
HORTICULTURE: DEFINITION AND BRANCHES 

 The word horticulture has been derived from the combination of Latin words ‘Hortus’ 

means garden and ‘colere’ means cultivate. It means garden cultivation. However, this definition 

is no more relevant in present context for horticulture has now attained extensive scale and no 

more confined to enclosures. Therefore, modern horticulture is defined as crop science which 

deals with the production utilization and improvement of garden crops like fruits, vegetables, 

ornamentals spices and condiments, medicinal and aromatic and plantation crops.   

 By another approach, most horticultural products are utilized in living state and are thus 

highly perishable, constituent water is essential in their quality. The tradition have delineated of 

boundaries between different crops but in he main horticultural plants are highly enough in value 

and thus warrant a large input of capital, labour, and technology per unit area like pine tree in 

forest and pine tree as a Christmas tree present of sugar gene in maize makes it horticulture crop 

and warrants extensive care. The repose, horticulture is also the branch of agriculture which deals 

in the crops that are intensively cultivated.    

 Horticulture is defined branch of agriculture concerned with intensively cultured plants 

directly used by people for food, for medicine or for aesthetic gratification. 

 

Branches of horticulture  

1. Pomology (Fruit Science): Deals with the study of cultivation of fruit crops e.g. mango, 

citrus, banana, sapota, pineapple, papaya, apple and strawberry etc. 

2. Olericulture (Vegetable Science): Deals with cultivation of vegetable crops product of 

which is utilized for culinary purpose after cooking purpose after cooking, e.g. tomato, 

brinjal, gourd, cabbage, cauliflower, okra, beans, peas, potato, spinach etc. 

3. Floriculture and landscape gardening: Deals with art of growing selling, designing and 

arranging flower (annuals and perennials) and foliage plants.  

4. Plantation crops:  Deals with crops cultivated extensively in estates like tea, coffee, coconut, 

arecanut, rubber and oil palm etc.  

5. Spice and condiments: Deals with group of crops the products of which are used as 

adjunct in food for flavour, aroma and taste like pepper, cardamom, clove, nutmeg, 

coriander, cumin and fennel. They are cultivated for their essential oils.  

6. Aromatic and medicinal plant: Deals with plant cultivated for aromatic and essential 

oils like geranium, lemon grass and medicinal purpose for their alkaloids and steroids like 

Vinca, pyrethrum, Digitalis, Ashwagandha etc.     

7. Fruit and vegetable preservation: Deals with processing aspect of fruit and vegetable or 

value addition. 

8. Horticultural nurseries : Deals with the production of planting material their 

maintenance and sale 
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IMPORTANCE AND SCOPE OF HORTICULTURE  

▪ India is the seventh largest country in the world with a total geographical area of 328.73 m ha and has 

second largest population around 135crores, after China. 

▪ The total arable land available is 144 million hectare of which 70% is under rainfed cultivation. 

▪ Around 55-60 % of the total population depends on agriculture and allied activities. 

▪ Horticulture crops constitute a significant portion of total agricultural production in the country. 

 

FRUIT CROPS: 

▪ India is the second largest producer of fruits after Brazil. 

▪ A large variety of fruit crops are grown in India. Of these, mango, banana, citrus, papaya, guava, 

pineapple, sapota, jackfruit, litchi, grapes, apple, pear, peach, plum, walnut etc. are the important 

ones. 

▪ India accounts for 10 per cent of the total world production of fruits. 

▪ It leads the world in the production of mango, banana, sapota and acid lime besides recording highest 

productivity in grape. 

▪ The leading fruit growing states are Maharashtra, Karnataka, Andhra Pradesh, Bihar and Uttar 

Pradesh. 

VEGETABLE CROPS: 

▪ More than 40 vegetables belonging to Solanaceaeous, cucurbitaceous, leguminous, cruciferous, root 

crops and leafy vegetables are grown in Indian tropical, sub-tropical and temperate regions. 

▪ Important vegetables grown in India are onion, tomato, potato, brinjal, peas, beans, okra, chilli, 

cabbage, cauliflower, bottle gourd, cucumber, watermelon, carrot, radish etc. 

▪ India ranks second in vegetable production next to China w.r.t. area and production contributing 

13.38 % to the total world production. 

▪ India occupies first position in cauliflower, second in Onion, third in cabbage in the world. 

▪ West Bengal, Orissa, Uttar Pradesh, Bihar, Maharashtra, Karnataka are the important states for 

horticultural crop production. 

 

Differences between fruits and vegetables 

Sl No. Vegetables X Fruits 

1. Most of the vegetables are annuals : Fruit plants are perennial in nature 

2. Mostly majority of them are sexually 

propagated 

: Fruit plant are sexually and asexually 

propagated 

3. Cultivation of vegetable is seasonal and 

special techniques like pruning and 

training are generally not required 

: Fruit plants require special practices like 

training and pruning and are required 

seasonally. 

4. Vegetable plants are generally non-woody : Fruit plants are generally woody in nature 
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5. All parts of the plant are edible : Only fruit is edible but sometimes false fruit 

also edible (eg. Fleshy thalamus of apple) 

6. Generally consumed after cooking : Mostly consumed raw after ripening 
 

FLORICULTURE: 

▪ In India, flower cultivation is being practiced since ages. 

▪ It is an important/integral part of socio-cultural and religious life of Indian people.  

▪ It has taken a shape of industry in recent years. 

▪ India is known for growing traditional flowers such as jasmine, marigold, chrysanthemum, tuberose, 

crossandra, aster, etc. 

▪ Commercial cultivation of cut flowers like, rose, orchids, gladiolus, carnation, anthurium, gerbera is 

also being done. 

▪ The important flower growing states are Tamil Nadu, Karnataka, Andhra Pradesh, Maharashtra, 

West Bengal, Sikkim, Jammu & Kashmir, Meghalaya, etc. 

 
PLANTATION CROPS: 

▪ This is one of the important sectors contributing about Rs.7, 500 crores of export earnings. 

▪ The major plantation crops include coconut, areca nut, oil palm, cashew, tea coffee, rubber cocoa, 

betel vine, vanilla etc. 

▪ The leading states are Karnataka, Kerala, Tamil Nadu, Andhra Pradesh, Maharashtra, Goa, Assam 

etc. 

 

SPICES: 

▪ They constitute an important group of horticulture crops and are defined as vegetable products or 

mixture thereof, 

▪ Free from extraneous matter used for flavouring, seasoning and imparting aroma in foods. 

▪ India is known as home of spices producing a wide variety of spices like black pepper, cardamom, 

ginger, turmeric, chilli, Coriander etc. 

▪ Major spice producing states are Kerala, Andhra Pradesh, Gujarat, Rajasthan, Maharashtra, 

Karnataka, Orissa, Tamil Nadu etc. 

 

MEDICINAL AND AROMATIC PLANTS: 

▪ India has diverse collection of medicinal and aromatic plants species distributed throughout the 

country. 

▪ It has more than 9,500 species with medicinal properties. 

▪ Demand for these crops is increasing progressively in both domestic and export markets. 

▪ Important medicinal plants are Isabgol, Senna, Opium poppy, Periwinkle, Coleus, Ashwagandha, etc. 
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and aromatic plants are Japanese mint, Lemon grass, Citronella, Davana, Patchouli etc 
 

FEATURES OF HORTICULTURE IN GENERAL 

• Horticultural produces are mostly utilized in the fresh state and are highly perishable nature. 

• Horticultural crops need intensive cultivation, requires large input of capital, labour and technology 

per unit area. 

• Cultural operations like propagation, training, pruning and harvesting are skilled and specific to 

horticultural crops. 

• Horticultural produce are rich sources of vitamins and minerals and alkaloids. 

• Aesthetic satisfaction is an exclusive phenomenon to horticultural science. 
 

 

IMPORTANCE OF HORTICULTURE 

▪ Horticulture crops cover an area of 25.431m ha and produce 311.714 mt the country annually (Horticultural 

Statistics at a Glance 2018). 

▪ Requirements of export and processing industry further add to the requirements of horticultural 

produce. 

▪ In view of these, there is lot of scope of increasing production and potentiality of horticulture crops. 

▪ Apart from fruits and vegetables, floriculture industry in India comprising of florist trade, nursery 

plants, potted plants, seed and bulb products is being observed as sunrise industry. 

▪ There is roaring business of flowers in almost all metropolitan cities of the different states. 

▪ The traditional flowers are grown on a large area on a commercial scale. These flowers are mostly 

grown for loose flower purpose. 

▪ Area under cut flowers like rose, chrysanthemum, gladiolus, carnation and orchids is increasing day 

by day. 

▪ Plantation crops are another potential sector with lot of opportunities for employment generation, 

foreign exchange earnings and overall supporting livelihood sustenance of mankind at large. 

▪ These plantation crops form the mainstay of lively hood in coastal areas of the country where 

predominating stands of plantation crops are found. 

▪ Coconut has so much importance in the country that the state Kerala receives its very name on the basis of 

coconut, the Malayalam name of which is Kera. These cover an area of 3.744 mha with a production of 18.082 

mt (Horticultural Statistics at a Glance 2018). 
 

Horticulture is important due to the following considerations: 

1. As a source of variability in produce. 

2. As a source of nutrients, vitamins, minerals, flavour, aroma, alkaloids, oleoresins, fibre, etc. 

3. As a source of medicine. 

4. As an economic proposition as they give higher returns per unit area in terms of energy, money, 

job, etc. 
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5. Employment generation - fruit crops requires 860 man days/annum as against 143 man 

days/annum for cereal crops where as the crops like grapes, banana and pineapple needs 1000- 

2500 man days per annum. 

6. Effective utilization of waste land through cultivation of hardy fruits and medicinal plants.  

7. As a substitute for family income being the component of home garden/ kitchen garden. 

8. As a foreign exchange earner, has higher share compare to agriculture crops. 
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9. As an input for industry being amenable to processing, especially fruit and vegetable 

preservation industry. 

10. Aesthetic consideration and protection of the environment. 

11. Religious significance in the country. 

• In short and sweet horticulture supplies quality food for health and mind, more calories per unit area, 

develops better resources and yields higher returns per unit area. 

• It also enhances land value and creates better purchasing power for those who are engaged in this 

industry. Therefore, horticulture is important for health, wealth, hygiene and happiness. 

 

SCOPE OF HORTICULTURE 

▪ Like any other things, scope of horticulture depends on incentive it has for the farmers, adaptability 

of the crops, necessity and facilities for future growth through inputs availability and infrastructure 

for the distribution of produce/marketing etc. 
 

1. Incentive for the farmer: 

▪ The biggest incentive for the farmer is money. 

▪ Horticultural crops provide more returns in terms of per unit area of production, export value, 

value addition compared to agricultural crops. 

2. Adaptability: 

▪ India is bestowed with a great variety of climatic and edaphic conditions as we have climates 

varying from tropical, subtropical, temperate and within these humid, semi-arid, arid, frost 

free temperate etc. 

▪ Likewise we have soils from loam, alluvial, laterite, medium black, rocky shallow, heavy 

black, sandy etc., and thus a large number of crops can be accommodated with very high 

level of adaptability. Thus, there is lot of scope for horticultural crops. 

3. Necessity: 

▪ After having achieved the self sufficiency in food, nutritional security for the people of the 

country has become the point of consideration/priority. 

▪ To meet the nutritional requirement in terms of vitamins and minerals horticulture crops are 

to be grown in sufficient quantities to provide a bare minimum of 85 g of fruits and 200 g 

of vegetables per head per day with a population of above 125 crores. 

▪ Good land is under pressure for stable food, industry, housing, roads and infrastructure due 

to population explosion and only wasteland had to be efficiently utilized where cultivation of 

annuals is a gamble due to restricted root zone and their susceptibility of abiotic stress. These 

lands can be best utilized to cultivate hardy horticultural crops like fruits and medicinal 

plants. 

▪ At present our share in international trade of horticultural commodities is less than one per 

cent of total trade. Moreover, these commodities (spices, coffee, tea etc.) fetch 10-20 times 
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more foreign exchange per unit weight than cereals and therefore, taking advantage of 

globalization of trade, nearness of big market and the size of production, our country should  

greatly involve in international trade which would provide scope for growth. 
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4. Export value: 

▪ Among fresh fruits-mangoes and grapes; in vegetables- onion and potato; among flowers, 

roses; among plantation - cashewnut, tea , coffee, coconut, arecanut, and spice crops like 

black pepper, cardamom, ginger, turmeric, chillies, etc., constitute the bulk of the export 

basket. 

▪ European and gulf countries are major importer of horticultural produce. 

 

Major countries for export of horticultural produce from India 

 

Sl.No. Commodity Major importer Share value (%) 

1 Fruits and vegetables United Arab Emirates 28.00 

2 Flower crops U.S.A 37.70 

3 Processed products Soviet Union countries 14.60 

4 Spices U.S.A 43.50 

5 Cashew U.S.A 40.00 

 

• In the recent past communication and transport system have improved, investment in food 

industry has increased which will support growth of horticulture through quick deliverance 

and avoidance of waste. 

Reasons for scope of Horticulture in India are: 

1. To exploit the great variability of agro climatic conditions in the country. 

2. To meet the need for fruits, vegetables, flowers, spices, beverages in relation to population 

growth based on minimum nutritional security and for other needs. 

3. To meet the requirement of processing industry. 

4. To substitute import and increase export. 

5. To improve the economic conditions of the farmers and to engage more labourers to avoid the 

problem of unemployment. 

6. To protect environment. 

 

Other importance: 

1. Similar to forest trees these horticultural trees will maintain the ecosphere. 

2. They help in transforming the micro climate. 

3. Provides shelter to birds, reptiles and other micro organisms and add to the geo-ecological 

diversity on the land. 

4. Provides thrust to the writers, poets, thinkers and analysts there by keeps their cultural impulse 

alive. 

5. Adds to the survival of life-spheres of living entity. 
 

Horticultural crops and Human Nutrition: 
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▪ Fruits and vegetables play an important role in balanced diet. 

▪ These provide not only energy rich food but also provide vital protective nutrients/elements and  

vitamins. 

▪ Comparatively fruits and vegetables are the cheapest source of natural nutritive foods. 
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▪ Since most of Indians are vegetarians, the incorporation of horticulture produce in daily diet is 

essential for good health. 

▪ Realizing the worth of fruits and vegetables in human health, Indian Council of Medical Research 

(ICMR) recommended the use of 120g fruits and 280 g vegetables per capita per day. 

▪ With the growing awareness and inclination towards vegetarianism worldwide the horticulture crops 

are gaining tremendous importance. 

 

Functions of fruits and vegetables in human body: 

1. Fruits and vegetables provide palatability/ taste, 

2. Improves appetite and provides fibre to overcome constipation. 

3. They neutralize the acids produced during digestion of proteins and fatty acids. 

4. They improve the general immunity of human body against diseases, deficiencies etc. 

5. They are the important source of vitamins and minerals for used in several bio-chemical reactions 

occur in body. 

6. Fruits and vegetables provide higher energy value per unit area compared to cereals. 

Some of the essential nutrients provided by different fruits are: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vitamins/ 
Minerals 

Role in human body Source 

Vitamin-A 
1. Essential for growth and 

reproduction. 

2. Helps in resistance to infections, 
increases longevity and decreases 
senility. 

3. Deficiency causes, night blindness, 

xeropthalmia, retardation in growth, 

roughness in skin, formation of 

stones in kidney. 

Mango, papaya, persimon, dates, jack 

fruit, walnut, oranges, passion fruit, 

loquât etc. 

 
Coriander leaves, drumstic 

leaves, fenugreek leaves etc. 

 
Vitamin – B1 

1. For maintaining good appetite and 

normal digestion. 

2.  Necessary for growth, fertility, 

lactation and for normal functioning 

of nervous system. 

3. Deficiency causes beri-beri, paralysis, 
loss the sensitivity of skin, 
enlargement of heart, loss of appetite 
and fall in body temperature. 

 
Walnut, apricot, apple, 

banana, grapefruit, plum and 

almond 

 
Chillies, colocasia leaves, tomato, etc. 

Vitamin – B2 1. Important for growth, health of skin 
and for respiration in poorly 
vascularised tissue such as the cornea. 

2. Deficiency causes pellagra and 

alopecia, loss of appetite, loss of 

weight, sore throat, and development 

of cataract, swollen nose and 

baldness. 

Bael, papaya, litchi, pomegranate, 

wood apple and pineapple. 

 
Amaranthus, fenugreek leaves etc 
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Vitamin – C 1. Deficiency causes scurvy, pain in 

joints, swelling of limbs, 

unhealthy gums, tooth decay, 

delay in wound healing and 

rheumatism. 

Barbados cherry, aonla, guava, lime, 

lemon, sweet oranges, ber, pineapple 

and pear. 

 

Chillies, tomato, coriander leaves, 

drumstick leaves etc. 

Fat Walnut, almond, avocado 

Fibre Guava, pomegranate, aonla, grape, amaranth, mustard, beet leaf, spinach etc. 

 

Minerals are essential for the growth and development for the human body: 

Minerals Deficiency causes Sources 

1. Calcium Causes Rickets, 

Osteomalacia. 

Sitaphal, ramphal, fig, phalsa, citrus, sapota, 

grapes, west indian cherry etc. 

Curry leaves, amarantus, radish leaves, 

fenugreek leaves etc. 

2. Phosphorous Essential for cell 

multiplication of bones and 

soft tissues. Helps in 

liberation of energy on 

oxidation of carbohydrates. 

Wood apple, avocado, dates, pomegranate and 

grape raisins. 

3. Proteins Important for body growth, 

formation and maintenance 

of body tissues 

West indian cherry, avocado, custrad apple, 

banana, apricot, guava, grapes etc., 

Peas, cowpea, bean etc.. 

4. Iron Act as oxygen carrier in the 

body. 

Karonda, date palm, grape raisins, west indian 

cherry, guava, sitaphal, avocado, sapota, plum 

etc. 

Amarantus tender, coriander leaves etc. 

 

• Fruits are also a good source of energy, eg. avocado, olive etc., 

• Fruits are also a good source of enzymes which are helpful in metabolic 

activities leading to proper digestion of food, eg. jamun and papaya. 

• All fruits have one or the other medicinal value. 

• They should be eaten in adequate quantity. 

• Regular consumption of fruits reduces obesity, maintain health and increase the longevity 

of life. 

• Fruits are attractive in appearance, delicious in taste and easily digestible. 

