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EXERCISE No. 01

DATE : ________________

IDENTIFICATION OF FRUIT AND PLANTATION CROPS

Fruit crops : Fruit is a mature or ripen ovary with or without accessory parts (receptacle, calyx, 
corolla, etc.) is known as 'fruit' and the scientific study of production of fruit crops or the science of 
growing fruit crops is known as 'pomology'. e. g. Mango, Sapota, Banana, Papaya, Apple, Pear, 
Peach, etc.   

Plantation crops : Plantation crops is referred as the crops which have long bearing age, cultivated 
by individual or industries and require some sort of processing before consumption. e.g. Coconut, 
Coffeee, Cocoa, Arecanut, Tea, Rubber, Oil palm, etc.

Botanical
Name

FamilyCommon
Name

Edible partOrigin Type of
Fruit

Sr.
No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Mango

Banana

Acid lime

Mandarin

Orange

Sweet Orange

Pumello

Grape

Papaya

Guava

Pomegranate

Sapota

Custard apple

Mangifera

indica

Musa

paradisiaca

Citrus

aurantifolia

Citrus

reticulate

Citrus

sinensis

Citrus

maxima

syn.

C. grandis

Vitis vinifera

Carica

papaya

Psidium

guajava

Punica

granatum

Achrus

sapota

Annona

squamosa

Anacardiaceae

Musaceae

Rutaceae

Rutaceae

Rutaceae

Rutaceae

Vitaceae

Caricaceae

Myrtaceae

Punicaceae/

Lythraceae

Sapotaceae

Annonaceae

Indo-Burma

Indo-Burma

Probably

India

Indo-China

Indo-China

Indo-China

Mexico

Mexico

Iran

Mexico

Mexico

Drupe

Berry

Berry

Berry

Berry

Berry

Berry

Berry

Berry

Balausta

Berry

Aggregate

fruit

Mesocarp

Mesocarp +

Endocarp

Juicy

placental hair

-do-

-do-

-do-

Pericarp

Mesocarp

Pericarp

Aril

Mesocarp

Mesocarp

1
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Botanical
Name

FamilyCommon
Name

Edible partOrigin Type of
Fruit

Sr.
No.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

Apple

Strawberry

Aonla

Ber (Indian)

Jamun

Pineapple

Date palm

Jack fruit

Coconut

Areca nut

Cashewnut

Coffee

Tea

Rubber

Oil palm

Cocoa

Malus ×

domestica

Fragaria ×

annanasa

Phylanthus

emblica

Zizyphus

mauritiana

Syzygium

cumini

Ananus

comosus

Phoenix

dectylifera

Artocarpus

heterophyllus

Cocos

nucifera

Areca

catechu 

Anacardium

occidentale

Coffea

Arabica and

Coffea

canephora

Camellia

sinensis

Hevea

brasilensis

Elaeis

guineensis

Theobroma

cacao

Rosaceae

Rosaceae

Euphorbiaceae

Rhamnaceae

Myrtaceae

Bromeliaceae

Palmae

Moraceae

Palmae

Palmae

Anacardiaceae

Rubiaceae

Theaceae

Euphorbiaceae

Palmae

Sterculiaceae

Asia Minor

(cultivated

strawberry

developed in

France)

India

India

India

Brazil

Iraq

India

South

East Asia

Philippines 

Brazil

Ethiopea

Assam

(India)

Brazil

West

Africa

Central

America

Pome

Etario of

achene

(Multiple

Fruit)

Berry

Berry

Berry

Multiple

fruit

Berry

Multiple

fruit 

Nut

Nut

Nut

Berry

- -

- -

2n = 32

- Drupe

2n = 20

Pod

Thalamus

Achenes

Epicarp and

mesocarp

Epicarp and

mesocarp

Epicarp and

mesocarp

Perianth

Epicarp

and mesocarp

Perianth 

Copra and

liquid

Endosperm,

Kernel

Kernel

Kernel

Two leaf

and a bud

Latex

Kernel and

Mesocarp

Kernel

EXERCISE No. 02

DATE : ________________

CLASSIFICATION OF FRUIT AND PLANTATION CROPS

The overall objective of the classification is to systemize the presentation and make the 
remembrance of the plants easy and convenient.

1. Botanical classification of fruit crops

 (A) Monocots : Banana, Pineapple, Date palm, Coconut, Arecanut

 (B) Dicots  : Remaining all the fruit and plantation crops

2. Classification of fruits based on climate adaptability

 In this classification, the fruits trees are categorized into three recognized groups. 

A. Temperate fruits : 

• Temperate fruit plants are exacting in their climate requirement. 

• They are grown only in place where winter is distinctly cold, require as exposure of specific 
chilling temperature for certain period without which they do not flower. 

• These fruit plants are generally deciduous and stand frost. eg. Apple, almond, peach, pear, 
plum, strawberry, apricot, persimmon, walnut, pecan nut, cherry and kiwifruits etc. 

B. Tropical fruits :

• Tropical fruit plants are generally evergreen and are extremely sensitive to cold. 

• They do well under lesser fluctuations of diurnal temperature, light and dark periods they 
require a moist warm climate but are capable of withstanding dry weather in some cases eg; 
mango, banana, papaya, sapota, pineapple etc., 

C. Sub-tropical fruits :

• The fruit crops grown under a climatic condition between temperate and the tropical are 
known as subtropical fruit crops. 

• They may be either deciduous or evergreen and are usually able to withstand a low 
temperature but not the frost. 

• They are also quite adoptive to fluctuations of light and dark period during day and night. 

• Some subtropical fruit plants require chilling for flower bud differentiation. Eg; grape, 
citrus, date palm,guava, etc.

D. Arid and semi-arid fruits : Aonla, Ber, Date palm, Fig, Phalsa, Jamun, Bael, Annonaceous 
fruits
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3. Classification based on fruit bearing habit :

A. Terminal bearing habit :

 1. Old season growth  - Mango, Litchi

 2. Current season growth - Jackfruit, Bael, Pecan nut

B. Axillary bearing habit :

 1. Old season growth  - Apple, Custard Apple, Pear, Tamarind 

 2. Current season growth - Guava, Papaya, Coconut

C. Mixed bearing habit :  - Pomegranate, Citrus, Carambola

4. Classification based on fruit morphology :

A) Simple fruit -  I. Berry : Banana, Papaya, Grape, Sapota, and Avocado 

    II. Modified berry- 

     i. Balusta : Pomegranate 

     ii. Amphisarca : Wood apple, Bael

    III. Pepo  : Water melon 

    IV. Pome  : Apple, Pear, Laquat

    V. Drupe (Stone) : Mango, Pear, Plum 

    VI. Hesperidium : Citrus 

    VII. Nut   : Cashew, Litchi, Walnut, Rambutan

    VIII. Capsule : Aonla, Carambola

B) Aggregate fruits : Etario of  berries   : Custard apple, Raspberry 

    Etario of druplet   : Black berry

C) Multiple fruit : Syconus               : Fig 

    Sorosis                  : Jackfruit, Pineapple, Mulberry

5. Classification based on ripening behaviour :

Climacteric fruits :

Fruit ripening associated with increased 
ethylene production and a rise in cellular 
respiration.

Mango, Banana, Ber, Sapota, Guava, Papaya, 
Apple, Fig, Peach, Pear, Plum, Annona, etc.

Non-climacteric fruits : 

Fruits once harvested do not ripen further and 
no characteristic increased rate of respiration

Citrus, Grape, Pomegranate Pineapple Litchi, 
Ber, Jamun, Fig ,Phalsa, Strawberry, etc.

6. Based on photoperiodic responses :

7. Based on relative salt tolerance :

8. Based on relative acid tolerance :

9. Based on longevity: 

 a) Very Long longevity - >100yrs - Date palm, Coconut, Arecanut

 b) Long longevity - 50-100yrs - Mango, Tamarind 

 c) Medium - 10-50yrs - Litchi, Guava,Pomogranate

 d) Short - Pineapple, Banana 

Moreover different classification also on the basis of consumers preference or weight of fruits, 
Parts used (Edible portion of fruit), continuation of growth: evergreen, deciduous., storage life of 
fruits, water requirement, light requirement, type of inflorescence, type of breeding system, etc.

Long day

Passionfruit, Banana, Apple Strawberry, Pineapple, Coffee Papaya, Guava

Short day Day neutral plant

Tolerant

Datepalm, Ber, Aonla,
Guava, Coconut, Khirni

Pomegranate, Cashew,
Fig, Jamun, Phalsa

Mango, Apple, Citrus,
Pear, Strawberry 

Medium tolerant Highly sensitive

Highly tolerant

Stawberry, Raspberry,
Fig, Bael, Plum 

Pineapple, Avocado, Litchi -

Medium tolerant Highly sensitive

54
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EXERCISE No. 03

DATE : ________________

DESCRIPTION AND IDENTIFICATION OF FRUIT AND ITS VARIETIES

Long history of cultivation, collection, characterization and conservations, unique soil and 
climatic endowment, breeding and improvement, support and policy of government leading to 
gallop development of science and technology, have created a vast pool of horticultural crops and 
varieties in the country. The cultivars and varieties of different crops are different in growth and 
quality characteristics. The characteristics of important cultivars and varieties of fruit crops are 
describe herewith. Some promising varieties and hybrids are mentioned here.

(1) Mango

1. Alphonso

One of the most popular variety of India, it is mainly grown in Ratnagiri area of Maharashtra. 
Superior variety of India being exported. Fruits are medium size with an average weight of 250 g 
and ovate oblique in shape. Rind is medium thick with attractive blush towards the basal end. Pulp 
is firm, fibreless and of excellent quality. Colour of pulp is attractive orange and has got good sugar-
acid blend. Keeping quality is good. Exhibits alternate bearing tendency and is susceptible to 
spongy tissue. 

2. Kesar

This is a leading variety of Gujarat. Irregular bearing habit. Medium sized fruits with sweet and 
fibreless flesh and excellent sugar-acid blend. Good for processing.  Keeping quality is good. 

3. Langra 

This variety is indigenous to Varanasi area of Uttar Pradesh. It is extensively grown in northern 
India, Biennial bearer, Fruit are good quality with firm, lemon yellow coloured flesh with 
turpentine flavor, Shape is ovate, Fruit quality is good. Keeping quality is medium. It is a mid 
season variety. 

4. Dashehari

This variety derives its name from the village Dashehari near Lucknow. It is a leading commercial 
variety of north India. Fruit size is medium. Shape is oblong to oblong oblique. Colour is yellow. 
Fruit quality is excellent. Keeping quality is good. It is a mid season variety. Regular bearer.

5. Neelum

This is widely cultivated in south India. Regular and heavy yielder. Fruit are of medium size and 
ovate-oblique shaped. Flesh is firm and with acidic blend. Late season variety with wide 
adaptability.

76
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6. Bangalora

It is a commercial variety of south India. Heavy yielder with regular bearing habit. Bear large fruits 
of 500 - 600 g weight with typical oblong shape and prominent sinus and beak. The pulp quality is 
medium to inferior and preferred in processing industry. Stone is very thin.

7. Banganpalli

It is a commercial variety of Andhra Pradesh and Tamil Nadu. Large fruit of 400 - 500 g weight 
with flattened shape. Moderate and regular bearer. Fruit quality is good. It is a early season variety.

8. Bombay Green

It is commonly grown in north India due to its early ripening habit. It is also called Malda in 
Northern India. Medium size fruit with strong and pleasant flavor and soft, sweet pulp. It is 
susceptible to malformation and exhibits biennial bearing habit. 

9. Himsagar

It is popular variety of west Bengal. This is one of the choicest varieties of Bengal and has gained 
extensive popularity. Regular bearer with medium sized fruits of good quality. Pulp with yellow 
colour and pleasant flavour.

10. Chausa

This variety originated as a chance seedling in the orchard of a Talukadar of Sandila district Hardoi, 
U.P. It is commonly grown in northern parts of India. Large fruits of bright yellow colour and pulp 
is soft and sweet. Biennial bearing habit and susceptible to floral malformation. It is a late maturity 
variety.

