 

Lakadong type 

27.5 Suitable for North East hill and North 

West Bengal. Bold rhizomes, high 

curcumin content 6.8% and dry recovery 

16.37% with a duration of 300-315 

days. 

Pant Peetabh 

2001, Pant Nagar 

Clonal selection 

from local types 

29.0 Long attractive fingers, curcumin 7.5%, 

essential oil 1.0%, dry recovery 18.5%, 

resistant to rhizome rot. 

Suranjana (TCP-

2) 

2000 West 

Bengal 

Clonal selection 

from local types of 

North Bengal 

29.0 Suitable for open and shade condition 

sole or intercrop, suitable for rainfed as 

well as high rainfall areas. Curcumin 

5.7%, oleoresin 10.9%, essential oil 

4.1%, dry recovery 21.2%, duration 235 

days, tolerant to leaf blotch and rhizome 

rot. Resistant to rhizome scales and 

moderately resistant to shoot borer. 

IISR Alleppy A clonal selection 35.45 Shows tolerance to leaf blotch disease. 



Supreme 

2004, Calicut 

 

from Alleppy 

turmeric 

Rhizome contains 5.5% curcumin, 

16.0% oleoresin, 19.0% dry recovery 

with crop duration of 210 days. 

IISR Kedaram 

2004, Calicut 

Clonal selection 

from germplasm 

34.5 Tolerant to leaf blotch disease, Rhizome 

contain 5.5% curcumin, 13.6% 

oleoresin, dry recovery of 18.9% with 

duration of 210 days. 

Kanthi  

1996, KAU, 

Trichur 

Clonal selection 

from Mydukur 

variety of Andhra 

Pradesh 

37.65 Erect leaf with broad lamina, big mother 

rhizomes with medium bold fingers and 

closer internodes, Medium duration, 

Curcumin content (7.18%), oleoresin 

8.25%, essential oil 5.15%, dry recovery 

20.15% with a duration of 240-270 

days. 

Sobha 

1996, KAU, 

Trichur 

Clonal selection 

from local type 

35.88 Mother rhizome big with medium bold 

and closer internodes. Inner core of 

rhizomes is dark orange like alleppey. 

More tertiary rhizomes. Dryage 19.38%, 

curcumin content (7.39%), oleoresin 

(9.65%), essential oil (4.25%) with a 

medium duration of 240-270 days. 

Sona 

2002, Trichur, 

Kerala 

Clonal selection 

from local 

germplasm 

4..02 (dry) Orange yellow rhizome, medium bold 

with no tertiary fingers. Best suited for 

central zone of Kerala. Rhizome 

medium bold, field tolerant to leaf 

blotch. Curcumin 7.12%, essential oil 

4.4%, oleoresin 10.25%, 18.8% dry 



recovery, medium duration of 240-270 

days. 

Varna 

2002, Trichur, 

Kerala 

Clonal selection 

from local 

germplasm 

4.16 (dry) Bright orange yellow rhizome, medium 

bold with closer internodes, tertiary 

fingers present. Suited to central zone of 

Kerala. Field tolerant to leaf blotch, 

curcumin 7.87 %, essential oil 4.56%, 

oleoresin 10.8%, 19.05% dry recovery 

with a medium duration of 240-270 

days. 

 



Origin Distribution and Growing states in India 

 

Sl.�o. Spices Origin World India 

1. Allspice  West Indies, 

Central and South 

America 

Jamaica, Mexico, 

Guatemala, Honduras 

Kerala, Tamil Nadu, 

Karnataka, 

Maharashtra 

2. Clove  Moluccas Zanzibar, Pemba, 

Madagascar, Indonesia, 

Malaysia, Sri Lanka, 

Brazil, Papua New 

Guinea 

Tamil Nadu, Kerala, 

Karnataka , 

Maharashtra 

3. Cinnamon 

(Cinnamomum 

verum) 

Ceylon and 

Malabar coast 

Seychelles, Burma, 

Malayan Peninsula, 

South America , Sri 

Lanka, Madagascar 

Naga hills, coastal 

districts of South 

Karnataka, Western 

ghats, Tamil Nadu 

4. Nutmeg 

(Myristica 

fragrans       ) 

Moluccas, East 

Indies 

Malaysia Tamil Nadu, Kerala, 

Karnataka, 

Maharashtra 

5. Vanilla Mexico to Brazil Java, Mauritius, 

Madagascar, Tahiti, 

Seycheles, Zanzibar, 

Brazil, Jamaica, Island 

of West Indies 

Kerala, Tamil Nadu, 

Karnataka 

6. Cardamom 

(Elletaria 

cardamomum)     

Western ghats of 

India 

Sri Lanka, Thailand, 

Indonesia, Guatemala, 

El-salvadar, Papua New 

Guinea 

Kerala, Karnataka, 

Tamil Nadu 

7. Pepper 

(Piper nigrum) 

Western Ghats, 

Upper Assam 

Forests 

Sri Lanka, Malaysia, 

Indonesia, Brazil, 

Thailand, Vietnam, 

China, Madagascar, 

Kerala, Karnataka, 

Tamil Nadu, Assam, 

West Bengal, Andhra 

Pradesh, Goa 



Mexico, Micronesia 

8. Turmeric 

(Curcuma 

longa  ) 

South East Asia Thailand, Peru, China, 

Sri Lanka, Pakistan, 

Bangladesh, Spain, 

Jamaica 

Kerala, Tamil Nadu, 

Maharahtra 

9. Saffron Greece and Asia 

Minor 

Italy, France, Germany, 

Greece, Iran, China, 

Spain 

Jammu and Kashmir 

10. Ginger 

(Zingiber 

officinale) 

Tropical, South 

East Asia 

Australia, Jamaica, 

Japan, Nigeria, 

Thailand, China, Fiji, 

Siagra Leone 

Kerala, Karnataka, 

Andhra Pradesh, 

Assam, Orissa, 

Himachal Pradesh, 

Tamil Nadu, Sikkim  

11. Garlic Central Asia and 

Mediterranean 

region 

U.S.A, Egypt, Bulgaria, 

Hungary, Taiwan 

Gujarat, Rajasthan, 

Maharashtra, Tamil 

Nadu 

12. Coriander 

(Coriandrum 

sativum) 

Mediterranean 

region 

Morocco, Former 

USSR, Hungary, Poland, 

Romania, 

Czechoslovakia, 

Bulgaria, France, 

Guatemala, Mexico, 

Argentina and USA 

Rajasthan, Gujarat, 

Tamil Nadu 

13. Cumin Upper Egypt, 

turkey and East 

Mediterranean 

region 

Turkey, Iran, Japan, 

Morocco, Indonesia, 

Southern Russia, China 

Rajasthan, Gujarat 

14. Fenugreek Egypt Egypt, France, Lebanon, 

Argentina 

Rajasthan, Gujarat 

15. Fennel Southern Europe 

and Mediterranean 

Rumania, Russia, 

Germany, Italy, 

Gujarat, Rajasthan  



area Argentina, U.S.A 

16. Celery Southern Europe United Kingdom Uttar Pradesh, Punjab 

17. Aniseed Mediterranean 

region 

 

 

Mexico, Spain, 

Germany, Turkey, Italy, 

Bulgaria, Cyprus 

Rajasthan, Punjab, 

Uttar Pradesh, Orissa 

18. Tamarind Eastern Tropical 

Africa 

- Tamil Nadu, 

 Madhya Pradesh, 

Andhra Pradesh, 

Maharashtra and 

Karnataka 
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Solanceous Vegetables include Tomato, Brinjal and Chillies 

Tomato 

Botanical �ame: Solanum lycopersicum                     Family: Solanaceae 

 Floral Biology 

 Anthesis starts at 6.30 am and continues up to 11.00 am. Dehiscence of anther 

occurs one to two days after the opening of corolla. It occur from base to top and is 

longitudinal. A rupture develops at the base and calcium oxalate crystal accumulates 

in parenchyma between pairs of pollen sac. 

 The epidermal cells get expanded forming two ridges, finally the cells break 

open and thus dehiscence occur. Tomato is a day natural plant. It is mostly self 

pollinated. But certain percentage of cross pollination also occurs. This depends on 

the variety and environment. Flowers are borne in small forked racemose cyme. 

Anthesis starts at 6.30 AM and continues up to 11.00 AM. The stamens shed the 

pollen at the style when it grows up through anther tube, thus self pollination occurs. 

Certain degree of cross pollination happens when the stigma protrudes outside the 

level of anther. The optimum range of night temperature for fruit set is 15-20°C. The 

stigma is highly sensitive to temperature. If the night temperature exceeds 18˚ C it 

leads to sterility. The pollen sterility is due to carbohydrate deficiency. The high 

temperature cause defects in pollen tetrad development in anther. Similar to peak 

summer, peak winter is also a problem. 

Pollination mechanism in Tomato 

Pollinators 

 

 In greenhouses, the various types of mechanical vibrators are used as 

pollinators. In the field, the wind vibrates the plants. Neither of these methods 

contributes to the pollination of male-sterile plants. Only insects can serve this 

purpose. They also contribute to pollination of those plants or cultivars with styles 

Exercise 1 

 Floral biology and pollination mechanism in self and cross pollinated 

Solanaceous vegetables 



that extend beyond the stigma, Currence (1944) showed that use of hybrids could 

increase yield by 20 per cent, and he reported a male – sterile plant that set good crops 

from artificial pollination. Barrows Lucas (1942) estimated the value of hybrid seed 

as $8 per ounce. This might be decreased the grower could incorporate  seedling 

marker to aid in weeding out nonhybrids (Hafen and Stevenson, 1956). 
 

 Where hand pollination is impractical, insects can be used. Richardson and 

Alvarez (1957a) considered the Halictid bee (Augochloropsis ignita Smith) the most 

effective pollinator in their area. Bullard and Stevenson (1953) considered neither 

houseflies, blowflies, nor honeybees of value under cheese cloth cages over six plants. 

Azzam (1960) observed few bumble bees on tomato flowers in Puerto Rico but 

several hundred Examalopsis glubosa F. bees. 
 

 It is generally known, however, that a few honeybees in such a cage do not act 

normally. Fletcher and Gregg (1907) hinted that honeybees might be used to 

distribute tomato pollen. Lesley and Lesley (1939) indicated, “Bumble bees and other 

insects also assist.” Neiswander (1954 a, b, 1956) showed that honeybees could be of 

value as pollinators of tomatoes. Fink (1898) considered bumble bees to be effective 

pollinators; Rick (1950) suggested the use of “wild solitary bees” for cross – 

pollination of male – sterile tomatoes. Rick (1947) mentioned the value of insect 

pollinators of tomatoes and their protection from insecticides. Rick (1949) stated that 

at Riverside, Calif., Anthophora urbana Cresson was most common, but various 

species of solitary bees and a few species of bumble bees contributed to pollination of 

tomatoes. Schneck (1928) stated that bumblebees are fond of tomato flowers but that 

honeybees do not work them “probably because of the peculiar structure of the flower 

and the absence of nectar.” The problem seems to be that wild pollinators in most 

areas are too scarce to have an impact on pollination of tomatoes from the production 

standpoint. 

 

 Occasionally, honeybees visit tomato flowers, as was demonstrated in the 

greenhouse. Apparently, if they are sufficiently concentrated in a tomato – growing 

area, the competition could “force” them to visit tomato blossoms for pollen. Unless 

cultivars are found that produce nectar, there can be no insect pollination of male-

sterile varieties for hybrid production. If such Cultivars are found, honeybees might 

be practical, or useful species of wild bees might be brought from Peru, the native 



homeland of the tomato, to provide adequate pollination. A new look should therefore 

be taken at current cultivars in which there has been incorporated new germplasm to 

determine if nectar is being produced or if the flower has been changed in any other 

way that might affect pollinating insects.  

 

Pollination Recommendation and Practices 
 

 Because of current agricultural practices as well as the relative 

unattractiveness of tomato flowers to honeybees, many tomato fields are largely 

devoid of pollinating insects. Neiswander (1954a, 1956) concluded that honeybees 

should not replace vibrators in the greenhouse even though they increased production 

on an average of 1.1 pounds per plant on plants vibrated mechanically. There are no 

recommendations for supplying pollinating insects to commercial fields, although the 

evidence indicates that if a heavy population of insect visitors could be established the 

effects would be beneficial. 

Brinjal 

 Botanical �ame: Solanum melongena 

 Family     : Solaneceae 

 Brinjal is an annual herbaceous plant. The inflorescence is often solitary but 

sometimes it constitutes a cluster of 2-5 flowers. Solitary or clustering of 

inflorescence is a varietal character. The flower is complete actinomorphic and 

hermaphrodite. The calyx is 5 lobed, gamosepalous and persistent. It forms a cuplike 

structure at the base. The corolla is five lobed gamopetalous and gamosepalous within 

margin of lobe,which is curved. There are five stamens which are free and inserted at 

the throat of corolla. The anthers are cane shaped, free with apical dehiscence. The 

ovary is hypogynous, bicarpellary syncarpous with basal placentation. 

 Brinjal is highly cross pollinated due to heteromorphic flower structure called 

as heterostyly. 

 Long style 

 Medium style 

 Short style 



 Pseudo short style 

 Only long and medium style flowers set the fruit. But the percentage of long 

and medium style flower are varietal character. The fruit setting in long styled flowers  

varies from 70-85% and in medium styled flower varies from 12 to 55%. The non 

fruit setting flower consists of short style flower in which androceium is fertile and 

stigma is smaller with under develop papillia. Brinjal flower opens mainly in the 

morning, anthesis starts at 5.30 am and continues up to 7.00 am with peak at 6.00 am. 

The anther dehiscence takes place 15-20 min after the flower had opens. So, the 

period of effective receptivity is a day prior to flower opening to 4 days after the 

opening. The receptivity of stigma could be observed from the bump and sticky 

appearance which gradually turns brown with loss of receptivity. Pollen is most fertile 

immediately after the anther dehiscence. The opening of the anther is mostly by a 

pore or slit at or near the apex. 

Pollination mechanism  

Pollinators 

Wind is not a factor in brinjal pollination, and vibration of the blossom will not cause 

a sufficient deposit of pollen on the stigma. The eggplant does not self without the aid 

of bees or man (Kakizaki, 1924). The pollinating insects on eggplant have never been 

studied. Workers dealing with this crop have tended to overlook the insect visitors, 

but the amount of crossing recorded by different ones indicated that insect visitation 

occurs in relative abundance. Sambandam (1964), for example, stated that 3 to 40 per 

cent of the fruit set is attributed to pollination by contact, gravity, and wind, the rest to 

insects, and he reported that crossing on the same plant (in India) ranged from 7 to 15 

per cent, but he made no mention of the insect pollinators responsible for the set or 

crossing. Kakizaki (1924) reported 0.2 to 46.8 per cent cross-pollination. Pal and 

Taller (1969) likewise discussed pollination of eggplant, and stated that within the 

variety the number of seeds per fruit is higher in cross-pollinated than in selfed plants, 

but substantially lower than in open-pollinated plants. No mention is made of the 

pollinating insects responsible for the better effect on the open-pollinated flowers. 

Kakizaki (1924) concluded that bees or man are necessary in the pollination of 

eggplants.  



Chillies 

 Botanical �ame  : Capsicum annuum 

 Family  : Solanaceae 

There are five major cultivated spp in  capsicum. 

 Capsicum annuum 

 Capsicum frutescens 

 Capsicum chinense 

 Capsicum pendulum 

 Capsicum baccatum 

Pollination mechanism 

The flower opening in chilli take place between 5am -6 am and anther dehiscene take 

place at 8 am -11 am. The maximum fruit set takes place, when pollination is done at 

the time of opening of flower. Anthesis is completed by 8 am. Bees (Exomopsis 

pulchella) and thrips are the pollinating agents in chillies. Both self and cross 

pollination occur the later being about 16% by bees, ants and thrips. 