Therefore, they are liked by young and old alike. 

 

 

 



CLASSIFICATION OF HORTICULTURAL CROPS 

 

 NOMENCLATURE 

 It is defined as the process of giving scientific name to the plant according to International 

Code of Botanical classification. 

1. Carolus Linnaeus (1707–1778)  

Swedish naturalist proposed a system called binomial nomenclature. While naming plants most 

word used are either from Latin or part of the worlds from Greek and one rarely from other languages. 

In the binomial, the first letter of genus is always written in capital letter and can be abbreviated unlike 

the species name when more than one species of same genus is given. The generic and species names 

are given in italics or underlined in typescripts. 

2. Trinomial nomenclature  

In this system three words constitute a name (i) Genus (ii) species and (iii) varieties e.g. Brassica 

oleracea var. capitata. 

3. Polynomial nomenclature  

In this system one plant is given more than three names e.g. apple –Pyrus malus, Malus 

malus, Malus pumila, Malus sylvetris. 

The taxonomic hierarchy  

   Kingdom  

 Species name Meaning  

Division Alba white 

 Annuses annual  

Subdivision Bicolor varigated  

 Cociueus scarlet 

Class Elegans elegant 

 Glauens grey-green 

Subclass Gracilis greatful/  

  slender 

Order Grandis large 

 Indicus Indian 

Family Mutabilis changeable 

 Mollis soft 

Subfamily Nanus dwarf 

 Occidentalis western 

Tribes Odoratus fragrant 

 Officinalis medicinal 

Genus Orientalis Eastern 

 Pulchirrima most colourful 

Species Repens creeping 

 Spectabilis very showy  

Subspecies Spendens brilliant 

 Tomantosa hairy 

Variety Vulgare common 

Classification     

 The systematic method of arrangement of plants in categories according to some definite 

sequence and categories in common use. 

 Classification is only a temporary structure in which changes may occur with the advancement 

of actual knowledge and these change must be made.   

  



CLASSIFICATION OF HORTICULTURAL PLANTS 

➢ India is endowed with rich vegetation wealth with rich diversity of plant wealth. 

➢ About 9,500 species of ethno botanical interest have been recorded. 

➢ Out of these, more than 50 types of fruits and vegetables, many individual types of 

spices, plantation crops etc. are under commercial cultivation in different parts of the 

country, under different sets of growing conditions. 

➢ An attempt to deal with all these plants separately becomes tedious, cumbersome and 

infeasible and more so repetitive. 

➢ To avoid these difficulties, it is better to classify the plants in groups, based on 

similarity or dissimilarity of attributes. 

➢ Plants having similarity in either of the traits are placed under one group. Such type of 

grouping plants in different categories is referred to as classification. 

➢ The overall objective of the classification is to systematize the presentation and make 

the remembrances of the plants easy and convenient. 

➢ Generally based on botanical relationship, the plants are classified. 
Different group of plants are classified based on the following criteria: 

 

I. FRUITS: 

 

1. Based on nature of growth 

2. Based on climatic requirement 

3. Based on continuation of growth 

4. Based on types of fruit 

5. Based on parts used 

6. Based on botanical relationship 

7. Based on salinity tolerance 

8. Based on ripening behaviour 

9. Based on ethylene evolution 

10. Based on bearing habits 

11. Based on photoperiodic 

requirement 

II. VEGETABLES 

 

1. Based on botanical relationship 

2. Based on hardness or temperature 

tolerance 

3. Based on tolerance to soil acidity 

4. Based on tolerance to salt 

5. Based on parts used as food 

6. Based on methods of raising 

7. Based on forcing 

8. Based on rate of respiration 

9. Based on pigmentation 

III. FLOWERS 

 

1. Based on season of growing 

2. Based on colour of flower 

3. Based on purpose of growing 

4. Based on nature of growth 

5. Based on mode of propagation 

6. Based on growth behavior  

7. Based on photoperiodic requirement 

8. Based on ability to grow 

IV. SPICES 

 

1. Based on completion of life cycle 

2. Based on growth behaviour 

3. Based on importance 

4. Based on part used 

5. Based on utility 

6. Based on cultural management 

7. Based on botanical relationship  

8. Based on photoperiodic requirement 



V. PLANTATION CROPS 

 

1. Based on botanical relationship 

2. Based on growth behaviour 

3. Based on utility 

4. Based on extent of growing 
5. Based on intensity of cultivation 

 

 

 

Based on duration of life: 

Annual: Plants which complete its life cycle in one season or in one year is called annual. eg. 

vegetables, flowers, spice and condiments etc. 

Biennials: Plants which complete its life cycle in two seasons or in two years are called as biennial. In 

first year they will germinate and grow while in second year, they bloom and die. eg. parsley, onion, 

spinach, fennel, hollyhock, sweet William etc. 

Perennial: These require more than one year or season to complete their life cycle. These may be 

woody perennials or herbaceous.  

Vegetables 

Plant grown for aerial portions: 

Cole crops    : Broccoli, cabbage, cauliflower 

Legumes or pulse crops : Bean, pea 

Solanaceous crops  : pepper, eggplant, tomato 

Vine crops or cucurbits : Cucumber, melon, squash, pumpkin  

Greens or pot herbs  : Chard, danlion, spinach   

Mushrooms   : Agaricus, Lentinus 

Other vegetables   :  Asparagus, okra, sweet corn 

 

Plant grown for underground position  

Root crops 

 Temperate   : Beet, carrot, radish, turnip 

 Tropical  : Cassava, sweet potato, taro, yam 

 Tuber crops  : Jerusalem artichoke, potato   

 Bulb and corm crops : Garlic, onion, shallot  

Fruits 

 Temperature (Deciduas) 

Small fruits 

 Berries   : Blueberry, cranberry, strawberry   

 Brambles  : Black berry, raspberry 

 Vines   : Grape, kiwifruit  

Tree fruits   

 Pome fruits    : Apple, pear, quince  

 Stone fruits  : Apricot, cherry, peach, plum 

Subtropical and Tropical (Evergreen) 

Herbaceous and vine fruits : Banana, papaya, passion fruit, pineapple  

Tree fruits 

 Citrus    : Grape fruit, mandarin, lemon, lime, orange 

 Non-citrus  : Avocado, date, fig, mango, mangosteen 

Nuts 

 Temperature   : Almond, chestnut, filbert, pecan, pistachio   

 Tropical   : Brazil nut, cashew, macadamia  



 

Beverage crops 

 Seed   : Cacao, coffee 

 Leaf    : Tea 

Herbs and spices 

 Culinary herbs  : Dill, rose marry, sage 

 Flavourings  : Peppermint, spearmint  

Tropical spices  : Cinnamon, clove, nutmeg, pepper 

 

Ornamentals 

Flower, bedding, and foliage plants      

 Annuals   : Marigold, petunia, zinnia 

 Biennials  : English dashy, foxglove  

 Bulb and corms  : Crows, gladiolus, narcissus, tulip  

 

Landscape (Nursery) 

 Lawn and turf      : Bermuda grass, blue grass 

           Ground covers and vines : English ivy, Japanese spurge, myrtle  

Evergreen shrubs and trees  

 Broad leaf   : Holly, rhododendron  

 Narrow leaf  : Juniper  

Deciduous shrubs  : Dogwood, forsythia, lilac, viburnum   

Deciduous trees  : Crabapple, magnolia, sugar maple  

Industrial  

 Drugs and medicinals  : Digitalis, quinine 

 Oil seeds  : Jojoba, oil palm, tung  

 Extractive and raisins : Scotch pine, para rubber tree   

 

CLASSIFICATION OF FRUITS 

1. Based on nature of growth  

(a) Herbaceous : Banana, pineapple 

(b) Shrubaceous  : Karonda, phalsa, pomegranate  

            (c)        Woody            : Mango, ber, sapota, jamun, guava, apple, peach pear and many 

other fruits  

2. Based on climatic requirement  

Temperate fruits         :     Apple, pear, peach, plum, almond, walnut, apricot, peacan   nut, hazel 

nut, cherry etc.  

Subtropical fruits          :       Fig, ber, citrus, pomegranate, bael,  

date-palm, loquat, phalsa etc.  

 Tropical fruits     :       Mango, banana, pineapple, sapota, jackfruit 

3. Based on continuation of growth 

(a) Evergreen  : Mango, citrus, litchi, sapota 

(b) Deciduous   : Apple, pear, peach, palm, apricot  

4. Based on type of fruits  

(i) Pome   : Apple, pear, quince, loquat 

(ii) Stone/Drupe     : Palm, apricot, peach, almond, ber, mango,  

coconut, jamun 

(iii) Berry   : Grape, guava, banana, papaya, date, sapota  

(iv) Hesperidium             : Orange and citrus fruit 

(v) Psorosis   : Pineapple, jackfruit, mulberry  

(vi) Cyconus   : Fig 



(vii) Nut   : Litchi, rambutan, cashew 

(viii) Capsule  : Aonla, Carambola   

(ix) Etario of berry  : Raspberry custard apple 

 

5. Based on parts used  

Citrus    : Juicy placental hairs  

Banana  : Mesocarp and endcarp  

Coconut  : Endosperm  

Custard apple  : Fleshy pericarp of individual berries 

Fig   : Fleshy receptical    

Guava   : Pericarp  

Grape   : Pericarp and placenta 

Mango   : Mesocarp 

Jackfruit  : Fleshy axis, bracts, pedicel, pericarp  

Jamun   : Pericarp and thalamus  

Litchi   : Aril  

Pomegranate  : Juicy covering of seed  

Pear   : Stalk of fruit and thalamus 

Pineapple  : Fleshy axis, bracts, pedicel, pericarp  

Walnut    : Cotyledon  

Apple   : Fleshy thalamus 

Almond  : seed 

Ber   : Exo+mesocarp 

Bael   : Fleshy of pericarp  

Cashew  : Cotyledon     

6. Based on botanical relationship  

A. Monocot 

a. Bromeliaceae  : Pineapple 

b. Musaceae  : Banana 

c. Aracaceae  : Date 

 

B. Dicot  

(i) Anacaldiaceae  : mango, chiraunji, cashew nut 

(ii) Annonaceae  : Custard apple 

            (iii) Apocynaceae  : Karonda 

(iv) Caricaceae  : Papaya 

(v) Caesalpiniaceae : Tamarind 

(vi) Euphorbiaceae  : Aonla 

(vii) Juglandaceae  : Walnut 

(viii) Moraceae  : Jackfruit, breadfruit, fig  

(ix) Myrtaceae  : Guava 

(x) Punicaceae  : Pomegranate  

(xi) Rhamnaceae  : Ber 

(xii) Rutaceae  : Citrus, wood apple, bael  

(xiii) Rosaceae  : Loquat, apple, pear, peach, plum, apricot 

(xiv) Sapindaceae  : Litchi,  

(xv) Sapotacea  : Sapota, khirni  

(xvi) Tiliaceae  : Phalsa 

(xvii) Vitaceae  : Grape 

 

 



7. Based on ripening behaviour   

(i) Climacteric     

Fruits and experiencing sudden upsurge of rate of respiration at the time of ripening :  

Mango, guava, papaya, jackfruit, fig, sapota, passion fruit.  

 

(ii) Non-climacteric   

Fruit experiencing simple gradual decline in rate of respiration at the time of ripening: 

litchi, citrus fruits (lemon, lime, orange), grape, pomegranate, pineapple.   

 

CLASSIFICATION OF VEGETABLES 

1. Based on botanical relationship 

A. Monocot  

1. Alliaceae  : Onion, garlic, leak, welson onion shallot, chive. 

2. Liliaceae  : Asparagus  

3. Araceae  : Elephant foot yam, arvi, 

4. Discoreaceae   : Yam   

 

B. Dicot  

1. Aizoaceae  : New Zealand spinach  

2. Chenopodiaceae  : Sugar beet, Swiss card, spinach 

3. Compositae  : Lattice, chicory, artichoke 

4. Convolvulaceae : Sweet potato 

5. Cruciferae  : Cauliflower, cabbage, knolkhol, Brussels,  

Sprouts, turnip, radish 

6. Cucurbitaceae : Summer squash, pumpkin, watermelon, muskmelon, ridge 

gourd, bottle gourd, bitter gourd, pointed guard   

7. Euphorbiaceae : Tapioca 

8. Leguminocaeae : Pea, French bean, lima bean, broad bean, bean, cowpea, soybean, 

winged bean 

9. Malvaceae : Bhindi 

10. Solanaceae : Potato, brinjal, tomato, chilli, sweet pepper       

11. Umbelliferae : Carrot, parsley, celery, parsnip  

 

2. Temperature tolerance   

Cool season vegetables:  Vegetables of which roots, stems, leaves, buds, or immature flowers or 

parts other that fruits are eaten: 

Cole crops: Cauliflower, cabbage, knolkhol, Brussels sprouts 

Warm season vegetables:  The vegetable of which immature fruits are consumed are counted 

under warm season vegetables e.g. brinjal, okra, cucurbits, french beans.  

3. Based on parts used as food 

(i) Leafy vegetables :  Palak, spinach, amaranth, portulaca, bathua, mustard, radish 

leaves 

(ii) Stem vegetables : Potato, knolkhol, asparagus  

(iii) Root and tuber vegetable:  Elephant foot yam, potato, sweet potato, colocasia, yam, carrot, radish, 

turnip 

(iv) Bulb vegetables : Onion, garlic 

(v) Fruit vegetables : Tomato, brinjal, sweet pepper, beans, cucurbits, bhindi 

(vi)  Flower vegetables : Cauliflower, broccoli, globe artichoke 

4. Based on method of raising  

(i) Direct sown crops : Okra, carrot, radish, beans, pea 

(ii) Transplanted crops : Tomato, brinjal, chillies, cabbage, cauliflower 



5. Based on forcing   

(i) Cool forcing vegetables       : Asparagus, beet, carrot, cauliflower, radish, spinach, pea, onion, 

lettuce, celery    

  (ii) Warm forcing vegetables :   Brinjal, bean, tomato, cucumber, muskmelon  

 

6. Based on rate of respiration  

Very high High Moderate Low  Very low 

Asparagus Bean Beet Cabbage Onion 

Broccoli Lettuce Carrot Sweet potato Potato 

Pea  Celery Turnip  

Spinach  Cucumber   

 

CLASSIFICATION OF FLOWERS 

1. Based on season of growing 

(i) Summer season annuals: zinnia, kochia, portulaca, tithonia, gaillardias, gomphrena, sunflower.  

(ii) Rainy season annuals: balsam, cock’s comb, amaranths, gaillardia.  

(iii)  Winter season annuals: aster, cornflower, larkspur, sweet sultan, phlox, verbena, candy tuft, 

petunia, nigella 

2. Based on colour flower  

(i) White flowering:  alyssum, dianthus, china aster, nigella, zinnia. 

(ii) Purple, lavender or blue flowering: ageratum, anchusa, clitoria, delphinium, petunia, verbena. 

(iii) Yellow or orange flowering: calendula, dimorphotheca, zinnia. 

3. Based on purpose of growing  

(i) For rockery: ageratum, alyssum brachycome, phlox, portulaca, limum. 

(ii) For hanging basket: dwarf ageratum, petunia, portulaca, verbena. 

(iii) For edging of path or bed: dwarf ageratum, alyssum, brachycome. 

(iv) For fragrant flower: sweet sultan, sweet pea, phlox, stock.     

(v) For bedding purpose: dahlia, marigold, phlox, verbena. 

(vi) For aromatics: rose, jasmine, tuberose. 

(vii) For pots: carnation, antirrhinum, petunia, alocasia, anthurium, aralia, dracaena. 

(viii) For dry flowers: statice, helichrysum, nigella. 

(ix) For loose flowers: marigold, chrysanthemum, aster, sunflower, zinnia. 

(x) For hedge purpose: lawsonia, duranta, tacoma, bougainvillea, thevetia.         

4. Based on natures of growth: 

Annuals: nasturtium, ice plant, marigold, cornflower, carnation, chrysanthemum.  

Perennials: rose, jasminum, chrysanthemum.  

5. Based on propagation 

(i) Bulbous plants  :  Lily Narcissus, Tulip. 

(ii) Cormellous plant  :  Gladiolus, Crocus. 

(iii) Rhizomatous plant  :  Canna  

(iv) Tuberiferous plant  : Dahlia   

6. Based on growth behaviour  

(i) Herbs    : Nasturtium, Verbena, Candy tuft 

(ii) Shrubs   : Rose, Jasmine, Bougainvillea 

(iii) Trees   : Plumeria, Amaltas, Dhak, Palas      

 

 

 

 

 

 



CLASSIFICATION OF SPICES 

1. Based on completion of lifecycle  

(i) Annuals   :  Cumin, Fennel, Coriender 

(ii) Biennial   :   Onion, Garlic 

(iii) Perennial    : Cardamom, Cinnamon, Clave   

2. Based on growth behaviour  

(i) Herbaceous species  : Cumin, Coriander 

(ii) Shrubaceous species  :   Black pepper, Cardamom 

(iii) Tree species   : Cinnamon, Tejpat, Nutmeg.   

3. Based on part used  

(i) Primary species   : Chilli, Cardamom, Ginger 

(ii) Secondary species  : Cumin, Fennel, Coriander  

4. Based on part used: 

(i) Seeds    : Fenugreek, Ajwain, Cumin  

(ii) Fruits    : Cumin, Fennel, Black pepper 

(iii) Flower    : Saffron 

(iv) Bud    : Clove  

(v) Underground rhizome  : Turmeric, Ginger 

(vi) Bark spices    : Cinnamon    

(vii) Leaves    : Mentha, Coriander, Tejpat 

5. Based on utility 

(i) Taste imparting spices  : Cardamom, Ginger 

(ii) Flavour imparting spices : Clove, Cardamom, Curry leaves   

6. Based on cultural management   

(i) Horticultural spices:  Spice grown on small scales are counted under this group. 

Ginger, turmeric, chilli, onion, garlic. 