11. Amrutang :

This variety developed by AAU Anand. Average Yield 80-100 kg per tree, Fruit (180 g) having 
length 10.50 cm and width 7.50 cm and higher pulp content 81 % and pulp stone ratio 10.83:1.00, 
High yielder and resemble to ' Kesar' variety.

Hybrid varieties released from G.A.U. Gujarat

Neelphonso : It is cross of  Neelum x Alphanso.

Neeleshan : It is a cross between Neelum x Baneshan.

Neeleshwari : It is a cross between Neelum x Dasheri

Sonpari : It is a cross between Alphonso x Baneshan

Varieties released from I.A.R.I., New Delhi

Amarapali

This hybrid is from a cross of Dashehari x Neelum. It is dwarf, regular bearing and late maturing 
variety. The variety is suitable for high density planting as about 1600 plants may be planted in a 
hectare. It yields on an average 16 tons / hectare.

Mallika 

It is from a cross of Neelum x Dashehari. It is regular bearer. Fruit size is large. Shape is oblong 
elliptical. Colour is cadmium yellow. Fruit and keeping quality are good. It is a mid-season variety.

Pusa Arunima (Amrapali x Sensation)

Pusa  Surya   (Selection from Eldon)

Pusa  Shreshth (Amrapali x Sensation)

Pusa  Pratibha (Amrapali x Sensation) 

Pusa  Peetamber (Amrapali x Lal Sundari)

 Pusa  Lalima  (Dushehari x Sensation)

Varieties released from IIHR, Bangalore

Arka  Anmol  (Alphanso x Janardan Pasand)

Arka  Aruna  (Banganpalli x Alphonso) 

Arka  Neelkiran (Alphonso x Neelum)

Arka  Puneet (Alophonso x Banganpalli)

Arka  Udaya  (Amrapalli x Arka Anmol)

Varieties released from CISH, Lucknow

Dashehari-51 (Selection)

CISH-M2  (Dashehari x Chausa)

Ambika  (Amrapali x Janardan Pasand)

Varieties released from RFRS, VENGURLA

Ratna   (Neelum x Alphonso)

Sindhu   (Ratna x Alphonso) First seedless variety released in 1992.

   Tree semi-vigorous, regular bearer, fruit medium (215 g)

Konkan Ruchi   (Neelum x Alphonso)

(2) BANANA

1. Grand Naine

It is a tall mutant of Dwarf Cavendish. It bears bunches weighing 25-30 kg with well spaced hands 
and uniform sized long fingers. Fruit quality is like Dwarf Cavendish.  It requires propping. Most 
popular and high yielding variety is grown in India. Finger is bigger in size.
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2. Robusta

Fruits have better keeping quality. Fruits large, skin thick, greenish to dull yellow, sweeter and 
delicious. average bunch weighing ranging from 25-30 kg. It is susceptible to singatoka leaf spot 
limiting its cultivation in humid areas but, it is resistance to Panama wilt.

3. Poovan

Plant is tall, vigorous and hardy suitable for ratoon cultivation. It can be grown as an intercrop and 
even in marshy lands. The distinguishing characters are the rose pink colouration of the outer side 
of the mid rib when young, heavy bunches with closely packed fingers hanging down vertically. 
Fruits are small to medium size, thin skin, pulp cream colour with sub acid taste. It is resistant to 
Panama wilt disease and tolerant to bunchy top disease but, highly susceptible to banana bract 
mosaic virus and banana streak virus.

4. Rasthali

The plant is tall and can easily be identified by the yellowish green stem with brownish blotches, 
reddish margins of the petiole and leaf sheath. Fruits medium sized, skin thin, ivory-yellow in 
colour, flesh firm, sweet with a pleasant apple flavor. Average bunch weight is about 12 Kg. It has 
the disadvantage of longer crop duration, severe susceptibility to fusarium wilt, easy dropping of 
the fruits from the bunch.

5. Monthan

The plant is hardy, drought tolerant, tall, robust and light green. Average bunch weight varies from 
10-15 kg, bears 60-70 fruits which are bold, plumpy, angular, straight with blunt or knobbed apex 
and pale green. The cultivar is immune to panama wilt, black sigatoka and bunchy top disease, salt 
tolerant but susceptible to fusarium wilt. 

6. Dwarf Cavendish

It is one of the most important cultivars of India. The plant is dwarf, fruits large, curved, skin thick 
and greenish, flesh soft and sweet. Average bunch weight is 15-25 kg. Keeping quality is poor. It is 
suitable for high density planting and in wind prone tracts.

7. Red Banana

This cultivars thrives well in humid tropics and at higher altitudes. Colour of the pseudostem, 
petiole, mid rib and fruit peel is purplish red. Fruit is large in size with characteristic aroma. 
Average bunch weight varies from 18 to 22 kg. It is highly susceptible to bunchy top, fusarium wilt 
and nematodes.

8. Nendran

This is known as plantain in all parts of the world. It is dual purpose cultivar of Kerala. The fruit is 
relatively longer and thicker than other bananas with very good keeping quality. Average bunch 
weight is about 10-15 kg. This is the best variety suitable for chips making. Nendran is susceptible 
to bunchy top disease and banana bract mosaic virus.

(3) PAPAYA

1. Coorg Honey Dew

It is popularly known as 'Madhubindu' and is cultivated for table as well as processing purpose. It is 
a selection from Honey Dew. The variety bears greenish-yellow oblong-shaped fruits with orange 
thick flesh and good flavour. The variety can be maintained pure by growing in isolation due to its 
excellent fruit quality. it fetches good market value.

It is gynodioecious in nature and semi-dwarf. Fruits on an average weigh about 1.5 to 2.0 kg; skin is 
dark in colour with ridging on the surface. Fruits from hermaphrodite trees are elongated and oval, 
from female it is ovoid. Pulp is yellow in colour and on ripening melts; TSS is around 13.5° Brix. 
Keeping quality is poor. It yields about 70 kg per tree. 

2. Sunrise Solo

It is famous for pink flash and also gynodioecious variety. Sunrise Solo is a pink fleshed bisexual 
inbreed. It is the most commonly grown papaya worldwide. The fruit is small, pear shaped with a 
very sweet musk flavour. They grow true to type and you can use the seeds to regrow them, as long 
as they are not cross pollinated with other papaya.  

3. Taiwan 

It is gynodioecious variety, blood red flesh and good taste. Fruit medium to large, ovate shape on 
female plant whereas, elongate in hermaphrodite plant. 

4. Washington:

It is a table purpose variety. Fruits are round to ovate, medium-large in size with few seeds. When 
ripe, skin attains a bright yellow colour. The average weight of fruit ranges from 1.5-2 kg. Male and 
female plants are separate.

5. Pusa Delicious

It is a gynodioecious variety with 100% productive plants, high yield, fruit starts at 150 cm height, 
large fruit, large fruit, pulp deep orange, very sweet, TSS - 13° Brix and good flavour.

6. Pusa Majesty

This is also gynodioecious variety with high productivity. Bearing at a height of 45 cm, medium 
round fruits, flesh firm, yellow, keeping quality is good, tolerate to root-knot-nematode. 

7. Pusa Giant

This is a vigorous variety and is dioecious in nature. Bearing at a height of 1 meter, large fruits 
suitable as vegetable, canning (petha) and for tooty-fruity, tolerate to strong winds. 

8. Pusa Dwarf

It is a dwarf and dioecious variety with good yield. Bearing at 40 cm height, fruit medium, oval, 
flesh orange red, sweet, melting, TSS 9° Brix, suitable for high density planting. 
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9. Pusa Nanha

It is dioecious and dwarf mutant variety. Plant height is 100-110 cm, suitable for kitchen garden, 
pot planting and high density planting up to 1.25 x 1.25 m.

10. CO 1

It is selection from cultivar Ranchi done by TNAU, Coimbatore. The plant is dwarf in habit, 
producing the first fruit within 60-75 cm from the ground level. Fruit is medium-sized, spherical 
smooth skin, flesh orange-yellow, firm, sweet, juicy with pleasing flavour. TSS 13° Brix and good 
keeping quality. Suitable for table purpose. 

11. CO 2

Selection from inbred local strain, plants dioecious, medium tall, fruits round to oval, flesh orange 
coloured, moderately juicy, mild flavor, TSS 13° Brix, keeping quality is good, good variety for 
papain production.

12. CO 3

It is hybrid between CO 2 x Sunrise Solo. plant tall, hermaphrodite, fruits medium, flesh reddish, 
sweet, good keeping quality and TSS 14.6° Brix.

13. CO 4

It is hybrid between CO 1 x Washington. Plants have purple colouration, fruits medium, round, 
flesh yellow with purple tinge, quality good and TSS 13.2° Brix.

14. CO 5

It is a selection from Washington variety. Highest papain yielder, 15 g dry papain/ fruit.Average 
yield of 1500 kg dry papain/ hectare and TSS 13° Brix.

15. CO 6

It is Inbred selection from Pusa Majesty, it is dioecious having dwarf stature. It produces large-
sized fruits. It is recommended both for papain and dessert purposes.

16. CO 7

It is gynodioecious variety with red flesh, uniform size and shape. TSS 16.5° Brix with low stamen 
carpellody.

(4) Sapota

1. Kalipatti

Dark green broad and thick leaves, Medium and oval shape fruit, Pulp is mellow flesh and very 
sweet. It is leading variety of Maharashtra, Gujarat, North Karnataka. Excellent in quality and 
single fruited.

2. Bhuripatti

Foliage thick and light green to brown in colour. large and oval shape fruit, pulp quality good and 
moderately gritty. It is medium bearer.

3. Cricket Ball (Calcutta Large)

Foliage light green, large and round shape fruit, pulp is gritty and granular not very sweet. It is shy 
bearer and suitable for arid region, It is commercially grown in Tamil Nadu, Andhra Pradesh, West 
Bengal, Karnataka and Maharashtra.

4. PKM-1

Selection from Guthi. Trees is dwarf, fruits is oblong shaped, Average fruit weight is 80-85 g and 
TSS 23º Brix.

11. DSH-1

It is cross between Kalipatti × Cricket Ball. Fruits are round shaped and large, Average fruit weight 
is 200-210 g and TSS 23º Brix.

12. DSH-2

It is cross between Kallipati x Cricket ball. Fruit are oval in shape and fruit size is a medium. 
Average fruit weight is 150 to 160 g and TSS is 26° Brix.

(5) Guava

1. Allahabad Safeda

The most famous variety of Allahabad, it has acquired large variations due to seed propagation. 
The fruits are large in size, round in shape, skin smooth and yellowish-white. The flesh is white, 
firm, soft having pleasant flavour, high TSS and vitamin C content. The seeds' are numerous, bold 
and hard. The trees are tall with profuse branching and broad crown. It can withstand drought 
conditions. 

2. Lucknow 49

It is selection from open pollinated population of Allahabad Safeda and it is also known as Sardar 
Guava. Its fruits are large, roundish-ovate in shape, skin primrose-yellow and pulp white, very 
sweet and tasty. The TSS and vitamin C contents are high. The plants are vigorous. 

3. Chittidar

This variety is very popular in western Uttar Pradesh. The fruits are characterized by numerous red 
dots on the skin, high sweetness and small and soft seeds. It is otherwise similar to Allahabad 
Safeda fruits in size, shape and pulp. It has higher TSS content than Allahabad Safeda and 
Lucknow 49 but lower vitamin C content. The tree characters resemble to those of Allahabad 
Safeda.
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4. Apple Colour

Its fruits are medium sized and pink coloured. They are sweet in taste with good keeping quality. 
They require temperature for the development of good pink colour. The trees are of medium vigour 
but their leaves are greener than others. However, it is a moderate yielder.

5. Arka Amulya

It is cross between Allahabad safeda and Triploid. Trees are semi vigorous producing round, white-
fleshed fruit. Average weight is about 200 g. TSS is 12.5° Brix and seeds are a few and soft. 