 

   

  



  

 

Watermelon 

Botanical name: Citrullus lanatus 

Family name: Cucurbitaceae 

Floral biology 

All cultivars of watermelon are monoecious and bear staminate and pistillate 

flowers, except for a few that bear hermaphrodite flowers instead of pistillate ones            

(Rosa 1925; Goff 1937). The pale yellow to greenish flowers, about 1 inch in 

diameter and is much less conspicuous than those of several other genera of the 

family Cucurbitaceae. The flowers borne singly in the axils, the pistillate or 

hermaphrodite ones occur in every seventh axil in many cutivars, the staminate ones 

occupy the intervening axils. The basal main stem node has male flowers and 

cultivars vary in ratio of male to female flowers, which might also vary due to 

environmental conditions of temperature and light (Wein, 1997). Nectar is secreted in 

the base of the corolla. 

Pollination mechanism 

Watermelon flowers are insect pollinated. Pollen is transferred from the pollen 

plants by insects, predominantly bees. Use of bees for pollination is, therefore, 

advisable and, in some cases, a necessity. Watermelon growers may examine their 

fields for bee activity. It is normally done by walking around the field when the 

watermelon plants have come into bloom and counting the bees. The recommended 

number of healthy and active bees varies between 3.75 and 7.5 swarms per hectare.  

 

Exercise 2 

Floral biology and pollination mechanism in self and cross 

pollinated cucurbitaceous vegetables 
 



Cucumber 

Botanical �ame: Cucumis sat

Family: Cucurbitaceae 
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Pollination mechanism  

Pollinators 

Although cucumber flowers are attractive to bees, the crop is not considered a major 

source of nectar or pollen. Individual flowers produce relatively large amounts of 

nectar, but the number of flowers per acre is low relative to that of other major honey 

plants. Stephen (1970a) stated that bees get little pollen from cucumbers, and that 

pistillate and staminate flowers are about equally attractive. 

Connor (1969) stated that even when honeybees visit staminate flowers, the primary 

objective is to collect nectar, and that cucumbers are visited for pollen largely when 

other sources of pollen are absent. Amaral et al. (1963) in Brazil reported that bees 

collected cucumber pollen heavily from 8 to 10 a.m. and nectar from 10 am to noon. 

Skrebtsova (1960) stated that pistillate flowers produce more nectar sugar than 

staminate ones. Amaral et al, (1963) concluded that bees show no preference for 

staminate over pistillate flowers. Skrebtsova (1964) stated that honeybees represented 

84 to 96 per cent of the insect pollinators on cucumbers. Szabo and Smith (1970) 

reported that the leafcutter bee, Megachile pacifica, worked cucumbers in a 

greenhouse if the temperature remained at 30°C. 

Connonr (1969) found that as many as eight visits per flower were necessary for 

maximum set, and seed production was significantly greater with 20 or more visits 

than with 10 visits. Seyman et al. (1969) reported the importance of honeybees in 

cucumber production by obtaining increased fruit yield with increased exposure to 

bee activity.  

PUMPKI� 

 Botanical name: Cucurbita moschata                    

 Family: Cucurbitaceae 

Flower 

 The flowers are large (3 inches in diameter) solitary, showy, creamy white to 

deep orange – yellow and are open for only 1 day. Plants are normally monoecious, 

but hermaphrodite flowers are at the end of a thin stem, staminate flower was 

described by Chakravarty (1958). Pistillate flowers are on a short peduncle, the style 



is thick, and the stigma two –lobed.  The showy corolla of the pistillate flower is 

attached to the end of the easily recognized ovary. 

Pollination mechanism 

Pumpkins are normally monoecious which means that there are both male and 

female flowers on the same plant. Male flowers outnumber female ones by 3.5: 1 to 

10: 1. Each flower is about 3 in (7.6 cm) wide. Each male flower occurs at the end of 

a slender stem and has three anthers. Each female flower occurs at the end of a short 

peduncle and has a thick style and a two-lobed stigma; the swollen ovary occurs at the 

base of the corolla and is divided into 3-5 sections. Male flowers produce nectar and 

pollen, and female flowers produce nectar. Female flowers produce more nectar and 

attract more bees compared to male flowers (Nepi and Pacini, 1993). The pollen 

grains are large and well suited to insect transport. Flowers open early in the morning 

and close around noon of the same day, never to reopen (Skinner and Lovett, 1992; 

Nepi and Pacini, 1993). 

Recommended bee densities for pumpkin 

�o. of honey bee hives/acre (ha) Reference 

1 (2.5) Hughes et al (1982) 

0.04-3 (0.09-7.4) McGregor (1976) 

0.8-1.6 (2-4) Goebel (1984) 

1-2 (2.5-5) Levin (1986) 

0.4-3.2 (1-8) Kevan (1988) 

1-3 (2.5-7.4) Scott-Dupree et al (1995) 

1-2 (2.5-5) Skinner (1995) 

1.5 (3.8) Literature average 

 

 

  



 

 

O�IO� 

Botanical name: Allium cepa  

Family: Alliaceae   

Flower 

 During summer, the bulbs initiate normal growth and then produce from 1 to 

20 flower stalks and are about 3 to 4 feet tall. This is referred to as “bolting” an 

undersirable trait in green or bulb onion production, 

essential in seed production. Bolting is strongly 

influenced by day length and temperature (Jones and 

Emsweller 1936) and cultivars are bred to bolt at 

certain times in different areas. The ashy-gray, 50 to 

2,000 florets are borne in a simple oval umbel 6 to 8 

inches across at the top of the elongated seed stalk. 

The individual floret, only 3 to 4 mm in length, has 

six stamens in two whorls of three each, a simple 

wand like style leading to a three-celled ovary with 

two ovules in each cell. The anthers of the three inner stamens open first and one after 

another, shed their pollen and then the anthers of the outer whorl open, at irregular 

intervals.  

Cross pollination is effected by insects, particularly by honey bees which 

collect nectar from the flower since the plant is an important honey source. 

Pollination mechanism 

Pollinators 

Wind is not a factor of significance in onion pollination (Erickson and 

Gabelman, 1956). Insects are the primary vectors. When onion breeders want to get 

seed from a specific plant, they enclose the flowering umbel within a bag or cage and 

introduce flies to transfer the pollen, or, if cross- pollination is desired, the umbles of 

the two lines are enclosed (Jones and Emsweller, 1933). In large cage breeding work 

Exercise 3 

Floral biology and pollination mechanism in self and cross pollinated Bulb 

and Tuber crops 
 



or pollination studies, honeybees are the primary agents used (Bohart et al., 1970; 

Moffett, 1965, Shirck et al., 1945; Walsh 1965). 

 

In commercial production of seed, the provision of an adequate number of 

flies is impractical so the industry depends upon the honeybees as the primary 

pollinating agent. Bohar et al., (1970) reported 267 species of insect visitors on onion 

flowers, the most important of which were honeybees, small syrphid flies, halictid 

bees, and drone flies. Of these, only the honeybee can be manipulated and used in 

large scale onion seed production. 

Honeybees are effective pollinators of open-pollinated onions because both pollen and 

nectar are available on all umbels. In hybrid seed production where male-sterile plants 

are used, only the nectar collectors move freely from pollen-sterile to pollen-fertile 

plants, making the necessary transfer of pollen from male parent to female parent. 

Honeybees then become less than ideal pollination of male-sterile onions. Pollen-

collecting bees confine much of their activity to the pollen-producing rows without 

adequately visiting and cross-pollinating the male-sterile rows. A strictly nectar-

collecting type of honeybee would be ideal because it would cross-visit and 

effectively pollinate the male-sterile flowers. In the absence of this perfect type of 

bee, the grower can only try to compensate by having more honeybees present in the 

field. 

 

The lack of intense attractiveness of onion flower to bees may cause the 

neglect the crop, particularly if another highly attractive crop is in flower. The 

grower’s only alternative is to make his crop as attractive as possible with best 

cultural practices and to use a heavy population of bees. Even then, the seed yielding 

potential of the crop may never be attained (Franklin, 1970). 

More research is needed on the factors that affect attractiveness of onions to 

honeybees (Singh and Dharamwal, 1970). Franklin (1970) noted that mere placement 

of colonies of honeybees in the onion field does not guarantee that the bees will work 

the onion. Although Nye et al., (1971) reported an average of 100 bees per 100 feet of 

male fertile rows and a maximum of 40 per 100 feet of row has not been determined. 

Stuart and Griffin (1946) used different rates and times of application of nitrogen on 

onions in the greenhouse and used honeybees to provide the pollination. Their best 



production was 3.2 seed stalks per plant and 7.5 grams of seed per plant with a high 

nitrogen application from August 15 to January 1, low nitrogen during January-

February (blooming), then high nitrogen until maturity. 

 

 

 Pollination Recommendations and Practices 

As early as 1936, Shaw and Bourne (1936) indicated that growers of onion 

seed might find it useful to provide themselves with a supply of bees. They did not go 

into detail as to number of colonies, strength, or location. In a brief note without 

details, Hamilton (1946) stated that a grower produced much more onion seed than he 

had in the past after he rented eight colonies of bees. Without supporting data, Le 

Baron (1962) stated that the use of bees for pollination of onions in the Imperial 

Valley of California was “must”, and that two colonies per acre had given good 

results. 

There have been no clear-cut guidelines on the use of bees for maximum 

onion seed production, and many beliefs based on limited observation have arisen. 

These include the size of the colony cluster, its relative stage of development, and 

previous usage. The growers have learned through experience that the use of 

honeybees is essential and are frequently frustrated by the erratic activity of the bees. 

They have generally adopted the practice of renting five to 15 colonies of bees per 

acre and having them placed in or adjacent to their seed fields at flowering time. One 

suggestion has been to have about two colonies per acre delivered when flowering is 

well started, then an additional two per acre at 3- to 4- day intervals to take advantage 

of “native” bee behavior and maintain some level of nectar foraging activity 

throughout the blooming period. 

Much information is needed on the factors that influence the activity of bees on onion 

flowers because, as Franklin (1970) pointed out, the mere placement of colonies in the 

field does not guarantee that the bees will work the onions. Continuous nectar 

foraging activity is the essential factor in hybrid onion fields especially during the 

peak period of flowering.  



 

Cassava 

Botanical name: Manihot esculenta 

Family: Euphorbiaceae 

Cassava is monoecious or unisexual. Cassava flowers are borne on terminal 

panicle. The female flowers are usually larger in size. Each flower has united sepals 

which may be tinged yellowish or reddish but there are no petals. 

Male Flower: The male flower has ten stamens arranged in two whorls of five 

stamens each. The filaments are free and small. There is an orange coloured nectar 

bearing gland with in the flower.  

Female Flower: The female flower has an ovary 

mounted on ten lobed glandular discs. The ovary has 

three locules and six ridges. Each locule contains a 

single ovule. The stigma has three lobes which unite to 

form the single style.  

Pollination mechanism 

In the each inflorescence, the female flowers open first, while the male flowers do not 

open until about 7-8 days after female open. Stigma is receptive from early morning 

6.00 AM to 2.30 PM on the day of Anthesis. The presence of stigma receptivity in the 

inflorescence varies from flower to flower so that at some time or other the single 

pollen reaches stigma.Cross-pollination is the rule and after fertilization, the ovary 

develops in to a young fruit. It takes 3 to 5 months after pollination for the fruit to 

mature 

 Sweetpotato 

Botanical name: Ipomoea batatus  

Family: Conolvulaceae    



 The inflorescence of sweetpotato is a cyme which bears single or a few 

flowers in leaf axils and has a long stout peduncle. Flowers are purple or white in 

colour. 

Calyx: Gamosepalous, 5 lobed, about 10 mm long 

Corolla: Gamopetalous, funnel shaped with 5 lobes. Petals are purple or white in 

colour or thick shade with deeper throat and pale margin. 

Androecium: There are 5 stamens unequal in length and are attached to near the base 

of corolla, the longest stamens have same length as that of style or shorter. Filaments 

are white and hairy. Anthers white in colour. 

Gynoecium: Ovary superior, bicarpellary, style slender, stigma two lobed, capitate.   

 

Floral biology 

Flowers open before dawn, Close and wilt in the same morning. On the 

previous day, the stigma becomes receptive in 

the bud stage from 6 pm to 8 pm. But the 

anthers begin to release pollen from 11 pm to 

midnight. The pollen remains viable for day and 

can germinate on the stigma even after the 

flowers wilt. a strange phenomenon  observed 

in sweet potato. Most of the varieties are self 

incomptatible viz., though both the ovules and 

pollen are fertile, the pollen of the flower of a particular variety will not germinate on 

the stigma of the same flower and another flower of same variety even if germinate, it 

will not fertilize the ovule of the same variety. Between cultivars also cross 

incompatibility is seen. Hence to obtain seeds, for crop improvement cross compatible 

varieties should be grown together. Natural cross pollination is effected by insects, 

particularly by honeys which collect nectar from the flower since the plant is an 

important honey source. This is called open pollination and the progenies thus raised 

are called OP progenies or half sibs in which the breeder knows only female parent 

(from those plants the seeds are collected) while the male parent is unknown. Half sib 



evaluation is one of the important methodologies of breeding for superior varieties in 

sweet potato.  

  



 

 

Amaranthus 

 Botanical �ame: Amaranthus spp 

 Family     : Amaranthaceae 

 2n     : 32, 34, 64 

 Flowers are borne terminally and in axils of leaves in clusters. Basic unit of 

inflorescence is called as glomerule. Flowers are small, unisexual and monoecious. 

Most of cultivated types are monoecious. 

Proportion of male and female flowers varies in an 

inflorescence. Each glomerule consists of a 

staminate flower and a number of pistillate flowers. 

The extent of cross-pollination is governed by 

proportion of male and female flowers in an 

inflorescence and position of inflorescence in plant. 

Percentage of male flowers in a glomerule is 0.5 in 

grain types and 10.25 in leaf types. According to Pal and Khoshoo (1973), leaf 

amaranths are predominantly self –pollinated due to presence of a large number of 

male flowers per glomerule, terminal inflorescence and development of axillary 

glomerules. Grain types favour cross-pollination. 

Chromosome number varies with species in amaranthus. The diploid species 

have 2n=32 or 34. A.tricolor is with 2n=34 while A.cruentus and A.tristis have 2n=32. 

The tetraploids species, A.dubius has 2n = 64.  

Pollination Mechanism 

Cytogenetics of polyploids were studied by Pal and Khoshoo (1968), Pal 

(1972) and Madhusoodanan and Pal (1984). In comparison to the diploid lines, the 

autotetreploids (A.edulis) were shorter, sturdier and non lodging with 83 per cent seed 

fertility and had an increase in seed weight up to 2-5 times suggesting agro-economic 

potential. Mallika (1987) attempted interspecific hybridization using 8 species in all 

Exercise 4 
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possible combinations including the reciprocals. Seven interspecific hybrids were 

obtained which showed normal growth and flowering. They include hybrids within 

section Blitopsis, and Amaranthus and also between sections Blitopsis and 

Amaranthus (Mallika et.al. 1988). 

Stigma of pistillate flower is receptive several days prior to opening of 

staminate flowers in an inflorescence. Wind helps in transfer of pollen grains from 

male flowers of a glomerule/inflorescence/plant, to another glomerule/inflorescence / 

plant. But green species with colourful inflorescence are occasionally visited by bees. 