(ii) Plantation spices:  The spices which are planted permanently and remain dedicated as 

the soil for many years are termed plantation spices, e.g. Black pepper, Cardamom, 

Clove, Nutmeg, Tejpat 

(iii) Agronomic spices:  The spices which are planted on large acreage are called agronomic 

spices – Coriander, Cumin, Ajwain, Dill, Chilli 

CLASSIFICATION OF PLANTATION CROPS  

1. Based on growth behaviour   

(i) Vine    :  Vanilla, Black pepper 

(ii) Shrubs    :   Tea 

(iii) Tree     : Tea    

2. Based on utility  

(i) Food    : Coconut, Cashew nut  

(ii) Industrial   : Rubber, Areca nut, Oil palm 

3. Based on extent of growing  

(i) Homestead plantation  : Coconut, Black pepper 

(ii) Estate Plantation  : Tea, Coffee, Rubber  

4. Based on intensity of cultivation 

(i) Single story    : Clove, Nutmeg  

(ii) Multi storeyed   : Coconut 

 



CLIMATE AND SOIL FOR FRUIT CROPS 

CLIMATE 

 Climate is the most important factor on which choice of crop for region depends and 

therefore, our understanding about climate and its requirements for different crops for optimum 

production on sustainable basis is important for horticulturists.  

Light: It is essential for the process photosynthesis and the growth and development of plants. 

There are two aspects of light, its intensity and duration which are important for plant 

development. The light intensity can be estimated from the number of hours of bright sun light, 

or from cloudiness of sky. Generally, horticultural crops need a lot of light and must be grown in 

sunny climate, but there are some plant which can tolerate shade like turmeric and ginger. There 

are others like young coffee, cocoa, and tea plants required shade during part of their 

development. A third group requires permanent shade, like carambola.    

 Duration of light for the time elapsing between dawn and dusk referred as photoperiod or 

day length, may exert considerable influence on flowering and based on the response of plants. 

Fruit crops are day neutral plant. 

Classification of plants  

(i) Long day plants:  Cabbage, onion, beet etc. 

(ii) Short day plants:  Strawberry, pineapple etc. 

(iii) Day neutral plants:Tomato, most fruit crops. 

Heat: Heat is non-mechanical energy transfer with reference to a temperature difference between 

a system and its environmental surroundings. It is measured as temperature by thermometers. 

Yearly average temperature at sea level on equator is 26-27° and range is small, it usually 

amounts 2-3°C between month and 6-10°C between day and night. Farther away from equator 

range increases and altitude also has the effect on lowering the temperature by 5-6°C for every    

1000 m. The growth of the plants depended primarily on temperature.   

 Temperate fruit crops like pome fruits, stone fruits, nut etc. become dormant due to short 

day conditions and need chilling of various lengths to break dormancy. In general, they need 

250-1000 hrs of temperature below 7°C. 

 Based on the temperature variations on the surface of the earth we have following 

climates  



 

Tropical : Equable climate with no distinct winter 

Subtropical : Climate with distinct winter and summer 

Temperate  : Distinct winter, summer and autumn with temp. below freezing during 

winter is   common     

Frigid      : Very cold temperature throughout  

Polar       : Perpetual ice and snow. 

 However these zone temperatures may vary under the influence of altitude.       

Tropical : Mango, banana, papaya, sapota, pineapple, coconut,  

cashew, arecanut, breadfuirt, jackfruit, avocado.   

Subtropical: Guava, grape, citrus, datepalm phalsa, pomegranate,  

litchi, loquat. 

Temperate : Apple, pear, peach, plum, quince, apricot, walnut, almond, cherry, 

 However, this choice is not very rigid as some tropical crops which can be grown in 

subtropics and vice versa. There are low chilling temperate crops which can grow in subtropics 

like peach, pear, strawberry etc. 

Water 

 Water is essential for growth and development as a substrate in photosynthesis, 

regulation of plant temperature, distribution of metabolites and nutrients. It comes through 

precipitation of rain and snow. Water requirement of plant is dependent on soil type and 

evapotranspiration rate. 

 Water is also present in atmosphere as vapour and we call it as humidity. This 

atmospheric humidity also influences growth and development of plants, low humidity has 

drying effects and enhance water requirement whereas high humidity favours fungal diseases.  

High humidity: Sapota, banana, mangosteen, jackfruit. 

Low humidity: Ber, grape, datepalm, pomegranate, citrus, aonla, guava.         

 

Air  



 A mixture of oxygen, nitrogen and other gases that surrounds the earth and form its 

atmosphere. It is also one of the climatic factor influencing plant growth. If its quality is polluted 

by the accumulation of gases like hydrocarbons, SO2, CO2, CO1 No, ethylene and methane the 

plant growth is adversely affected. 

Horticultural zones of India  

(i) Temperate : Kashmir, Himachal Pradesh, North Uttarakhand, Sikkim and part of 

Arunanchal Pradesh. 

(ii) North-West subtropical : Punjab, Haryana, Rajasthan, Central Uttar Pradesh and 

Northern Madhya Pradesh. 

(iii) North-East subtropical : Bihar, Jharkhand, Assam, Meghalaya, Nagaland, Manipur. 

(iv) Central Tropical : South Madhya Pradesh, Chhattisgarh, Gujarat, Maharashtra, Orissa 

and West Bengal. 

(v) Southern Tropical : Karnataka, Andhra Pradesh, Tamil Nadu. 

(vi) Coastal Tropical Humid : Konkan, Goa, Kerala, Western Ghats, Eastern Ghats of 

Tamil Nadu, Andhra Pradesh and Orissa. 

SOILS  

 The role of soil in horticultural; crop production is provide physical support and reservoir 

of nutrition, soil may be described as fertile, marginal or infertile. Soil nutrients are depleted with 

years of use and used to be replenished periodically. Soil may not rich in micronutrients, but to 

be useful for crop production.It should be at least capable of holding water and nutrients for 

some time. If this condition does not exist the growers should supply supplemental nutrition to 

prevent deficiency problem. To be of any use for crop production the soil should be deep enough 

to permit root development for good anchorage while supplying good nutrition. 

-Within one growing season plant develop roots of 700 km root and its surface area 250 m2 

and 700 m2 its surface includes roots hairs.  

Soil is important for establishing an orchard.  In case of fruit cultivation careful examination of 

subsoil rather than surface soil is more important. To get an idea about the subsoil, pit should be 

dug in the field before taking up planting operation. While examining the soil it is necessary to 

pay more attention to its physical condition rather than chemical composition. From these two 

characters of soil, factors favourable for fruit trees are: 



Physical condition  

i) Porous and well aerated 

ii) 2 m to 2.5 m deep 

iii) Have uniform texture up to this depth 

iv) Well drained 

v) Water table should be about 4 m. In soil having fluctuating water table goes up and 

reaches the root zone, roots or root hairs get killed. When it goes down, the tree with their 

root system have to struggle for moisture and nutrients. 

vi) Extreme condition of top and subsoil viz. very heavy (clayey) and very light (highly 

sandy) should be avoided. Heavy soils are difficult to handle on account of poor drainage 

and aeration while very light soils are infertile because of leaching of nutrients.       

Chemical composition: For most of the fruit trees- 

➢ soil pH between 6-8 is most suitable if soil is acidic cause more incidence of pathogens. 

➢ Alkaline soil have problems if Na salt is high >0.1% it is dangerous and causes 

physiological disorder. 

➢ should be  porous,  

➢ deep and well aerated,  

➢ should not be water logged, marshy, saline or acidic, and  

➢ there should not be hard pan at the bottom layers. 

The garden soil should be free from the following adverse conditions in the subsoil.  

High water table: A high water table is dangerous for roots and affects the plant growth in 

several ways. Where water table is high, the fruit trees start becoming chlorotic after some time 

and even die subsequently. A fluctuating water table, creating temporary waterlogged conditions 

is equally detrimental for fruit trees. It has been observed. It has been observed fruit plant like 

guava, datepalm can tolerate comparatively high water table where as citrus, loquat and papaya 

are damaged rather fast from excessive water in the subsoils.    

High salt concentration: Different types of fruits behave differently to varying salt 

concentrations present in the soil. Citrus fruit trees have been ascertained to do well at the 



electric conductivity (total soluble salts) value below 0.5 m mhos/cm, while other fruit trees can 

withstand values upto 1.0 m mhos/cm. Sodic conditions in the soil in the formation of alkali soil 

are very deleterious to fruit growing. Similarly it is recommended that the pH of garden soil 

(upto 2 m depth) should be less than 8.5 in cases of citrus and, for other fruit it must not be 

greater than 8.7.   

Lime concentration and presence hard pan: For the successful growth of fruit trees, no hard 

pan or kankar pan should present in the soil upto 2 m depth. Presence of such pans causes 

physical obstructions in the development of roots. Excess of water remains standing at the 

surface and produces water logged conditions which are extremely injurious for growth of the 

trees. Trees with constantly ‘wet feet’ become chlorotic and ultimately die. High percentage of 

CaCO3 and lime concentrations in the subsoil is also detrimental for growth of fruit trees. 

Nutrient status: It is essential to know the condition of soil and subsoil for supply of nutrients. 

In fact, it is on the basis of this information that exact amount of manures and fertilizers required 

for normal growth of trees can be known and applied accordingly.  

 In the interest of success of orchard, every fruit grower must get his soil tested upto a 

depth of at least 2 m before planting an orchard.  

Type of soil 

i) Alluvial soil   – Guava, jackfruit, jamun, khirne 

ii) Tarai soil  – Mango, litchi, santara 

iii) Arid soil  – Ber, date, aonla, lasoda, phalsa 

iv) Black soil  – Citrus, banana, sapota, mango 

v) Red soil     – Coconut, jackfruit 

vi) Laterite soil  – Tea, coffee, rubber, cashew etc. 

vii) Marshy soil  – Syzygium spp. 











PROPAGATION OF FRUIT CROPS AND WOODY ORNAMENTALS 

Propagation  
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 Cutting               Budding           Grafting  Layering  Micropropagation           Separation and division  

   

1)  Stem cutting   1)  Shield  1)  Vineer   1)  Simple                      1)  Bulb (a) Tunicated  (b) Non-tunicated 

a) Hard wood   2)  Patch  2)  Whip  2)  Serpentine or compound              2)  Corm 

b)  Semi-hard wood  3)  Chip  3)  Tongue  3)  Mound or stooling               3)  Rhizome 

c)  Soft wood   4)  Ring  4)  Cleft  4)  Trench                4)  Tuber 

d)   Herbaceous               5)  Modified  5)  Wedge  5)  Tip                 5)  Tuberous roots 

2)   Root cutting  6)  Forkert   6)  Bridge  6)  Air                           

3)  Leaf cutting   7)  Modified Forkert 7)  Epecotyl   7)  Natural modification of layering 

8) Soft wood       –  Runner 

9) Inarching        –  Sucker            

     –  Stolon 

     –  Offsets / Offshoots   



 Healthy and good quality fruit plants are the foundation of successful and remunerative fruit 

production. There are scores of nurseryman in different fruit belts who multiply fruit plants for 

supplying to the fruit growers. Majority of them are still producing these plants on traditional lines. 

Therefore, the needs for modernizing our fruit nurseries become more urgent for rising demand of 

pedigree plants. Moreover, plant propagation has become a vastly specialized industry involving a 

large outlay of certified and highly developed skill and technology. The propagation of plants has 

long been recognized as a fundamental practice in field of horticulture. Now a day’s propagation of 

plants practice has been totally modernized. Propagation of plants practice has been advanced from 

field to in vitro. Starting from scion stick of 15-20 cm length, the plants are multiplied even using 

cell, tissue and embryo. 

Sexual Propagation 

 Plants are raised from seeds and such plants are k/a as seedlings  

Advantage 

1. Seedlings are long lived, hardy, bear more heavily and are easier to propagate. 

2. This is the only method of propagation in papaya and karonda where other methods are not 

possible. 

3. In breeding for evolution of new varieties, the hybrids are first raised by seed. 

4. Chance seedlings are very superior quality may result such seedling have been of great 

benefit to the fruit industry.  

5. Rootstocks are usually obtained by means of sexual plant propagation because they are hardy 

and develop better root system.    

6. Mostly the seedlings are from virus diseases. 

7. Properly stored seeds can be kept for longer duration for future use. 

8. Seeds of some fruits like citrus, and mango, variety are capable of giving out more than one 

seedling from one seed. They arise from the cells of the bacillus and are called 

polyembryonic. These nucellar seedlings can be utilized for raising uniform plants, if they 

can carefully detect at the nursery stage. 

Disadvantages  

1. Multiplication of these plants by sexual means result into segregation of characters and the resultant 

plant are never true-to-type. 

2. Plants are not always uniform in growth quality of fruit and yield as compared to asexually 

raised plant. 

3. Plant come into bearing latter than grafted one. 

4. Larger trees are uneconomical to handle i.e. cost of harvesting, pruning and spraying is more. 

5. The exact characters of any superior selection cannot be perpetuation through seed 



Asexual or Vegetative Propagation 

 A vegetative part of a plant such as leaf, stem or root in such an environment that it develops 

into a new plants. The new plant being a portion of parent plant, possess all its characteristics. 

Advantages 

1. The plants are generally true to type uniform in growth, yield capacity and fruit quality. 

2. Most of the plant like apple, mango, citrus, guava, litchi etc. are cross pollinated and 

heterozygous in nature and the genetic architecture of the offspring can only be maintained 

true to type through vegetative propagation. 

3. Picking or harvesting of fruits becomes easy due to restricted growth. 

4. Plants in some case bears seedless fruits i.e. banana, pineapple and some variety of grapes, 

guava and lemon. 

5. Such plants come into bearing earlier than the seedling trees. 

6. The plant can be produced disease free by budding or grafting on resistant rootstocks. 

7. Root-stock regulates tree size and fruit quality e.g. apple tree remain dwarf on M9, M26 and 

M27, respectively. 

8. Cross pollination can be affected by grafting of shoots of other suitable varieties on some of 

the branches of self-unfruitful varieties e.g. some variety of almonds which are unfruitful can 

be made to bear crops if pollinizing varieties are grafted on the some of the branches of these 

trees. 

9. By asexual method, we can correct to some extent the initial mistakes of planting inferior varieties 

in the orchard by doing top working.       

10. The plant posses short juvenile phase, flower and fruit early in due age. 

11. Using asexual method noble plants can be created. Sometime on the single plant of rose gives 

different . Orchard on a tree is possible only by asexual method of propagation.  

12. Repairing of damage portion of plant is possible. Bridge grafting is suitable for such 

purposes. 

Disadvantages 

1. Such plants are not as vigorous and long-lived as the seedling trees. 

2. New variety cannot be developed by this method. 

3. Sometimes it is expensive as it requires special techniques. 

4. Asexual propagation plants have lesser diversity. 

5. In citrus Tristeza virus (quick decline) is transmitted through bud wood. Thus sometime 

asexual method of propagation disseminates diseases.  



Asexual methods of propagation  

Cutting :    

Cutting is the method of propagating for plants by use of detached plant p parts which when 

placed under favourable conditions develop into complete plant resembling in the all characteristics 

to the parent from which it was taken this method is commonly used in plant which root easily and 

readily. 

a) Stem cutting 

Stem cutting can be divided into 4 types i.e. hardwood, semi hardwood, softwood and 

herbaceous cutting. 

(i) Hardwood: Hard wood cutting are prepared from the trees when the tissue are fully mature. 

The shoots of about one year old or more can easily be used for preparing hardwood cuttings. 

In the case of deciduous fruit plants such as grape, pomegranate, plum, pear, phalsa and fig, 

the cuttings are made after pruning (Dec-Jan). Pruned wood can be used for preparing such 

cutting. In sweet lime, hill lemon (galgal) and baramasi lemon the cutting can be prepared 

during the spring (February-March) and rainy season (August-September). 

(ii) Semi hard wood: Semi hardwood cuttings are prepared partially and alive can be propagated 

in this manner. The cuttings are made 7.5 to 15 cm long with leave retained at the upper end. 

The shoot terminals are often used in making cutting. The cutting wood should be obtained in 

the cool, early morning hours when the stems are turgid. Intermittent moist sprays of water 

and treatment with auxins have been reported to be beneficial this type of cutting is usually 

practiced in evergreen plant like mango, guava, jackfruit, lemon, aonla etc. 

(iii) Softwood cuttings: Cuttings are prepared from soft, succulent terminal portion of woody 

perennials. Although fruit trees spp. are not commonly propagated by soft wood cuttings, 

those apple, pear, peach, plum, apricot and cherry will root, especially under mist. It is 

desirable to retain some leaves on the cuttings for photosynthesis. Large leaves should be 

reduced in size to lower the transplantation rate and to occupy has space in propagating bed.  

(iv) Herbaceous cutting: Herbaceous cuttings are tender succulent special leafy part of the stems 

of herbaceous plants. The terminal 7.5 – 12.5 cm of healthy shoot is cut and basal leaves are 

removed leaving upper leaves undisturbed. Herbaceous cutting sap such as pineapple do 

better if the basal ends are allowed to dry for few hours under low light conditions before 

they are inserted into rooting medium. The application of auxin promotes in the regeneration 

of adventitious roots.     

b) Leaf cutting  

In leaf cutting the fleshy leaf or leaf blade and petioles are used as propagating materials. 

Adventitious roots and adventitious shoot form at the base of the leaf and develop into new plant. 

The original leaf does not become a part of the new plant. Leaf cutting has very little application on 

fruit crops.  



 

c) Leaf bud cuttings 

A leaf bud cutting consists of a leaf blade, petiole and a short piece of the stem with attached 

axillary bud. This method is practiced in blackberry, black raspberry, lemon etc. leaf bud cutting are 

best made from material leaving well developed buds and healthy actively growing leaves. The 

adventitious roots are found at the base which the dormant bud develops into new shoot system. 

d) Root cuttings  

The root cutting method is followed in apple, pear, cherry, guava, wood apple etc. the root 

cutting should be taken from root pieces of young stock plants in late winter or early spring when 

the roots are well supplied with stored foods but before new growth starts. It is important with root 

cuttings to maintain correct polarity when planting as new shoot develops from the proximal end i.e. 

from the part close to the crown. The proximal end of root piece should always be up.  

e) Propagation of root system of other plant : Budding and grafting 

This group of propagation involves joining of two plant parts together in such a way that they 

will grow like one plant like budding and grafting. 

(i) Root stock: The plant parts which give rise to the root system and into which bud or shoot is 

set, is called as stock plant or root stock. This can be seedling root stock or clonal root stock. 

(ii) Scion: It refers to the desired variety which is grafted or budded on a stock plant and forms 

the shoot system. 

(iii) Inter stock: It is the plant part which is placed in between stock and scion to overcome the 

problem of incompatibility or inducing vigour to the plant. 