6. Arka Mridula

This is a seedling selection of variety Allahabad Safeda. Its medium-sized fruits are of excellent 
quality with high TSS. The white pulp has only few soft seeds. The plants are of medium vigour but 
high-yielding.

7. Lalit

It is 24 % higher yield than Allahabad Safeda and suitable for jelly making.

8. Sweta

It is selection from half-sib population of apple colour. Tree is semi vigorous with medium height 
and prolific bearer, fruit yield is 90 kg/plant at the age of 6years.the fruit is medium size globous 
fruits, weighing 225 g/fruit. TSS is 12.5-13.2 ?brix. Vitamin C is 300 mg/100g pulp.

9.  Dholka  

Popular variety of Gujarat, fruits medium size, sweet taste, heavy bearer, good keeping quality, 
seeds soft and pleanty.

 

(6) Citrus

Acid lime - Citrus aurantifolia

1. Kagzi lime

Fruit are small to medium size. Round or oval skin yellowish green, thin and papery and shiny, 
juicy (40 to 60) with solid core.

2. Pramalini

Clonal variety from Maharashtra, bears fruit in cluster, juice content 30-35% yield is high.

3. Vikaram

Bears fruits in cluster of 5 to 10, heavy bear and fruit produce in off season and popular in 
Maharashtra.

4. Chakradhar

Seedless strains, plants erect, compact and dense in habit, fruit round, rind papery.

5. PKM - 1

Variety from Tamil Nadu, fruit round, medium to large, yellow, heavy yielder.

6. Sai Sarbati

Prolific bearer, medium to large sized, quality fruit, tolerant to canker, tristeza and leaf miner.

Sweet oranges - Citrus sinensis

 1. Mosambi

 2. Sathgudi 

 3. Jaffa

 4. Pineapple

 5. Hamlin

Mandarin Oranges - Citrus reticulate

 1. Nagpur santra

 2. Coorg orange    

 3. Khasi orange

(7) Aonla

1. Banarasi

It is originated in Varanasi district of Uttar Pradesh. Fruits are large sized, yellowish in colour and 
suitable for making preserves. This is shy bearing habit, maturing early in season and subjected to 
heavy fruit drop. Fruits are of good quality and have poor shelf life. Vitamin C content is 625.2 mg/ 
100 g of pulp. 

2. Fransis (Hathi Jhool)

This variety was found growing in Pratap garh district of Uttar Pradesh. It is good and regular 
bearer. Fruit are large (40-60 g), oval-round shaped, light green colour, slightly fibrous and 
moderately juicy. This variety is highly susceptible to fruit necrosis.

3. Chakaiya

 This is prolific and regular bearer, mid season variety with medium sized (26-35 g) fruits, 
flattened at base and round at apex, Vitamin Content is about 645 mg/ 100 g pulp.
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Fruit are small to medium size. Round or oval skin yellowish green, thin and papery and shiny, 
juicy (40 to 60) with solid core.

2. Pramalini

Clonal variety from Maharashtra, bears fruit in cluster, juice content 30-35% yield is high.

3. Vikaram

Bears fruits in cluster of 5 to 10, heavy bear and fruit produce in off season and popular in 
Maharashtra.

4. Chakradhar

Seedless strains, plants erect, compact and dense in habit, fruit round, rind papery.

5. PKM - 1

Variety from Tamil Nadu, fruit round, medium to large, yellow, heavy yielder.

6. Sai Sarbati

Prolific bearer, medium to large sized, quality fruit, tolerant to canker, tristeza and leaf miner.

Sweet oranges - Citrus sinensis

 1. Mosambi

 2. Sathgudi 

 3. Jaffa

 4. Pineapple

 5. Hamlin

Mandarin Oranges - Citrus reticulate

 1. Nagpur santra

 2. Coorg orange    

 3. Khasi orange

(7) Aonla

1. Banarasi

It is originated in Varanasi district of Uttar Pradesh. Fruits are large sized, yellowish in colour and 
suitable for making preserves. This is shy bearing habit, maturing early in season and subjected to 
heavy fruit drop. Fruits are of good quality and have poor shelf life. Vitamin C content is 625.2 mg/ 
100 g of pulp. 

2. Fransis (Hathi Jhool)

This variety was found growing in Pratap garh district of Uttar Pradesh. It is good and regular 
bearer. Fruit are large (40-60 g), oval-round shaped, light green colour, slightly fibrous and 
moderately juicy. This variety is highly susceptible to fruit necrosis.

3. Chakaiya

 This is prolific and regular bearer, mid season variety with medium sized (26-35 g) fruits, 
flattened at base and round at apex, Vitamin Content is about 645 mg/ 100 g pulp.
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4. Kanchan (NA-4)

It is a seedling selection from chakaiya cultivar. It is heavy yielding and regular bearing variety 
suitable for arid and semi arid regions. Heavy bearing with small to medium sized fruits (30-45 g). 
Fruits are oblong shaped, yellowish in colour, skin smooth and pulp fibrous, preferred by industry 
for pulp extraction and manufacture of various products. The fruits mature during November-
December.

5. Krishna (NA-5)

It is seedling selection from Banarsi cultivar. It is an early maturing variety and mature during 
November-December. Fruits are medium to large (40-50 g) sized. Skin is smooth, whitish green 
with red spot on exposed portion. The pulp is less fibrous, highly astringent with moderate keeping 
quality. It is ideal for preparing candy and juice.

6. NA-6

It is a seedling selection from chakaiya. It is prolific and heavy bearer. It is ideal for preserve and 
candy, owing to low fibre content.

7. Neelum (NA-7)

It is a seedling selection from francis. Tree are precocious and prolific regular bearers. Fruits are of 
medium to large size with conical apex. The major constraint is its brittle branches, which often 
break due to heavy fruit load. Hence, staking for the branches during fruit growth is desirable. This 
is a good variety for making chyvanprash, chutney, pickle, jam and squash.

8. Amrit (NA-9)

It is a seedling selection from Banarasi which bears profusely. Fruits are attractive, medium to 
large sized and flattened round in shape. Skin is round, yellowish green with pink tinge. This is an 
ideal variety for commercial cultivation because of its high productivity and early maturity. Fruits 
are especially suitable for pickle making. Trees exhibit a tendency for alternate bearing.

9. Gujarat Aonla-1

Trees are tall with upright growing habit. It is moderate bearer having 1-2 female flower per 
branchlet. Fruit are small, skin slightly rough and thick. Flash is fibrous and hard.

10. Goma Aishwarya

It is clonal selection of NA-7 evolved in 1995 by CHES, Godhara (Gujarat). It is high yielder 
variety.

(8) Custard apple

1. Balanagar

It is produce from Andra Pradesh. Green Skinned fruits of medium size, average fruit weight being 
137 gm, Fruit contain 44.9 % pulp with 20.7° Brix TSS. High yielding variety with 48 fruits/tree on 

an average.

2. Sindhan

3. GJCA 1 

4. Red Sitaphal

Originated as chance seedlings. Fruit are dark pinkish color with average quality and more number 
of seed.

5. Arka Sahan

It is artificial interspecific hybrid produce from IIHR, Bagaluru. It is a progeny of Island Gem 
(Annona atemoya Hort.) × Mammoth (Annona squamosa L.), Suitable for drought prone areas. 
Fruit are of 210 g weight with a few seed (10/100 g fruit weight) and very high TSS 31° Brix 
content. Flesh exhibit long shelf life and slow ripening character. 

(9) POMEGRANATE

1. Ganesh 

A selection from Alandi. It was released for commercial cultivation in 1936 and renamed as 
Ganesh in 1970. Its fruits are medium sized, with yellow, smooth surface and red tinge. The seeds 
are soft with fruits, soft seeds, pinkish aril. The juice tastes sweets. Ganesh has revolutionized the 
cultivation of pomegranate in Maharashtra.

2. Bhagvo 

Fruit is glossy red in color with soft seeds. Fruit weighs between 250-500 g.

3. Mridula

Fruits are medium sized, rind smooth, dark red in colour. Its has blood red arils with very soft seeds, 
juicy and sweet in taste. It is significantly superior cultivar to other commercially grown 
promegranate. 

4. Jyothi

This is a selection from mixed seedling population of Bassein Seedless are Dholka pomegranate. 
The fruits are medium to large sized, having attractive yellowish-red, more fleshy and pink aril. 
Fruits are very sweet, soft-seeded and taste good. It yields moderately. 

5. Ruby

It is a hybrid from a three way cross between Ganesh X Kabul X Yercaud and Gulsa Rose Pink 
which has soft and red arils with good flavour. The plants are dwarf  prolific-bearer, providing 
uniformly red fruits. 

6. Solapur Lal

7. Solapur Anardana
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(10) Pineapple

1. Kew

It is a leading commercial variety valued particularly for canning. Its fruits are big-sized (1.5-2.5 
kg), oblong and tapering slightly towards the crown. The fruit with broad and shallow eyes 
becomes yellow when fully ripe. The flesh is light yellow, almost fibreless and very juicy. The 
leaves often have a short sector of small margin of spines just behind the tip and irregularly on the 
base near its attachment to the stem. It is late type variety.

2. Giant Kew

Cultivated in certain regions of West Bengal, It is synonymous to Kew except the size of plant and 
fruit which are larger than Kew as the name signifies.

3. Queen

It is widely grown in Tripura and partly in Assam and Meghalaya. Fruits are rich yellow in colour, 
weighing 0.9 -1.3 kg each. The flesh is deep golden-yellow, less juicy than Kew, crisp textured with 
a pleasant aroma and flavour. Eyes are small and deep, requiring a thicker cut when removing the 
skin. The leaves are brownish-red, shorter and very spiny. it is early variety.

4. Mauritius

A mid season variety of the Queen group, it is grown in some parts of Kerala. Medium in size, its 
fruits are deep yellow and red. Yellow fruits are oblong, fibrous and medium sweet compared with 
red ones. This is ideal for table purposes.

5. Jaldhup and Lakhat

These are two indigenous types grown in Assam, both being named after the place of their 
production. Both are under Queen group with fruits smaller than Queen. Lakhat is markedly sour in 
taste, whereas Jaldhup has its sweetness well-blended with acidity. The fruits of Jaldhup again 
have a characteristic alcoholic flavour of their own and can be easily distinguished from other fruits 
of the Queen group on the basis of this character alone.

(11) Ber

1. Gola

It is early variety of ber. Fruits are round, bright yellow in colour, smooth and shining and pulp is 
white.

2. Umran

It is late season variety of ber. Fruits are big in size and oval shaped, colored yellowish with brown 
tinge, pulp is hard, white and sweet in taste.

3. Seb

It is early season variety of ber. Fruits are roundish, yellowish in colour, skin rough and flesh cavity 
absent. 

4. Goma Kirti  Released from CHES, Godhra 

(12) Date palm

1. Barhee

It is variety from Iraq, a good soft date used in fresh form (Doka stage). Fruits have golden yellow 
colour, pleasant taste and high pulp content with TSS 32° Brix. High yielding variety.

2. Halawy

It is early soft variety. High yielder and are tolerant to rains. Good quality dry dates (Chhuhara) and 
cured soft dates (Khajoor) can be prepared. Fruits at dang stage (fresh form) are very tasty i.e. both 
doka and dang stage fruits are good. Fruits are small to medium, oblong and yellow at doka stage. 
TSS ranged from 28 to 42° Brix and astringency is absent at Doka stage.

3. Shamran

It is mid season cultivar. High yielder and tolerant to high humidity. Fruits are medium to large, 
oblong-oval and yellow at doka stage. Fruits can be cured into good quality Chhuhara.

4. Khadrawy

It is dwarf, high yielding variety from Iraq.  Which can be used for soft and dry date. 

5. Medjool

It is a variety from morocco. It has large sized fruits. It is a late variety. It is suitable for dry date 
production, which gives bold size and good quality.

6. Zahidi

It is a mid season variety. It is tolerant to rain and high humidity. Fruit is small to medium in size, 
obovate in shape and yellow at doka stage.

7. Khalas

It is a mid season variety. Fruit is small to medium in size, oblong and oval in shape and yellow at 
doka stage.