PEAS 

Botanical �ame:  Pisum sativum 

Family: Fabaceae 

Flower biology and pollination mechanism 

Pea is a self pollinated crop. The fruit is a pod botanically. It is herbaceous 

annual glaucous, tendril bearing, climbing or trailing plant with white or purple 

coloured flowers on long stalked axillary racemes, with one to three flowers. The root 

system is strongly developed except taproot. The stem is slender, circular and weak 

trailing or bushy habit. Leaves are pinnate with 3 pairs of leaflets and the terminal 

leaflets ending in branched tendrils. Stipules very large and foliaceous and denticulate 

at base. Leaflets are ovate or elliptic, upto 6 in number, entire with undulating margin. 

Flowers are large and attractive, solitary or upto 3 flowers / raceme, calyx oblique, 

gamosepalous lobes are unequal, axillary, corolla white, pink or purple, standard petal 

is broad, keel is short, incurved, obtuse blunted (rounded at tip), stamens diadelphous, 

filaments broad and anthers reniform. Style falcate, flattened fixed on inner surface, 

stigma minute and terminal. Pods smooth, swollen or compressed, straight or curved 

on short stalks upto 12-15 cm with as many as 10 seeds. Seeds are angular or globose, 

4-10 in number, smooth or wrinkled, non-endospermous, green, grey or brown in 

colour and sometimes mottled. Seed weight upto 250 mg (Smartt, 1976). 

French bean 

Botanical �ame:  Phaseolus vulgaris 

Family: Fabaceae 



Floral Biology 

Axillary raceme, a flower arises on long peduncle bracteate, bracteolate, and 

pedicillate, bisexual, hypogynous. Calyx five gamosepalous, petals 5 polypetalous, 

androecium – 10 stamens diadelphous, filament, alternatively short and long. Ovary 

superior, monocarpellary, style – terminal, hairy beneath the stigma, stigma is 

flattened with persistant style. 

Pollination mechanism 

It is a self pollinated crop. The cleistogamous nature of flowers ensures self 

pollination. Natural cross pollination will be less than 1 per cent. Flowers open 

throughout the day with the maximum opening between 11 am and 5 pm. Pollination 

takes place in the bud itself. Flowers open two days after anther dehiscence. 

Lab Lab 

Botanical �ame:  Lablab purpureus 

Family: Fabaceae 

The inflorescence is racemose. The raceme spike and contracted raceme, 

pedicillate, zygomorphic, irregular hermaphrodite, complete. Calyx five, 

gamosepalous and short. Corolla is much erect, petals five, polypetalous. Keel is 

obtuse. Stamens are 10, diadelphous (9+1) and anthers uniform. Ovary is sessile, 

superior, mono carpellary, unilocular, with few ovules on marginal placentation. Style 

filiform or thickened upward. The fruit is pod, flat, linear or oblong recurved, usually 

tipped with the persistent style. Fruits are green, pale green, purple ringed or 

completely purple. Seeds non-endospermous, large, thick, ovoid, slightly flattened 

brown to black in colour. 

Pollination mechanism 

Flowers open throughout the day with maximum opening between 11 am and 

5 pm. Pollination takes place in bud itself. Flowers open two days after anther 

dehiscence. Self pollination is the rule, however cross pollination from 2 to 8% is also 

noticed due to insect and bee activities.  



        Ex.5   Floral biology and pollination mechanism in self                                                    

and cross pollinated Spice crops 

 

Pepper: 

 

 The inflorescence in black pepper is a glabrous, filiform, pendulous spike 

borne opposite to the leaves on plagiotropic branches.  Spikes are usually 3-15 cm 

long bearing 50-150 minute flowers borne in the axils of ovate fleshy bracts. The 

spike in black pepper may be straight and curved. Black pepper vines come to 

flowering usually during the southwest monsoon season (May- July) in India, 

generally 2-3 years after planting. Flowers are borne in the axils of ovate, fleshy 

bracts in long spikes which are pendant, singular in nature and appear opposite to the 

leaves on the plagiotrophic branches. Flowers in the spike may be staminate, pistillate 

or hermaphrodite. Moe than one type of flowers are found usually in a spike and 

depending on the flower composition a cultivar may be predominantly pistillate or 

staminate.  It takes about 11- 37 days for the complete emergence of the spike 

depending on cultivar. First flower appears on the top of the spike 10-15 days after the 

spike emergence and will be completed in about 6-10 days. Protogyny of bisexual 

flowers is a common feature. In the protogynous cultivars, male and female maturity 

phases are spaced by 1-14 days intervals. 

 Flower emergence to anthesis takes 2-4 days.Period of anthesis (from first to 

last flower in a spike) is 6 to 10 days. Anther dehiscence extends for a period of 4 to 9 

days. Flowers usually open between 5.30pm – 2.30 am with the peak bloom between 

7.00 pm -8.30pm. Flower emergence to anthesis takes 2-4 days. Anther dehiscence 

commence from 2.30pm  and is maximum between 2.30pm and 3.30pm. Stigma 

receptivity lasts for seven days after anthesis, with maximum for first three days. 

Rainwater is the major factor in pollination. 

 Pepper is adapted for pollination by gravitational descending of pollen grains 

combined with action of rain water or dew drops (Geitonogamy). Pendant hanging 

spikes, spiral arrangement of flower, sequential ripening of stigmas and prolonged 

receptivity of stigmas are all favourable to geitonogamy 



Cardamom 

 Vegetative shoots require a period of 10-12 months to attain maturity for 

producing reproductive buds and newly emerging panicles take a period of 7-8 

months for complete growth. Histological studies show that differentiation of panicle 

primordium is more during November – March in variety Malabar. Flowering 

commences with onset of monsoon. Flowers appear on panicles after four months and 

flowering continues for a period of six months. Each panicle possesses a long cane 

like peduncle having nodes and internodes. Each node has a scale leaf in axil of which 

flowers are borne on a modified helicoid cyme. It takes about 90-110 days for first 

flower in a fresh panicle to open irrespective of variety. Flower opening commences 

from 3.30 am and continues till 7.30 am. Anther dehiscence is between 7.30 -8.30 am. 

Pollen fertility in Malabar, Mysore and Vazhukka cultivars ranged from 63.07 – 

99.4%, 75.32 – 98.93% and 66.91 – 99.78% respectively. Stigma receptivity is 

highest between 7.00 and 8.00 h, 1.00h and 8.00h respectively in these cultivars. 

Flowering is spread over a period of six months from May – October. Almost 75% of 

flowers are produced during June – August. Time required to reach full bloom stage 

from flower bud initiation ranges from 25 – 35 days and capsules mature in about 120 

days from full bloom stage. 

  Cardamom plants have bisexual flowers. The showy labellum, 

presence of nectar, position of stigma and anthers are such that it favours cross 

pollination by pollinating agents. Pollen fertility is maximum at the full bloom stage. 

Honey bees are chief pollinating agents. About 90% of pollination is effected by 

honey bees (Apis cerana, A.indica and A.dorsata). Peak pollination activity was seen 

between 11.00 and 13.00h. A minimum of three honey bee colonies/ha is required for 

effective pollination in a cardamom plantation with a density of 3000 plants/ha. It is 

always recommended either to avoid application of plant protection chemicals during 

morning hours or to use honey bee friendly chemicals. 

Vanilla 

 Flowers are produced on stout axillary racemose inflorescence, rarely 

branched. They are usually borne towards top of vine and are 5-8 cm long with 

usually 10-26 flowers opening from base upwards. Flowers are large, waxy, pale 

greenish yellow, bisexual and zygomorphic. Sepals and petals look alike and it is 



commonly called tepal and the whorl is known as perianth. Lower tepal is short, broad 

and is modified into a trumpet shaped labellum. Lower part of labellum envelops a 

central structure called column (gynostemium) which is a little shorter than perianth 

and also have a tuft of scales. Column has at its apex two pollen sacs covered by a 

hood like structure as their cap. Stigma is physically prevented from coming in 

contact with anther by a flap like structure known as rostellum. This prevents natural 

pollination in vanilla.  

 

 Structure of flower is not conducive for natural self pollination. In its native 

habitat, Mexico and Central America, some of the flowers are pollinated by stingless 

bees of genus Melipona and by humming birds. Elsewhere, hand pollination is 

unavoidable for fruit set. Vanilla vine comes to flower in 3rd year of planting. 

Flowering generally takes place on branches which are one and a half year old. 

Inflorescence initials are generally activated in leaf axils during December- January, 

as light green protuberances. After 45 days, flowers are fully developed and blooming 

commences. In an inflorescence the blooming periods vary from 5 to 40 days 

depending on number of flowers in that inflorescence. Flowers bloom from base of 

inflorescence upward and last for a day. Majority of flowers open at about 4 am -6 am 

under high altitudes. It takes 11 hours for complete anthesis. Flower starts closing 

slowly at 1 pm and completely by 4 pm. The total pollen viability period is 57 hours 

(23 hours before flower opening and 34 hours after flower opening). Stigma 

receptivity commences 40 hours before anthesis and it lasts 16 hours after anthesis. 

The fertilized flowers develop into a mature fruit in about 9 to 11 months under 

various conditions. The beans contain numerous tiny black seeds which germinate 

only under in vitro conditions. 

�utmeg: 

 Flowering pattern of male and female trees differ. In females, flowering was 

confined to seven months, whereas in male, flowering was observed throughout the 

year. Maximum flowering in both the cases was in July followed by October. In male 

flowers, peak anthesis is between 21.00 hrs and 03.00 hrs. Anther dehiscence 

occurred about 24 hours prior to anthesis. Stigma receptivity lasts for six days after 

anthesis with the maximum for the first three days. Under Tamil Nadu conditions the 



pistillate and staminate flowers open between 6 pm and 7pm and anther dehiscence 

occur 12 hrs ahead of opening of flowers. Stigma is then receptive and it retains the 

receptivity till 2.30 pm on the day after flower opening. Chief agent of pollination is 

wind. Fruits attained maturity in 206 to 237 days after fruit set. 

Cinnamon: 

 Flowers are small; numerous in terminal and axillary panicles on current 

seasons growth. Peduncles are creamy white and five to seven cm long. Individual 

flowers are three mm in diameter with foetid smell. Flowering is from November to 

March. On an average 13.83 days are required for the flower bud development from 

the stage of its visible initiation. Peak anthesis is from 11 am to 12 noon. Stigma 

receptivity is maximum on the day of anthesis. Cinnamon flowers are cross 

pollinated. Insects are the pollinating agents. 

Clove: 

  Clove flowers are bisexual. The male phase starts along with the opening of 

the flowers and the stamens shed after two days. The female phase starts before the 

male phase is over. In general, self pollination is predominant and hence inbreeding is 

common  in clove. But controlled cross breeding is also possible by adopting 

improved techniques. The maximum receptivity of the stigma occurs on the fifth day 

after opening of the flower. The best period for pollination is between 4th and 6th day 

after opening.  A fertilized flower takes about three months for maturity. 

Tamarind: 

 Tamarind trees flower from April to July in most areas of South India. Peak 

flowering occurs during May – June. New leaves appear in May and are closely 

followed by the flowers. Flower opening begins as early as 5.30 a.m. and continues up 

to 8.30 a.m. with peak anthesis occurring at 6.30 a.m. Mature anthers are reddish 

brown in colour, dehisce by longitudinal splitting of their lobes between 10.00 and 

11.30 a.m. Stigma is receptive  on the previous day of anthesis and continues to be 

receptive two days after anthesis. Tamarind is predominantly cross pollinated. Red ant 

plays an important role in pollination. 

  



Coriander  

 Inflorescence is a compound umbel and usually comprises of five smaller 

umbels. Corolla is made up of five petals. Flowers are unisexual and bisexual, latter 

being mostly staminate. There are five stamens, ovary is inferior and bilocular. The 

crop is cross pollinated. 

Fenugreek  

 Fenugreek (Trigonella foenum-graecum L.) is an annual dicotyledonous plant 

belonging to the subfamily Papilionaceae, family Leguminacae. In general, two types 

of flowering shoots are observed.The common type bears axillary flowers showing an 

indeterminate growth habit, whereas the less common or so called "blind shoots" have 

both axillary and terminal flowers, each of which become "tip bearers". i.e., 

cleistogamous (closed) and aneictgamous (open) flowers. However, the majority of 

fenugreek flowers are cleitogamous; aneictgamous flowers are not common in 

fenugreek. The high frequency of cleistogamous flowers each with a protective 

papilionaceous corolla may have lead to development of fenugreek as a 

predominantly self-pollinated plant. 

 

 

  



 

 

 

Heritability 

 The ratio of genotypic variance to the phenotypic variance or total variance is 

known as heritability. It is generally expressed in per cent. Thus heritability is the 

heritable portion of phenotypic variance. It is a good index of the transmission of 

characters from parents to their offspring (Falconer, 1981). 

Estimation of Heritability 

 The heritability is estimated in two ways, i.e. in broad sense and in narrow 

sense as given below. 

In broad Sense 

 The calculation of heritability in broad sense requires an estimate of genotypic 

variance in a population. The genotypic variance consists of additive, dominance and 

epistatic variances. The broad sense heritability from different materials is estimated 

as follows. 

1. From simple trials.  

From the data of simple replicated experiment of several genotypes first the 

genotypic, phenotypic and environmental variances are calculated and then 

heritability is estimated as given below. 

 Heritability (bs) = Vg /Vp x 100 

Where, Vg and Vp are genotypic and phenotypic variances, respectively. 

2. From Genertion Mean Analysis  

The heritability is worked out as per the formula given below. 

 Heritability (bs) = [(VF2 – VF1) VF2] x100 

 Where, VF1 and VF2 are the variances of F1 and F2 respectively. 
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Merits and Demerits 

Merits 

1. It is a good technique for predicting the transmission of characters from 

the parents to their offspring 

2. The estimates of heritability are free from genetical assumptions 

3. Heritability estimates are based on empirical results 

4. The broad sense heritability can be estimated from parental as well as 

hybrid populations 

5. It helps in the selection of elite types from the mixed parental populations 

or segregating populations 

6. Narrow sense heritability gives an idea about the additive genetic variance 

7. It is equally applicable to both inbreeders as well as out breeders  

Demerits 

1. The estimates of heritability are based on variances and its components 

and therefore, are not statistically very robust and reliable 

2. The variance and its components, as compared to means, are all 

inaccurately estimated 

3. The partition of variance makes the things worse. Components of variance 

sometimes turn out to be negative, resulting in negative estimates of 

heritability 

4. It is the property of a specific population in a specific experiment. In other 

words, it is specific to material under study and to structure of the 

experiment 

Genetic Advance 

Genetic advance or genetic gain is a measure of the expected progress under a 

selection scheme.  Heritability gives information only on the magnitude of inheritance 

of a quantitative character.  But by genetic advance we can evaluate the selection 

procedure.  Heritability serves as a component in the estimation of genetic advance. 