(iv)  Incompatibility: It refers to the failure to formation of union between two components 

(stock and scion) and develops into one plant. The degree of incompatibility among plant is 

natural phenomenon. 

In general, the distant by selected plants are incompatible, while plants of same spp. i.e. 

closely related are compatible to each other.     

(v) Budding: The process of connecting scion which is bud and root stock in a manner such that 

they may unite and grow successfully as one plant is termed as budding. Thus, budding has 

two components, bud and bud uniting part. The bud which develop framework, flower and is 

termed as scion. The portion over which bud is united, which provides supportive stem, and 

root system to the plant is termed as root stock. Budding is practiced during the period when 

active sap flow is going on and the plant is growing successfully. 

Advantages of grafting and budding 

1. The benefit of root stock can be successfully utilized e.g. mango, apple, citrus etc. 

2. An inferior variety can be changed into superior type by top working. 



3. Growing number of varieties on one plant is possible. 

4. Difficult to root species can be successfully multiplied e.g. Mango, sapota and ber. 

5. Earliness of flowering and fruiting can be obtained. 

6. Damaged plants part can be repaired by grafting e.g. bridge grafting. 

7. These techniques are sometime followed to determine the presence of latent virus infection.  

8. Rarely available or endangered plants/trees (aged) can be maintained by grafting for longer 

period. 

Disadvantages 

1. All plant parts are not compatible to each other. 

2. These methods are confined to those plant (dicots and conifers) having continuous cambium. 

Monocots are not suitable to be propagated by these techniques.           

Successes or failure of budding depends on the climate and weather, age of stock and scion 

and clonal properties. If the bud remain green for 10 days after budding the stock shoot can be 

headed back just above the bud to force sprouting.     

 

Type of Budding 

Shield Budding  

 In this method boat shaped bud of 2.5 – 3.0 cm length is used for budding. If the bud is 

inserted by making vertical incision on rootstock, it termed as shield budding. If the ‘T’ incision is 

made for inserting bud on rootstock it termed as T budding. Budding is made at 10-25 cm height on 

rootstock, it is wrapped air tightly using 300 gauge polythene.  

Patch Budding 

 This method is very successful for propagating plant having comparatively thick bark. Fruit 

plant like jackfruit, aonla, jamun, chestnut are propagated by patch budding. In this method square 

or rectangular shape bud is taking out from the scion shoot. Similar size incision is made on 

rootstock. The bud placed on rootstock. Polythene tape is wrapped on bud leaving the sprouting 

portion exposed.  

Chip Budding  

 This method is practiced during the period when there is rack of sap blow and bud does not 

slip out easily from the bark. During February–March apple, pear and grape can be propagated 

through this technique. The bud is taken out from the scion shoot along with wood. Similar size 

incision is made on rootstock. The bud is placed on rootstock and it wrapped with polythene tape.  

 

 



Ring Budding 

 Ber, peach and morus can be propagated using this method. In this method ring shaped bark 

containing a bud and 2.5 – 3.0 cm length is taken out from scion shoot. On the terminal end of 

rootstock incision similar size of bud is made. Bud should fit exactly without any vacant space. No 

wrapping is required in this method. 

Modifying Ring Budding 

 In this method instead of taking complete circular ring of bark containing bud, the bud wood 

is taken out from scion shoot by giving vertical slit in bud wood. On the suitable portion of rootstock 

similar size bark is taken out from the rootstock. The scion is fitted on rootstock and wrapped using 

polythene tape of 300 gauge. Fruit like guava, ber, walnut and peacan nut can be propagated by this 

method.  

Forkert Budding 

 Patch shaped but of 2-3 cm length and 0.5 – 1.0 cm width is taken out from the scion shoot. 

Similar size incision is made on rootstock at the light of 5-10 cm. While the making incision the 

vertical flap of the bark is soft intact with the lower portion of the rootstock. The patch of bark 

containing the bud is fitted in incision made on rootstock. The bud is covered with flap of the bark 

and then wrapped using polythene tape. Fruit like mango, jackfruit, cashewnut etc. can build by this 

method. After 15-20 days, the union is completed and wrapped polythene is removed. The flap of 

bark of rootstock is also removed.  

Modified Forkert Budding 

 In this method the vertical flap of bark is covered to base portion of bud only. Thus need to 

removed flap as in forkert method is not required. Rest all too similar as forkert method.  

Grafting  

 It is a technique of propagation in which scion stick and rootstock is connected in manner 

such that they may unite and subsequently develop as a successful plant. 

 Thus it is clear that grafting utilizes rootstock and scion and constitutes one plant. The 

rootstock of 1-2 year age old having pencil thickness and desired attribute is selected for grafting. 

Generally, the scion shoot of matching thickness as of rootstock is selected. To get success in union 

of grafting the cambium of both the rootstock and scion should unite properly. In temperate fruit 

better success is achieved by grafting just before the end of dormant season. However, June-July 

grafting give best result in tropical and subtropical fruits. After performing grafting process the 

union portion of rootstock and scion should be sealed immediately suing polythene tape or wax. It 

prevents drying or desiccation of portion of plants. When grafts start growing the portion of 

rootstock above the graft union is removed. The entire shoot emerged from rootstock; from the 

lower portion of graft union should also be removed time to time.     

 

 



Type of Grafting  

Veneer grafting 

 In this method terminal shoot of 10-15 cm length have pencil thicknesses used as scion. 

About 10 day before grafting the shoot is defoliated to facilitate swelling of bud. Shallow, 

downward and inward out ensuring V-shape incision in lower portion of rootstock is prepared. 

Similar cut is also prepared on the lower portion of scion. Both scion and rootstock are wrapped 

together using 300 gauge polythene tape of 1 cm width. May and September are the best for this 

method. 

Whip grafting 

 This is very similar technique of grafting. Generally, one year old rootstock and scion having 

matching thickness are used as rootstock and scion. Scion shoots of 10-15 cm length with 4-6 bud 

are selected. On the top of rootstock slanting cut is prepared using sharp knife. Similar matching cut 

is prepared lower portion of scion. The cut portion of both rootstock and scion are united and tied 

using polythene tape. When union is completed the polythene tape is cut otherwise restrict growth. 

Fruit are walnut, apple and pear. 

Tongue grafting 

 This is modification of whip grafting. In this method a slanting cut is similar to whip grafting 

is prepared on rootstock and scion. The second cut started downward at about one-third distance 

from tip and should continue to about ½ the length of float. The stock and scion inserted which 

interlock each other. While matching, it is seen that cambium layer of root-stock and scion must 

match with both the act surface. Fruits like apple, pear and walnut are propagated by this method.        

Cleft grafting or wedge grafting  

 It is one of the oldest techniques of top working tree. It is also useful for propagating small 

trees. The plant species which has straight grained wood and split evenly are considered ideal for 

cleft grafting. On the stub to be grafted a downward vertical split of 5-8 cm length is prepared. The 

vertical incision is made on two side of stock. The scion shoot of 8-10 cm length and pencil 

thickness is used. Matching incision is prepared on lower portion of scion. The scion is inserted in 

vertical slits of rootstock. The completed graft thoroughly waxed. 

 The case of grafting small plants root stock of one year old and pencil thickness is selected. It 

is cut back in terminal region. Vertical slits of 2.5-3.0 cm length is prepared on rootstock. Scion 

shoot matching to thickness of rootstock is selected. On lower portion of scion matching incision is 

giving. The scion is inserted in incision made on rootstock. It is wrapped using polythene tape. 

Sprouting starts after 3-4 weeks. After that wrapping is removed.  

 

 

 



Wedge grafting     

 This method is also used for top working old tree. V-shaped incision of about 5 cm length is 

prepared on the stub of plant. Shallow and downward matching incision is prepared on lower portion 

of scion. Scion is inserted in rootstock firmly. The incised portion of rootstock is waxed properly.  

Bridge grafting 

 This method is practiced in plant in which scion is healthy and some portion near rootstock 

near collar region is damaged. This technique, the damaged portion of rootstock is scratched. In 

healthy portion of rootstock incision is made top and bottom portion of the stock. The scion portion 

of suitable length is inserted into incision. It is fixed using nail and then sealed wing wax. The 

sprouted bud from inserted stick should be removed time to time. Slowly and slowly it grows in 

diameter and cover damaged portion.           

Epicotyl grafting  

 It is known as stone grafting. In this method mango seeds are sown in nursery bed and 

covered with 5-7 cm thick layer of FYM. While sowing seed, preference is given to sand bed which 

provides case in uprooting of seedling required at the time of grafting. In about 15-20 days seeds 

start germination. The germinated seedling of 7-10 days age, when leaves remain coppery in colour, 

is used for grafting. The seedling is beheaded at a height of 10 cm from ground level. A vertical 

incision of 2.5-4.0 cm length is given on beheaded portion of rootstock. The scion shoot of 2-3 

months age having pencil thickness is used. The leaves of scion shoot are defoliated 10 day before 

grafting to facilitate sprouting. After uniting rootstock and scion, it is wrapped using polythene tape. 

Grafted plant then transfers in other bed or pot in nursery. Perform June–July when moisture content 

is more in the atom. 

Soft wood grafting 

 This is very successful technique of in situ grafting. It commonly practiced in mango. In this 

method the seed of mango are sown at desired distance in field during rainy season. To ensure 

germination 2-3 seeds are sown in each pit. When the plant becomes one year old and attains pencil 

thickness it is used for grafting. The grafting is done at permanent site of planting in the field itself. 

The process of grafting is done during rainy season when new growth appears on rootstock. When 

new growth is start turning yellow from coppery colour grafting is performed. Scion shoots of 10-15 

cm length, 3-4 month of age old and pencil thickness girth is selected. At the height of 15-20 cm 

from ground level rootstock is beheaded. A vertical slit of 2.5 to 4 cm length is given on rootstock. 

On scion shoot similar matching cut is prepared in slanting manner on both the surface of lower 

portion. It is inserted in incision on rootstock and wrapped using polythene. In about 3-4 weeks 

sprouting starts and graft starts growing. The grafted plant develops at its own root system of shows 

better survival in the field.  

Inarching 

 This is called as attached method grafting, also known as approach method grafting. In 

contrast to method the scion is detached after completion of union. In this method, rootstocks are 



grown on pot or containers. The rootstock is brought close to scion. The rootstock and scion shoot of 

pencil thickness selected. Shallow cut of 2.5 to 4.0 cm length is prepared on scion. Similar matching 

cut is also given on rootstock. Both rootstock and scion brought close to each other and wrapped 

using polythene tape. When union takes place the upper portion of rootstock is cut. The scion shoot 

is detached from mother plant. The united portion is kept in nursery cared till next planting season. 

The process of inarching is practiced during July-August during which high humidity favours better 

union.  

 

Layering  

 It is a method of propagation in which a portion of plant is forced to produce adventitious 

root while still remain attached to mother plant. The process of making roots in ground (ground 

layering) and in air (air layering or gootee) is common mostly to shrubs, creepers and even in trees.  

Simple layering  

 In this method round touching portion of plant and suckers emerging along with the main 

stem of the plant are used for layering. Generally, one year old shoot is used for layering. The shoot 

is bent downward in the soil using peg or nail and tying with the help of rope. The ground touching 

portion is wounded. In about 4-5 months roots emerge out. It is then separated from mother plant 

having 2 or 3 cuts installments. 

Serpentine or compound layering 

 This technique similar to simple layering except more than one layering can be done from 

single long shoot by inserting into the ground or into pot containing rooting medium.  

Mound or stool layering      

 The plant is cut to ground level to induce large number of shoot which again root when soil is 

added to them, to root the plant it is girdled at the base,  rooting hormones is applied if needed and it 

is covered with the soil at the height of about 15-20 cm. After rooting shoot is separated from 

mother plant and planted in the nursery.  

Trench layering 

 In this method, the branch of plant is bent downward in horizontal position in shallow trench 

and covered with soil. Covering the shoot with the soil gives etiolation effect and help in rooting. 

Normally, shoots grow upward and produce roots in the soil at their base. The rooted layers are 

separated from mother plant and planted in nursery.   

Tip layering  

 Tip layering is a natural of production of black berries and raspberries. In these plants rooting 

takes place near the tip of current season growth. The shoot tip recurves upward to produce bend in 

the stem from which roots develops.  

 



Air layering  

 It is also known as Chinese layering, pot layering, marcottage or gootee. For the purpose of 

air layering one year old or previous season shoot of pencil thickness is selected, about 5-7 cm away 

from base of selected shoot, or girdle of 2.5 to 3.0 cm size by removing bark, is prepared. For quick 

root induction, the scrapped portion is dusted with rooting inducing hormones and wrapped with 

sphagnum moss, made air tight by covering with plastic film or polythene sheet until root form 

within sphagnum moss ball. It becomes visible from transparent wrapped tape the layered shoot is 

separated from mother plant giving 2-3 cut in installments. The layered plants are planted in nursery 

under partial shade where frequent watering is provided and high humidity is maintained. Air 

layering – July-August.     

Natural modification of layering 

Runner 

 Runner is thin and long stem which develops from axil of leaves, grow horizontally along the 

ground and forms new plants at the node where it come in contact of soil. When runner develops 

sufficient root it is dug out and planted in the field.  

Suckers   

 Sucker is the shoot that develops from an adventitious bud root and grows vertically. Shoot 

appears from the rootstock below the union of bud or graft is also termed as sucker. Shoot arising 

from latent bud of stem and vigorous in growth is also a sucker. The sucker originated from the root 

is dug out as used for propagation of plant. Raspberry and blackberry are propagated by sucker. 

Stolon  

 It is a modified stem which grow horizontally to the ground above the surface of soil. Stolon after 

cutting from the parent plant is used to raise new plant e.g. Bermuda grass (Cynodon dactylifera), mint 

(Mentha spp.).     

Offsets / offshoots  

 It is a lateral shoot that develops from the base of main stem. Usually these are shortened and 

thickened shoot of common occurrence in monocotyledons plant like date palm, pineapple and 

banana. 

Separation and division 

 Separation denotes the process of propagation of plant using detachable structures such as 

bulb, corm whereas division implies the propagation of plant by using cut section of particular part 

like rhizome, tuber and tuberous root.  

Bulb: Underground stem with compressed nodes and internodes and roots  

(i) Tunicated/layered onion, tulip 

(ii) Scaly – lily, garlic      



Food material stored in scabs and layered fleshy and narrow leaves. Cut is made to the bulb 

while each scale is separated and plant for new plant.  

Micropropagation  

 In vitro propagation or micropropagation refers to the multiplication of plants in exotic 

conditions and on synthetic growth medium from very small plant parts like meristem tips, leaf, 

stem, root segments, or segments of any other plant part. This method helps in rapid multiplication 

of true to type plants throughout the year.  

Methods of micropropagation 

(i) Meristem  –  tip culture  

(ii) Embryo  –       -do- 

(iii) Callus  –         -do- 

(iv) Cell   –       -do- 

(v) Protoplast  –       -do- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plant Propagation Structures 

Introduction 

The structures which facilitate propagation of plants are called propagation structures. Propagation 

structures are required for propagating plants by seed, cuttings and grafting. Propagation structures are 

of two types; i) The first type a structure with temperature control and ample light, such as a green 

house, modified quonset house, or hot bed-where seeds can be germinated or cuttings are rooted or 

tissues culture micro-plants are rooted and acclimatized and the ii) The unit is structure into which the 

younger, tender plants can be moved for hardening, preparatory to transplanting out-of-doors. Cold 

frames, low polyethylene tunnels or sun tunnels covered by saran cloth and lath-houses are useful for 

this purpose. 

Greenhouses 

Greenhouse has been used long back by horticulturists as a mean of forcing rapid growth of plants and 

extending the growing season particularly in colder areas. These are being used for whole sale 

production and propagation of floricultural plants, nursery stock of fruit crops and vegetable crops. 

 Polyhouse 

 

 

Schematic diagram of poly house installation with related components 

http://ecoursesonline.iasri.res.in/mod/page/view.php?id=96853


A greenhouse greatly extends the variety and scope of propagation. Many kinds of green houses are 

used for propagation but the most suitable type is the one that admits the maximum amount of light. The 

schematic diagram of poly house installation with related components is shown in Fig.11.1. This is 

important, particularly where most of the propagation is done in late winter and early spring. Good light 

conditions are essential for the steady growth of the seedlings. Experiments have shown that a 

greenhouse that runs from east-to-west is best for better light penetration in winter and early spring, and 

consequently preferable for raising seedlings at this time of the year. Moreover, it is important that the 

green houses should be well away from any kind of shade such as a tree or building, including other 

greenhouse. Some shelter, however, from north to northeast winds is desirable. These glasshouses may 

be plastic polyethylene covered or made form fiberglass. Modern greenhouses are well equipped with 

elaborate structures and have precise control on temperature, light intensity and humidity. The size and 

type of greenhouses, primarily depends upon the need of the plant propagator. 

 Inner look of polyhouse 

 

Outerlook of polyhouse 

Glass covered greenhouses are expensive but they have long life. However, for short –term benefits, 

plastic covered green houses can also be made. Two types of plastics are available for the construction, 

polyethylene and fiberglass. Both are lightweight and inexpensive as compared to glass. Plastic covered 



greenhouses are lighter than glass covered ones but there is very high increase in humidity is such 

houses, especially in winters, which results undesirable water drops on the plants. It can however be 

overcome by making adequate ventilation. Polyvinyl chloride (PVC) has also been used in construction 

of greenhouses but it tends to darken pre-maturely in sunlight. 

In India, construction of temporarily low-cost poly-houses is in fashion for raising nursery of fruit plant 

in off season. Such low cost greenhouses are constructed either on wood or metal framework and are 

covered with polyethylene sheet of 0.10 to 0.15mm thickness, which is resistant to ultra-violet rays. 

These houses are equipped with thermostat, cooler or an air conditioner or humidifier etc for rigid 

control on temperature and humidity. Greenhouses made from fiberglass sheet are more durable than the 

polythene houses, but are quite expensive. In greenhouses, two types of beds are used for raising 

/growing of seedlings. In greenhouses, the beds may either be prepared on ground itself or raised beds or 

bench type beds are used. 

Greenhouse structures vary from elementary home constructed to elaborate commercial installations. 

Commercial greenhouses are usually independent structures of even span, gable-roof construction, well 

proportioned so that the space is well utilized for convenient walk ways and propagating benches. On 

commercial scale several greenhouses units are often attached side-by-side for eliminating the cost of 

conversing the adjoining walls with glass or polyethylene. The heating and cooling equipment is more 

economical to install and operate, as large area can be shared by the same equipment. 