(13) Grape

Varieties identified from IARI, New Delhi

1. Pusa Seedless

It is a selection made from Thompson Seedless. The berries have high T.S.S. and suitable for both 
table purpose and raisin making.

2. Beauty Seedless :

th
It was introduced from California, USA ripening in 4  week of May. The vine medium, bunches 
medium to large, long shouldered and compact with bluish black coloured, spherical; berries 
medium, prolific bearer, keeping quality very low.
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3. Pusa Navrang  (Madeleine Angevine X Rubired)

4. Pusa Urvashi   (Hur x Beauty Seedless)

Varieties identified from IIHR, Bangalore:

5. Arka Shyam   (Bangalore Blue x Black Champa) Moderate to heavy yielder, 
Medium clusters, berries big, round; TSS 24 °Brix, acidity 
0.6%, suitable for table and wine purpose.

6. Arka Hans    (Anab-e-Shahi x Bangalore Blue) Prolific bearer, bunches 
medium, yellowish green berries, seeded, TSS 21°Brix, acidity 
0.5%, suitable for wine making.

7. Arka Sweta    (Anab-e-Shahi x Thompson Seedless)

8. Arka Majestic  (Angur Kalan x Black Champa)

9. Arka Neelmani  (Black Champa x Thompson Seedless)

10. Arka Chitra   (Angur Kalan x Anab-e-Shahi)

11. Arka Soma   (Anab-e-Shahi x Queen of vineyards)

12. ArkaTrishna   (Bangalore Blue x Convent Large Black)

13. Arka Krishna  (Black Champa x Thompson Seedless]

Other varieties

14. Anab-e Shahi

It has been acclaimed as one of the most productive cultivar grown in India and yielded over 30-40 
tones/acre/year. It has attractive large bunches of berries with good shipping quality.

15. Bangalore Blue

It is a hybrid of vinifera x labrusca. Vine medium and moderate yielder, does well on Kniffin as well 
as bower systems of training. The bunches small, compact; berries small to medium, dark blackish 
purple. 

16. Perlette

This cultivar is a hybrid. The most striking feature is the translucence of the mature fruit. berries 
medium, whitish green, spherical; flesh soft.

17. Thomson Seedless

These grapes are seedless, sweet-tart, and crunchy. Thomson Seedless account for the bulk of 
Table Grape exports from India.  Availability: Mid Jan - Mid  April.

(14) Apple

Apple varieties fall into two categories: diploids and triploids. Diploids have plenty of good pollen 
and are self-fruitful. Triploids are self-unfruitful and become productive only when pollinated by 
using suitable pollenizer varieties. Important varieties are listed below

1. McIntosh Apple

These soft apples are great for snacking or for making applesauce, but don't bake them or put them 
in pies.  

2. Northern Spy Apple

These tart, firm apples are terrific in pies, but they are hard to find. 

3. Pink Lady Apple

This is a cross between a Golden Delicious and a Lady William.  It's sweet and crisp, and good in 
salads and pies.

4. Red Delicious Apple

These sweet, soft apples are good for eating out of hand, but don't bake them or use them in pies.  

5. Southern Rose Apple 

This is a good apple for eating out of  hand.

(15) Strawberry

1. Chandler

Producing large, dark red fruit, with firm-medium red flesh, Chandler has excellent flavour. High 
yielding and vigorous plants, Juicy fruit can be picked fresh for use in a wide range of desserts, and 
also enjoyed as a healthy snack or garnish.

2. Pajaro

Large, bright red fruit with firm flesh and excellent flavour. Pajaro are vigorous plants that produce 
high yields of delicious fruit throughout the summer season. Pick this succulent and juicy fresh 
fruit for a variety of desserts or as nutritious and great tasting snack.

3. Monterey

'Ever-bearing' Monterey is very popular with organic growers as it has a high resistance to most 
strawberry disease. The fruit is large and has a delicious sweet flavour. 

4. Camarosa

Popular Camarosa produces medium sized mid red fruit with firm flesh and excellent flavour. 
Producing a light, early crop followed by a heavy summer crop, this variety is high yeilding.

2120



3. Pusa Navrang  (Madeleine Angevine X Rubired)

4. Pusa Urvashi   (Hur x Beauty Seedless)

Varieties identified from IIHR, Bangalore:

5. Arka Shyam   (Bangalore Blue x Black Champa) Moderate to heavy yielder, 
Medium clusters, berries big, round; TSS 24 °Brix, acidity 
0.6%, suitable for table and wine purpose.

6. Arka Hans    (Anab-e-Shahi x Bangalore Blue) Prolific bearer, bunches 
medium, yellowish green berries, seeded, TSS 21°Brix, acidity 
0.5%, suitable for wine making.

7. Arka Sweta    (Anab-e-Shahi x Thompson Seedless)

8. Arka Majestic  (Angur Kalan x Black Champa)

9. Arka Neelmani  (Black Champa x Thompson Seedless)

10. Arka Chitra   (Angur Kalan x Anab-e-Shahi)

11. Arka Soma   (Anab-e-Shahi x Queen of vineyards)

12. ArkaTrishna   (Bangalore Blue x Convent Large Black)

13. Arka Krishna  (Black Champa x Thompson Seedless]

Other varieties

14. Anab-e Shahi

It has been acclaimed as one of the most productive cultivar grown in India and yielded over 30-40 
tones/acre/year. It has attractive large bunches of berries with good shipping quality.

15. Bangalore Blue

It is a hybrid of vinifera x labrusca. Vine medium and moderate yielder, does well on Kniffin as well 
as bower systems of training. The bunches small, compact; berries small to medium, dark blackish 
purple. 

16. Perlette

This cultivar is a hybrid. The most striking feature is the translucence of the mature fruit. berries 
medium, whitish green, spherical; flesh soft.

17. Thomson Seedless

These grapes are seedless, sweet-tart, and crunchy. Thomson Seedless account for the bulk of 
Table Grape exports from India.  Availability: Mid Jan - Mid  April.

(14) Apple

Apple varieties fall into two categories: diploids and triploids. Diploids have plenty of good pollen 
and are self-fruitful. Triploids are self-unfruitful and become productive only when pollinated by 
using suitable pollenizer varieties. Important varieties are listed below

1. McIntosh Apple

These soft apples are great for snacking or for making applesauce, but don't bake them or put them 
in pies.  

2. Northern Spy Apple

These tart, firm apples are terrific in pies, but they are hard to find. 

3. Pink Lady Apple

This is a cross between a Golden Delicious and a Lady William.  It's sweet and crisp, and good in 
salads and pies.

4. Red Delicious Apple

These sweet, soft apples are good for eating out of hand, but don't bake them or use them in pies.  

5. Southern Rose Apple 

This is a good apple for eating out of  hand.

(15) Strawberry

1. Chandler

Producing large, dark red fruit, with firm-medium red flesh, Chandler has excellent flavour. High 
yielding and vigorous plants, Juicy fruit can be picked fresh for use in a wide range of desserts, and 
also enjoyed as a healthy snack or garnish.

2. Pajaro

Large, bright red fruit with firm flesh and excellent flavour. Pajaro are vigorous plants that produce 
high yields of delicious fruit throughout the summer season. Pick this succulent and juicy fresh 
fruit for a variety of desserts or as nutritious and great tasting snack.
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5. Sundae

Produces large red fruit with a delicious flavour. Sundae strawberries have firm red flesh in an oval 
shape and make the perfect summer fruit.

EXERCISE No. 04

DATE : ________________

DESCRIPTION AND IDENTIFICATION OF PLANTATION CROPS AND ITS 
VARIETIES

Plantation Crops 

Definition :

A group of commercial crops of perennial nature, cultivated extensively in tropical and subtropical 
situations in large contiguous area owned by a company or farmer and the produce of which are 
usually consumed after processing. 

Definition in traditional sense

Plantation crops is those which are cultivated on extensive scale like tea, coffee and rubber. Here 
the term plantation or estate is used synonymously. Estate or plantation means large scale 
agricultural unit usually of a single crop.

Differences between plantation crops vs. fruit crops :

1. Coconut

1. West Coast Tall :- Also known as Ordinary or Common Tall Variety, Soil: WCT palm 
grows in all type of soil, especially grow well in sand as well as in the interior and is somewhat 
tolerant to moisture stress in the soil. Time taken for bearing: 6 to 7 years. Average Yield: 80 nuts / 
palm / year, Copra content: 176 gram/ nut, the range between 135 and 200 gram, Oil content: 68 per 
cent. 

Plantation CropsSr.
No.

Features Fruit crops

1

2

3

4

5

6

Climate under which

cultivated

Necessity of training and

pruning

Suitability for Consumption

Perishability of produce

Export potential / Foreign

Exchange earnings

Uses

Tropical mainly between

20 º N and 20 º S Latitude

Less

Processed and consumed

Less/ not perishable

Comparatively high

Diversified: in medicines,

beverages and oilseeds etc

Tropics, Subtropics and

temperate

More

Major portion is consumed

directly in fresh form

Perishable

Some portion of fruits and

preserved products are

exported.

Used mostly as protective

foods (Rich in vitamins and

minerals)
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Plantation CropsSr.
No.

Features Fruit crops

1

2

3

4

5

6

Climate under which

cultivated

Necessity of training and

pruning

Suitability for Consumption

Perishability of produce

Export potential / Foreign

Exchange earnings

Uses

Tropical mainly between

20 º N and 20 º S Latitude

Less

Processed and consumed

Less/ not perishable

Comparatively high

Diversified: in medicines,

beverages and oilseeds etc

Tropics, Subtropics and

temperate

More

Major portion is consumed

directly in fresh form

Perishable

Some portion of fruits and

preserved products are

exported.

Used mostly as protective

foods (Rich in vitamins and

minerals)
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2. East Coast Tall :- Soil: Well drained deep sandy loam, alluvial and red loamy soils are 
ideal, Time take for bearing: 6 to 8 years, Average Yield: 70 nuts / palm / year, Copra content: 125 
gram / nut, the range between 100 and 140 gram, Oil Content: 64 per cent. 

3. Gangabondam :- Dwarf cultivar, Time take for bearing: 3 to 4 years, Average Yield: 60 
nuts / palm / year.

4. Chowghat Orange Dwarf (COD) :- Time take for bearing: 3 to 4 years, Average Yield: 65 
nuts / palm / year, Copra content: 150 gram / nut, Oil content: 66 per cent.

Hybrids : Chandra Sankara, Chandra Laksha, Laksha Ganga, VHC-1,2,3,  Kera Sankara, Kera 
sree

2. CASHEW NUT

1) Chintamani Cashew -1 : Recommended for Southern dry region of Karnataka.

2) NRCC-1   : From National Research Centre on Cashew, Puttur.

3) NRCC -2   : From National Research Centre on Cashew, Puttur. It produces 
big sized nut 

4) Vengurla - 4  : Mean nut yield / tree: 17.2 Kg Nut weight : 7.7g Shelling % : 31

5) Vengurla - 7  : Mean nut yield / tree: 18.5 Kg Nut weight : 10g Shelling % : 30.5

Hybrids : V-3 to V-8 and Kanaka, Priyanka, Amrutha, Dharasree, Akshaya

Varieties released for cultivation in Orissa   :  Bhubaneswar 1 and VRI 3

Varieties released for cultivation in Karnataka  :   Ullal 1 to 4 

Varieties released for cultivation in Andhra Pradesh  :   BPP - 1 to BPP - 6

Varieties released for cultivation in Tamil Nadu   :  VRI 1, VRI 2 and VRI 3

Varieties released for cultivation in West Bengal  :  Jhargram 1

3. COFFEE

Arabica varieties (Selection 1 to 12)

Selection 795,       Selection 7,       Selection 9 &Selection 10.

Cauvery and its selections 

 HRC (Hawaian Red Cuturra),  Chandragiri and San Roman.

Robusta varieties (Sln 1R, 2R & 3R)

Selection 274,      Selection 270 & Selection 3.