In a breeding programme two aspects are important, namely, 

1. Selection within a base population consisting genetically varying 

individuals  



2. Creating a new population by using such selection for evolving a new variety or 

new cycle of selection 

Then any advance genetically expected (i.e., improvement in the additive effect) 

in the new population, in comparison to the base population is dependent on: 

1. The amount of genetic variability in the base population i.e., magnitude of 

heritability 

2. The magnitude of environmental and interaction components in modifying the 

genetic variability  

3. The intensity of selection 

Based on the above principles the expected genetic advance can be derived by the 

formula                                           

                   V G 

G.A = k x             x       Vph      (or)  k x h2 x     Vph 

                   Vph 

                                        V G 

 (or) k x  

                                          Vph 

 

Where h2                    = heritability ratio (in the broad sense) 

Vph                     = Phenotypic variance 

VG  = Genotypic variance 

Vph                     = Phenotypic standard deviation 

K                         = Selection differential 

The selection differential is a constant factor for a known selection intensity (i.e., per 

cent of selection lines with the highest positive deviates from the mean for purpose of 

advancing to the next stage of study 

Per cent / selection 

intensity   K values 

Per cent / selection 

intensity   K 

values 

1 2.64 

2 2.42 
5 2.06 



10 1.76 

20 1.40 
30 1.16 

Generally in the crop improvement programmes 5 per cent selection intensity is 

assumed. Then K values are 2.06 

 In the present example of analysis for the yield per plant (g) of the hybrid 

Reba b. 50 x Laxmi, the F2 population has 

  h2   = 0. 799 

                                    VG   = 304.05 

                                    Vph = 380. 30 

At 5% intensity of selection G.A = 2.06 x h2 x Vph 

G.A. = 2.06 x 0.799 x 380.30 

         = 2.06 x 0.799 x 19.5 = 32.96 

         = 32.096 or 32.1 grams 

Higher the value of genetic advance, better and surer progress will be on the 

mean in the succeeding generation under directional selection  

  



 

 

 

Presoaking 

 Seeds are generally soaked in water for a few hours before being treated with 

chemical mutagens. Presoaking may modify the physiological state of cells and cause  

numerous  other  effects  depending to some extent on presoaking conditions like 

temperature, duration of  presoaking  and   presoaking  solution. Hydration of 

macromolecules within   seeds appears to be   temperature – dependent and is closely 

related to metabolic and synthetic capabilities of tissue. Both these factors influence 

the availability of specific chemical sites for reaction with the mutagen.  A  high 

mutation frequency with   relatively  lower chromosome damage  is obtained when a 

pulse mutagen treatment  is given at the  onset of DNA synthesis in meristematic  

tissues  of embryos .But treatment  in mid to late G1 may  result in a high mutagenic  

efficiency when the sensitivity to  chromosome aberration is lower. Seed presoaking 

thus allows the cells to reach a metabolic state when they are relatively more sensitive 

to mutagenic action. It also allows the separation of seeds with impermeable seed 

coats that remain unchanged in volume during soaking, such seeds are not given 

mutagen treatment as they are unlikely to germinate. 

Recurrent Irradiation  

In case of recurrent irradiation, several successive generations are 

subjected to irradiation treatment. Chemical mutagens may also be used for recurrent 

treatment, but are not commonly used. For treatment, a random sample of seeds from 

M1 plants may be taken. Alternatively, one or a few seeds from each M1 plant may be 

used for treatment.  The dose of mutagen used for recurrent treatment is generally 

lower than that used for single treatments. After 4-5 generations of recurrent 

irradiation, the material is handled as in the case of single treatment.  

 

                 It is expected that recurrent irradiation would accumulate mutations in the 

population. But there is little evidence to suggest that recurrent irradiation is a 

profitable scheme, generally works have used single treatment in preference to 

recurrent treatments. Different workers have reported contradictory results from 

recurrent irradiation. For example, recurrent treatments of durum wheat with X-rays 
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Preparation and uses of physical and chemical mutagens and –visit to gamma 

chamber for treatment of the planting materials 

 



and ethyleneimine resulted in a too small increase in the frequency of mutations to 

warrant the additional investment of time and other resources 

Gamma-Garden 

 Gamma-garden is an area subjected to gamma-irradiation. This area is 

enclosed by thick- high walls to protect the plants and animals outside this area from 

radiation damage. The purpose of a gamma –garden is to irradiate whole plants 

during different stages of development and for varying durations. The source of 

radiation is located in the centre of gamma- garden, which is usually circular in 

outline. The intensity of radiation decrease as one moves away from the source of 

radiation. The area around the radiation source is divided into a number of concentric 

circles representing varying intensities of radiation. Plants are placed in a suitable 

position in the gamma –garden, which depends upon the growth habit of the species 

and the intensity of radiation required. The gamma-ray source may also be used for 

the irradiation of seeds and propagules. The gamma-ray source consists of 6g of 60Co 

in form of small pellets; 
60

Co pellets are sealed in aluminum capsule. The strength of 

60Co source is 200 curies. The aluminium capsule is housed in a lead container, since 

lead is not penetrated by gamma-rays or X-rays. When irradiation is to be done, the 

lid of the lead container is lifted; the aluminium capsule containing 
60

Co pellets is 

also raised simultaneously. After irradiation, the  aluminium capsule is  lowered into 

the lead container and the lid  of the container is  closed thereby  enclosing  the 60Co 

aluminium capsule in the lead container. The lead container is opened and closed by 

a remote control device. The present state of the gamma-gardens in the country is 

quite discouraging and most of them are not in operation. 

Directed Mutagenesis  

 Irradiation of seeds having lower (3-5percent) moisture content greatly 

increases radio sensitivity and mutation frequency. In case of chemical mutagens, the 

duration of presoaking of seeds before mutagen treatment considerably affects the 

frequency of mutation recovered; generally a longer presoaking (upto a certain limit) 

produces a higher frequency of mutations. The frequency of desirable mutations is 

rarely increased and it remains approximately 1 out of every 800 mutations induced or 

so. 

  



 

 

 

 

 

Preparation and use of mutagens 

 Generally, the variety selected for mutagenesis should be the best 

variety available in the crop. This is particularly so when polygenic traits are to be 

improved. It may be desirable to isolate mutants in varieties other than the best one. 

eg. Dwarf gene. In this situation dwarf and semi dwarf mutants would have to be 

isolated from tall varieties, which obviously would not be the best varieties of these 

crops. 

Mutagens 

Agents that induce mutations are known as mutagens. Mutagens may be 

different kinds of radiations (physical mutagens) or certain chemicals (chemical 

mutagens). 

 

A. Physical mutagens 

1. Ionising radiation 

2.       Particulate radiation, e.g., α-rays, β- rays, fast neutrons and thermal neutrons 

3.       Non particulate radiation (electromagnetic radiation), e.g., X-rays and γ- rays 

4.       Non ionising radiation : e.g, ultraviolet radiation. 

 

B. Chemical mutagens 

C. Alkylating agents, e.g., sulphur mustards, nitrogen mustards, epoxides, 

imines (ethylene imine or EI), sulphates and sulphonates (e.g., ethylmethane 

sulphonate or N-methyl- n-nitro- N-nitroso-guanidine or MNNG) 

1. Acridine dyes, eg., acriflavine, proflavine, acridine orange, acridine yellow, 

    ethidium bromide 

2. Base analogues, e.g. 5- bromouracil, 5- chlorouracil 

3.  Others, e.g., nitrous acid, hydroxyl amine, sodium azide 

Exercise 8 

                      Preparation and use of mutagens 



Part of the plant to be treated 

Seeds, pollen grains or vegetative propagules (buds and cuttings) or even 

complete plants may be used for mutagenesis. The plant part which is to be used for 

mutagen treatment depends primarily on whether the crop is sexually or asexually 

propagated and on the mutagen to be used. In sexually propagated crops, seeds are the 

most commonly used plant part. 

Dose of the mutagen 

 The usefulness of a mutagen and the type of treatment required to obtain a 

high efficiency are dependant upon specific properties of the mutagenic agent 

employed as well as on specific characteristics of the biological system to be treated. 

The most appropriate plant part or stage to be treated requires a thorough knowledge 

of the organisms. Mutagen treatments reduce germination, growth rate, vigour and 

fertility (pollen as well as ovule). There is considerable killing of plants during the 

various stages of development after mutagen treatment, thus survival is reduced 

considerably. Mutagens generally induce a high frequency of chromosomal changes 

and mitotic and meiotic irregularities. Usually the damage increases with the mutagen 

dose. An optimum dose is the one, which produces the maximum frequency of 

mutations and causes the minimum killing. The dose required for high mutagenic 

efficiency depends on the properties of the mutagenic agent, of the solvent medium 

and of the biological system. Many workers feel that a dose close to LD50 should be 

the optimum. LD50 is that dose of a mutagen, which would kill 50 per cent of the 

treated individuals. LD50 varies with the crop species and with the mutagen used. In 

general, an overdose is likely to kill too many treated individuals, while an under dose 

would produce too few mutations. Dose of the mutagen may be varied by varying the 

intensity or the treatment duration. In the case of radiation, intensity may be varied by 

changing the radiation source or by changing the distance from the radiation source of 

the material being irradiated. Intensity in the case of chemical mutagens may be 

varied by changing the concentration of mutagens. 

Giving mutagen treatment 

The selected plant part is exposed to the desired mutagen dose. In case of 

irradiation, the plant parts are immediately planted to raise M1 plants from them. In 

case of chemical mutagens, seeds are usually presoaked for a few hours to initiate 

metabolic activities, exposed to the desired mutagen and then washed in running tap 

water to remove the mutagen present in them. The treated seeds are usually 



immediately planted in the field to rise the M1 generation. M1 is the generation 

produced directly from the mutagen – treated plant parts without recourse to sexual or 

asexual reproduction.  

 

 

  



 

  

 

 

Ploidy breeding   and chromosomal studies 

Polyploidy 

Most  of the vegetables are diploids and they have “2n” number  of 

chromosomes  but some like potato , bhendi and  sweet potato are natural polyploids. 

Triploids (3n) 

  Polyploidy has been used as a tool in genetic deseeding where the final 

produce is required to be devoid of seed. Since the triploids are generally sterile and 

they do not produce seed but may set fruits (watermelon, cucumbers) Triploid seeds 

are produced by crossing 2n        x4n=3n. Triploid seeds are given to farmers along 

with pollinator (2n). So, production of triploid seeds calls for maintaining diploids and 

triploid line for producing triploid seed every year. 

 Tetraploids (4n) 

Tetraploids produced from their diploid progenitors are generally sterile /less 

fertile but may be more vigorous vegetatively. Tetraploids have been made in spinach 

(Beta vulgaris) and are useful in leafy vegetables. 

Aneuploids 

It means not true polyploids. Aneu mean ‘false’, ploid =levels (folds) such as 

n+1; 2n+2etc. These have been used to cause sterility and produce seedless 

watermelons. 

 Staining and Studying Plant Chromosomes 

  

Exercise 9 

Ploidy breeding and chromosomal studies 
 



Basic Equipment 

1.    Forceps - stainless steel, fine pointed. - this is for handling the root tips and 

       flower buds. 

2.  Cover slip forceps.  These have a flat edge for handling cover slips. 

3.  Dissecting needles - these are helpful in macerating the tissue. 

4.  Eyedroppers to apply the stain onto the root tip. 

5.  Microscope slides - these can be any issue, but it is important that they 

    be cleaned prior to use.  This is true even if they come to you precleaned. 

   What I do is take some 95% alcohol and add some 1N Hydrochloric acid 

   to it like I am putting cream into coffee.  The slide is then put into that 

   solution and wiped dry with a soft cloth.  A baby diaper is perfect for this.  

     Baby diapers still exist...you just need to look for them at a place like  Kmart, etc. 

6. Cover slips - these are to be as thin as possible, and are glass.  #1 or #0 thickness. 

7. A square Coplin jar.  This will allow slide and cover slip to be separated from each  

    other. 

8.  A small round dish, like a Syracuse dish or small watch glass, or what was 

    once called a Wheaton Dish.  These are small dishes to handle the cover 

    slips in.  You will need five of these for the dehydration series. 

9.  Several small jars for collecting the root tips. 

10.Various vials and jars for keeping solutions. 

11. The solutions you need are (formulas to make most of these will follow below): 

        a.    Aceto-orcein stains 

        b.    Carnoy's fixative 

        c.    Mixture of ethyl alcohol:glacial acetic acid in 

               proportions of 1:1 and 9:1 

        d.    95% alcohol 

        e.    1N Hydrochloric acid 

        f.    10% solution of Glacial Acetic acid in  

                distilled or deionized water 

        f.    Mayer's Albumen 

        g.    Euparal - slide mountant 



Step by Step 

This technique is modified from the basic method explained by Barbara McClintock 

(Stain Technology 4:53-56; 1929). 

1.    Obtain fresh root tips from a plant using forceps. 

2.    Place the tip into a small vial of Carnoy's fixative (see formula below).  It 

       can remain in this fixative up to 48 hours at room temperature.  As an 

       alternative, you could try keeping the fixative at 60
0 

C and letting the root 

       tip remain in the chemical for 15 minutes.  This will help to soften the 

       tissue. 

3.    The tips can be stored for later study in a solution of 70% alcohol (see 

       formula below).  You will need to rinse the tip a couple of times in the 

       alcohol to be sure all of the acetic acid from the fixative is remove.  Acetic 

       acid, if still present, could reduce the stainability of the chromosomes.  

       The 70% Alcohol is kept in a refrigerator.  I have used root tip 

        preparations more than one year old with good success. 

4.    Place the root tip on a microscope slide.  Add a drop of Carnoys.  Under a 

       dissection microscope remove the very end of the tip and keep that 

       portion, discarding the rest of the organ.  Using dissecting needles attempt 

       to macerate that tissue into small bits.   

5.    Add one drop of Aceto-orcein stain (see formula below).  Using an alcohol 

       lamp or Bunsen burner as a source of heat, pass the slide over the heat a 

       few times so that the orcein will warm up.  This will speed up the staining 

       process and allow some of the Hydrochloric Acid to soften the tissue.  

       Don't let it get so hot that it would cause the stain to boil. 

6.    Let the slide sit to cool some.  While that is occurring, take a cover slip 

       and smear a small amount of Mayer's albumen onto it.  Pass that over a 

       flame in order to dry the albumen.  Then set that cover slip aside face up 

       so you will know which side has the albumen on it. 



7.    Place the slide on a paper towel.  Using forceps lower the cover slip over 

       the preparation albumen side down.  Place the end of the paper towel over 

       the cover slip and, with your thumb, press down onto the cover slip as hard 

       as you can.  This is the squash process designed to cause cells to separate 

       from each other and make the chromosomes more visible.   

       It is at this point that you can take a moment to check the slide under a 

       microscope.  It might be that the preparation is not worth keeping.  

       )ormally if we find cells in mitosis and make some good countable drawings 

     of chromosomes, we do that immediately before making the slide 

       permanent. 

8.    To make the slide permanent, take the slide-cover slip combination  and 

       place it into a Coplin jar containing 10% acetic acid (see formula below).  

       Wait about 15 minutes.  The cover slip should separate from the slide in 

       that time.  If it does not, don't force it.  You will have to wait for however 

       long it takes for the two to separate.   

9.   Remove the cover slip after it has been separated and pass it through 

      these five solutions:  1:1 Ethyl Alcohol-Glacial Acetic acid; 3:1 

       Alcohol-Acetic acid; 9:1 Alcohol-Acetic acid; and then two changes of just 95%  

       alcohol.  You need to keep track of which side of the cover slip contains 

        the tissue. 

10. While the cover slip is sitting in the last change of alcohol, take the slide 

     out of the 10% acetic acid and clean it.  Put a drop of Euparal on it.  

     Then using forceps carefully lower the cover slip over the Euparal.   

11. Wait about 24 hours for the Euparal to dry.  The slide is now permanent. 

      In certain collection which is over 30 years old, the chromosomes have not lost  

      any stain. 

Preparation of Aceto-orcein stain. 

There are two stains you can use:  orcein or carmine.  I used carmine first and it 

worked fine.  You had to use a rusty needle when dissecting the root tip or flower bud 



in the stain because it acted as a mordant.  The iron would react with the carmine to 

make the stain hard and tight on the chromosomes.  Later I used orcein simply 

because it was available to me in my lab during my Ph.d. work.  The following 

formula applies to either stain. 

1.    Mix 45 ml of Glacial Acetic acid with 55 ml. of distilled or deionized water. 

2.    Slowly bring it to a boil.  It need not be a "rolling boil."   

3.    Slowly add to it 2 grams of orcein. 

4.    Mix as you add it, and let it mix for about 30 minutes if you have one of 

       those magnetic mixers. 

5.    Place some kind of glass cover over the beaker.  The heat of the acid will 

       condense on the glass and then move back down into the mixture.  This 

       serves to help in the mixing. 