  

Production of apple nursery in poly-houses in Uttarakhand 

Greenhouse construction begins with a metal framework, to which metal rash bars are fastened to 

support panels of glass or some type of plastic materials. Now a day’s metal pre-fabricated green house 

with pre-bolted trusses are available from several manufacturers. The two most common structural 

materials for green houses are steel and aluminum. Most greenhouses are made from galvanized steel, 

which is cheaper, stronger and lighter. 

 

Heating and cooling system in greenhouses: Ventilation, to provide air movement and air exchange 

with the outside, is necessary in all green houses to aid in controlling temperature and humidity. The 

attempt of sloppy green houses near the mud houses in Ladak is an attempt in these directions. The heat 

can be conserved by proving sealed polyethylene sheeting outside green houses, glass or fibre glasses. 

 

Environmental control: Greenhouses can be cooled mechanically in the summer by use of large 

evaporative cooling units. The “pad and fan” system is installed at one side of a green house with large 

exhaust fans at the other end. Fog or sprinklers can be used to cool green houses and maintain humidity 



but it is costlier than pad fan cooling. A maximum night temperature of 13 to 15.50 C and a day 

temperature of 240 C are generally set to start the heaters and fans; respectively. Spraying of green house 

with whitewash in summer and opening and cooling side and ridge vents with a crank to control 

temperature and by turning on steam valves at night, whereas humidity is increased by spraying the 

walls and benches by hand at least once a day. 

i) Analog control: In this system proportioning thermostats or electric sensors are used to gather 

temperature information. Analog controls are costlier than thermostats, but offer better performance. 

ii) Computerized environment control: The amplifiers and logic circuit analogs have now been 

replaced by computerized environmental system, which involves microprocessor, which gathers 

information on a variety of sensors like temperature, humidity, light intensity, wind directions etc. to 

provide more precision. Although more costly than thermostats or analogs but computer controls offer 

significant energy and labour saving and increases production efficiency in propagation. The deviations 

from the present levels of temperature and humidity can trigger alarms by the computer. 

Green house covering materials: The covering materials used for construction of green houses include 

glass, polyethylene, UV-stabilized polythene, acrylic, polycarbonate and fibreglass. The glass covered 

greenhouses are expensive but for a permanent long term installation under low light winter conditions 

because glass has superior light transmitting properties and less expensive relative humidity problems. 

Polyethylene materials are light weight and relatively less expensive compared to glass. Being light in 

weight, permits a less expensive supportive frame work than is required for glass. Polyethylene has 

relatively short life than glass. The UV-stabilized sheets can last for 3-4 years. Polyethylene having a 

thickness of 100-200 micron is generally used. The acrylic is highly weather resistant and does not 

yellow with age, has excellent light transmission properties and retains twice the heat of glass, but it is 

more costly and brittle. 

 

Polycarbonate: It is probably, the most widely used structures sheet material today. This material is 

similar to acrylic in heat retention properties, with 90% light transmission of glass. It is light in weight 

1/6th of glass and easy to install. It is resistant to impact. Polycarbonate textured surface diffuses light 

and reduces condensation drip. For providing rigid panels fiber glass is used widely for construction of 

greenhouse. It transmits 80-90% of light. New materials are continuously coming onto the market, for 

constructing better glass houses. 

 

Polycarbonate sheet fabrication 



 

Hot frames (Hot beds) 

A hotbed is a bed of soil enclosed in a glass or plastic frame. It is heated by manure, electricity, steam, 

or hot-water pipes. Hotbeds are used for forcing plants or for raising early seedlings. Instead of relying 

on outside sources of supply for seedlings, you can grow vegetables and flowers best suited to your own 

garden. Seeds may be started in a heated bed weeks or months before they can be sown out of doors. At 

the proper time the hotbeds can be converted into a cold frame for hardening. Hot beds are small low 

structures, used for propagation of nursery plants under controlled conditions. Hot beds can be used 

throughout the years, except in areas with severe winters, where their use can be restricted to spring, 

summer and fall. Another form of a hot bed is a heated, low polythene tunnels or sun tunnels that is 

made from hooped metal tubing or bent PVC pipe, which is covered with polyethylene. The standard 

size of hot frame is 0.9 by 1.8 m. If polyethylene is used as the covering, any convenient dimensions can 

be used. 

Plastic and PVC tubing with recirculation of hot water are quite satisfactory for providing bottom heat in 

hot beds. Seedlings can be started and leafy cutting rooted in hot beds early in the season. For small 

propagation operations, hot beds structures are suitable for producing many thousands of nursery plants, 

without the higher construction expenditure for larger, propagation houses. 

 

Hot beds used for propagation purposes 

Cold frames 

A cold frame is a bottomless box with a removable top. It is used to protect small plants from 

wind and low temperatures. No artificial heat or manure is used inside a true cold frame but 

many gardeners experiment with a variety of soil conditions. They utilize the sun's heat. The 

soil inside the box is heated during the day and gives off its heat at night to keep the plants 

warm. The frame may be banked with straw or manure to insulate it from the outside air and to 

retain heat. Cold frames include not only low polyethylene-covered wood frames or unheated 

sun tunnels that people cannot walk within, but also low-cost, poly-covered hoop houses. The 

covered frames should fit tightly in order to retain heat and obtain high humidity. Cold frames 

should be placed in locations protected from wind. The primary use of cold frames is in 

conditioning or hardening of rooted cuttings or young seedlings prior to field, nursery row or 

container planting. Cold frames can be used for starting new plants in late spring. Low-cost 

cold frame construction is the same as for hot beds, except that no provision is made for 

supplying bottom heat. 



 

 Cold frame 

In these structures, only the heat of the sun is retained by the transparent or opaque, white polyethylene 

covering. When young, tender plants are first placed in a cold frame, the coverings are generally kept 

tightly closed to maintain a high humidity but as the plants become adjusted, the sash frames are 

gradually raised or ends of the hoop house to permit more ventilation and drier conditions. The 

installation of mist line or irrigation provision in cold frame is essential to maintain humid conditions. 

During sunny days, high temperature condition can be controlled by providing ventilation and shading. 

 

Lath houses: 

Lath (lath - thin strip of wood) or shade houses provide outdoor shade and protect container-grown 

plants from high summer temperature and high light irradiation. They reduce moisture stress and reduce 

the moisture requirement of plants. Lath houses have many uses in propagation, particularly in 

conjunction with the hardening off and acclimatization of liner plants prior to transplanting and for 

maintenance of shade requiring plants. In mild climates, they are used for propagation, along with a mist 

facility and can be used as overwintering structures for liner plants. However, snow load can cause 

problems in higher latitude regions. 

 
Lath house 

Lath house may be constructed with many kind of materials, although aluminum prefabricated lath 

house are available, but may be more costly than wooden structure. Most lath houses are covered with 

high density, woven plastic material such as saran, poly propylene fabric and UV-treated polyethylene 



shade cloth, which come in varying shade percentage and colours. These materials are available in 

different densities, thus allowing lower irradiance of light, such as 50 percent sunlight, to the plants. 

They are light weight and can be fastened to supporting posts. 

Propagation frames 

Sometimes in a greenhouse, the humidity is not enough to allow satisfactory rooting in the leaf cuttings. 

In such cases, enclosed frames covered with glass or plastic material may be used for rooting of cutting. 

These frames are useful only on grafted plants as these retain high humidity during the process of 

healing. 

 
Propagation frame 

Large inverted glass can also be kept over a container having cuttings. Though, high humidity is 

required is such frames but ventilation and shading is necessary after the rooting process has started in 

the cutting. Warm and humid conditions inside these structures provide excellent environment for 

growth of pathogenic organisms, which may infect the propagation material. It is therefore, necessary to 

maintain cleanliness and proper sanitation in such structures. 

Net house 

Net houses are widely used as propagation structures in tropical areas, where artificial heating is not 

required and artificial cooling is expensive. In these areas, net houses may be constructed with roofs 

covered with glass or plastic film and its sides are covered with wire net. It provides necessary 

ventilation and maintains an ideal temperature for germination of seeds and subsequent growth of the 

seedlings. The roof of net house may be covered with gunny cloth or even with live plant creeper to cut 

off the solar radiant energy and to keep the house cool. Net house can be constructed as per the need of 

the propagator and therefore its size varies with the requirements of the nurserymen.  

 
Net house used for Hardwood cuttings 



Bottom heat box 

It is a simple box for promoting rooting of cutting in difficult-to-root fruit plants like mango and guava. 

It consists of two chambers made from galvanized iron sheets. The outer chamber has a height of 70cm 

with 46cm width and the inner chamber has a height of 68cm and width of 44cm. The space between the 

two chambers is filled with glass wool for heat insulation. 

Another chamber is fitted inside the inner chamber with the height of 35cm fitted with two electric bulbs 

at the bottom for providing heat to the cutting. The innermost chamber is filled with soil mixture or any 

other propagation medium and the cuttings are inserted in it. Two electric bulbs of 100 watt capacity are 

fitted at the bottom of the chamber to provide heat and light to the cuttings. Similarly, the temperature in 

the box is maintained and controlled automatically by a thermostat fitted at the bottom of the chamber. 

The most ideal temperature to be maintained in the box is 30± 20C because at this temperature, cuttings 

of mango, walnut, olive and guava root easily and profusely. The initiation of rooting in cutting varies 

from species-to-species but in general, it takes 1-2 months for proper development of the roots. 

 Bottom heat propagation box 

Mist propagation unit 

The rooting of softwood leafy cutting under spray or mist is a technique now widely used by 

nurserymen and other plant propagators throughout the world. The aim of misting is to maintain 

humidity by a continuous film of water on the leaves, thus reducing transpiration and keeping the cutting 

turgid until rooting take place. In this way, leafy cuttings can be fully exposed to light and air because 

humidity remains high and prevents damage even from bright sunshine. Mist also prevents disease 

infection in the cuttings by way of washing off fungus spores before they attack the tissues. While the 

leaves in this process must be kept continuously moist, it is important that only minimum water should 

be used. This is because excessive water leaches out nutrients from the compost, which may cause 

starvation. Moreover, a directly injurious effect on the cutting may occur from over watering. Hence, it 

is necessary to utilize nozzles capable of producing a very fine mist. A small mist propagating units are 

mostly used by small farmers, whereas, highly advanced impermanent units are used by the commercial 

nurserymen in advanced countries.  

 



 
Mist Propagation Unit 

 

Mist propagation units are used for propagation of difficult to root, cutting in most advanced countries. 

Mist beds are constructed within a greenhouse. A fine mist is sprayed intermittently over the cutting at 

regular intervals during day and night. The mist unit is controlled by a time clock, operating a magnetic 

solenoid valve and is set in a way to turn on the mist for 3-5 seconds to wet the leaves and turn off for 

some time and when the leaves are dry. The mist is again turned on. 

In general, the mist has 5 control mechanisms. Timer, electronic leaf, thermostat and timer, screen 

balance and photoelectric cell. The two types of timers are used in a mist unit, one turn on in the 

morning and off at night and the second operate during day hours to produce an intermittent mist, 

usually 6 seconds “on” and 90 seconds “off”. In electronic leaf, a plastic with two terminals is placed 

under the mist along with cuttings, the alternate drying and wetting of the terminal breaks of the current, 

which in turn control the solenoid valve. A thermostat controls the temperature of the mist. In screen 

balance control mechanisms, stainless steel screen in attached to a lever with mercury switch. When 

mist is on, water is collected on the screen and when weight of water is more, it trips the mercury 

switch. The photoelectric controls are based on the relationship between light intensity and transpiration 

rate. 

The mist unit can be set up in a glasshouse or in a polyethylene tunnel. Usually, it is set up on the 

propagation beds with 1.2m width. The layout of the jets is very important. While installing mist 

propagation until, all the jets should be at equal height. For proper functioning of mist, there must be 

proper supply of water. The water should have good pressure and it must be free from salts. The 

optimum pH of water to be used in mist unit is 5.5 to 6.5. Hard water or alkaline water may be avoided 

as it may block the nozzles of the mist chamber and it may accumulate on the young leaves of the 

cutting and thus inhibit the growth and development of roots. Further, it is essential that a well-drained 

rooting media should be is used and there should be provision for removal of excess water. Similarly, 

development of blue and green algal growth is very common in mist propagation structure which is 

considered very harmful to the propagating material and thus every care should be taken to keep mist 

propagating unit free from any type of algae. 

After rooting in the mist, hardening of the rooted cutting is important for better success in the field. 

When cuttings are rooted, misting should not cease abruptly as this may help in drying out of the young 

plants followed by scorching, instead, a weaving off process should be adopted in which misting is 

continued but the number of sprays/days gradually reduce. The way is to shift the rooted cutting to a 



greenhouse, fog chamber, and frames, maintained at higher temperature and low relative humidity. After 

phase-wise hardening only, the rooted cuttings are planted at permanent location or in the nursery. 

Growing rooms 

A growing room is an insulated building from which natural light is usually excluded. In it, illumination 

is provided by artificial means. Growing rooms are now widely used commercially for the production of 

seedlings of bedding plants, tomatoes and cucumbers in most advanced countries. The seedlings are 

usually grown in trays or pots kept on benches. To save space, the benches are usually installed in tiers 

being vertically about 2 feet long and 6 inch wide. Each bench is illuminated with 8 feet long 125-watt 

fluorescent tubes mounted 1 foot 6 inches above the bench. Seven tubes over each bench provide a light 

intensity of 500 lumens per square feet, which is adequate for bedding plants. However, if plants grown 

in such houses have higher requirements for light, more fluorescent tubes can be installed over the 

benches containing the plants. The heat of the tubes usually maintains a temperature of at least 70oF and 

excessive temperatures are prevented by use of fans installed in building. 

 
Growing rooms 

The automatic greenhouse 

Today, the modern green houses can be almost completely automated thus assisting propagation. For 

instance, by the use of thermostats, air and bed temperature can be maintained as per the requirement. 

Similarly, automatic ventilation allows the ventilators to open and close in relation to temperature. Even, 

automatic systems of irrigation are installed in the modern greenhouses and water is supplied to the 

plants through drip or trickle system to each pot or plant by individual nozzle of time switch. 



 

Green house automation programme 

Most advancement in raising of plants under highly controlled environmental conditions has been the 

use of phytotron facility. National Phytotron Facility is available at IARI, New Delhi. 

 

 



Propagation techniques of major fruit crop 

Sexual propagation 

Seed Cape gooseberry, coconut, durian, Karonda, longon, Makhana 

(gorgon nut), mangosteen, papaya, phalsa, water chestnut 

(Singhara) 

Asexual method of propagation. 

Propagation structures  

Apomixes Citrus, mango, apple spp, Rubus (brambles or blackberries). 

Polyembriony Citrus, mango, garcinia, tulip, gesneriana, asparagus, american 

witch- hazel, spiranthes cernua. 

Rhizome Banana, turmeric, blueberry. 

Propagation by separation. 

Offsets  Pineapple, banana. 

Offshoots Date palm 

Suckers Pineapple, banana, chrysanthemum, raspberry etc. 

Runners Strawberry 

Tubers Potato, jeruselam artichoke, caladium etc. 

Tuberous roots Sweet potato, canna, turmeric, dahlia, begonia etc. 

Other vegetative 

structures 

Bulbils: Lilies 

Offsets: Pineapple, banana, cacti and succulents, tulip, etc. 

Cutting. 

Hardwood cuttings 

 

Grape, fig, pomegranate, mulberry, kiwifruit, olive, quince, 

walnut, chestnut, currants, plum rootstock,  apple, pear,  

Semihard wood 

cuttings 

Mango, guava, jackfruit, lemon, rhododendron. 

 

Leaf bud cutting Sanseveria, begonia, bryophyllum. 

Soft wood cuttings Plum, apple, pear, peach and cherry, cape gooseberry, , peach, 

pear, plum, crape myrtle 

Leaf bud cuttings Blackberry, raspberry, boysenberry (european blackberry) 

Root cuttings Black berry, fig, cherry, crabapple, pear, red raspberry, bael.   

Layering. 

Simple Grape, lemon. 

Tip  Raspberry, blackberry. 

Stooling/mound   Apple rootstocks, guava, mango, litchi. 

Serpentine Clementis, American grape. 

Trench Apple rootstocks, cherry, plum. 

http://en.wikipedia.org/wiki/Rubus


Air Litchi, guava, jackfruit, cape gooseberry, lemon, lime, longon,  

loquat, sapota, croton, Indian rubber tree, monestra, allamanda, 

nerium, bottle brush, champa, lily tree, magnolia, hibiscus, 

jatropha, cinnamon, Karonda, Netalplum.  

Grafting.  

Softwood Cashew nut, jamun. 

Cleft/ wedge Passon fruit, apple. 

Tongue Apple, camellia, azalea, chestnut. 

Side Mango, avocado, macadamia nut, japanese persimmon,. 

Inarching Mango, sapota, guava, jackfruit. 

Stone/epicotyl  Mango, jackfruit. 

Top working Mango, Ber, cashew nut, mulberry. 

Bridge Repairing of damaged fruit plants. 

Budding. 

Shield/T  Cherry, sweet orange, mandarin, grapefruit, pummelo, plum, 

peach, almond, apricot, aonla, carambola, custard apple, jamun, 

kiwi fruit, pear, walnut, avocado, birch, chestnut, maple, 

pistachio, prune, lemon, sour lime, bael. 

Patch Walnut, pecan nut, aonla, bael, apple, birch, maple, pawpaw, 

hickori, peach, mango, rubber plant, jackfruit, jamun, lemon. 

Chip Mango, grape, temperate fruits.  

Ring/modified ring  Peach, plum, mulberry, Ber. 

Forkert/modified 

forkert 

Carambola 

Micro propagation. 

Shoot tip culture  Banana, citrus, papaya, grape, orchids, asparagus, lily, 

chrysanthemum, gladiolus, strawberry, guava, carnation, bael, 

karonda, netalplum. 

Embryo culture Citrus, rhododendron. 

Single cell  Carrot, sunflower. 

Embryo rescue  Grape. 
 



Seed- germination and dormancy 

What is Seed Germination? 

Seed germination may be defined as the fundamental process by which different plant species 

grow from a single seed into a plant. This process influences both crop yield and quality. A 

common example of seed germination is the sprouting of a seedling from a seed.  