4. TEA

5. ARECA NUT

1. Mangala :

It bears early with more number of female flowers per inflorescence, higher nut set. It stabilizes 
quickly in comparison with local South Kanara variety. The cultivar was released by CPCRI for 
coastal areas of Karnataka and Kerala upto an altitude of about 800 meters above MSL.

2. Sumangala :

It is a tall type with partially drooping crown. Under good management, palms flower in 4-5 years. 
The colour of the ripe nuts is deep yellow to orange and oblong to round in shape. The variety 
recorded an average yield of 17.25 kg of ripe nuts per palm per year at the age of ten years. It was 
released by CPCRI. 

3. Sreemangala :

Arecanut palm is tall with partially drooping crown with longer internodes and sturdy stem. It 
starts flowering in 4-5 years. It is a high yielder with an average yield of 15.63 kg ripe nuts per palm 
per year. Ripe nuts usually oblong to round in shape with deep yellow colour. It was released by 
CPCRI.

4. Mohitnagar :

The variety is consistent high yielder with an average yield of 15.08 kg ripe nuts per palm per year. 
This variety is released by CPCRI for cultivation in West Bengal and Coastal areas of Karnataka 
and Kerala.

Kahikuchi Tall,  Swarnamangala,   Shriwardhan,  Sagar,  SAS 1,  CAL 7,  VTLAH 1 etc.

Improved clones (United Planters Association of India)

Sr. No.

1

2

3

4

5

Clone

UPASI 1 (Ever green)

UPASI 2 (Jayaram)

UPASI 3 (Sundaram)

UPASI 6 (Brooklands)

UPASI 8 (Golconda)

Important features

Hardy, Quality-Above average

Hardy, Quality-Above average, tolerant to drought and wind

Natural triploid quality clones and very high yielding

Suited to mid and higher elevations

Suited to all elevations, high yielding

6

7

8

9

10

11

12

UPASI 9  (Arthrey)

UPASI 10 (Pandian)

UPASI 14 (Singara)

UPASI 15 (Spring field)

UPASI 17 (Swarna)

UPASI 24

UPASI 25

Firly tolerant to drought and withstand slightly high pH,

high yielding

Hardy, Quality-Above average, tolerant to drought and wind

Suited to higher elevations , High yield

Flushes throughout the year

Flourishing well at mid and high elevations

Hardy

High yielding
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EXERCISE No. 05

DATE : ________________

SEED PROPAGATION, SCARIFICATION AND STRATIFICATION OF SEEDS

Seed or sexual propagation :

Sexual propagation is the raising of plants by means of seeds which is formed due to the fusion of 
male and female gametes within the ovule of a flower. The plants that are raised from seeds are 
called seedling. In ancient times sexual propagation was the only commercial method for 
propagation. eg., Lime, Papaya, Date palm, Coconut, Jamun etc.

Seed :

A seed is a ripened embryo, which is important in propagation of plants. Due to polyembryony 
nature in some fruit crops (e.g. citrus, jamun, mango) we can get true to type plant, which is more 
vigorous than sexually developed seedling.

v  Procedure of extracting of seeds from citrus :

1. Select mature Kagzi lime fruits.

2. Cut the fruits half-way radically and separate the two halves from each other by twisting.

3. Squeeze out seeds and juice from fruit.

4. Separate seeds from juice.

5. Wash the seeds.

6. Dry seeds kept in shade and sow immediately.

7. Seeds should be treated with captan or thirum @ 2-3 g/1 kg of seeds

v  Preparation of seedbed and seed sowing :

ü  What is seedbed ?

Seedbed is a well prepared piece of land used for raising seedling.

Ÿ  Flat bed : Flat beds are made in well drained sandy and loamy soils during summer season.

Ÿ  Raised bed : Raised beds are made in black soil during rainy season.

1. Seed beds usually 1.2 to 1.5 meter wide and 2.0 to 2.5 meter long alternated with 60 cm wide 
irrigation furrows are prepared with spade and khurpi. 

2. Pulverized the soil and apply 20 kg F.Y.M. +100g DAP per bed and then leveled.

3. The seeds are sown in line at a recommended distance. The seeds are usually sown at a depth 
3-4 times of their size. It should be a little deep in light soils while shallow in heavy soils. 
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4. Seed is covered with a thick layer of sand or leaf mould mixture to prevent crust formation. 

5. In the beginning the beds are watered with watering cane and after germination, light and 
frequent irrigation is applied through furrows.

6. The seed beds should be covered with plastic or wheat straw to preserve moisture.

7. Germination starts in about 2-3 weeks depending on fruit crops and there after covering is 
removed. When the seedlings are 10-15 cm in height, they are transplanted in well prepared 
nursery plots or in bag.

8. The seedlings of evergreen fruit plants are transplanted in February or August-September 
depending on fruit crops and deciduous fruit plants in December-January

 Raising the seedlings in polythene bags :

1. Now-a-days, sowing of seeds in polythene bags, earthen pots and pans is becoming popular. 

2. The seedlings of sexually propagated plants raised in polythene bags can stand 
transplanting better than those raised in seed beds. 

3. Perforated polythene bags of 22.5 x 15 cm size with 100 guage thickness con be used for 
sowing the seed. 

4. These bags are filled with a mixture of FYM, soil and sand in equal proportion. 

5. The rooting media of equal proportion should be sterilized. 

6. Two or three seeds are sown in one bag and after germination only one seedling is retained. 

7. The seedlings in the polythene bags should be treated with fungicide after their emergence. 

8. Mango for epicotyl grafting and papaya are generally sown in polythene bags. 

9. In-situ sowing : In ber, jackfruit, mango, pecan nut and walnut, the tap-root system is very 
vigorous. So, during the process of transplanting, root system is disturbed which ultimately 
affects their establishment in the field. Therefore, for these fruits, sowing of seeds in-situ is 
recommended.

Ÿ  Observations of seed germination

1. No. of fruit taken.

2. No. of seeds extracted.

3. No. of seeds/fruit.

4. No. of seeds sown

5. Date of sowing.

6. Date of germination.

7. Percentage of germination.

v  Germination

Germination is initiated from seed. The seed is a ripened ovule. It consists of an embryo, the stored 
food material and a protective covering. When metabolic activity is initiated, there is emergence of 
radical and plumule from the seed which is termed as germination. The germination leads to 
production of seedling plants.

v  Treatment methods to facilitate germination :

In order to overcome the various types of seed dormancies and to facilitate germination, the seed 
require certain pre-germination treatments. The treatments which are commonly used are 
described below:

i. Soaking :

The soaking of seeds in water hastens germination by making the seed coat soft, activating the 
enzymes and diluting the effect of inhibitors. Duration of soaking varies from overnight to 3 or 4 
days depending on the nature of seed coat. Guava seeds need soaking in water for about 2 weeks 
before sowing.

The seed dormancy due to presence of growth inhibitor can be broken by placing the seeds in 
running water. It results in leaching of inhibitors. The fleshly extracted seeds of strawberry and 
grape  placed in running water for 7-12 days results in increasing germination.

ii. Scalding :

Hot water treatment has been found to be very useful in breaking the seed dormancy. In this 
method, seeds are placed in hot water at 77°-100°C for 12 to 24 hours and sown immediately after 
the treatment. Care has to be taken so that the embryos are not damaged.

iii. Scarification :

Scarification is the process of injuring the hard seed coat by any means to accelerate the water 
absorption and to improve the gaseous exchange for hastening the process of germination. This can 
be achieved by:

 (a) Mechanical scarification -

  In mechanical scarification, cracking of seed with hammer, rubbing with sand paper 
or cuffing with a file without injury to embryo. It is generally employed to break the 
dormancy of  ber, peach, sapota, walnut etc.

 (b) Acid scarification -

  In acid scarification the seeds are dipped in concentrated sulphuric acid for varying 
duration from 10 minutes to 3 hours depending on the hardness of the seed coat. 
Seeds are then washed thoroughly in water to remove the traces of acid. When guava 
seeds are treated with concentrated sulphuric acid for 3 minutes, ber for 5-6 hours 
and strawberry seeds with 0.25% nitric acid or hydrogen peroxide results in higher 
germination.
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iv. Stratification :

 Exposing the seeds to low temperature (0-5° C) for a considerable period helps in 
accelerating the process after ripening and breaking of dormancy resulting into stimulation of the 
germination. This cold treatment is known as stratification or moist chilling. Dormant seeds of 
temperate fruits like apple, apricot, cherry and pear are placed in wooden box containing moist 
sand and kept in low temperature a little above freezing point. The duration varies with species 
from 1 to 6 months.

v. Chemical treatments :

Chemical like potassium nitrate (0.2%) and thiourea (0.25 to 0.5%) have been found to hasten the 
germination of seeds. Seeds are soaked in the aqueous solution of these chemical for 12 to 24 hours 
before sowing. This technique is largely used in seed testing laboratories. The seeds of peach and 
grape, treated with 5,000 ppm of thiourea show enhancement in the germination.

vi. Use of hormones :

The seed dormancy can also be overcome by the treatment of growth regulators. Treatment of 
seeds of apple, cherry, peach, strawberry and hazelnut with 100-500 ppm of GA  for 24-48 hours 3

improved germination and better growth of seedlings. Ethrel (5000 ppm) treated seeds of guava 
and strawberry also show better germination and growth to seedlings. Treatment of apple and 
peach seed with 10-20 ppm solution of benzyl adenine (BA) is effective for higher seed 
germination.

EXERCISE No. 06

DATE : ________________

PROPAGATION METHODS OF FRUIT CROPS

MANGO : Generally propagation methods are

(1) Seed and

(2) Vegetative  proparation-(a) Inarching (b) Soft wood wedge grafting (c) Veneer grafting and 
side grafting (d) Cleft grating  (e) Epicotyl / stone grafting (f) Budding (g) Cutting (h) Layering-- 
Air,  (i) Tissue culture.                     

Inarching :

For the actual inarching operation, the stock is brought 
close to the scion. A thin slice of bark about 6-8 cm long 
about 8mm in thickness at a height of about 20 cm above 
ground level is removed with a sharp knife from the 
stock. A similar cut is made in scion. Thus the cambium 
layer of both stock and scion are exposed. These cuts 
area brought together and tied firmly with the help of 
poly ethane strip.

Softwood wedge grafting :

In this technique, grafting is done with mature, procured 
scion on the emerging soft coppery red shoot of 
rootstock. The leaves on the stock must be retained 
while grafting to high success. The technique is effective 
on dry, hot weather or in area of low ppt.Arid and semi 
arid regions in arching grafting are not well established 
due to disturbing of tap root system so that in situ soft 
grafting is recommended. Dr.R.S.Amin retd professor 
GAU Anand developed this.

Stone Grafting :

Stone/epicotyl grafting is a simple, cheap and quick 
method of mango propagation with a success rateof 75-
80%. For this purpose, stones should be sown in June-
July on raised beds of size 1x3 m. the beds should e 
prepared by mixing soil and FYM in the proportion of 
2:1. After germination, seedlings with tender stems 
having coppery leaves are lifted with stones still 
attached. The roots and stones are dipped in O.1 per cent 
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Carbendazim solution for 5 minutes after washing the soil. The seedling stems are headed back 
leaving 6-8 cm long stem. A 4-6 cm longitudinal cut is made running down through the middle of 
the stem. A wedge shaped cut starting on both sides is made on the lower part of scion stick.The 
scion stick should be 4-5 months old and 10-15 cm long containing plumpy terminal buds. The 
scion stick is then inserted in the cleft of the seedlings and tied with polythene strips. The grafts are 
then planted in polyethylene bags containing potting mixture. The bags are then kept in the 
shadeprotecting from heavy rain. The scion stars sprouting 15-20 days after grafting. Care should 
be taken toremove the sprouts on the rootstocks below the graft union during this period. July is the 
most suitablemonth for stone grafting.