6.    Filter.  You will have to use an aspirator to pull the mixture down through 

       the filter.  This will take some time. 

7.    Once cooled, the solution is ready for use.  The one other thing you need 

       to do is to mix a solution of the stain with 1N hydrochloric acid.  The ratio 

       is 9 parts stain to 1 part acid.   

8.      The stain is ready for use.  You might need to re-filter about once a year. 

Carnoy's fixative. 

This is a mixture of glacial acetic acid and alcohol.  The ratio is 3 parts alcohol 

to one part acid.  The alcohol can be ethyl, propyl or butyl.  Remember that absolute 

ethyl alcohol, once opened is no longer absolute.  You can use 95% ethyl alcohol 

with no problems at all.  The acid does the killing of the plant cell; the alcohol is the 

preservative. 

1.    The series of Alcohol:Acid mixtures are: 



       1 part Ethyl Alcohol to 1 part Glacial Acetic Acid 

       3 parts Ethyl Alcohol to 1 part Glacial Acetic Acid 

       9 parts Ethyl Alcohol to 1 part Glacial Acetic Acid 

2.    The 10% acetic acid is 10 ml. of Glacial Acetic acid and 90 ml. of distilled 

       or deionized water.  This is used to separate the slide from the coverslip. 

3.     Mayer's Albumen and Euparal are best purchased premixed and ready to 

       go.  I am familiar with formulas to make both from scratch, but I never 

        tried them.  These are both available from Carolina Biological Supply. 

 

  



 

 

TOMATO (Solanum lycopersicum) 

Botany: Tomato is a typical day neutral plant. It requires temperature of 15-20° C for 

fruit setting. It is self pollinated crop and self fertilization is favoured by the position 

of receptive stigma within the cone anthers and the normal pendant position of the 

flower. 

Method of seed production: Seed to Seed. 

Stages of seed production: Breeder seed � Foundation Seed I � Foundation Seed II 

� Certified Seed 

Season: May - June and November - December  

Land requirement: Selection of suitable land for tomato seed production is 

important where the previous crop should not be the same variety to avoid the 

contamination due to the volunteer plants.If the land has not been grown with tomato 

crop itself or even any other solanaceous vegetable crops like chilli, capsicum, brinjal 

etc. It will be very helpful to avoid certain diseases common to all members of 

Solanaceae. 

Isolation requirement: For Seed production of tomato, varieties require minimum of          

50 m for foundation seed and 25 m for certified seed. For hybrid seed production, it 

requires minimum of 200 m for foundation (parental line increase) and 100 m for 

certified hybrid seeds. 

Seed rate:  i) Varieties – 300 to 400 g/ha 

ii) F1 hybrid - Male parent 25 g/ha 

iii) Female parent 100 g/ha 

 Srimathi et al. (2000) reported that tomato seeds pelleted with ZnSO4                   

(250 mg kg-1 of seed) improved the initial seed quality in terms of germination, field 

emergence and the seed yield by 25.9%.  The ZnSO4 pelleted seeds also maintained 

their germination upto a period of 3 months without any reduction in germination. 

Exercise 10 

Seed production technology for hybrids – Planting design – isolation 

distance – ratio – roguing – harvesting of vegetable crops  



�ursery: Sow the seeds in raised nursery bed of 20 cm height, in rows of 5 cm gap 

and covered with sand. Eight and ten nursery beds will be sufficient to transplant one 

acre. Apply 2 kg of DAP 10days before pulling out of seedling. 

Transplanting: Transplanting should be done when the seedlings are 20-25 days old, 

preferably at evening time. Spacing is 60 x 45 cm (90 x 60 cm for female parent and  

60 x 45 cm for male parent of hybrids).  

Roguing: The roguing should be done based on the plant characters (determinate / 

indeterminate), leaf(cut leaf/potatoleaf), branching and spreading characters and also 

based on fruit size, shape and colour. The plants affected by early blight, leaf spot and 

mosaic (TMV) diseases should be removed from the seed production field. 

Planting ratio: For hybrid seed production, the female and male parents are normally 

planted in the ratio of 12:1 or 12:2. 

Table Comparison of different seed extraction methods 

 Fermentation Acid 

 

Alkali 

 Method 

 

Mix fruit pulp with water  
24 - 48 h 

 

HCl @10ml / Kg of pulp 
(20-30 minutes)  

Washing soda @ 
900mg/ 4 l of water- 
equal volume – 
overnight soak 

Salient 

features 

 

• Low cost 

• Unskilled labour 

• More time taken  

• Low seed 
recovery (0.5 to 
0.6%) 

• Dull seed colour 

• Seed borne 
pathogens 

 

• Cost is more 

• Skilled labour 

• Lesser time 

• High seed 
recovery  

    (0.8 to 1 %) 

• Bright seed 
colour     (market 
value higher). 

• Seed borne 
pathogen remove 

• Improper washing 
leads to injury to 

seeds 

• Recovery 0.7 to 
0.8 per cent 

• Luster of the 
seeds will be 
lost 

• Improper 
washing leads to 
injury to seeds 



 Structure of tomato flower

 

 

 

 

 

 

 

 

 

Seed Yield: 100-120 Kg/ ha 
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Structure of Brinjal flower 

 

Method of seed production: 

Stages of seed production: B

� Certified Seed. 

Land requirement: The land 

Isolation: For varieties, 200

foundation and certified seed,

200 m isolation distance shoul

Seed rate:  

Varieties  - 400 - 500 g/ha 

  Hybrids  - 200 g/ha (Female)

        50 g/ha (Male) 

ulators during pre-flowering and flowering stages 

 

 

tion: Seed to Seed. 

Breeder seed � Foundation Seed I� Foundation

e land should be free of volunteer plants. 

s, 200 m or 100 m of isolation distance is requ

 seed, respectively. For hybrid seed production mini

 should be maintained. 
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Roguing: The roguing should be done based on the plant characters, leaf, branching 

and spreading characters and also based on fruit size, shape and color. The plants 

affected by phomopsis blight, leaf spot and little leaf virus disease should be removed 

from the seed production field. 

Pest and disease management: The pests like fruit borer, shoot borer, beetles, 

aphids, mealy bug and jassids can be controlled by spraying Nuvacron or Methyl 

parathion. The red spider mite can be controlled by spraying with Kelthane. The 

important diseases are damping off and little leaf which can be controlled by spraying 

fungicide and systemic insecticides, respectively. Powdery mildew, leaf spot and 

anthracnose diseases can be controlled by spraying Benlate. 

Hybrid seed production: The planting ratio of female and male parents adopted for 

hybrid seed production is normally 5:1 or 6:1. For production of hybrid seeds, 

crossing programme is done using emasculation and dusting methods as followed in 

tomato. 

Harvesting and processing: Harvesting is done when fruits are fully ripe (when the 

fruits turn into yellow colour) i.e., 45 days after flowering. The harvested fruits are to 

be graded for true to type, off type and fruit borer infested fruits  are discarded. The 

graded fruits are cut into 2-3 pieces or whole fruits will be put in a cement tank with 

water and crushed manually and then allow it for fermentation for 1-2 days. Then the 

floating pulp portions are to be removed, the seeds settled at the bottom should be 

collected and washed with water and then the seeds are treated with commercial 

Hydrochloric acid @ 3-5 ml/kg of seed. The mixture is kept for 10-15 minutes with 

frequent stirring. Then the treated seeds are to be washed with water for 3-4 times. 

Afterwards seeds are dried under shade for 2-3 days over a tarpaulin and followed by 

sun drying for 1-2 days to reduce the seed moisture content to 8 per cent. Then the 

seeds are cleaned and graded with BSS 12 sieve. The processed seeds are treated with 

fungicides or Halogen mixture @ 5g/ kg of seed. 

   To upgrade, the seed lot water floatation technique and specific gravity 

grading are commonly used (Selvaraj, 1989 ; Srimathi et al., 2001). 



 Veeraragavathatham et al. (2001) reported that the seeds can be stored in 

aluminium foil pouches by which the viability can be maintained upto 18 months 

under ambient condition, by dressing the seeds with 2 g of thiram/ kg of seed. 

Seed Yield: 100-200 Kg/ ha 

Specific standards: 

Factors Foundation Certified 

Off types – Variety (max) 0.1% 0.2% 

Hybrid (max) 0.01% 0.05% 

Designated diseased plant (max) 0.1% 0.5% 

 

The designated diseases in brinjal are Phomopsis blight caused by  

Phomopsis vexans and little leaf caused by Datura virus- 2. 

 Seed standards (Variety & Hybrid) 

Factors Foundation & Certified 

Pure seed (mini) 98% 

Inert matter (maxi) 2% 

Other crop seeds (maxi) no/ kg None 

Weed seeds (maxi) None 

Germination (mini) 70% 

Moisture (maxi) 8% 

For VP container (maxi)  6% 

Genetic purity required for tomato 

& brinjal hybrids  

90% 

 



CHILLI (Capsicum  annuum) 

Botany: Cross pollinated vegetable. The flower is protogynous. Anther dehisces only 

half to 5 ½ hr after stigma becomes receptive. Anthesis in chilli occurs between 6.00 

and 9.00 am. Flower remains open for 2 to 3 days, receptivity of stigma was the 

highest on the day of flower anthesis. 

Method of seed production: Seed to seed  

Stages of seed production: Breeder seed� Foundation seed� Certified seed. 

Season: June- July, February- March, September- October. 

Isolation requirement: Minimum isolation distance of 400 m for foundation and 

hybrid seed and 200 m for certified seed production are necessary. 

Seed rate: Seed required for one hectare is 1 kg for variety. For hybrids, Female - 200 

g and male- 50 g. 

Roguing: Field inspection and roguing should be done both for varieties and hybrid at 

different stages based on the plant height and its stature, flower colour and pod 

characters. The plants affected with leaf blight, anthracnose and viral diseases should 

be removed from the seed field. 

Hybrid seed production: The crossing operation can be performed as per the 

methods outlined for tomato and brinjal hybrid seed production. However, hand 

emasculation and pollination is somewhat difficult since the flowers are minute. 

Hence use of male sterile lines can also be employed for hybrid seed production. 

Structure of chilli flower 

 

 



Harvesting and processing: Harvesting should be done in different pickings. First 

and last one or two pickings can be harvested for vegetable purpose. The well ripened 

fruits with deep, red colour alone should be collected in each picking. After harvest, 

fruit rot infected fruits are to be discarded. The harvested pods are to be dried under 

shade for one (or) two days and then under sun for another 2 or 3 days. Before drying, 

pods are to be selected for true to type and graded for seed extraction. The seed are 

extracted from graded dried pods. The pods are taken in gunny bag and beaten with 

pliable bamboo sticks. The seeds are cleaned by winnowing and dried to 10% 

moisture content over tarpaulin. Then seeds are processed with BSS 8 wiremesh 

screens. For large scale seed extraction, the TNAU model chilli seed extractor may be 

used. 

Seed Yield: 50-80 Kg/ha 

BHE�DI (Abelmoschus esculentus) 

Botany: Anthesis is between 9 and 10 am and is preceded by maximum anther 

dehiscence between 8 and 9 am.  The stigma remains receptive on the day of anthesis.  

Bhendi is often cross pollinated crop.  Cross pollination to an extent of 12 per cent is 

due to protogynous.  

Method of seed production: Seed to seed 

Stages of seed production: Breeder seed � Foundation seed � Certified seed 

Land requirement: Select the field on which bhendi crop was not grown in the 

previous season, unless the crop was of the same variety and certified.  Field should 

be free from              wild bhendi (Abelmoschus sp.) 

Isolation requirement: Seed field must be isolated from other varieties at least by 

400 m for foundation and hybrid seed production and 200 m for certified seed 

production.  

Seed rate:  Varieties  : 8-10 kg/ha 

  Hybrids : 4 kg/ha (Female) 

    : 1 kg/ha (Male) 



Main field manuring: Apply 12.5 tons of FYM/ ha before ploughing. Apply               

150:75:75 kg NPK/ha, of which 50% of the N should be applied as top dressing in 

two split doses at flowering and 10 days later. 

Planting ratio: For hybrid seed production, female and male parents are normally 

planted in the ratio of 4:1. 

Roguing: Minimum of three inspections for varieties and 4 inspections for hybrids 

should be at Vegetative, Flowering and Fruit maturity stages.  The roguing should be 

based on the plant characters, hairyness, fruit characters like fruit colour, number of 

ridges, fruit length etc., and the off type and mosaic attacked plants should be 

removed from the seed field. Wild bhendi if present should be removed before 

flowering.  

Hybrid seed production: In bhendi, since the flowers are large in size, hand 

emasculation and pollination is the best suitable method for seed production. The 

emasculation and dusting can be done as per the methods outlined in tomato. The 

male and female parents are raised in blocks at the ratio of 9:1 (Female: Male). 

Processing: Seeds are to be processed with BSS 7 wire mesh sieve.  

Specific standards  

Factors Foundation Certified 

Off types (max) 0.1 % 0.2% 

Objectionable weed (max) None None 

Diseases affected plants(max)   0.1% 0.5% 

Objectionable weed is wild Abelmoschus sp. 

Designated disease  is – yellow vein mosaic (Hibiscus virus-1) 

  



Seed standards  

Factors Foundation  Certified 

Pure seed (min) 99% 99% 

Inert matter (max) 1% 1% 

Other crop seeds (max) 

no/ kg 

None 5/kg 

Weed seeds (max) no/ kg None None 

Objectionable weed (max) None None 

Other distinguishable 

varieties  (ODV) (max) 

10/ kg 20/ kg 

Germination (mini) 65% 65% 

Moisture (maxi) 10% 10% 

For VP container (maxi)  8% 8% 

 

 

 

 

  



 

  

 

 

POTATO 

Botanical �ame: (Solanum tuberosum) 

Potato which is commercially propagated by tuber (seed tuber) has special 

seed production problems as the quality characteristics of seed potatoes are 

influenced by a number of factors and important amongst them are the diseases and 

pests namely, viruses, fungi, bacteria and nematodes. Once the seed tuber is infected 

by the pathogens, especially viruses which enter through the plant system and the 

plant growth declines and the yield reduces progressively. It is therefore, important 

that seed stocks should not only be genetically pure but also should be in right 

physiological condition and free from diseases at the time of planting. Seed 

production technology developed for seed potato tuber production, thus aims at 

producing disease free, genetically pure seed tuber. There are now two independent 

channels of seed production for hills and plains. 

 

Hill seed: The seed produced in hills (2500 metres above mean sea level) at suitable 

locations is called 'Hill Seed'. 

 

Plain seed: The seed produced in plains at suitable locations is called 'plain seed'. 

Northern plains have emerged as an important source of potato seed production. The 

low plains seed is in right physiological condition at the planting time and yields 

higher than the traditional hill grown seed. 

 

Once healthy seed potatoes are introduced into the system of growing them 

during low aphid period accompanied by a systemic insecticide application, roguing 

and removal of haulms before the aphids attain critical number and the re-growth is 

checked, the health standards for the seed crop could be maintained for a number of 

generations. This system of seed potato production has been designated as 'Seed Plot 

Technique'. 

 

 

Exercise 11  

Seed production technology for hybrids – Planting design – isolation 

distance – ratio – roguing – harvesting of tuber crops 
 



Stages of seed production: For seed multiplication and certification purposes, 

following stages are recognized. BS - FS I - FS II - CS I – CSII. 

 

CS II: This is done in case of those varieties which have a low rate of multiplication 

and in years of shortage of seeds. 

 

Land requirements: A crop of seed potato shall not be eligible for certification if 

grown on land infested with wart and/or cyst forming nematodes; or brown rot or 

non-cyst forming nematodes within the previous three years and common scab. 

Preference should be given to two to three year crop rotation. 