 
 

The Process of Seed Germination 

The complete process of seed germination is carried out in the following steps: 

➢ During the beginning stage of the germination, the seeds take up water rapidly and this 

results in swelling and softening of the seed coat at an optimum temperature. This stage 

is referred to as an “imbibition”. It starts the growth process by activation of enzymes. 

The seed activates its internal physiology and starts to respire and produce proteins and 

metabolizes the stored food. This is a lag phase of the seed germination. 

➢ By rupturing of the seed coat, radicle emerges to form a primary root. The seed starts 

absorbing underground water. After the emerging of the radicle and the plumule, shoot 

starts growing upwards. 

➢ In the final stage of seed germination, the cell of the seeds become metabolically active, 

elongate and divide to give rise to the seedling. 

Conditions Necessary for Seed Germination 

Here are some important requirements which are essential for a seed to germinate into a 

seedling and to a plant. 

Water: It is extremely necessary for the germination of seeds. Some seeds are extremely dry and 

need to take a considerable amount of water, relative to the dry weight of the seed. Water plays 



an important role in seed germination. It helps by providing necessary hydration for the vital 

activities of protoplasm, provides dissolved oxygen for the growing embryo, softens the seed 

coats and increases the seed permeability. It also helps in the rupturing of seed and also converts 

the insoluble food into soluble form for its translocation to the embryo. 

Oxygen: It is an important and essential source of energy required for seed growth. It is required by 

the germinating seed for the metabolism and is used as a part of aerobic respiration until it 

manages to grow green leaves of its own. Oxygen can be found in the pores of soil particles, but 

if the seed is buried too deep it will be deprived of this oxygen. 

Temperature: For a seed to germinate, it requires a moderate temperature of around 25-30°C. 

Quite obviously different seeds require different optimum temperatures. There are some seeds 

which require special requirements either lower or higher temperature between 5 to 40°C. 

Light or darkness: This can act as an environmental trigger. Many seeds do not germinate until 

sunlight falls on them. 

The process of seed germination triggers under the above mentioned favourable conditions. The 

seeds undergo rapid expansion and growth of the embryo and subsequently rupturing the covering 

layers and emergence of the radicle. This radicle emergence is considered the completion of 

germination.  

Stages of seed germination 

1st Stage 

1. Imbibition - initial absorption of water to hydrate seed 

2. Activation of metabolism - increased respiration and protein synthesis 

 2nd Stage 

1. Digestion of stored food- for example, starch to sugars in cotyledon or endosperm 

2. Translocation to embryo- sugars move to embryo for growth 

3rd Stage: cell division and growth-development of seedling. 

There are three conditions are required for germination to be initiated: 

1. The seed must be viable, 

2. Dormancy of the seed must be overcome, 

3. The seed must be subjected to the appropriate environmental conditions: available water, 

proper temperature regimes, a supply of oxygen, and sometimes light as well as various 

types of fungi and/or other microorganisms that are needed to decompose seed coat to allow 

germination.  

4. After the seeds have germinated, they require favorable environment for their establishment. 

All these factors become available if the seeds have chance to germinate in their original 

ecology or if the original ecology is not seriously disturbed. 

 

Factors Affecting Seed Germination 

There are some major factors that affect seed germination. These include: 

External Factors: 

1. Water: 

Germination cannot occur unless and until the seed is provided with an external supply of water. 

https://byjus.com/biology/aerobic-respiration/


Water is absorbed by a dry seed through the micro Pyle and the seed coat. Water performs a number 

of functions during the germination of seeds. 

(a) It softens seed coat and makes it permeable. Increased permeability allows better gaseous 

exchange. 

(b) Water activates the protoplasm of the seed cells. 

(c) Insoluble food materials get solubilised in the presence of water which then diffuses from the 

storage region to the embryo axis.   

Several enzymes which are essential for growth and germination develop only in the presence of 

water. 

Oxygen: 

Aeration of the soil is absolutely necessary for the germination of the seed because oxygen is 

necessary for the aerobic respiration by which the seeds get the requisite energy for the growth 

of the embryo. 

3. Temperature: 

Seeds normally germinate within a wide temperature range. However, freshly harvested seeds of 

several plants germinate only within a narrow temperature range which widens only when after-

ripening has taken place. 

4. Light: 

Plants differ as to the effect of light on their germination. Seeds of many plants are light indifferent 

or non-photoblastic, i.e., they are not influenced in the germination by the presence or absence 

of light. Most of our important crop plants belong to this category. The seeds which are affected 

by light are described as photoblastic. 

Sensitivity to light is a specific character. The photoblastic seeds are of two types, positively 

photoblastic or light sensitive and negatively photoblastic or light hard. The positively 

photoblastic seeds require light for germination, e.g., lettuce, tobacco, many grasses and several 

epiphytes. The negatively photoblastic seeds cannot germinate in the presence of light e.g., 

Tomato, Onion, Lily, etc. 

5. Other factors: 

Many orchids and other plants exhibit seed germination only when an appropriate fungus partner is 

available. Seeds of some parasitic plants will similarly grow only in the vicinity of their host 

roots because the latter excrete certain growth hormones. Seeds of some aquatic plants 

germinate only at low or acidic pH. 

Internal Factors: 

1. Vitality: 

The ability of a seed to germinate when provided with optimum condition is described as vitality of 

the seeds. It is dependent upon its stored food, size, health, etc. 

2. Longevity or viability: 

With the passage of time a seed looses it power to germinate. Thus each seed has longevity or a 

period within which it can show renewal of growth or germination. Most of the crop plants lose 

their viability within 2-5 years. 



Legumes ordinarily retain their viability for longer periods. A number of seeds have been recorded 

to remain viable even after 100 years, (e.g., Trifolium, Astragalus, Mimosa species). Many 

species remain viable only for one season, e.g., Birch, Elm, Tea. 

3. Dormancy: 

It is due to the internal conditions of the seed. It is, therefore, also described as the inhibition of the 

germination due to the internal conditions in an otherwise viable seed. These internal 

restrictions must be offset before germination can occur in dormant seeds. 

Internal Factors 

Seed Dormancy 

This is a condition in which the seeds are prevented from germinating even under favourable 

conditions. 

During seed dormancy: 

1. The seed coat, which is resistant to water and gases, restrict water-uptake and oxygen 

exchange. 

2. The seeds with undeveloped or immature embryo do not germinate. 

3. Certain seeds contain plant growth regulators, which inhibit seed germination. 

4. Some seeds require more time for their germination. 

 

 
 

Figure 1 Seed Germinated structures for monocot and dicot plants. 
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Dormancy: A period when seed is alive but not growing is called Dormancy  

Seed dormancy is defined as a state in which seeds are prevented  from germinating even under 

environmental conditions normally  favorable for germination.  

Causes of Seed dormancy  

• Impermeable seed coat  

• Mechanically resistant seed coat  

• Rudimentary embryo  

• Dormant embryo  

• Insufficient development 

 

Flow chart to understand seed dormancy 

Is there adequate moisture
available for germination?

Has the seed imbibed moisture?

Is the temperature and  
oxygen supply adequate?

Does the seed germinate?

Is the seed firm

Dose germination occur if  
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to a suitable environment?
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Fig.: Schematic representation of the different categories of dormancy together with  
associated problem
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Types of dormancy 

1. Quiescent seed dormancy- even a non-dormant or quiescent seed has a unique ability to 

revert to a dormant state under stressful conditions. Dormancy is desired in the wild, where 

plants depend entirely on nature for survival. Seeds dormancy has intrigued biologists and 

frustrated horticulturists for many years because matured seeds fail to germinate if planted 

immediately without a rest period. 

2. Structural dormancy is imposed via seed coat, which prohibits the entry of water, air, 

outward diffusion of possible endogenous germination inhibitors, as well as through 

mechanical restriction of embryo growth. Species with hard, impervious seed coverings 

occur in trees such as Podocarpus falcatus, Olea europaea and various Acacia. To help such 

seeds to germinate, mechanical methods were employed to loosen the seed covering by 

cracking the seed coat. Similarly seeds of Prunus africana were found to germinate by seed 

coat scarification.  

3. Physiological dormancy (embryo dormancy) occurs when the embryo requires a special 

treatment to induce it to start active growth. A cold temperature application of about 1 to 

7°C is commonly required to break the dormancy. In some plant species, embryo dormancy 

can be broken by a certain quality of light. For example, exposure of lettuce seeds to red 

light (about 660 nm) induces germination, but far red light (730nm) inhibits it. It was 

indicated long years ago that if lettuce seeds received red light after exposure to far red light, 

germination occurred and the germination of seeds of this species can occur only as long as 

the last treatment before sowing was red light.  

Causes of seed dormancy: 

It may be caused due to individual or combined effects, it includes  

✓ Dormancy due to hard seed coat  

✓ Dormancy due to condition of  embryo  

✓ Dormancy due to absence of light  

✓ Seed dormancy due to low temperature  

 

Dormancy due to hard seed coat  

➢ Imposed by seed coat and other enclosing tissues like endosperm, pericarp and extra floral 

organs. 

➢ Seed coat is mainly made up of complex mixture of polysaccharides, hemicelluloses, fats, 

waxes and proteins.  

➢ During seed ripening it gets dehydrated and forms a hard and tough protective covering 

around the embryo.  

➢ Such seed coat prevents the seeds from germination.  

➢ Impermeability of seed coat to water  

➢ Impermeability of seed coat to oxygen and interference  with gas exchange  

➢ Mechanical resistance of seed coat against embryonic growth  

➢ Production and retention of large amount of growth inhibitors within the seed.  

➢ Seed coat dormancy can be lifted by weakening or breaking the  



➢ seed coat by natural and artificial processes.  

➢ The natural processes include microbial action, mechanical abrasion, passing of seeds 

through the digestive tract of animals etc.  

➢ Artificial processes include scarification(scratching) of the seeds  with abrasives ,soaking of 

the seeds in concentrated sulphuric  acid , washing of seeds with alcohol , treating the seeds 

with  potassium nitrate , thiourea and gibberellic acid subjecting  the seeds to hydraulic 

pressure etc.  

Dormancy due to condition of embryo  

➢ Already inherent in embryo and is not due to the influence of seed coat or other surrounding 

tissues.  

➢ Commonest type of dormancy  

➢ It is believed to result from the presence of growth inhibitors especially ABA, and also from 

the absence of growth promoters such as GA.  

➢ Immature or underdeveloped state of embryo, when seeds are shed.  

➢ Presence of germination inhibitors in the embryo, endosperm and other tissues of seed or 

fruit, which includes  abscisic acid, phenolic acid, ferulic acid, parasorbic acid, coumarin, 

aseperidin, etc. absence of sufficient amounts of growth promoters such  as gibberellic acid.  

Dormancy due to absence of light: In case of photoblastic seeds some seeds require light to 

germinate. 

Seed dormancy due to low temperature: Low temperature is required by some plants. So in such 

plants dormancy is due to absence of low temperature. 

Methods to overcome seed dormancy: 

➢ Scarification  

➢ Impaction  

➢ Stratification  

➢ Alternating the temperature  

➢ Exposure of seeds to light  

Scarification: Seed dormancy caused by seed coat can be removed by breaking, softening or 

weakening of seed coat. This method is known as scarification. Under natural conditions in the soil, 

micro organisms such as fungi and bacteria, act upon the seed coat and decompose it.  But this 

process requires a lot of time. Various mechanical and chemical treatments are used to promote 

seed germination. They include cutting or chipping of the seed coat, storage of seeds at high 

temperature, and use of organic solvents to remove waxy or fatty compounds. Acid treatments are 

also sometimes recommended. But care must be taken to ensure that the treatment does not destroy 

the embryo. 

Impaction: In some seeds water and oxygen are unable to penetrate, because their entry is blocked 

by a cork like filing in the small opening in the seed coat. These seeds are shaken vigorously to 

remove the plug. This treatment is called impaction.  

Stratification: some seeds e.g. those of peach, apple, plum, cherry etc. germinate only when they 

are exposed to well aerated moist conditions under low temperature for weeks or months. Such 

a treatment is called stratification. It is believed that the embryos of those seeds which require 



stratification are immature in the sense that some chemical changes must take place to initiate 

seed germination. In this process the seeds are exposed to well aerated, moist conditions under 

low temperature (0°C to 10°C) for weeks to months. This treatment is called Stratification or 

after-ripening. During this treatment, anatomical and biochemical changes takes place in the 

seed. Growth promoting hormones increases and growth retarding hormones decreases.  

Alternating the temperature: Germination of some seeds are strongly promoted by alternating the 

daily temperature. This is not directly related to the cold requirement for germination, though it 

is useful in those seeds in which dormancy is due to immature embryos. The difference between 

the alternating temperatures should not be more than 10 -20 degree C.  

Advantages of seed dormancy: 

Adaptation to ensure that seed germination occurs only under favourable conditions. Enables 

embryo to tide over the unfavourable condition. Enables storage of cereals, millets, pulses etc to 

be used later for food or for sowing in the next season. Introduces a delay in seed germination 

and there by provides additional time for seed dispersal. Maximizes the survival of seedlings by 

preventing seed germination under unfavourable condition  

 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPLES OF ORCHARD ESTABLISHMENT AND MANAGEMENT 

Orchard is a long-term investment. Once planted, the fruit plants remain living for many 

years due to their perennial nature. Any mistake committed during planning & planting is 

difficult to rectify in later stages & creates problem in long run. Therefore, it is very necessary 

to plan for every factor influencing the production & productivity of orchards. 

Requirements: 

1. Location & Site: 

• Orchard should be established preferably near to established fruit belt since the 

government aids, subsidies, advise, technical labour, equipments/machinery etc can be 

easily made available. 

• Since fruit are perishable in nature, the orchard should be well connected with road for 

speedy transportation of the produce. Besides, the supply of inputs such as FYM, 

fertilizers, packaging material etc are also facilitated by road. 

• Site should always be away from industrial establishments. 

• The site should not be a wind or flood prone area. 

2. Soil: 

• Should be fertile, deep & well drained 

• Should be free from water logging. 

• Preferably be neutral in reaction. 

• Problematic soils such as eroded, gullied etc should be avoided. 

3. Climate: 

• Only those fruit crops which are suitable for a particular type of climate conditions, 

should be planned and planted in a particular area. eg. Avoid plantation of mango in 

temperate area or apple in tropical area. 

4. Planning: 

It deals with all aspects of orcharding viz., orchard building, roads, path, fencing, wind 

breaks, layout, system of planting, spacing etc. 

• 10% of total area is kept for building path, roads, channels etc. 

• A watch hut should be made at the entry. 

• Buildings should preferably be constructed at a central point of orchard. 

• Provision of storage house, packing etc. should be made while planning the orchard. 



• Roads approaching every corner of the orchard should be provided & preferably the 

cut roads should be at right angle. 

• Provision of irrigation should be made properly. 

• To protect the orchards from animals, temporary fencing may be created using 

Carissa carandas and other thorny plants. Preference should be given to permanent 

fencing which is created using angle iron pole and barbed wire. 

• Wind breaks: It consist of planting of tall trees along with the boundary of the 

orchard. 

Advantage: 

• reduce the velocity of wind 

• maintains favourable micro-climate in the orchard by reducing moisture 

removal & minimizing rate of transpiration. 

• Prevents the orchards during winter from cold waves. 

Windbreaks are planted normally in north-western side of orchards. These sides 

are sensitive for cold & hot wind waves respectively. eg. Jamun, Neem, Desi 

Mango, Shisham, mulberry etc. 

Layout: 

1. Square System:  

• Most commonly used method and easy to layout in the field.  

• Plant to plant and row to row distance is the same.  

• The plants are at the right angle to each other, every unit of four plants forming 

a square.  

• This system facilitates the interculture in two directions after the orchard is 

planted. 

• Adequate space for inter-cultivation of remunerative crops like vegetables. 

 

 

 

 

 

 



2. Rectangular system:  

• In this system, the plot is divided into rectangles instead of squares and trees 

are planted at the four corners of the rectangle in straight rows running at right 

angles.  

• Like square system, this system also facilitates the interculture in two 

directions. The only difference is that in this system more plants can be 

accommodated in the row keeping more space between the rows. 

 

 

 

 

 

 

 

3. Triangular System: 

• In this system, trees are planted as in the square system but the plants in the 2nd , 

4th, 6th and such other alternate rows are planted midway between the 1st, 3rd, 5th 

and such other alternate rows.  

• This system has no special advantage over the square system except providing 

more open space for the trees and for intercrops.  

• It is not only a difficult layout but cultivation also in the plots under this system 

becomes difficult. 

 

 

 

 

 

 

 

4. Quincunx system: 

• This system is exactly like the square system but one additional tree is planted in the 

centre of each square.  

• The plants which are planted in the centre are called as filler trees. 

• Fruit trees like papaya, kinnow, phalsa, guava, peach, plum etc. can be planted as 

fillers in the permanent trees provides an additional income to the grower in the early 

life of the orchard. The filler trees are uprooted when the main orchard trees start 

commercial fruiting.  

• The number of plants per acre by this system is almost doubled than the square 

system. 



 

 

 

 

 

 

 

5. Hexagonal system: 

• In this system, the trees are planted in the corners of equilateral triangles. Six trees 

thus form a hexagon with another tree at its centre.  

• Also called as ‘Septule’ as it accommodated 7th tree in the centre. 

• This system, though a little difficult for execution but accommodates 15 percent 

more plants.  

• This system is generally followed where the land is costly and very fertile with 

ample provision of irrigation water.  

  

 

 

 

 

 

 

6. Contour system: 

• This system is usually followed in the hilly areas with high slopes but it is very much 

similar to the square/rectangular system.  

• Under such circumstances, the trees may be well planted in lines following the 

contour of the soil with only a slight slope.  

• The main purpose of this system is to minimize land erosion and to conserve soil 

moisture so as to make the slope fit for growing fruits. So, the contour line is designed 

and graded in such a way that the flow of water in the irrigation channel becomes 

slow and thus finds time to penetrate into the soil without causing erosion. 

 

 

 

 

 

 



Intensive Planting System for Orcharding: 

High Density Planting (HDP):  

Accommodating more number of plants per unit area than what is accommodated 

under normal planting system. It is one of the most efficient methods of increasing 

productivity per unit area of land. 

HDP is achieved by 

• Using dwarf rootstock 

• Using dwarf scion variety 

• Following spray of growth regulators 

• Regulating shape of plant 

• Adopting suitable management practices. 