Veneer Grafting :

This method of propagation possesses promise for mass 
scale commercial propagation. The method is simple and 
can be adopted with success. The rootstocks as mentioned 
for inarching are suitable for this method also. For 
conducting this grafting operation, a downward and 
inward 30-40 mm long cut is made in the smooth area of the 
stock at a height of about 20 cm. At the base of cut, a small 
shorter cut is given to intersect the first so as to remove the 
piece of wood and bark. The scion stick is given a long 
slanting cut on one side and a small short cut on the other so 
as to match the cuts of the stock. The scion is inserted in the 
stock so that the cambium layers comes on the longer side. 
The graft union is then tied with polythene strip as 
recommended for inarching. After the scion remains green for more than 10 days, the rootstock 
should be clipped in stages. The scion wood to be used for veneer grafting requires proper 
preparation. The desired shoots should be defoliated at least one week prior to grafting so that the 
dormant buds in the axil of leaves become swollen.

CITRUS :

(1) Seed : Sour lime is mainly propagated by seed. Propagation by seeds is followed due to 
polyembryonic nature of it. In sour lime about 78 per cent seeds possess polyembryos. Each 
polyembryonic seed produces three to four seedlings. Among them, one is sexual origin and 
remaining are nucellar. Nucellar or apogamic seedlings 
breed true to type.

(2) Vegetative : Layering.  Budding on Rough Lemon. 

Sheild or T Budding :

In this method of propagation, a bud from desired variety 
(scion) is transferred on the rootstock with an objective of 
utilizing the vigorous root system of the rootstock and 
combining the best characters of both. A plump, but not too 

elongated bud is selected from the middle section of the scion shoot. It is removed by making an 
incision around the bud with the help of sharp budding knife. On the selected rootstock T-shaped 
incision is made just enough to accommodate the bud. The bud is inserted in the incision and tied 
with a strip of plastic film in such a way that the tip of the eye remains open. Budding should be 
preferably done as low as possible on the rootstock. It takes three to four weeks for the bud to unite 
when the new shoot from the grafted bud is about 10 cm long the top portion of the stalk above the 
union is cut off and the plastic film is removed. For budding, proper selection of the rootstock is 
very important as it contributes to the vigour, productivity and quality of fruits. It also influences 
resistance and tolerance to certain diseases and pests and plays a major role on agro-climatic 
adaptation.

GUAVA  :

(1) Seed : Takes 3 weeks to germinate.

(2) Vegetative : Air layering, budding, 
inarching.

Air-Layering : Air-layering is the commercial 
method in practice for propagation of guava. The 
most ideal time for air layering in guava is 
between April and June in the warm and humid 
climate, when the average temperature varies 
between 29.3 and 30.5°C and relative humidity 
between 69.0 and 80.0 per cent. A shoot from previous year's growth of 1cm in diameter is selected 
for air-layering. A ring of bark about 3cm long is removed. This area is covered with wet sphagnum 
moss and tied with polyethylene film. The rooting takes place in about 30-40 days.

Veneer grafting, T-budding, Forkert budding are some of the other methods of propagating guava.

SAPOTA :

1. Seeds : not commercial.

2. Vegetative :

Air layering :

Air layering is carried out in the month of June. In this method a 1-2 year old, healthy, vigorous, 
mature shoot of 45-60 cm in length and pencil thickness is selected. A circular strip of bark about 3 
cm wide just below a bud is completely removed from the selected shoot. Rooting hormones like 
IBA & NAA 50mgeach in Lanoline paste are applied over this portion. Moist sphagnum moss is 
packed around this portion and tied with polyethylene sheet to prevent the loss of moisture. 
Application of such hormones promotes early rooting. Light brown roots are visible through the 
polythene wrap within 4 months. The rooted shoot is slowly detached by giving 2-3 successive cuts 
over a period of week before finally detaching from the parent plant. Air layering is done during 
rainy season. Ground layering is only in Maharashtra. Pot layering in Maharashtra & Karnataka. 
These are planted in pots and kept in nursery under shade. Top of the shoot is cut back to maintain a 
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proper ratio of leaves: roots. Sapota plants prepared from air-layering are susceptible to damage by 
strong winds and cannot withstand drought, as their root system does not penetrate very deep into 
the soil.

Grafting : (Inarch Grafting) is best. Rootstocks of Sapota, Khirni (Rayan) or Mahuda are used. 
Grafting period is Jan.-Feb. Khirni is best because of (1) Hardy plant & seed is easily available. (2) 
Tolerant to salt. (3) Deep root system. (4) Tolerant to adverse climate. Different root stocks are 
Sapota, Rayan, (Khirni), Mahuda, Mee tree (Srilanka), Star apple, etc.

Approach Grafting :

In this method 2-3 year old 'Khirni' or 'Rayan' plants raised in 
polythene bags are used as root stocks due to their strong root system. 
These seedlings should be at least 45-60cm in height and 1 cm in 
diameter at the time of grafting. Approach grafting should be 
preferably done in the beginning of rainy season or during February-
March. However grafting during February-March is more 
economical as the grafts will have to be maintained in nursery for a 
shorter period of time. The success rate of the grafts is also high as 
compared to those obtained in rainy season. The mother plants 
selected for approach grafting should be vigorous true-to-type and 
between 10-15years old. The lower most branches are usually bent 
and tied to a peg near the ground. 1-11/ year old 2 branch (scion) of 
pencil thickness is selected for grafting. The seedling of 'Khirni' 
(rootstock) is brought closer to the branch near the ground. The 
cambium layers of one side of this plant at 10-15cm from the base of 
the plant is exposed by taking a 5-6cm long and 0.5cm wide cut with a 
sharp knife. Similar cut is taken on the selected branch of the mother plant. The exposed portion of 
both the plants are brought together and secured firmly with polythene strip. Care should be taken 
to avoid gap between the joints. The union of the scion and the stock takes place in about 2-21/ 
months. However, the scion should not 2 be separated for at least 3-4 months. During this period 
the 'Khirni' plant should be watered every day for the first 15 days and thereafter, at an interval of 3 
days till the graft is separated from the mother plant. The rooted graft is slowly detached by giving 
2-3 successive cuts 2cm below the union over a period of month before finally detaching from the 
parent plant. The grafts are maintained in a nursery under shade for few days.

Soft-Wood Grafting :

The technique of soft-wood grafting is similar to that of cleft 
or wedge grafting. The scion should be a terminal non-
flowering shoot of 3-4 months maturity with the same 
thickness as the rootstock. Rootstock of 'Rayan' is mostly 
used for soft-wood grafting. The selected scion should be 
defoliated while on the mother plant at least 7 days before 
grafting, keeping a part of petiole intact on the selected shoot. 
Defoliation prior to grafting helps in swelling of dormant bud of the scion resulting in greater 
success. In this method, a wedge shaped cut is made on lower part of the scion stick. Similarly 4-

6cm long cut is made in the middle portion on the rootstock. The scion stick is then inserted in the 
cleft of the rootstock and tied with polythene strip. Vigorous sprouting of the scion indicates the 
successful union of the graft joint. The grafts are further maintained in the shade for sometime 
before transferring them in the field.
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EXERCISE No. 07

DATE : ________________

PROPAGATION METHODS OF PLANTATION CROPS

1. Arecanut

Selection and raising of arecanut planting material :

In arecanut we have to select at different levels to get better result i.e.,

1) Selection of mother palms :

One of the established methods of selection is to select palm possessing characters of high 
heritability.

a) Earliness in bearing and percentage of fruit set

Of the several characters of mother palm studied age at first bearing and percentage of fruit set were 
found to be correlated with yield and are having high heritability. Age at first bearing has 
heritability of 72 per cent. Similarly percentage of nut set has 0.88 genotypic correlations with 
yield and 33 per cent heritability. Hence, it is suggested to select palms which are early bearing and 
have high percentage of fruit set

b) Age of palm

Collection of nuts from the selected palm can be commenced after the stabilization of yield which 
normally takes 4-5 years after commencement of bearing. Hence, select middle age palms (15 - 35 
years) with robust crown

c) It must be regular bearing

d) Select palms having large number of leaves on the crown

e) Palms with shorter internodes are preferred

2) Selection of seed nuts :

Heavier nuts (> 35 g fresh nut weight) which are fully ripe are selected. Undersized and malformed 
nuts should be rejected. Heavier nuts with in a bunch not only give higher per cent of germination 
but also produce vigorous seedlings of better quality. Above 25 per cent of nuts with in a bunch are 
light in weight.

3) Selection of seedlings :

Twelve to eighteen months old seedlings are transplanted in the main field. Nuts germinate in 53 to 
94 days (2-3 months) after sowing.
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2. Coconut

Planting materials :

Coconut is a cross pollinated palm and selection at various stages is very important to eliminate 
poor quality seed nuts and seedlings. Coconut being perennial, the performance of palm can be 
judged only after 15 years of planting.

Selection of Seed Plantation

In every coconut growing country certain areas of reputation in coconut production like Arasikere 
and Tiptur in Karnataka are identified as Centers of Coconut mother palm selection. The selected 
plantation should be

1) Having high proportion of heavy bearing palms,

2) Free from major pest and diseases

3) Avoid small plantation maintained under very favorable conditions as we cannot assess the 
inherent yield potential. Avoid palms located near the cattle shed and compost pits.

Selection of mother palms

 Adequate care should be taken while selecting mother palms in coconut as to avoid palms of 
low genetic potential. Take care to select mother palms based on the following features in a reputed 
coconut seed plantation.

1. Age of the palms :

It should attain an age of at least 20 years and not above 60 years of age. Select palms which have 
attained full bearing stage and have been giving regularly high yields for atleast four years (if it is 
from unknown parentage). However, seed nuts can be collected from newly established seed 
gardens irrespective of its age as it comes from the progeny of known parentage.

2. Yield : Selected palms should be a regular high yielder yielding

Ø Not less than 100 nuts per palm per year

Ø Not less than 150 g copra content per nut (Nut weight = 1.20 kg unhusked and 0.60 kg 
husked) Yielding potential can be assessed by counting number of nuts on the crown.

3. Shape of the crown (Nature and disposition of leaves on the crown) :

 In coconut total number of fronds on the crown should be more than 30 and generally in 
coconut we have to select spherical fronded palms as there is a positive correlation with yield. A 
mother palm should have at least 30 fully opened leaves having leaf orientation in all directions 
i.e., umbrella shaped fronds. Long and thin petioles are not desirable because they are liable to be 
weak and may easily bend or break under pressure. Hence select palms with strong petiole with 
wide leaf base firmly attached to the stem.

4. Nature, Number and sequence of production of inflorescence :

             Every leaf axil should have one inflorescence with large number of spikes (30 to 35 spikes 

per inflorescence) and one or two female flowers per spike. Bunch stalk should be sort, stout and 
strong and should not show any tendency to droop down and buckle. Palms having thin, long and 
pendulous inflorescence stalks are undesirable. At any time there should be 12 bunches with nuts at 
different stages of development.

5. Size and shape of nuts :

Fully dried unhusked nuts should weigh more than 1.20 kg and husked nut should be more than 600 
g and copra content of 150 g and above. Nuts of round and oblong shape are better if selected. 
Palms producing barren nuts or those shedding large number of immature nuts should be 
discarded.

Ÿ  Selection of seed nuts :

Nuts with irregular shape and size and improper development should be avoided.

1) Season of nut collection :

In India female production is high during March to May and low in September to January. Season 
of nut collection under West Coast: From selected palms seed nuts can be collected during the 
period from January to April and sown in June in the West coast region as nuts are generally bigger 
and give better germination. In east coast region nuts are sown during October- November. Season 
of seed nut collection may have to be adjusted to suit local conditions so that, the seed nuts can be 
sown in the nursery after about two months of storage.

2) Maturity of nuts :

The seed nuts takes about 12 months for its full maturity. Mature nuts can be identified on the basis 
of the following characteristics.

• Resonant or ringing sound on tapping: Mature nuts will produce a resonant and ringing 
sound on tapping which can be identified by experience. Immature nuts will produce dull 
sound.

• Browning of inner fibers: There will be dry husk with distinct browning of the inner fibers in 
case of fully mature nuts.

• Free movement of water with in nuts and reduction in weight

• Light in weight: reduction in weight.