 

Isolation requirements: A minimum isolation distance of 5 m for foundation and 

certified seed class should be provided all around a seed field to separate it from 

fields of other varieties and fields of the same variety not conforming to varietal 

purity and health requirements for certification. 

 

Time of Planting: The time of planting is different in different regions. 

I Plains 

Early crop 

1. Punjab and western Utter 

Pradesh 

2. Central UP 

3. Bihar 

10-20 September 

First week of October 

Between 2
nd

 and 3
rd 

week of October 

Main crop 

Indo – Gangetic plains 

 

Plateau region of peninsular India 

October to November (first in north 

western plains  and later in eastern 

areas. 

April to June and October to 

December. 

Spring crop 

North western plains December to January. 

II. Hills 

�orthwestern hills 



1. Valleys and very high altitudes 

(3000-3500m) 

2. High hills (2500-3000m) 

3. Mid hills(1000-1800m) 

a. Spring crop 

b. Autumn crop 

May to June 

 

April 

 

January to February 

August to September 

�orth eastern hills 

1. High hills 

2. Lower hills and valleys 

March 

January to February 

August to September 

Nilgiri hills April,August and January. 

 

 

Seed rate: Seed rate depends upon tuber size. 2500 to 3000 kg of seed potato per 

hectare will be sufficient if the usual sized tubers (4 to 6 cm) are used. 

All size of tubers like large, medium and small may be utilized as seed, but the 

medium size (25 – 55 mm or 25-75 g) often called as seed size performs better than 

other size grades as seed material (Singh, 1989, Kooner et al., 1997). 

 

Manuring: 125:80:100 kg NPK with 25 t FYM/ ha. Apply all phosphorus, potash 

and half of the nitrogen at the time of sowing. The remaining half of nitrogen should 

be applied about thirty five days after sowing or when the plants are about to 30 cm 

height. For best results, the fertilizers should be placed either 5 cm below the tubers 

or on the side. 

 

Method of sowing: Whole tubers should be used for planting. Tubers should be 

under sprouting (sprouts 0.5 to 1 cm long) for quick emergence. After 15th October 

when the temperature goes down, cut tubers can also be used for planting. Care must 

be taken that each piece to be used for planting has two or three emerging eyes and 

weighs at least 40 gm. By this practice the seed rate is reduced considerably. Plant 

the tubers 3 to 4 cm deep in the soil having adequate moisture. A row to row spacing 

of 60 cm and tuber to tuber spacing of 15 to 20 cm is recommended. 

 



Irrigation: Potato requires light and frequent irrigation. First irrigation should be 

done immediately after emergence. Subsequent irrigations should be given at proper 

intervals. Restrict the irrigation after the crop has tuberrised well. Withhold irrigation 

by the third week of December i.e., ten to fifteen days before cutting of haulms. 

 

Interculture: Keep the field free from weeds. At least one earthingup is a must. It 

should be done when plants attain the height of 15 cm. 

 

Haulm cutting: This is an important practice and is adopted as a precautionary 

measure to avoid chances of viral disease transmission through the vectors like 

aphids. The haulms must be cut by the end of December, or at the latest by the first 

week of January before the aphid population reaches the critical stage (20 aphids per 

hundred compound leaves). No re-growth should be allowed. 

 

Roguing: Very careful roguing is required for producing a high quality crop of seed 

potato. The roguing is to be done at the following stages. 

 

First roguing: First roguing should be done 25 days after sowing to remove  

a) All virus affected plants  

b) All plants apparently belonging to other varieties and which can be identified from 

foliage. 

 

Second roguing: It should be done when the crop is fully grown. This would be 

about 50 to 60 days after sowing. At this time tubers are formed and therefore, while 

roguing, not only the upper portion of plant, but all the tubers belonging to the plant 

should be removed carefully. Also at this stage the virus affected plant as well as off 

type, should be removed. 

 

Third roguing: This is the third and final roguing and should be done just before 

cutting the foliage. Foliage should not be cut unless this roguing has been completed. 

At this stage, all virus affected plant and off type plants, along with their tubers have 

to be very carefully removed. 

Harvesting 



a. The crop is ready for harvest ten to fifteen days after haulm cutting when the 

skin of tuber has hardened. Premature harvesting causes handling problems, as 

the soft skin gets easily peeled off and further such tubers cannot withstand long 

transportation and storage. 

b. At the time of potato digging, the moisture in soil should be optimum for 

obtaining clean tubers. 

c. The harvesting of seed potatoes can be done by any of the equipment available in 

the market for this purpose. Every effort should be made to avoid cuts, bruises, 

etc. After harvesting, tubers should not be left exposed to the hot sun for a 

prolonged period (not more than an hour). It should be immediately lifted and 

carried to an airy shed and kept in piles (height 1 m, width 3 m) for 7 to 10 days 

so that the superficial moisture evaporates and further hardening of skin is 

achieved. If sheds are not available, piles may be made infield and covered with 

dry haulms. 

 

Sorting and Grading: When the potatoes are properly cured, grading should be 

done. A single grade from 3.0 to 5.5 cm is being made at present for `Plain Seed' by 

hand grading. While grading, the shape, colour, depth of eyes, etc. of tubers should 

be critically examined and off types discarded. In addition to off types, the tubers 

with cuts, bruises, cracks or otherwise mechanically damaged or showing visible 

symptoms of late blight, dry rot, charcoal rot, wet rot, scab, black  scruff, etc. should 

invariably be removed. 

Seed standards: Size of seed tuber: 4-6cm x 2.5 to 3.5cm in diameter; weight: 

20-40g. 

 

 

 

  



 

 

Field standards for seed spice crops 

The necessary field standards consist of isolation distance, field inspection stages and 

specific requirements showing maximum permitted limits of off types, other crops 

and diseased plants  

1. Land requirement: The land intended for seed production must be free from 

volunteer plants. The field must not have been under same crop in previous 

season. 

2. Isolation distance: The seed spice crops viz., coriander, cumin, fennel and 

ajowan belong to family Apiaceae and are cross pollinated in nature. The cross 

pollination occurs mostly through insects. The coriander and cumin are 

considered as often cross pollinated whereas fennel, ajowan and dill are cross 

pollinated crops. The fenugreek is self pollinated in nature. The isolation 

distance to be kept between the fields of two varieties to produce foundation 

and certified seed, respectively are as follows. 

     Isolation distance for seed spice crops 

S.�o. �ame of crops Distance in metres 

Foundation seed Certified seed 

1. Fenugreek (highly self pollinated) 50 25 

2. Coriander (Cross-pollinated) 800 400 

3. Cumin (Cross-pollinated) 600 400 

4. Fennel (Cross-pollinated) 800 400 

5. Ajowan  (Cross-pollinated) 400 200 

6. Dill (Cross-pollinated) 800 400 

Ex 12 Seed production technology for Spice crops – Planting design – 

isolation distance – ratio – roguing – harvesting  

 



7. Celery (Cross-pollinated) 800 400 

8. Anise (Cross-pollinated) 800 400 

9. Nigella (Cross-pollinated) 400 200 

 Field Inspections 

 The field inspection means to verify those factors which can cause irreversible 

damage to the genetic purity or seed health. Field inspections are to be conducted 

without prior notice to the seed producer by the persons who have been so authorised 

by the seed certification agency. Normally the inspection team should comprise of the 

seed production officers of National Seed Corporation, State Seed Certification 

Agency and Seed Spices Breeder. The crop stages at which inspection is to be done 

vary with the nature of crop. Minimum three field inspections are made at following 

stages.  

1. Before flowering: It is the first inspection stage done before flowering to determine 

isolation, planting ratio, volunteer plants, designated diseases and relevant factors. 

2. At flowering and seed setting : This second inspection is done during flowering to 

rogue out early flowering plants showing different flowering behaviour, off types, 

designated diseases and other relevant factors. 

3. Before harvesting: The third inspection is done at maturity to verify designated 

disease, true nature of plant, umbels, characteristic of seeds and confirmation of 

removal of off types. 

 During field inspections, the roguing should be done at different stages by 

critically monitoring the seed crop at different stages. The undesirable plants from 

seed crop are removed on the basis of visual inspection in the field. The plants 

deviating from crop variety in the expression of morphological characters may be 

identified in the field, classified as off types also included under rogue. The process of 

roguing off type plants should be completed before initiation of flowering so that 

honey bees could not visit. 

 



 The specific requirement for seed crop of seed spices showing maximum 

permitted limits for off types, objectionable weeds and designated diseases are 

furnished below, 

Objectionable weeds in seed spices 

Fenugreek: Melilotus (senji) 

Cumin       : Plantago pumila, Asphadelous tenuifolius 

Ajowan     : Ammi majus 

Nigella       : )igella damescena 

Designated seed borne and other diseases in seed spices: 

Fenugreek: Root rot, downy mildew, leaf spot and powdery mildew 

Coriander: Fusarium wilt, stem gall, downy mildew, powdery mildew 

Cumin     :  Fusarium wilt, cumin blight and powdery mildew 

Fennel    :   Alternaria blight and Ramularia blight 

Ajowan  :   Collar rot, root rot and blight 

Dill         :  Root rot 

Nigella    :  Root rot 

Anise     : Alternaria blight, powdery mildew 

Celery   :  Yellow virus, leaf blight and root rot 

Caraway:  Alternaria blight, powdery mildew 

  



Specific seed requirement for seed spice crops  

S.�o. �ame of 

the crop 

Maximum permitted limits (%) 

Foundation seed Certified seed 

Off 

type 

Objectionable 

weed 

Diseased 

plants 

Off 

type 

Objectionable 

weed 

Diseased 

plants 

1. Fenugreek 0.10 0.01 0.10 0.20 0.02 0.50 

2. Coriander 0.10 - 0.10 0.50 - 0.50 

3. Cumin 0.10 0.01 0.10 0.20 0.02 0.50 

4. Fennel 0.10 - 0.10 0.20 - 0.50 

5. Ajowan 0.10 0.01 0.10 0.20 0.02 0.50 

6. Dill 0.10 0.01 0.10 0.20 0.02 0.50 

7. Anise 0.10 0.01 0.10 0.20 - 0.50 

8. Celery 0.10 0.01 0.10 0.20 - 0.50 

9. Caraway 0.10 0.01 0.10 0.20 0.02 0.50 

10. Nigella 0.10 0.01 0.10 0.50 0.02 0.50 

Seed standards in seed spice crops: 

 The seed spice crops meeting field standards for certification should be 

harvested, threshed and processed as per guidelines issued by the certification agency. 

Soon after completion of seed processing the composite sample is taken for analysis 

of the seed standards such as percentage of pure seed, inert matter, other crop seed, 

total weed seed, germination and moisture. In order to ensure quality seed production, 

it is necessary to strictly follow the seed standards. The prescribed permit able seed 

standards limits of seed spices crop are as follows. On receipt of Seed Analysis 

Report and the results of grow-out-test, the packing, tagging and sealing follows the 

certificate. 

  



Seed standards for seed spice crops 

S. 

�o 

�ame of 

the crop 

Seed Standard (Percent) 

Pure seed 

(Min.) 

Inert 

matter 

(Min.) 

Other crop 

seed (Min.) 

Total weed 

seed (Min.) 

Germinat

ion (%) 

Moistur

e (%) 

F C F C F C F C F C F C 

1. Fenugreek 98 98 2 2 0.10 0.20 0.10 0.10 70 70 8 8 

2. Coriander 97 97 3 3 0.10 0.20 0.10 0.20 65 65 10 10 

3. Cumin 97 97 3 3 0.10 0.20 0.10 0.20 65 65 10 10 

4. Fennel 98 98 2 2 0.10 0.20 0.10 0.20 75 75 10 10 

5. Ajowan 97 97 3 3 0.10 0.20 0.10 0.20 65 65 8 8 

6. Dill 98 98 2 2 0.10 0.20 0.10 0.20 75 75 9 9 

7. Anise 98 98 2 2 0.10 0.20 0.10 0.20 65 65 10 10 

8. Celery 97 97 3 3 0.10 0.20 0.10 0.20 65 65 9 9 

9. Caraway 97 97 3 3 0.10 0.20 0.10 0.20 70 70 10 10 

10. Nigella 98 98 2 2 0.10 0.20 0.10 0.20 70 70 9 9 

 

1. Insect damaged seeds should not be more than 0.5% in each sample 

2. The moisture % for vapour proof container should be 2% less than the 

prescribed limit 

3. F and C standards for Foundation and Certified seed categories. 

  



 

 

Tomato 

Seed extraction 

 Seed separation from fruit is a specialized job. A slight negligence while 

extracting the seed can considerably damage its viability and vigour besides physical 

appearance. The in situ germination can also occur due to improper extraction 

technique. The seeds can be separated by the following methods. 

Acid method 

 In this method the fully ripe matured fruits are harvested and crushed to pulp. 

The pulp is taken in plastic container or wooden container or cement tub of 

convenient size and the commercial HCL is added @ 25 ml kg-1 of fruit pulp. The 

acid and the pulp are mixed thoroughly and kept for 30 minutes. During this period, 

corrosiveness of the acid removes the mucilage adhering to the seed and makes the 

seed free of pulp. Then, the seeds are washed 4-5 times thoroughly with water to 

make free of acid. Otherwise the remnants of the acid spoils the embryo of the seed 

(Vanangamudi  et al., 1986; Vadivelu and Srimathi, 1988; Kanwar, 1989, Javare 

Gowda et al., 1991).  

The seed recovery varies with varieties and it ranges from 0.5 to 1.0 per cent. The 

seed extraction is quicker in this method. Seeds are also bright in colour with good 

germinability and free from fungal attack. Vadivelu and Srimathi (1988) compared 

the different extraction techniques and found that the seed recovery percentage was 

higher in acid method irrespective of varieties. 

  

Exercise 13 

Seed extraction techniques in vegetables, tuber and spice crops 



Influence of seed extraction methods on seed quality of tomato varieties 

Parameters 

Fermentation method Alkali method Acid method 

PKM 

1 

CO 1 CO 3 PKM 

1 

CO 

1 

CO 3 PKM 

1 

CO 

1 

CO 

3 

Seed recovery (%) 1.0 0.6 0.7 0.9 0.6 0.7 1.2 0.9 0.9 

Germination (%) 71 72 70 63 65 67 95 94 96 

1000 seed weight (g) 2.8 2.9 2.9 2.7 2.8 2.7 2.9 2.9 3.0 

Das et al. (1997) reported that seed extraction with 2.5% HCI for 60 minutes recorded 

highest 100 seed weight. Germination was highest in 2.5% HCI with 30 minutes 

soaking duration. 

Alkali Method 

Fully ripe matured fruits are harvested and crushed to make pulp. To hasten the 

fermentation process 0.5 per cent sodium bicarbonate (500g dissolved in 10 1 of 

warm water is added to the pulp and allowed to remain for a day. Then, the seeds are 

separated and washed free of alkali with water. 

Das et al., (1997) also reported that seed soaking with 2.5 to 5% NaOH for 15 

minutes was useful in extraction of quality seeds of tomato. 

Fermentation Method 

The fruits are crushed in a non-metalic container and kept as such for fermentation for 

2-3 days. It has been observed that 2 days fermentation of fruits is the best for getting 

quality seed. During fermentation the seeds get detached from the adhering pulp and 

settles to the bottom of the container. The seeds are separated, washed thoroughly and 

dried under shade to the desired moisture level. The seed recovery is less compared to 

other method of  extraction. The seeds become dull coloured due to fermentation of 

the pulp and also due to the fungal load in the seeds. In situ germination may occur 

due to long period of fermentation. Das et al. (1997) also reported that the seed 

extracted through fermentation method have higher vigour index value. 