Orchard management: 

All resources of orchard like land, water, trees and external inputs have to be well utilized to 

the best advantage for higher production per unit area on sustainable basis without adversely 

affecting the quality of environment.  

 Resources for better comprehension of orchard management are;  

1) Soil management  

2) Water management  

3) Nutrition management  

4) Pruning and training (plant management)  

5) Weed management 

6) Plant protection against insect pests and diseases.  

7) Bearing, fruitfulness and causes of unfruitfulness.  

8) Maturity and harvest.  

9) Post harvest handling, utilization and marketing. 

 

Soil management: 

It aims at maintaining soil in good condition, or improving the condition if necessary. 

This includes protection from direct sunlight and from the impact of rainfall and wind erosion. 

In annual crops like vegetables and flowers which do not leave vacant space. There is no such 

problem except that one has to replenish nutrients harvested by crops and leached out but in 

tree crops, wherein, it is usually several years after planting before a tree which form such an 

extensive canopy that it can provide adequate protection to the soil, the vacant space needs to 

be productively utilized and protected through different management practices like 

intercropping, cover cropping, cultivation, sod culture, mulching, rotation, high density 

planting.  



Definitions of terms to be used in management of soil:  

  

1) Intercrop: Any crop other than main crop grown between the rows of perennial tree crops is 

known as intercrop and the cultivation there of is intercropping.  

  

2) Green manure crop: The crop other than main crop grown for the purpose of enriching the 

soil for organic matter is called green manure crop.  

  

3) Cover crop: The crop grown to provide a cover to soil to protect it from erosion. It may be 

green manure crop also. 

 

The common soil management practices are,  

1. Clean Cultivation   

2. Cultivation with intercrops 

3. Sod Culture  

4. Mulching  

5. Rotation 

 

1. Clean cultivation: In this method of soil management the space between plants is kept 

clean by tillage and removal of weeds.  

 Advantages:  

• Removes competition of weeds for light, water and nutrients from crop and avoidance of 

alternate host for pests and diseases. 

• Improves soil physical condition through better aeration by breaking clods.  

• Improves soil biological activities through better aeration.    

Disadvantages:  

• Loss of soil through erosion even on flat lands through water and wind. 

•  Loss of nutrient through excessive leaching.  

• Injury to roots and creation of entry points for pathogen 

 

2. Cultivation with intercropping: 

In context of an orchard or a plantation of perennial fruit trees, however, the practices of 

growing annuals or relatively short duration crop in the interspace during their formative 

years is referred to as intercropping and the growing of perennial in the interspacing of 

perennials is called mixed cropping.  

The term multi-storey cropping refers to a multispecies crop combination involving both 

annuals and perennials with an existing stand of perennials. 

Purpose of intercropping:   

• Intercropping is intended to maximize land and space use efficiency to generate 

supplement income, particularly during the initial unproductive phase of the orchard.  

• To protect the inter space from losses through weeds, erosion, impact of radiation, 

temperature, wind and water, and enriching it by nitrogen fixing leguminous crops. 

 



3. Sod culture: 

• In this system, in the space between trees, grasses are allowed to grow without 

tillage or mulching.  

• Sometimes cover is mixed with grasses to improve fertility such as grasses are 

simply mowed and the surface is kept neat and tidy.   

• It is the best system for the control of soil erosion and maintenance of soil organic 

matter and soil structure.   

4. Mulching: 

• It is the practice of covering the soil around the plants to make conditions more 

favourable for growth and conserve the available soil moisture.  

• In this management system the open soil is put under loose cover of straw, crop 

residue, leaves, saw dust and plastic.   

• It is essentially a surface barrier against evaporation and checks weed growth 

reducing competition for nutrients.   

Advantages  

1. Conserves moisture by suppressing weed growth, regulating soil temperature and 

protection from sun and wind.  

2. Improves soil structure and soil organic matter level.  

3. Reduces soil temperature fluctuations.  

4. Controls erosion.  

5. Avoids competition for nutrient and moisture with main crop.  

6. Controls weed growth.  

Disadvantages: 

1. High cost. 

2. Disease and pest infestation through dead plant material. 

3. Fire hazards.  

 

5. Rotation:  

Planting of different crops in a regular sequence on a given piece of land is referred as 

rotation. When this technique is used for soil management, it is necessary that sequence in the 

year or the rotation includes legume as one of the crops.  

 Even in plantations of perennial fruit crops like papaya, banana, pineapple, after clearing 

of fields, these crops should be followed by leguminous green manure crop before planting 

them again. Choice of the legumes can be decided on the basis of climatic region. Generally 

sesbania, cluster- bean and cowpea, are preferred as they add higher quantities of organic 

matter and nitrogen. 



Training and Pruning 

 

Training: It refers to the judicious removal of plant part to develop a proper shape and framework of 

plant capable of bearing heavy crop load. 

 

Pruning: The judicious removal of plant parts like root, shoot etc. to obtain good and qualitative 

yield. 

 

Training Pruning 

Aims at development of good frame work and 

shape of a plant 

Aims at improving either quality or regulating 

quality of the crop obtained from the fruit plant 

Done mostly during the early stages of the plant 

life 

Done mostly during the later stages when the 

plant comes to bearing  

Does not regulate the flowering, fruiting and 

bearing habit of the plant 

Done to regulate flowering, fruiting and to 

obtain regular bearing and good productivity.  

 

Both the processes of training and pruning work together in maintaining shape and size of tree and 

harvesting desirable yield. 

 

Objectives of training: 

• Regulation of shape of the tree. 

• Development of strong frame work. 

• Development of better crotch angles between scaffold branches. 

• Facilitation of better light interception. 

 

 

Principle of Training: 

• Should be started at very early age of plant. 

• Most fruit plants are trained to single stem. 

• Select and retain the shoots which are well distributed all around the main stem.  

• Shoots having narrower crotch angles should be discarded. 

• Water sprouts should be removed immediately. 

 

Methods of Training 

1. Central leader System: The main stem is allowed to grow uninterrupted. The 1st scaffold 

branch is selected at 45-50 cm above ground and the other branches on main stem at 15-20 

cm distance from the 1st branch all around the main stem. 

Disadvantages: 

• Poor interception of light to lower branches. Therefore, poor quality of fruits. 

• Tree size sometimes becomes unmanageable. 

• Inter cultural operations i.e. spraying, harvesting etc. become difficult. 



• Tree is prone to wind damage. Therefore, the method is not suitable to places prone to 

high wind velocity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Open centre system: The plant is headed back at a height of 45-50 cm. 4-5 laterals all around 

the tree are selected and allowed to grow.  

Advantages: 

• Low height of tree therefore the intercultural operations like spraying, harvesting etc. are easy. 

• Better interception of light therefore better fruit quality and yield.  

 

Disadvantages: 

• Tree is very prone to frost damage due to the bowl shapes. 

• Sometimes at high altitudes when heavy snowfall occurs, it may damage the branches due to 

heavy load of snow. 

 

 

 

 

 

 

 

 

 

 

 

 

3. Modified leader system: This is an intermediate form of training between the central leader 

and the open centre systems. The main stem/leader is allowed to grow uninterrupted for 4-5 



years. When the main stem attains a height of 1.2 to 1.5 m. It is headed back. The 1st lateral is 

selected at a height of 40-50 cm above ground and after that 4 to 5 laterals spaced 15-20 cm 

are selected all around the stem. 

Advantages 

• Plants attains moderate height so inter culture operations like harvesting spraying etc. are 

easy. 

• There is better interception of light so better yield and quality. 

• This system renders the trees less prone to damage by wind, frost or snow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Special Methods of Training 

 

1. Bush system: Height of the plant is kept 2m. During 1st year plant is cut at a height of 70 cm, 

3-4 branches are allowed to grow, over which a number of branches emerge out. The centre 

of the plant should be kept open. Plant attains the shape of a bush.  

 

2. Pyramid system: The lower branches always remain longer than the highest branches. Plant 

looks like a pyramid with the shorts/branches scattered in all directions.  

 

3. Espalier system: Espalier refers to the support used for training trees especially apples and 

pears. Branches grow almost parallel to ground and at about 900 to the main stem. The line 

distance is kept small as plants grow only in two directions along the wires. 

 

4. Cordon system: Consists of single stem with side shoots or fruiting spurs kept short by 

summer pruning. In this system, trees are planted 2-3m apart, 60-90 cm apart in rows. The 

dwarfing and semi dwarfing rootstock are most suitable for cordons. The trees are usually 

planted at an angle of about 45° for better exposure to light. The trees are supported by three 

rows of wires, stretched tightly between posts. This system offers advantage of early bearing 

but is not suitable for vigorous or seedling rootstock. 

 



 

5.  Tatura Trellis system: this system was originally developed for peach trees, it is now used 

for training of apple and other pome and stone fruits. Trees are planted 1-1.5 m apart and 5-

6m between rows. The rows are oriented north and south. At planting each tree is topped and 

allowed to develop two branches. These are trained east and west to form the arms in Y shape 

within 50 to 60 crotch angle. Wires on iron frames support the arms to a height of 4-5 m. 

 

Training methods for Grape Vines 

 

1. Head system: Plants trained through this system develop in a bush shape. The plants are 

allowed to grow to a height of 75 to 90 cm. At the terminal portion of shoot, 5 to 6 side 

branches are allowed to grow. This system is suitable for less vigorous cultivars and very 

simple and inexpensive.  

 

2. Kniffin system: Also known as 4-cane system. Two rows of wires are stretched at a height of 

1.00 and 1.65 m from ground level with the help of iron or concrete poles. The vines are cut 

at a height of 1.65 m from ground level. Along with both the lines of wire 2 branches of the 

vines are trained parallel to the ground. Thus, the vines develop 4 arm. 

 

3. Telephone system/overhead trellis system: Also known as 6-cane system. In this system 

poles are erected at a distance of 3.5 to 5.0 m. At the terminal end of pole, there is 1.2 m long 

arm. The arm is drilled with 6 hole. Through these holes 6 wires are stretched from one pole 

to another and the vines are trained over these wires. The vines are allowed to grow to height 

of 1.5 to 1.6 m and then trained along with the wires. 

 

Advantages 

• Superior over kniffin system in which lower arm of the cane remain unproductive.  

• All the vine are trained at same height. 

• Better penetration of light. 

 

4. Bower system: The vines are trained on criss-cross network of wires. To create network of 

wires, poles are fixed at a distance of 4.5 to 6.0 m. The poles are 2.0 to 2.5 m high. Angles 

irons are fixed through poles to develop a roof like structure. At a distance of 60 cm holes are 

drilled in angle width wise to have a criss-cross network of wires. The vines are allowed to 

grow single stem till it reaches the network of wires. Then it is pinched off to facilitate 

production of side shorts. Two vigorous shorts in opposite directions are selected at the wire 

level for training as primary arms.  On each primary arm three laterals on either side are 

selected at 60 cm distance to develop as secondary arms. Each secondary arm is allowed to 

have 8 to 10 tertiary branches. The tertiary branches form the fruiting canes and covers the 

entire network of wire. 

      Advantages 

• Grape berries remain hidden under canopy of leaves. The bind scaring is prevented. 



• Berries are not desiccated by wind. 

• Vine yield more. 

      Disadvantages  

• This system is costly 

• Pruning and spraying operations on the trellis become difficult.  

 

Objective of Pruning 

1. To control flowering and fruiting. 

2. To obtain regular bearing.  

a. Remove diseased, damaged insect infested and week shoots. 

b. Thinning flowers and fruits. 

c. To have a balance between vegetative and reproductive growth. 

  

Principle of Pruning 

• Remove water sprouts. 

• Avoid bark injury while pruning. To do so the branches of bigger diameter should be cut from 

downward surface. 

• Pruning should be completed well in advance of flowering season.  

• In deciduous plant pruning should be done in advance of winter so that low temperature injury 

may be minimized. 

• Apply Bordeaux paste after pruning to avoid incidence of diseases. 

• Crowded, diseased, damaged & insect infested shoot should be removed.  

 

Methods of pruning 

1. Heading back: Removal of terminal portion of shoot leaving basal portion intact. 

2. Thinning: Selective and complete removal of part of the plant. 

3. Ringing or Girdling: A circular ring of bark measuring about 3 cm in length is removed. It 

hastens bearing by allowing greater accumulation of photosynthesis in upward portion of 

plant.  

4. Notching: making a notch above a bud by removing a wedge shaped piece of bark. It check 

the influence of hormone and encourage growth. 

5. Nicking: Making a notch below a bud by removing a wedge shaped piece of bark. This 

ensures accumulation of carbohydrates from the leaves to the bud.  





Cordon system 



Espalier system



Y-trellis system of training 









Juvenility, Flower bud Differentiation and Unfruitfulness 

The plant life cycle can be divided into three distinct growth phases – juvenile, adult, 

and reproductive – all of which involve temporal and spatially coordinated changes in various 

traits essential for plant survival and reproduction. These phases may be thought of as 

developmental phases, with continuous development of new organs that possess different 

morphological features in each phase. Juvenility occurs during the initial stages of the 

development of a new organism mainly from sexual reproduction.  

• There are progressive changes occur during juvenile period that involve morphological, 

anatomical, physiological and developmental differences. These include leaf shape, 

thickness and epidermal characteristics, thorniness, shoot growth vigour, anthocyanin 

pigmentation and ease of rooting of stems etc. 

• In many cases, Juvenile shoots have a lower level of lignification than mature shoots, the 

internodes are shortens and the shoots are compact whereas, leaves often have specific 

shapes and certain anatomical characteristics However, these characteristics may change at 

different rates from species to species.  

• Juvenility is often characterized by a period of rapid vegetative growth, which slows 

considerably after maturity is reached.  

  



Flower Bud Initiation: 

The physiological and morphological changes that occur in a vegetative bud in its preparation 

to change over to the reproductive phase or to become a flower bud may be called as the 

“flower bud initiation”.  

This is probably the first stage of flowering process when hormonal and biochemical 

changes cause cells within a bud to begin organizing a flower or inflorescence. Deciduous 

perennials usually initiate flowers just after shoot growth ceases and when leaves are mature. 

Requirements for floral Initiation: 

• Florigen also called flowering hormone, is a substance produced in the leaves and 

transported to the buds is required for floral initiation. 

• Carbohydrate and nitrogen ratio 

• High photosynthesis 

• Hormones and inhibitors - gibberellic acid (GA3) will reduce flower-bud initiation in many 

species of fruit trees while inhibitors such as N, N-dimethylaminosuccinamic acid will 

promote it. 

 

Further developmental changes that occur in an initiated flower bud leading to the formation 

of the embryonic flower inside the bud are known as Flower Bud Differentiation.    

Both the steps of initiation and differentiation together referred as “Flower Bud Formation.” 

Depending upon species or variety or kind of fruit tree, there may be varying periods of interval 

between the formation of the flower bud and the actual production of flowers.  For example, in 

grapes the period is 3-4 months and is citrus it is few weeks and in mango it is supposed to be 

few days.  



Causes of Unfruitfulness  

In an orchard, all the fruit trees do not bear equally or regularly. Sometime one fails to bear 

and at the same time another tree of the kind under similar conditions produces a heavy crop. 

This problem may be due to failure to set the fruits, unfruitfulness and sterility.  

Fruit Set – refers to the initial setting of fruit at or just after the time of blossoming. A plant is 

said to be fruitful which do not only blossoms and sets fruit but carries it through to maturity. 

Plants which are unable to do this are also known as ‘Unfruitful’ or ‘barren’. 

Fertility on the other hand refers to the ability of plant not only to set and mature fruits but to 

develop viable seeds. Inability of a plant to do this is known as ‘Infertility’ or ‘Sterility’. 

• Fertile plants are necessarily be fruitful and all the fruitful plants need not be fertile. 

• Self-fruitfulness indicates the ability of the plant to mature fruit without the aid of 

pollen from some other flower (or) plant and those plants are known as self-fruitful 

plants. 

Causes of unfruitfulness: 

1. Insufficient pollinizer placement: Pollinizer is the plant that serve as a source of 

pollen for other plants. Flowering of pollinizer and the main cultivar must overlap and 

there should be sufficient number of pollinizers tree in the orchard. E.g. the 

recommended pollinizers proportion in apple is 25-33%. 

2. Inadequate Pollinators: It is the agent that transfer the pollen from anther to stigma.  

3. Pollen sterility and viability 

4. Genetic incompatible/Pollination Incompatibility 

a. Self-incompatibility (Self unfruitful): the flowers cannot fertilize the flowers of the 

same cultivar. 

b. Cross-incompatibility (cross-unfruitful): the flowers cannot fertilize the flowers of 

the other cultivar. 

5. Poor embryo sac development: the development of embryo sac is not proper and 

ovule are not properly developed. 

6. Dichogamy: Stigma receptivity and pollen shedding do not coincide. There are two 

types of dichogamy: 



a. Protandrous dichogamy – the condition in which the male reproductive organs 

(stamens) of a flower mature before the female ones, thereby ensuring that self-

fertilization does not occur. Eg walnut 

b. Protogynous dichogamy: the condition in which the female reproductive organs 

of flower mature before the male ones, thereby ensuring that self-fertilization does 

not occur. Eg. Annona cherimola. 

7. Environmental conditions:  

a. Lack of winter chilling 

b. Cloudy, windy, wet weather keeps honey bees from flying 

c. Frosts 

d. Rainfall at flowering causes damage in several ways- It washes off pollen from 

anther and stigma, decreases pollen viability, reduces activity of pollinating insects, 

reduces fruit set or no fruit set. Heavy rains can result in heavy fruit drop.   

 

8. Cultural Practices 

a. Improper pruning, very heavy pruning, and pruning at wrong time can result in poor 

flower and fruit set  

b. Disturbed soil and plant water relations may lead to abscission of flowers and fruits. 

During early stages of fruit development, shortage of water is quite harmful. 

Moisture stress causes disturbance in Carbon- Nitrogen ratio (C/N ratio) and other 

physiological activities leading to fruit drop. Judicious water supply results in best 

performance.  

c. Spraying trees to prevent certain diseases during bloom time 

9. Other factors: C: N ratio. There are 4 categories. 

a. C/NNNN: 1:4: plant growth is very poor, no fruiting and flowering. 

b. CC/NNN: 2:3: Plant growth is good but no flowering. 

c. CCC/NN: 3:2: Ideal condition, plant growth less but yield better. 

d. CCCC/N: 4:1: very poor plant growth. 