Methods of seednut sowing (Based on the positioning of seednuts)

 1. Vertical method                       2. Horizontal method

Seed nuts are sown in the nursery at a spacing of 30 cm apart Germination period : 3 to 5 month 

A) Vertical method of sowing seed nuts : It is planting with stalk end up and practiced only in 
India.

 Advantages : Easy bundling /packing and transportation of seedlings. i.e., handling 
becomes easier

3938



2. Coconut

Planting materials :

Coconut is a cross pollinated palm and selection at various stages is very important to eliminate 
poor quality seed nuts and seedlings. Coconut being perennial, the performance of palm can be 
judged only after 15 years of planting.

Selection of Seed Plantation

In every coconut growing country certain areas of reputation in coconut production like Arasikere 
and Tiptur in Karnataka are identified as Centers of Coconut mother palm selection. The selected 
plantation should be

1) Having high proportion of heavy bearing palms,

2) Free from major pest and diseases

3) Avoid small plantation maintained under very favorable conditions as we cannot assess the 
inherent yield potential. Avoid palms located near the cattle shed and compost pits.

Selection of mother palms

 Adequate care should be taken while selecting mother palms in coconut as to avoid palms of 
low genetic potential. Take care to select mother palms based on the following features in a reputed 
coconut seed plantation.

1. Age of the palms :

It should attain an age of at least 20 years and not above 60 years of age. Select palms which have 
attained full bearing stage and have been giving regularly high yields for atleast four years (if it is 
from unknown parentage). However, seed nuts can be collected from newly established seed 
gardens irrespective of its age as it comes from the progeny of known parentage.

2. Yield : Selected palms should be a regular high yielder yielding

Ø Not less than 100 nuts per palm per year

Ø Not less than 150 g copra content per nut (Nut weight = 1.20 kg unhusked and 0.60 kg 
husked) Yielding potential can be assessed by counting number of nuts on the crown.

3. Shape of the crown (Nature and disposition of leaves on the crown) :

 In coconut total number of fronds on the crown should be more than 30 and generally in 
coconut we have to select spherical fronded palms as there is a positive correlation with yield. A 
mother palm should have at least 30 fully opened leaves having leaf orientation in all directions 
i.e., umbrella shaped fronds. Long and thin petioles are not desirable because they are liable to be 
weak and may easily bend or break under pressure. Hence select palms with strong petiole with 
wide leaf base firmly attached to the stem.

4. Nature, Number and sequence of production of inflorescence :

             Every leaf axil should have one inflorescence with large number of spikes (30 to 35 spikes 

per inflorescence) and one or two female flowers per spike. Bunch stalk should be sort, stout and 
strong and should not show any tendency to droop down and buckle. Palms having thin, long and 
pendulous inflorescence stalks are undesirable. At any time there should be 12 bunches with nuts at 
different stages of development.

5. Size and shape of nuts :

Fully dried unhusked nuts should weigh more than 1.20 kg and husked nut should be more than 600 
g and copra content of 150 g and above. Nuts of round and oblong shape are better if selected. 
Palms producing barren nuts or those shedding large number of immature nuts should be 
discarded.

Ÿ  Selection of seed nuts :

Nuts with irregular shape and size and improper development should be avoided.

1) Season of nut collection :

In India female production is high during March to May and low in September to January. Season 
of nut collection under West Coast: From selected palms seed nuts can be collected during the 
period from January to April and sown in June in the West coast region as nuts are generally bigger 
and give better germination. In east coast region nuts are sown during October- November. Season 
of seed nut collection may have to be adjusted to suit local conditions so that, the seed nuts can be 
sown in the nursery after about two months of storage.

2) Maturity of nuts :

The seed nuts takes about 12 months for its full maturity. Mature nuts can be identified on the basis 
of the following characteristics.

• Resonant or ringing sound on tapping: Mature nuts will produce a resonant and ringing 
sound on tapping which can be identified by experience. Immature nuts will produce dull 
sound.

• Browning of inner fibers: There will be dry husk with distinct browning of the inner fibers in 
case of fully mature nuts.

• Free movement of water with in nuts and reduction in weight

• Light in weight: reduction in weight.

Methods of seednut sowing (Based on the positioning of seednuts)

 1. Vertical method                       2. Horizontal method

Seed nuts are sown in the nursery at a spacing of 30 cm apart Germination period : 3 to 5 month 

A) Vertical method of sowing seed nuts : It is planting with stalk end up and practiced only in 
India.

 Advantages : Easy bundling /packing and transportation of seedlings. i.e., handling 
becomes easier

3938



 Disadvantages : Nut water does not remain in close contact with germinating embryo.

B) Horizontal method : With stalk end of nut placed horizontally. It is the common and 
recognized method of sowing in other coconut growing countries.

 Advantages : Higher percentage of early and total germination, vigourous seedling with 
thicker girth at the collar, possibly because of nut water is in close contact with embryo.

 Disadvantage : There is possibility of damage to the seedlings during transportation.

3. Tea

Seed propagation : Seed is convenient to use as planting material in tea. But during recent years to 
use of high yielding clonal material, vegetative propagation is done.  

Vegetative propagation :

Ÿ  Different vegetative propagation methods can be adopted in tea:

Ÿ  Budding , Grafting and Layering

Ÿ  Cutting - popular method of vegetative propagation.

Ÿ  Vegetative propagation by budding, grafting or layering are too labourious to adopt.

Vegetative propagation by cuttings :

Commercial method of propagation is through single node cutting (Semi hard wood cuttings is 
preferred method). Elite clone should be selected with desirable characters like yield, quality, 
quick recovery etc.

4. Coffee

Selection of Planting material for planting :

A) Seed propagation in coffee

 1. Selection of berries : Only ripe berries are marked from marked coffee trees for seed 
collection and remove pulp and get beans.

 2. Discard floats and defective beans

 3. Seed treatment : Treat seeds with fungicide and dry seeds under shade.

B) Vegetative propagation :

 1) Cuttings and 2) Grafting

 Propagation by cuttings:

 1. Selection of shoots : Select orthotropic (vertical shoots) suckers from elite 
trees.

 2. Age of shoot  : Semi hardwood and of about six months old. 

  (3 to 6 months old shoots are better)

EXERCISE No. 08

DATE : ________________

MICRO PROPAGATION OF FRUIT CROPS - DATE PALM AND BANANA

1. Date Palm

Date palm (Phoenix dactylifera L.) (2n=2x=36) is a dioecious, perennial, monocotyledon fruit tree 
that belongs to family Arecaceae. It is a very important fruit tree of arid and semi-arid regions of the 
world due to its high tolerance to environmental stresses. This fruit tree also has the potential of 
generating good income and foreign exchange from vast unproductive tracts of land (esp. Arid 
regions of Gujarat and Rajasthan). Date palm is dioecious and cross pollinated in nature, hence, 
propagation through seeds results into highly heterogeneous and heterozygous populations. The 
seed raised progeny has about 50 % unproductive male trees and 50 % female trees with poor 
varying productivity in terms of both yield and quality. Traditionally, date palm is propagated 
through offshoots or suckers; however, this propagation method has the several limitations like: 

Offshoots are produced in a limited numbers for a certain period in the lifetime of a young palm 
tree. The number of offshoots produced by an individual date palm tree is highly variable and also 
varies from one cultivar to another. Non availability of planting material of local elite genotypes, 
transmission of disease-causing pathogens and insects along with the offshoot etc. 

The traditional method of vegetative propagation through offshoot being slow, laborious, time 
consuming and expensive. These limitations led to focus on development of micro propagation 
techniques for rapid clonal production of true to type plants through in vitro techniques in selected 
cultivars.  

Advantages of Tissue Culture raised plants :

Ÿ  Provides female plants for planting 

Ÿ  Gives true to type plants 

Ÿ  Increases yield of elite quality fruits

Ÿ  Only way to save endangered trees 

Details of operation :

Ÿ  Genotype  : Indigenous trees of Kutch region and popular variety (Barhee)

Ÿ  Explant Source : Mature tree with offshoot

Ÿ  Technique  : Somatic embryogenesis

Shoot tip from a sucker of elite female plant is surface sterilized and placed on an appropriate 
medium under aseptic conditions. Among the two approaches, shoot tip culture gives very limited 
number of plants whereas large number of plants can be obtained through somatic embryogenesis 
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in two years, The fully grown plantlets are hardened in the green house for 6-8 months to get fully 
hardened plants for field planting. 

Merits of somatic embryogenesis

(1) Higher multiplication rate over shoot tip culture method leading to lower cost of 
production.

(2) First report of the successful attempt in date palm tissue culture using indigenous material. 
Hence, most suitable for indigenous dates.

(3) High survival rate at the end of secondary hardening.

Practical / scientific utility :

The commercialization of the protocol would certainly help in mass multiplication of elite 
endangered trees and popular varieties of Kutch date palm. This will be useful to the farming 
community of Gujarat, especially Kutch date growers in the following ways:

1. Replacement of the old, poor quality and low yielding orchards with new superior TC raised 
plants.

2. New systematic plantation of superior quality, high yielding TC plants may give a quantum 
jump of 8-10 fold increase in the income of date growers. 

3. Would bring new areas (some pockets of Saurashtra, North -Gujarat and Middle Gujarat) 
under cultivation.

4. Would open the export market for TC raised plants as well as fresh fruits.

Procedure for micropropagation through somatic embryogenesis :

The method for multiplication of Indian date palm is based on tissue culture technique using a 
starting material obtained from healthy offshoots. The sequential procedures followed for 
obtaining plantlets are as under:

Ø  Surface sterilization of the explant

Ø  Establishment of explant, callus induction and callus multiplication 

Ø  Induction and multiplication of somatic embryos 

Ø  Maturation of somatic embryos

Ø  Germination of somatic embryos

Ø  In vitro plantlet growth

Ø  Hardening

v  Mass propagation of Date palm through somatic embryogenesis (Flow Chart)

 

2. BANANA

Advantages  of micro propagation in banana

ü Tissue cultured plants are true to type, pest and disease free, with uniform growth, healthy, 
vigorous and early maturing.

ü Enables rapid multiplication and introduction of new varieties within a short time.

ü Enables the propagation to be in all year-round basis.

ü Facilitates international exchange of germplasm.
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Different Phases in Micropropagation of Banana :

ü Phase 0 : Correct pre-treatment of the starting material i.e. keeping the plants  in disease free 
condition - Mother plant establishment.

ü Phase 1 : Sterile isolation of a meristem, shoot-tip, explant etc., In  this phase  there is only one 
important  requirement to accomplish non-contaminated growth and development.

ü Phase 2 : The propagation phase : The primary goal in this phase is to achieve propagation 
without losing the Genetic stability.

ü Phase 3 : This phase involves stopping the auxiliary shoot formation and initiating shoot 
elongation and subsequently root formation in vitro.

ü Phase 4 : Transfer form in vitro to in vivo conditions and the establishment of the plant.

Flow chart of Banana Micro propagation technique

EXERCISE No. 09

DATE : ________________

PREPARATION OF PLANT BIO-REGULATORS AND THEIR USES

Plant Growth Regulator : Plant growth regulators may be defined as any organic compounds 
other than nutrients synthesized in one part of the plant and translocated to another part, where in 
very low concentrations either promote or inhibit or modify the growth and development processes 
of plant. 

The different types of plant growth regulators (PGR ) are as follows:s

1. Auxins

2. Gibberellins

3. Cytokinins

4. Ethylene

5. Growth Inhibitors [Abscisic Acid (ABA)]

6. Growth Retardants [CCC, AMO, 1618, Phosphon - D, Morphactin, MH]

7. New plant growth regulators [Jasmonates/Jasmonic acid derivatives (JA ), Salicylic acid, s

Brassinosteroids (BR ), Polyamines (PA ) etc.]s s

These compounds have been extensively used in fruit production at various growth and 
development stages of plants. Here some of the examples are given below:

1. Propagation :

In propagation, plant growth regulators are applied in paste, solution or powder form. The 
concentration of the chemical varies with plant species and types of cutting and method of 
application. The most common plant growth regulators used in rooting are Indole Acetic Acid 
(IAA), Indole Buteric Acid (IBA) and Napthalene Acetic Acid (NAA).