 

 



Mechanical Seed Extraction  

The known weights of ripe tomato fruits are fed into the pulper machine. The pulp 

containing the seed is collected separately from the outlet, washed in water and then 

shade dried. 

Citric Acid Method 

Sitoula (1985) indicated that seed extraction using 30 g of citric acid for one litre of 

pulp with digestion duration of 2 h removes the gelatinous coating of seed without 

affecting the germination and vigour of seeds. But this method was found to affect the 

storability of seed. 

Modified Acid Method 

Freshly harvested fruits are pulped using water. The peals and pulp are removed 

leaving the wet seed with muscilage. Ten kilograms of fruit, yield 1 kg of wet seed. 

Forty ml of commercial HCL is added to this and allowed to react for 20 minutes with 

constant stirring. The seeds are then washed and dried. This method saves acid 

without affecting the seed recovery and seed quality. 

Comparative performance of new and old method 

Characteristics �ew Method Old Method 

Quantity of acid used 40 ml kg-1 of wet seed 200ml kg-1 of wet seed 

Seed recovery (%)  0.73 0.73 

Time (min) 20 30 

Acid saved (per cent) 80 - 

Fate of pulp Fed to cattle or used for Composted 

Seed germination (%) 96 96 

Seed appearance Bright yellow Dull yellow 

Cost of acid (Rs/ha) 25-50 200-250 

 

  



Seed Ratio / Recovery 

           Seed dry weight 
   Seed ratio =                                               x 100 
         Fresh weight of fruit  
 

Malhotra (1993) found that by adoption of fermentation method of extraction, the 

recovery of seeds is as follows in various cultivars 

Cultivars Seed ratio Fruit shape 

Sweet 72 

Pusa Ruby 

Best of All 

Pearson 

Walter 

Chaubattia 

Pant, T.2 

Campell-37 

0.72 

0.53 

0.55 

0.72 

0.99 

0.86 

0.31 

0.62 

Flattish round 

Roundish flat 

Roundish flat 

Flattish round 

Flattish round 

Flattish round 

Pear shared 

Round 

Brinjal 

Seed extraction 

Fermentation method 

  The fruits are cut; the outer portion is sliced and removed. The inner 

core of the flesh with maximum seed should be cut into small pieces and smashed 

with water and stored over night. This process should be done in the evening. Then, in 

the next morning they are washed, seeds which sink down should be separated and 

dried in partial shade till evening time since drying during night will result in 

germination of seeds. (Agarwal, 1998). 

Acid method 

 Seed extraction by treating one kg of pulp with 4 ml of HCI for 60 min 

(Gowda et al., 1994 a ) or 10 ml of HCI for 45 min (Dharmalingam 1995; Bachan et 



al., 2002 and Dev and Sharma 2002 b) or 30 ml of HCI for 20 min (Desai et al., 1997) 

2-3 ml of con HCI for 5 min (Veeraragavathatham et al., 2000) was recommended for 

getting good quality seed.  

Mechanical Extraction 

 Pulpers can also be used for crushing the fruits. Before using pulpers sufficient 

quantity of water is added and after pulping stirred well. Treatment combination of 2 

mm concave clearance + 8.5 m/s cylinder peripheral speed + 1.76 of per hour feed 

rate produced the highest seed rate extraction (3.327 kg/hr) on extraction of seed with 

vegetable seed extractor. 

Drying 

 Improper drying leads of seeds in the top layer which prevents proper drying 

of seeds. Frequent stirring is done to prevent clogging and to get uniform drying. One 

or two days drying can bring down the moisture content to 8 per cent. Gowda et al., 

(1994 b) reported that shade drying the seed for 96 h and mechanical drying at 40°C 

for 9 h gave higher germination, field emergence and vigour compared to sun and 

shade drying. 

Seeds dried at 35° C recorded the highest germination percentage (87.67%), root 

length (6.35 cm), seedling vigour index (1356), seedling dry weight (22.57 mg) and 

field emergence (82.14) and the lowest electrical conductivity (1.080), than sun dried 

seeds in brinjal cv. Composite 2 (Naik et al., 1998a; Selvaraj 1988a). 

Chilli 

Seed extraction 

Dry method 

 Hot peppers can be successfully dried before seed is extracted under the sun or 

put into batch driers until shriveled and dry. Then, the dried fruits are hand flailed to 

extract the seeds. 

  



Chilli seed extractor 

 The dried chilli fruits fed through the feed hopper of seed extractor, which  are 

subjected to the beating action and thereby the seeds are separated and discharged 

through the outlet. The seed is then separated from the hulls manually. The seed 

extraction efficiency was of as high as 96 per cent. 

 Shyam et al., (1996) suggested that seeds should be extracted from fruits after  

6 months of storage under ambient conditions as it provided good quality seeds. 

 Thiagarajan (1983) reported that seed recovery from curry powder grinder is 

significantly superior to extraction either by beating or through rice huller. The extent 

of mechanical damage and abnormal seedling were also lower in this method. 

Effect of seed extraction methods on seed quality in chilli cv. K2 

Methods of seed 

extraction 

Seed 

recovery (%) 

Mechanically 

damaged seed (%) 

Germination 

(%) 

Abnormal 

seedlings (%) 

Hand extraction 

Stick beating 

Curry powder grinding 

Rice huller 

CD (P=0.05) 

88.0 

86.5 

88.5 

72.0 

2.1 

0.0 

23.4 

4.8 

27.5 

3.0 

91.0 

82.0 

89.0 

74.0 

3.2 

9.0 

18.0 

17.0 

26.0 

2.3 

 

Effect of seed extraction interval on seed quality of different chilli cultivars 

Cultiva

r 

Moisture content 

(%) 

Test weight (g) Seed germination 

(%) 

Seed Viability (%) 

I II Mea

n 

I II Mea

n 

I II Mea

n 

I II Mea

n 

HC-17 

HC-28 

13.0 

14.0 

6.7 

6.6 

9.9 

10.3 

4.99 

4.88 

4.80 

4.49 

4.90 

4.69 

63.7 

75.7 

68.6 

80.4 

66.2 

78.1 

89.2 

90.5 

83.3 

91.6 

86.3 

91.1 



HC-44 

HC-47 

HC-50 

HC-259 

Averag

e 

14.5 

12.6 

13.3 

14.7 

13.7 

7.0 

5.0 

4.4 

4.0 

5.6 

10.8 

8.8 

8.9 

9.4 

- 

4.75 

5.54 

4.87 

5.17 

5.03 

4.41 

5.32 

4.34 

4.90 

4.70 

4.58 

5.43 

4.61 

5.04 

- 

78.7 

68.3 

64.4 

54.3 

67.5 

88.0 

76.7 

65.7 

60.7 

73.4 

83.4 

72.5 

65.1 

57.5 

- 

94.2 

82.5 

80.6 

80.0 

86.2 

95.0 

83.3 

78.3 

76.5 

84.7 

94.6 

82.9 

79.5 

78.3 

- 

 

Interval I: Seed extraction from fruits after one month of sun drying 

Interval II: Seed extraction from fruits after six months of storage 

C.D. at 5% level 

Interval  

Variety 

Interval x 

variety 

0.26 

0.46 

0.65 

0.04 

0.07 

0.11 

9.32 

16.14 

22.82 

1.27 

2.20 

NS 

NS 

4.56 

NS 

 

 

Okra 

Seed extraction and seed yield 

The harvested pods are dried under sun for 3 days and then the seeds are extracted in 

a machine thresher or by hand with pliable bamboo stick when the seed moisture 

content is around 15-18% to avoid mechanical damage to the seeds. The seeds are 

dried in mechanical driers or sun dried from 8 a.m to 12 noon and 2 pm to 5 pm to 

reduce the moisture level to 8 per cent. Seed recovery is about 50-55 per cent of the 

dry weight of pods. A seed yield of 1000-1400 kg ha-1
   recorded.  

  



Potato seed extraction technique 

 When berries began to turn from green to fawn, the seed was extracted. 

However, if the enzyme method of extraction was used the berries were allowed to 

turn fawn and became soft. The following extraction tests were used. 

1. Hand extraction method: Once berries were soft, seed was extracted by 

squeezing the berry into water. Seed was then left under a gently running tap 

to clean. 

2. Sorvall omni mixer: Rubber flail blades were used for either 10s or 60s then 

the seed was cleaned as above. After 10s treatment same hand work was 

required to complete the seed extraction. 

3. Waring blender: Berries were blended with metal blades, at low speed 5,10 

or 30s the seed dropped to the bottom of the blender and debris was floated off 

under gently running water. 

4. Enzyme: The Rohament P.cellulase  enzyme was diluted to solutions of 1.5% 

and 2% berries have 4.1% PH. Berries therefore fell in the 3.8 to 5 PH activity 

range and were squashed with a pestle and mortar.A mix of equal parts of pulp 

and enzyme was placed in a cabinet at 25oC and agitated for 2 hours. Seed was 

then washed under gently running water to clean away the pulp. 

Seed from all methods of extraction was left to dry overnight on paper towels before 

being put in to airtight bottles. 

Cardamom 

 Fully ripe seeds are extracted from ripe capsules from high yielding vigorous 

plants preferably from 2nd and 3rd rounds of harvest. Best time for seed capsule 

collection is September – October. Immediately after picking, capsules are immersed 

in water and seeds are extracted by gently pressing capsules. Seeds are then washed in 

water to remove mucilage. Scarification of seed with 25% nitric acid for 10 minutes 

followed by washing in water before sowing assures 80% germination. Seeds are then 

smeared with wood ash and dried under shade. September sowing is ideal, as 

seedlings are ready for transplanting during ensuring planting season. 

  



�utmeg 

 Seeds are collected from well ripe naturally split healthy fruits harvested 

during June – July. Seeds have low viability and hence are to be sown immediately 

after collection. They can be preserved in moist sand for 3-4 days in polythene bags or 

other containers having suitable rooting medium. Old seeds and those in which 

kernels rattle inside the shell will not germinate. Heavier seeds sown immediately 

after harvest during June, recorded highest germination percentage and maximum 

vigorous seedlings. Germination commences from about 40th day and lasts for upto 90 

days after sowing. 

Cinnamon 

 Cinnamon is commonly propagated through seeds. Seeds are extracted from 

ripe fruits from selected mother trees with desirable characters like smooth bark, erect 

stem, easy peeling of bark, vigorous growth, free from pests and diseases and having 

good qualities like sweetness, pungency and flavour. The seeds are sown immediately 

after collection, otherwise viability is reduced. Highest germination of 94 percent can 

be obtained by sowing seeds on the third day of harvesting. Under normal conditions, 

seeds germinate within 20 days.  

Clove 

 Clove is propagated through seeds which are called “the mother of clove”. 

Seeds are collected from healthy and regular bearing trees. Seed viability is short and 

hence to be sown immediately after collection. Germination and vigour of seedlings 

are increased by keeping the seeds between two moist gunnies and sowing during 

June by using dehusked seeds. Medium to large sized seeds which were sown after 

dehusking gave up to 46 per cent success. Higher percentage of germination about 

59.9% with taller seedlings (13.5cm) were produced by seeds weighing 2- 2.5g. 

Hulled seeds treated with 0.1 percent carbendazim resulted in maximum percentage of 

germination. Clove seeds treated with IAA (20ppm) gave 93.3 per cent germination 

within 14 days. 

  



Tamarind 

 Tamarind seedling trees start flowering and fruiting at the age of 10-15 years 

and continue producing fruit for a very long period. Ripe pods are collected during                

March- April by shaking the branches and these are dried in the sun and seeds are 

extracted. The outer shell is removed by hand or by beating with a mallet and then 

seeds are separated from the edible pulp by hand kneading and washing in water. 

Washed seeds are dried in the shade and stored in gunny bags in dry cool place. It 

retains viability for about six months. A healthy full grown tree produces about three 

quintals of fruit every year, which yields about 80 kg seeds. On an average 1800- 

2000 seeds weigh a kilogramme. Germinative capacity is about 60-75 per cent. For 

direct sowing, about 20 kg of seeds are required per hectare of land. Germination 

starts in about a week and is completed in about a month.  

 Hard seed coat causes slow and poor germination. Soaking the seeds in 10 per 

cent cow urine or in cow dung solution (500g in 10l of water) for 24 h increased the 

germination percentage from 37 per cent to 72.6 and 82.6 per cent respectively.  

About one year old rootstock seedlings are used for inarching on plus trees isolated to 

prepare grafts for planting. 

All Spice 

 Common method of propagation is by seeds. Ripe fruits are collected from 

high yielding and regular bearing trees. Seeds are extracted after soaking the fruits 

over night in water and rubbing them in a sieve and washing with clear water, drying 

of seeds is done in shade. Seeds are sown as soon as possible or else germination is 

reduced. 

Coriander 

 Crop is harvested when 60 per cent of seeds in main umbel turn yellowish 

brown. Plants are uprooted or cut with sickles, tied in small bundles and stacked for 

drying in shade, keeping bundles upside down so that grains are less exposed to sun 

and their greenish colour is protected. When bundles dry, grains are separated by 

beating gently on threshing floor. Grains are cleaned by winnowing and stored in 



moisture free storage. Before sowing, seeds are trampled or crushed into halves with 

feet or by rubbing with hands.  

Cumin 

Plants are uprooted and stacked in small bundles for sun drying. The grains are 

separated by beating with light sticks and cleaned by winnowing. The clean and dried 

seeds are stored in gunny bags. 

Fennel 

The crop is harvested before the fruits are fully ripe. Since all the fruits do not mature 

at the same time, harvesting is done 4-5 times at 10-15 days interval. Umbels are 

plucked when the fruits change their colour from deep green to light yellow. Umbels 

are dried under shade avoiding chances to ferment. Dried umbels are threshed and 

seeds are separated and cleaned by winnowing.  

Fenugreek 

Harvesting for seeds is done when the lower leaves start shedding and pods become 

yellowish. Plants are cut with sickles. Plants are tied in bundles and allowed to dry for 

4-6 days. Threshing should be done on clean cemented floor. Grains are separated by 

beating followed by winnowing or threshing using mechanical thresher. 

  



 

 

Seed processing 

Seed processing is a vital part of the total technology involved in making 

available high quality seed. It assures the end users, seeds of high quality with 

minimum adulteration.  In Agriculture, the term seed processing includes cleaning, 

drying, seed treatment, packaging and storage. Seed processing may be understood to 

comprise all the operations after harvest that aim at maximizing seed viability, vigour 

and health. 

Principles and objectives 

 The quality of seed is improved during processing in two ways (1) separation 

of other tree seeds or inert matter and (2) upgrading or the elimination of poor quality 

seeds. The ultimate goal of seed processing is to obtain the maximum percentage of 

pure seed with maximum germination potential.  

 The threshed produce is heterogeneous in nature.  Processing brings 

homogeneity in the produce. This homogeneity helps in obtaining uniformity in the 

field.  Processing of seeds is carried out in approved (By Director of Seed 

Certification) seed processing plants. 

Purposes of seed processing   

          To lower the cost of further processes and storage including transport, is 

achieved by reducing the bulk of the seed lot by cleaning debris and by removing 

empty or fractured seed (pre cleaning) 

1. To increase the longevity of seeds, by drying seeds to safe moisture content and 

treating with protective chemicals   

2. To reduce the variability in vigour by invigorating the seeds and removing the low 

vigour seeds  

3. To improve the uniformity in seed shape or size by grading or by pelleting.  

 

 

Exercise 14 

Study of seed processing – seed treatment – packing materials – seed 

germination and purity analysis 
 



The Sequence flow of seed lot in a processing plant is as below. 

Flow chart of seed processes  

Conditioning and 
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Private seed companies 

 There are several private seed companies that take up the work of quality seed 

production. 