Pollination, Pollinizers and Pollinators 

 

Pollination: It is transfer of pollen grains from anther (the male portion of a flower) to stigma 

(female part) of a flower.   

Types of pollination: 

1. Self Pollination 

2. Cross Pollination 

1. Self-Pollination (Autogamy) 

Transfer of pollen grains from the anther to the stigma of same flower or other flowers 

of the same individual is known as autogamy or self pollination.    

Examples: Apricots, Figs, all varieties of Peaches (except J.H. Hale, June Elberta), Sweet 

Peas, Chillies, Brinjal, Tomato, Okra, Potato etc. 

Factors promoting self-pollination: 

i. Bisexuality.  Presence of male and female organs in the same flower. 

i.e.  hermaphrodite flowers. 

ii. Homogamy  Maturation of anthers and stigma of a flower at the same time eg. Citrus, 

Apricot, Peach 

iii. Cleistogamy  When pollination and fertilization occur in unopened flower bud. eg. Pea, 

Grape  

iv. Geitonogamy - It is a process when the pollen is transferred to another flower on the same 

plant. Eg. Orchid 

 

2. Cross Pollination (Allogamy) 

Transfer of pollen grains from the anther of one plant to the stigma of another plant.  

Examples: Apple, Pears, Walnut, Chestnut, Pecan, Radish, Cabbage, Onion, Garlic, Cucumber, 

Pumpkin, etc. 

Factors promoting cross-pollination: 

1. Dicliny. It refers to unisexual flowers (Only one sex is present in the flower)  

Based on the types of flowers present on a plant it is of two types 

i. Monoecious i.e. When male and female flowers are separate but present in the same plants 

(Walnut, Jackfruit, Aonla) while in some crops, the male and female flowers are present in 

the same inflorescence such as in mango, banana. 



ii. Dioecious i.e..  When staminate (male) and pistillate (female) flowers are present on 

different plants. It includes papaya, date palm, kiwifruit etc.  

 

2. Dichogamy:  It refers to maturation of anthers and stigma of the same flower at different 

times.  Dichogamy promotes cross pollination even in the hermaphrodite species.  

Dichogamy is of two types:   

 i) Protogyny: When pistil matures before anthers eg. Sapota, Annona sps. (except A.muricata)   

ii) Protandry:  When anthers mature before pistil eg. Walnut.   

 

3. Heterostyly:  When styles and filaments in a flower are of different lengths, it is called 

heterostyly.   

It is of two types: 

i.  Pin type- Style is longer than filaments (anthers) eg. sapota, Pomegranate etc. 

ii. Thrum type – Filaments longer than style eg. Carambola, almond etc. 

 

4. Self incompatibility:  The inability of fertile pollens to fertilize the same flower is referred 

to as self incompatibility. 

 It is of two types: 

i. Gametophytic: Apple, Pear, Plum, Apricot, Loquat, Ber etc. 

ii.  Sporophytic : Mango, Aonla, cocoa etc. 

 

5. Male sterility:  In some species, the pollen grains are non functional.  Such condition is 

known as male sterility.  It is a useful tool in hybrid seed production. eg. Peach var. J.H. Hale, 

marigold etc. 

 

Pollinizers:  

A pollinizer is a plant that provides pollen or a plant that donates pollen to another plant. 

eg. Apple (Golden Delicious is a pollinizers for Red Delicious), Mango (Bombay Green is a 

pollinizers for Dashehari  

 

Pollinators:  

The agents (abiotic or biotic) required for transferring pollen grains from anther to 

stigma. 

Types of Pollinators:  



Abiotic (non-living pollinators) 

Wind (Anemophily) - Walnut, Papaya, Jackfruit, Sapota, Aonla 

Water (Hydrophily) - Lily, Giant water lily 

Biotic (living pollinators)  

Insects (Entomophily)- Apple, Mango, Litchi, Pear, Fig 

Birds (Ornithophily) – Banana, Pineapple 

  



 

 

 



FERTILIZATION AND PARTHENOCARPY 

 

Fertilization: 

After pollen is deposited on the stigma, it must germinate and grow through the style 

to reach the ovule. The microspores, or the pollen, contain two cells: the pollen tube cell and 

the generative cell. The pollen tube cell grows into a pollen tube through which the generative 

cell travels. The germination of the pollen tube requires water, oxygen, and certain chemical 

signals. As it travels through the style to reach the embryo sac, the pollen tube’s growth is 

supported by the tissues of the style. During this process, if the generative cell has not already 

split into two cells, it now divides to form two sperm cells. For successful fertilization, the 

pollen tube has to enter the ovule and eventually the embryo sac (female gametophyte) before 

delivering the male gametes for fertilization. Although there is considerable variation in the 

composition of the embryo sac, the most common type is made up of seven cells. The egg 

apparatus, located at the micropylar end, is made up of the central egg and the two surrounding 

synergids. The three antipodal cells are located at the opposite end. The two sets are separated 

by a large central cell with two nuclei; the nuclei fuse to form the polar nucleus before 

fertilization. The pollen tube is guided by the chemicals secreted by the synergids present in 

the embryo sac; it enters the ovule sac through the micropyle. Of the two sperm cells, one 

sperm fertilizes the egg cell, forming a diploid zygote; the other sperm fuses with the two polar 

nuclei, forming a triploid cell that develops into the endosperm. Together, these two 

fertilization events in angiosperms are known as double fertilization. After fertilization is 

complete, no other sperm can enter. The fertilized ovule forms the seed, whereas the tissues of 

the ovary become the fruit, usually enveloping the seed. 



 

 

  



Parthenocarpy: 

The seedless nature of certain fruits is due to the phenomenon of ‘parthenocarpy’ 

which refers to the development of fruits without pollination and without fertilization.  

Two types of parthenocarpy 

1. Natural: It is again divided into vegetative and stimulative parthenocarpy 

2. Induced 

a. Vegetative parthenocarpy: 

If a fruit develops even without the stimulus of pollination, then the phenomenon is 

referred to as vegetative parthenocarpy (autonomic) eg. Banana, Pineapple, Pear and etc. 

b. Stimulative parthenocarpy: 

If a fruit develops from the mere stimulus of the pollination (but without fertilization), 

the phenomenon is known as stimulative parthenocarpy. Eg. Black Corianth grapes 

Stenospermocarpy 

It is process for formation of seedless fruit in which pollination and fertilization take place 

but the embryo gets aborted subsequently resulting in seedlessness. Eg. Thompson seedless, 

beauty seedless and Pusa seedless varieties of grape etc. 

Induced Parthenocarpy: 

Production of seedless fruits by treatment of the flower with material such as dead 

pollen, pollen extract, chemical or other growth substance is called induced parthenocarpy. 

Spray of GA3, auxin and cytokinin can often stimulate the development of parthenocarpic 

fruit. 

Parthenogenesis: development of embryo from egg cell with or without pollination but 

without fertilization. Eg. Mangosteen. 

  



 

 



 

 

 

Importance of Plant Bio-Regulators in Horticulture 

Plant growth regulators/ Plant bioregulators: 

 These are organic compounds other than nutrients, which in small 

amounts promote, inhibit or otherwise modify any physiological process in plant. The 

naturally occurring (endogenous) growth substances are commonly known as plant 

hormones, while the synthetic ones are called growth regulators. 

Plant hormones: 

 It is an organic compound synthesized in one part of plant and translocated to 

other parts, wherein very low concentration causes a physiological response. 

Plant bioregulators can be classified into five groups, namely, auxins, gibberellins, cytokinins, 

ethylene and abscisic acid. 

1. AUXINS: 

 Auxins are synthesized in stem tips and in young tissues and have polar movement 

(Basipetal movement) i.e., from shoot tip to root. The synthesis begin with the synthesis 

of amino acid tryptophan. Therefore, tryptophan is known as precursor of IAA. 

Role of Auxin: 

1. Apical dominance: inhibits the lateral bud formation. For sprouting the lateral buds, the 

apical bud needs to be removed.  

2. Cell division and enlargement: It stimulates cell division and cell enlargement, cell 

elongation in the apical region. 

3. Shoot and root formation: auxin increases shoot growth at relatively higher concentration 

and root growth at a very low concentration. 

Practical uses of auxins: 

1. Root induction – IBA (rooting hormone), IAA, NAA 

2. Weed control – 2,4-D, 2,4, 5 T etc. 

3. Control of fruit drop – NAA, 2, 4-D 

4. Regulation of flowering – NAA 

IAA- Indole acetic acid 

IBA – Indole butyric acid 

NAA – Napathalene acetic acid 

2,4-D - 2, 4 Dichlorophenoxy acetic acid 

2,4,5-T – 2,4,5 Tri chlorophenoxy acetic acid. 

2. GIBBERELLINS: 



 

 

 Gibberellins was discovered by Kurosova, a Japanese scientist in 1926. It was first 

extracted from the fungus Gibberella fujikuroi. The fungus is a causal organism of ‘Foolish 

seedling of rice’ also known as bakanae disease of rice.  

GA3 – a natural product of higher plants. 

They are synthesized in young leaves, roots and immature shoots and move in all directions and 

in all tissues including phloem and xylem. 

Role of Gibberellins: 

1. Prevention of genetic dwarfism – helps in elongation of internodes. 

2. Stimulate cell division and cell elongations in sub apical meristem. 

3. Induce parthenocarpy in pome and stone fruits. 

4. Helps in germination of seeds. 

5. Induce flowering and increase flower primordial 

6. Improve fruit set 

7. Break dormancy 

8. Extension of shelf life of fruits. 

 

3. CYTOKININS: 

Also called phytokinins. The term cytokinin is a generic name for the substances which 

promotes cell division and effect other growth regulatory functions of the plants. Primary sites 

of cytokinin synthesis are the roots and young fruits and the movement in both upwards and 

downwards. 

First endogenous cytokinin was isolated from maize kernels named as zeatin. 

Synthetic cytokinins are: Kinetin, Benzyladenine and Ethoxy ethyladenine. 

Role of cytokinin: 

1. Cell division 
2. Induce cell enlargement. 

3. Helps in seed germination 

4. Stimulate as well as inhibit root initiation and development. Higher conc. inhibit root 

elongation. 

5. Extends the life span of detached leaves by delaying protein degradation and loss of 

chlorophyll. 

4. ETHYLENE: 

Ethylene is the only gaseous hormone which stimulates growth. 

It is synthesized in many parts of the plant, particularly under physical stress. It is produced 

by young and maturing fruits, but is also produced in all kinds of injured tissues. It seems to 

promote transverse rather than longitudinal expansion of cells. 

Synthetic chemical known as ethrel, ethephon, chloroethyl phosphonic acid (CEPA) has 



 

 

been reported to release ethylene when applied to plants. 

Role of Ethylene: 

1. Enhance fruit ripening 

2. Promotes abscission of leaves, fruit etc. 

3. Stimulates floral initiation. 

4. Breaking dormancy in buds and seeds. 

5. Inhibit elongation and lateral bud growth. 

 

Growth Inhibitors 

Abscisic acid (ABA) 

ABA is a natural growth inhibitor which is synthesized primarily in the mature old leaves. 

However, the stems or roots under physical or moisture stress produce ABA. Also known as 

stress hormone. 

Role: 

1. Induce dormancy in buds 

2. Inhibits growth of shoots 

3. Induce closing of stomata in leaves 

4. Inhibits the formation of enzymes in the embryo necessary for seed germination. 

 

Growth Retardant 

These are the synthetic compounds which reduce the growth of the stem. The growth 

retardants treated plants appear normal though their stems are shortened. They do not effect the 

formation of leaves, flowers and fruits. 

E.g: Paclobutrazol (cultar), AMO 1618, Phosphon-D, CCC (cycocel), Chloromequat and Alar 

(SADH). 

 

Uses of Plant bioregulators in horticulture:  

 

1. Propagation: 

• Gibberellins are used for seed germination and substitution of chilling requirement. 

• Auxin is used for rooting of cuttings and layered plants 

• Auxin and cytokinin are required for multiplication of plants through tissue culture. 

 

2. Control of Vigour:  

• Paclobutrazol effective in reducing the growth of pear, peach, lemon, apple, litchi, 

apricot, plum and mango.  

• Ethrel treatment beneficial in mango, grapes and avocado. 



 

 

 

3. Flowering:  

• Ethylene responsible for flowering in pineapple.  

• Acetylene, calcium carbide, ethephon and NAA (10-15 ppm) used to induce flowering 

in pineapple.  

• Soil application of paclobutrazol @ 5 g per tree is effective in regulating fruiting in 

mango.  

• In litchi, NAA replaces girdling for improved flowering. 

•  SADH promotes flowering in apple, pear, peach and blueberry. 

•  Grapes and lemon respond to CCC with increased flowering. 

• In fruits like apple, pear, fig, grapes etc. GA application produce parthenocarpic fruits. 

• Application of GA increases fruit set in strawberry, peach, plum and cherry. 

 

4. Fruit Thinning:  

• Application of sodium 4,6-dinitro-o-cresol (DNOC) at full bloom or NAA application 

at post bloom results in satisfactory thinning in apple.  

 

5. Fruit growth and maturity:  

• Effect of auxin application to increase fruit size has been used for commercial 

advantage in grapes, strawberry and orange. 

• Post bloom application of CPPU, a derivative of cytokinins to increase the berry size 

in kiwi. 

 

6. Prevention of Fruit drop:  

• NAA2,4-D are used for controlling fruit drop in mango and citrus. • 

 

7. Improvement of fruit quality: 

• GA3is used for loose clusters, decrease fruit set, reduce number of berries per cluster 

increase size of remaining berries and improvement of berry size in grapes.  

 

8. Fruit Ripening:  

• Ethrel application in apple for uniform ripening and early fruit maturity. 

•  Ethephon in citrus prior to storing ensures post-harvest degreening.  

• In lemons, dipping in 1000 ppm ethephon for attaining marketable yellow colour.  

• Ethrel is used for ripening of banana, mango etc. 

 

 



Irrigation Methods 

Importance & role of water in plant system 

➢ It is media for transportation of nutrient from roots to shoots & vice-versa. 

➢ Many organic constituents of plant such as carbohydrates, protein, nucleic acid, 

enzymes etc. get denatured in absence of water. 

➢ Source of H+ ions in photosynthetic reactions.  

➢ Essential for maintaining turgidity of plants.  

 

Methods of Irrigation 

1. Flooding: This system is very simple & easiest to practice. The water is allowed for 

irrigation without making any beds, basins or any other configuration. The water floods 

the entire field. This is a wasteful method which will lead to stagnation of water & helps 

weed growth. There is no uniform distribution of water & soil erosion lake place. It is 

feasible when water is in plenty.  

2. Check-basin method: In this system in between two rows of trees, an irrigation 

channel is prepared. The channel is then jointed through square or rectangular shaped 

beds. The beds contain more than one tree.  

 

 

 

 

 

 

 

 

 

3. Furrow Method: This system is practiced in nearly planted orchards. Taking the plants 

in the centre, an irrigation channel of 20 cm. depth & 60 cm width is prepared. There 

is water saving in this system; as only limited area is wetted widely followed for 

vegetable crop like tomato, onion, brinjal etc. 

 

 

 

 

 

 

4. Ring basin system: A circular ring in the periphery of the plant is proposed to irrigate 

the plants. In between two ring-basins, a sub channel connecting the ring basin of the 

tree is prepared. The water flows through central channel & move ahead naturally after 

flooding  two ring basins at a time. 

 



 
 

5. Basin System: A basin proportionate to the size of the tree is prepared. The basins are 

then connected with each other with irrigation channel. The water moves ahead after 

irrigating individual basin of trees. Hence, there is fear of spread of disease through 

water in any tree in the basin is diseased. 

 

 
 

6. Pitcher system: The pitcher filled with water is buried in the periphery of individual 

tree where feeding roots are confined. The water is released slowly & strongly with the 

micro pores available in the wall of pitcher, and taken care of irrigation requirement of 

plant. The no of pitches per plant depends upon the spread of tree.  

 

 

 

 



 

 

 

 

 

 

 

 

 

Special Irrigation Method 

7. Overhead irrigation: Overhead irrigation is by the use of sprinklers. Most widely used 

over head system. In this systems, the initial cost of installation is rather high but there 

are several advantages. There is saving in labour cost & water. More uniform wetting 

of soil is possible & erosion will be eliminated.  

 

 
 

 

8. Drip irrigation: This is a system of irrigation which supplies water to the plant 

equivalent to its consumptive use. This is highly water use efficient (WUE) system of 

irrigation having very less irrigation water requirement. It has the following 

components: 

a. Water supply pump at the source of water 

b. Filters, fertilizer, mixing tank (hydro cyclone filter, sand filter)   

c. Pressure regulator  

d. Main line, laterals & drippers 



Hydro cyclone filter- Filter coarse particles  

Sand filter- Relatively finer particles 

Screen filter- Filter very fine particles 

Advantages 

1. Water saving: Water is applied directly to the root zone, eliminating wastage, 30-70% 

water saving.  

2. Labour saving: This eliminates the need for constructing borders, bunds & labour 

intensive works associated with conventional irrigation techniques, thereby saving 

about to 60-90%.  

3. Use of lower quantity water: Water is applied continuously and the root zone is kept 

wet constantly.  

4. Increased yield & plant vigour: It maintains soil moisture at optimum level 

eliminating water stress resulting in greater vigour, better establishment & high 

productivity.  

5. Reduced weed growth: Since water is applied to the restricted area, wide spread weed 

growth is inhibited due to restricted water supply. 

6. Saving of nutrients: Nutrients are directly applied to the root zone along with water. 

Leaching losses are minimized saving upto 30-60%.  

Disadvantages 

1. Higher initial investment. 

2. Clogging of drippers due to oxidants & algae. 

 

 
 

 

 

 

 

 

 

This filter helps in choking 

of laterals 



9. Bubbler system:  

a. This system has the goodness over drip irrigation system in respect to energy 

saving, avoidance of filtration & getting rid of clogging of drippers.  

b. Water is carried through inexpensive, thin walked, corrugated plastic pipe of 

appropriate diameters suitable to carry water at low pressure. Water passes 

through pipe & through the risers (vertical tube of 1-3 cm. diameter) provided 

in the underground buried pipe, water ultimately reaches to the plant. 

c. This system is applied where relatively more quantum of water is required to be 

applied to the plant.   
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