Seed treatment 

Seed treatment refers to the application of fungicide, insecticide, or a 

combination of both, to seeds so as to disinfect and disinfest them from seed-borne or 

soil-borne pathogenic organisms and storage insects.  It also refers to the subjecting of 

seeds to solar energy exposure, immersion in conditioned water, etc.  The seed 

treatment is done to achieve the following benefits. 

Benefits of Seed Treatment 

1) Prevents spread of plant diseases 

2) Protects seed from seed rot and seedling blights 

3) Improves germination 

4) Provides protection from storage insects 

5) Controls soil insects. 

Types of Seed Treatment 

1) Seed disinfection: Seed disinfection refers to the eradication of fungal spores that 

have become established within the seed coat, or i more deep-seated tissues.  For 

effective control, the fungicidal treatment must actually penetrate the seed in order to 

kill the fungus that is present. 

2) Seed disinfestation: Seed disinfestation refers to the destruction of surface-borne 

organisms that have contaminated the seed surface but not infected the seed surface.  

Chemical dips, soaks, fungicides applied as dust, slurry or liquid have been found 

successful. 



3) Seed Protection: The purpose of seed protection is to protect the seed and young 

seedling from organisms in the soil which might otherwise cause decay of the seed 

before germination. 

If the seeds are to be treated with bacterial cultures also, the order in which seed 

treatments should be done shall be as follows 

i) Chemical treatments 

ii) Insecticide and fungicide treatments 

iii) Special treatments  

Chemical treatments to improve germination and vigour potential 

Soaking / treating the seeds with nutrients, vitamins and micronutrients etc., 

Insecticide and Fungicide seed treatment 

Seed treatment is a term that describes both products and processes. The 

usages of specific products and specific techniques can improve the growth 

environment for the seed, seedlings and young plants. Seed treatment complexity 

ranges from a basic dressing to coating and pelleting. 

1. Seed dressing: This is the most common method of seed treatment. The seed is 

dressed with either a dry formulation or wet treated with a slurry or liquid 

formulation. Dressings can be applied at both farm and industries. Low cost earthen 

pots can be used for mixing pesticides with seed or seed can be spread on a polythene 

sheet and required quantity of chemical can be sprinkled on seed lot and mixed 

mechanically by the farmers. 

2. Seed coating: A special binder is used with a formulation to enhance adherence to 

the seed. Coating requires advanced treatment technology, by the industry. 

3. Seed pelleting: The most sophisticated Seed Treatment Technology, resulting in 

changing physical shape of a seed to enhance pelletibility and handling. Pelleting 



requires specialized application machinery and techniques and is the most expensive 

application.  

�ame of 

Crop 

Pest/Disease Seed Treatment 

Chillies Anthracnose spp. 
Damping off 

Seed treatment with 
Trichoderma viride 4g/kg, Carbandazim @ 
1g/100 gm seed. 

Bhendi Root knot nematode 

  

Paecilomyces lilacinus and Pseudomonas  
fluorescens @ 10 gm/kg as seed dresser. 

Tomato Soil borne infection  of  fungal 
disease 
Early blight  
Damping off  Wilt 

T. viride @ 2 gm/100gm seed. 
Captan 75 WS @ 1.5 to 2.0 gm a.i./litre for 
soil drenching. 
Pseudomonas fluorescens  @ 10gm/kg as 
seed dresser. 

Brinjal Bacterial wilt Pseudomonas  fluorescens @ 10gm/kg. 

Leguminous 
Vegetables  

Soil borne infection 
 Nematode 

Trichoderma viride @ 2 gm/100gms. seed. 
Carbofuran/Carbosulfan 3% (w/w) 

Cruciferous  
vegetables 
(Cabbage, 
Cauliflower, 
Broccoli, 
Knol-khol, 
radish) 

Soil / Seed  borne  diseases 
(Damping off) 
  
Root knot nematode 

Seed treatment with Trichoderma viridi  @ 
2 g / 100 g  seeds  
Captan 75% WS @ 1.5 to 2.5 gm a.i./litre 
for soil drenching. 
Pseudomonas  fluorescens and Verlicillium 

clamydosporium @ 10gm/kg seed as seed 
dresser 

Potato Soil and Tuber borne diseases Seed treatment with MEMC 3% WS @ 
0.25% or boric acid 3% for 20 minuts 
before storage. 

Capsicum Root knot nematode Pseudomonas fluorescens 1% WP, 

Paecilomyces lilacirius and Verticillium 

chlamydosporium 1% WP @ 10g/kg as seed 
dresser. 

 

Seed packing materials 

(1) Moisture pervious 

If seed store has facilities for controlling temperature and relative humidity, 

then permeable containers can be safely used for orthodox seeds, for several years, 

provided that pests can be excluded. eg., cotton bags, paper cardboard, fibre board. 

  



 (2) Moisture impervious 

After drying the orthodox seeds to correct moisture content, seeds can be 

placed in sealed moisture proof containers. This avoids extensive dehumidification 

requirements. Long term storage is most effective when moisture proof containers are 

combined with controlled low temperatures provided by refrigeration. This method 

has an added advantage of exclusion of oxygen. It is not suitable for recalcitrant 

seeds, however ego 700 gauge polythene bags. 

 3. Moisture resistant 

'They include polyethylene or other plastic films and 

aluminum foil. These are resistant to the passage of moisture but 

over a long period of time, these will be a slow passage of water 

vapour tending to equilibrate the relative humidity inside and 

outside the container. Polyethylene is not suitable for long-term 

storage of orthodox seeds for genetic conservation, because there is 

no absolute control over moisture uptake by the seeds. It is very much suitable for 

short or medium term storage and has give excellent results. 

SEED PACKAGI�G MATERIALS 

Seed packaging 

 Is the process of filling, weighing and sewing of bags with seed factors to be 

considered while selecting the packaging materials are, 

1. Kind of seeds to be packed. 

2. Quantity of seed 

3. Value of seed 

4. Cost of packaging material 

5. Storage environment in which the packed materials will be held. 

6. Period of storage. 

Classification of packaging materials or containers 

1. Moisture and vapour pervious containers 

These containers allow entry of water in the form of vapour and liquid.  These 

are suited for short term storage.   The seeds in these containers will attain seed 



equilibrium moisture with the surrounding atmosphere eg., cloth bags, gunny bags 

etc. 

2. Moisture impervious but vapour pervious containers 

These allow entry of water in the form of vapour and not in liquid.  The seeds 

in these containers can’t be carried over for long period in hot humid conditions. eg., 

polythene bags of < 300 gauge thickness and urea bags. 

3. Moisture and vapour proof containers 

These containers will not allow entry of moisture in the form of liquid or 

vapour.  These are used for long term storage even in hot humid conditions if the 

seeds are sealed at optimum moisture content  eg., polythene bags of > 700 gauge 

thickness, aluminium foil pouches, rigid plastics etc. 

Packages used for certified seeds 

Certified seeds of vegetables are normally packed either in polythene or cloth 

bags.   Paper bag, aluminium foil pouches and polythene bags are mostly used for 

packaging flower and vegetable hybrid seeds. 

Seed testing 

Seed testing refers to evaluation of seed in terms of purity and germination. 

Seed testing is taken up to determine the quality of seed for planting aims. Seed 

testing is necessary for seed certification, since analysis of purity and seed viability 

(germination) are prerequisites for the process of seed certification. Three important 

tests, viz., (1)  purity test, (2) germination test, and (3) seed moisture test are done in 

the seed testing laboratory. In India there are many seed testing laboratories which are 

situated in different states. 

1. Purity test 

This test is useful in determining the physical purity of seed. A composite sample 

which is true representative of a seed lot is utilized for seed testing purpose. From the 

composite sample, a sample called working sample (generally 25 g) is drawn for 

testing purpose. International Seed Testing Association (ISTA) rules are adopted for 

seed testing. As per ISTA Rules, the sample is separated into three components, such 

as (1) pure seeds, (2) inert matter and (3) other seeds. 



1. Pure seeds: It refers to the seeds of variety under testing. 

2. Inert material: It consists of broken or damaged seeds, straw, leaf bits, soil 

particles, stones etc 

3. Other seeds: In consists of seeds of other variety of a crop, other crop seeds and 

weed seeds. 

 The percentage of above three components is worked out on weight basis and 

reported in the seed testing report. The physical purity of 98% is needed in majority of 

crops for certification purpose. Moreover, the sample  should be free from seeds of 

other variety of the crop and from objectionable weed seeds. The objectionable weeds 

are either wild relatives of a crop or such weed species whose seeds not be separated 

from the seeds of main crop. List of some objectionable weeds of different crops is 

presented. 

2. Germination test 

Germination refers to emergence of normal seedlings from the seeds under 

ideal conditions of light, moisture, temperature, oxygen and nutrients. Germination 

test is necessary to determine planting value of the seed. Germination test indicates 

ability of seed to form into normal plants under normal field conditions. Germination 

is expressed in percentage. As per ISTA Rules, the sample is divided into five 

components, viz., (1) normal seedlings, (2) abnormal seedlings, (3) hard seeds, (4) 

fresh ungerminated seeds, and (5) dead seeds as described below: 

1. Normal seedlings: It consists of seedlings with normal growth of root and shoot. 

The minor defects in the structure are ignored if the seedling growth is vigorus. 

Likewise, minor infection of fungi or bacteria is also ignored if necessary 

structures of seedlings are intact. 

2. Abnormal seedlings: Such seedlings do not have capacity to raise into normal 

plants. This group consists of defective seedlings that lack either cotyledons or 

primary root and have stunted root and shoot or their necessary structures are so 

much decayed that they can not develop into normal plants. 

3. Hard seeds: The seeds which do not absorb water are called hard seeds. Such 

seeds are common in Leguminosae and Malvaceae. Seed coats of such seeds are 

impermeable to water. 



4. Fresh ungerminated seeds: These are viable seeds, absorb water but do not 

germinate and remain fresh in germination test. 

5. Dead seeds: These are inviable seeds. 

Germination test is conducted in replications and average value is worked out. 

Normal seedlings are utilized for reporting of germination percentage. Seed incubator 

is utilized for germination aim. The seed variability is also tested with a chemical 

called tetrazolium chloride. For this test, first seeds are soaked in water for 24 hours. 

These seeds are then split longitudinally into two halves and dipped into 1% aqueous 

solution of tetrazolium chloride in the Petri dish for four hours. Then these seeds are 

taken out and washed with water. Only viable seeds take the stain and the dead seeds 

remain colourless. Counting of stained seeds will give germination percentage. It is a 

rapid method of germination test. 

3. Moisture test 

Seed moisture is tested with the help of moisture meter. Knowledge of seed moisture 

is necessary for seed storage.  

Advantages 

� It is a dual purpose treatment where seed can be used as grain on non disposal 

� It gives protection against natural deterioration by reducing the free radical 

formation 

� It is less harmful to human and animals 

� Maintain high germination of seeds during storage 

� Growth & vigour improved significantly 

� Protect seeds from storage pests 

� Enhance field establishment 

� Significantly reduce storage fungi 

� Early plant growth 



� Leaf area and chlorophyll content increased after establishment of crop 

� Augment crop yield 

� Chemical is eco-friendly and cost effective 

  



 

 

Maintenance of record 

The pedigree record may be kept in several ways, but it should be simple and 

accurate. Generally, each cross is given a number; the first two digits of this number 

refer to the year in which the cross was made, and the remaining digits denotes the 

serial number of the cross in that year. For example, the number 7911 denotes the 

cross number 11 of year ’79. In the segregating generations, one of the following two 

systems of designation may be followed. 

Designation based of the location of progeny rows in the field 

In the first system, individual plant progenies in each generation are assigned 

row numbers corresponding to their location the plot. In addition, each progeny in F4 

and the subsequent generations is assigned the row number of the progeny in the 

previous generation from which it was derived. Thus each F3 progeny, derived from 

individual F2 plants, is given a number corresponding to the row number at which it is 

located in the F3 plot. Plants selected from an F3 progeny are identified by the row 

number of that progeny. When individual plant progenies are grown in F4, each 

progeny is also given the row number of the F4 plot at which it is located in addition 

to the F3 row number. Similarly, the plants selected from a progeny in F4 are given the 

row number of that progeny in the F4 plot. After the F5 progenies are planted, the row 

numbers of progenies in the F5   plot are added to the F4 row numbers. The same 

procedure is followed in the subsequent generations. Thus each progeny can be traced 

back to the F3 progeny (or the F2 plant) from which it originated. But for determining 

the pedigree of a progeny, the breeder has to consult the records of the previous years 

as well. 

Designation based on serial number of selected plants 

In the second system, in each generation the selected plants are assigned serial 

numbers within individual progenies; each progeny or selected plant bears the serial 

numbers of all the plants in the previous generations related to it by direct descent. 

Thus each selected plant F2 is given a serial number; the F3 progenies derived from 

Exercise 15 

Maintenance of breeding records 

 



these plants are given the serial numbers of their parent F2 plants. The plants selected 

from a progeny in F3 are given the number of that progeny; in addition, each selected 

plant from that progeny is also given a serial number. 

The system of designating individual plant progenies based on progeny row 

number of the concerned and the previous generations 

Generation Progeny number Description 

F3 7911-7 Progeny in the 7th row in the F3 plot. 

F4 7911-7-4 
Progeny in the 4th row in the F4 plot, selected from the 

Progeny in the 7th row of the F3 plot. 

F5 7911-4-14 
Progeny in the 14

th
 row in the F5 plot, selected from the 

Progeny in the 4th row in the F4  plot. 

F6 7911-14-3 
Progeny in the 3

rd
 row in the F6 plot, selected from the  

Progeny in the 14th row in the F5 plot. 

These two numbers together make up the progeny number in the F4 

generation. Similarly, the plants selected from an F4 progeny are given the F4progeny 

number, i.e. the serial numbers of the F2 and the F3 plants from which the concerned 

F4 progeny was derived and a new number showing the serial number of the plant 

among those selected from the F4 progeny. In this system, the pedigree of a progeny is 

immediately known, and one does not have to refer to the previous years records. But 

there is a greater chance of error in this system since more numbers are to be 

recorded. The breeder may, however, devise his own system of record keeping. 

The system of designating individual plant progenies based on the serial 

numbers assigned to the selected plants. 

Generation Progeny 

number 

Description 

F3 7911-7 Progeny obtained from plant number 7 selected in F2  

F4 7911-7-4 Progeny from plant number 4, selected from the F3 progeny 

derived from the plant number 7 selected in F2 

F5 7911-7-4-2 Progeny form plant number 2, selected from the F4 progeny 

derived from plant number 4 selected from the F3 progeny 

obtained from the plant number 7 selected in F2 



F6 7911-7-4-2-8 Progeny from plant number 8, selected from the F3 progeny 

derived from the plant number 2 selected form the F4 progeny of 

the plant number 4 selected from F3 progeny of the plant number 

7 selected in F2. 

In both the systems, the progenies are assigned a different serial number when 

they become homozygous and are included in preliminary yield trials. This serial 

number is given only to those homozygous lines that are included in preliminary yield 

trials.   

In the pedigree record, a brief note is made about the distinguishing features of 

each progeny. In keeping a pedigree record, the following should be kept in mind. 

1. Only important characteristics should be recorded. If a large number of 

characters are noted, the record keeping would become a great burden. 

2. Only promising progenies should be included in the record. Post progenies 

may be simply marked ‘discard’. This would give more time for studying 

promising progenies. 

3. The pedigree record must be accurate. Keeping no record is better than 

keeping an inaccurate record, which will only create confusion. 

 

The pedigree record is often useful in the elimination of some progenies. In 

late generations, e.g. F5, F6 etc., if some lines originated from the same F4 or F5 

progeny and are similar, only one of these lines need be maintained. Further, it may 

often be possible to obtain a general idea about the inheritance of characters by 

studying the pedigree record. 

 

  



  

Practical Examination 
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