2. Seed Germination/Breaking of Dormancy :

Gibberellic acid (GA ) significantly accelerates seed germination in many plant species. 3

Presoaking the seed with GA  enhances germination of deciduous temperate fruit (Apple, Peach, 3

Plum etc.) trees. 

3. Induction of Flowering :

Pant growth regulators like NAA at 10 to 50 ppm causes early flowering in pineapple. 2, 4 D at 6 to 
10 ppm has used to induce flowering in pineapple. Flowering can be delayed by 1 to 2 weeks NAA 
at 200 to 800 ppm application in apple, cherries, pears, peaches, and plums.
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4. Sex Expression :

Plant growth regulators can change the sex of the flowers. Male sterility can be induced in corn by 
MH Plant growth regulators may be defined as any organic compounds other than nutrients 
synthesized in one part of the plant and translocated to another part, where in very low 
concentrations either promote or inhibit or modify the growth and development processes of plant. 

The different types of plant growth regulators (PGR ) are as follows:s

5. Flower and Fruit Thinning :

Many fruit trees produces heavy flowering and fruit in one year and few or one in next year. By 
using G.R the normal bearing can be maintained NAA at 5 to 10 ppm and NAA at 5 to 7 ppm for 
thinning of apple, peaches and grapes.

6. Pre Harvest Drop of Fruits :

Flower and fruit drop is a problem in many fruit crops. Application of NAA 10- 50 ppm in mango, 
citrus and chilies reduce fruit drop by preventing formation of abscission layer.

7. Fruit Development : Application of 50-60 ppm GA in grapes increases the size of berry.

8. Early Maturity :

Early maturity fetches higher prices in the market. In pine apple application of 20 ppm NAA 
induces early flowering and early maturing at least by two months. Spraying of 50 ppm NAA 
reduces maturity in grapes, use of 250-400 ppm of Ethrel induces early maturity in Ber.

9. Early Ripening and Colour Development :

Fruits like mango, banana and papaya ripe after harvest. Dipping of fruits in 20-50 ppm Ethrel 
solution induces golden yellow colour to fruit induces early maturity.

10. Delayed Maturity :

Delay in ripening is required when fruit are to be sent to long distance market. Dipping of fruit in 
2,4-D, 2,4- 5- T or MH- 40 extends storage life of fruits.

11. Sprouting of Bud :

Ethrel, GA , IBA and Cytokinin spray induces sprouting of buds. MH (Maleic Hydrazide) is used 3

to retard the sprouting of potato and onion. It is used in plant breeding for induction of male 
sterility. Application of NAA, IAA and GA at 50 to 100 ppm increases female flowers in pumpkin, 
cucumber to get more yield.

Preparation of Growth Regulators :

Synthetic growth regulators are available in market and those are used to prepare the desired 
concentration for a particular purpose in horticultural applications. Usually, the concentration of 
prepared plant growth regulators is expressed in parts per million (ppm).

Forms of Preparation of Plant Growth Regulators

1. Powder form

2. Lanolin Paste form

3. Solution form

How to calculate :

General formula :

100 ppm IBA in powder form = 100 mg IBA in 1 kg of chalk powder (powder form) = 100 mg 
6

IBA in 1000000 mg (10  = one million) of chalk powder 

200 ppm NAA in lanolin paste form = 200 mg NAA in 1 Kg of lanolin paste (paste form) = 200 
6

mg NAA in 1000000 mg (10  = one million) of lanolin paste 

500 ppm BA in solution form = 500 mg BA in 1 litre of distilled water (solution form) 

 We know, weight of 1 ml pure water is 1 g

 i.e., 1 ml pure water = 1 g water = 1000 mg water 

6
 1 litre pure water = 1000 ml = 1000 × 1000 = 10  mg (One million)

Therefore, if we dissolve 500 mg BA in 1 litre water it becomes the concentration of 500 ppm BA

Formula for preparation of working solution:

N V  = N V1 1 2 2

Where, N = Concentration of stock (given) solution, 1

  V  = ?, 1

  N = Concentration of working solution, 2

  V = Volume of working solution2

Examples :

1. Prepare a 50 ppm 500 ml IBA solution from a 1000 ppm stock solution 

Here, N = 10001

 V  = ?1

 N  = 50 2

 V  = 500 ml2

So, 

 V  = N  × V1 2 2

        N1
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 V1 = 50 × 500

      1000

 V1 = 25 ml

Therefore, take 25 ml of 1000 ml IBA and make the volume upto 500 ml with distilled water (Ans.) 

2. Prepare a 150 ppm 2 litre NAA solution from a 1500 ppm stock solution 

Here, N = 15001

V  = ?1

N  = 150 2

V  = 2 litre = 2000 ml2

So, 

 V  = N  × V1 2 2

       N1

 V  = 150 × 20001

        1500

 V  = 200 ml1

Therefore, take 200 ml of 1500 ml IBA and make the volume upto 2000 ml with distilled water 
(Ans.) 

3. Prepare a 40 ppm 250 ml GA  solution from a 1000 ppm stock solution 3

4. Prepare a 250 ppm 1.5 litre IBA solution from a 1500 ppm stock solution

EXERCISE No. 10

DATE : ________________

PHYSIOLOGICAL DISORDERS IN FRUIT CROPS

Physiological or abiotic disorder are mainly caused by changing environmental conditions such as 
temperature, moisture, unbalanced soil nutrients, inadequate or excess of certain soil mineral, 
extremes of soil pH and poor drainage. The distinction between physiological or abiotic disorders 
from other disorders is that they are not caused by living organisms (Viruses, bacteria, fungi, insect 
etc.), but they are the result of abiotic situations (inanimate) i.e. their agents are non-living in nature 
which causes deviation from normal growth. They results in physical or chemical changes in plant 
which is far away from what is normal and is generally caused by an external factor. Non-
infectious disorders in some cases are easy to identify, but others are difficult or even impossible to 
recognize. Most of them are non reversible once they have occurred.   

1. MANGO

1) Spongy tissue 

Causes

• Development of non-edible, sour, yellowish and sponge like patch developed in the 
mesocarp of mango fruit is broadly termed spongy tissue. 

• The malady has been reported only in Alphonso. The peculiarity of this malady is that 
external symptoms of the fruit affected by spongy tissue are not apparent at the time of 
picking or at the ripe stage. 

• These can be detected only on cutting the ripe fruit. 

• This malady renders the fruit unfit for human consumption. 

• It is a physiological disorder in which fruit pulp remains unripe because of unhydrolyzed 
starch due to physiological and biochemical disturbances caused by heat convection in 
mature fruit at pre-and post-harvest stages.

Remedies

• The use of wind-breaks for protecting the orchard from warm air during summer month 

• Use of proper precautions at post-harvest stage checks the disorder

• Mulching and sod culture in orchard

• Growing mango hybrids Ratna and Arka Puneet, which are free from this problem  

• Harvesting fruits when they are three fourths matured rather than fully matured ones also 
reduces this malady
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2) Black tip

Causes

• Coal fumes of brick kilns containing sulphur dioxide, ethylene and carbon monoxide are 
observed to be responsible for black tip.

• The damage has been noticed in the mango orchards located up to 200metres of distance 
from brick kiln and also due to boron deficiency. 

• It is characterized by depressed spots of yellowing tissues at the distal end of the fruit, which 
gradually increase in size, become brown and finally black. 

Remedies

• The preventive measure is to have orchards 1.5 km to the east and west and 0.75 km to the 
north and south away from the kilns.

• Spraying of 2% sodium carbonate.

• Spraying of 0.6% borax is recommended as control measure.

3) Malformation

Causes :

Various causes like nutritional disorders, physiological, viral, fungal and acarological are reported. 
The available literature doesn't appear to support the above causes except the fungal; the only 
positive evidence for the cause of this is fungal origin. ie., Fusarium  moniliforis, depending on the 
plant part affected, two categories of the malformation

1. Vegetative malformation, the vegetative buds in the leaf axils or at the apical meristem of 
the younger plants, on activation, develop abnormally as compact rosette-like shootlets, bearing 
tiny leaf rudiments. Many such shoots may arise to form a bunch, hence it is also sometimes known 
as bunchy top. The problem is not serious in the grown-up trees. The affected new shoots on the old 
trees, however, become thick, stunted and develop a whorl of small leaves.

2. Floral malformation, in contrast, is very virulent and can cause the loss of the entire crop. 
It affects the fruit production directly by converting the panicle to a barren one. Floral 
malformation exhibits all sorts of symptoms, but any deviation of a part of the panicle, or all the 
parts of a panicle, from the normal to abnormal should be considered as a symptom of this malady. 
In severe form, the affected panicle appears like a compact mass, being more green and sturdy. It 
bends down due to its own weight.

Remedies

• Destruct the infected small plant or plant parts  

• Spraying a fungicide like Captan  @ 3grams or Bavistin @ 1gram / litre of water  

• Remove the affected parts by pruning 30cms below and paste with Bordeaux paste.

• It is found that the application of 200ppm NAA during the first week of October as spray 
resulted in considerable reduction of floral malformation.

• Early deblossoming, combined with NAA spray during October, may reduce the extent of 
malformation considerably.

4) Clustering in Mango ('Jhumkia')

Causes

• A fruiting disorder, locally known as 'Jhumka', is characterized by the development of 
fruitlets in clusters at the tip of panicles. 

• Such fruits cease to grow beyond pea or marble stage and drop down after a month of fruit 
set. 

• Absence of sufficient population of pollinators in the orchards is the major reason. 

• The other reasons causing the disorder are old and overcrowding of trees, indiscriminate 
spraying against pests and diseases, use of synthetic pyrethroids, monoculture of Dashehari 
and bad weather during flowering.

Remedies

• Introduction of beehives in the orchards during flowering season for increasing the number 
of pollinators and restrict insecticidal sprays at full bloom to avoid killing of pollinators.

• Pests and diseases should be controlled in time by spraying the recommended pesticides 
and concentrations.

• Spraying of NAA (300 ppm) during October-November is recommended.

• The practice of monoculture of a particular variety may be avoided.

• Particularly in case of Dashehari, 5-6% of other varieties should be planted in new 
plantations.

2. BANANA

1) Kotta vazhai

Causes

• The word 'Kottai' means seed. There is conspicuous development of enlarged ovules

• Affected fruits remain dark green

• It is a serious problem in Poovan variety of banana, reducing the production by 10-25%.

Remedies

• Application of 2,4- D 25ppm and GA 100ppm after the opening of last hand favours 
development of parthenocarpic fruit.
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• The damage has been noticed in the mango orchards located up to 200metres of distance 
from brick kiln and also due to boron deficiency. 

• It is characterized by depressed spots of yellowing tissues at the distal end of the fruit, which 
gradually increase in size, become brown and finally black. 

Remedies

• The preventive measure is to have orchards 1.5 km to the east and west and 0.75 km to the 
north and south away from the kilns.

• Spraying of 2% sodium carbonate.
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and bad weather during flowering.
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• Introduction of beehives in the orchards during flowering season for increasing the number 
of pollinators and restrict insecticidal sprays at full bloom to avoid killing of pollinators.
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and concentrations.
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• The practice of monoculture of a particular variety may be avoided.
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2) Neer Vazhai

Causes

• Fruits ooze out watery fluid when cut, hence the name 'Neer' meaning 'water' and 'vazhai'- 
'banana'. In infested plants, severe root damage is noted. 

• Cause of this disorder is not known but is of serious concern causing considerable loss. 
There are stray reports of this malady affecting 'Poovan' and 'Nendran' around Trichy in 
Tamil Nadu. 

• It is transmitted through suckers. 

• Thus it can be suspected to be caused by virus or mycoplasma.

Remedies

• Application of growth hormone NAA improves the finger filling.

3. Citrus

1) Granulation

Causes

• The affected juice sacs become hard and dry, fruits become grey in colour, enlarged in size, 
have flat and insipid taste and assume a granular texture. 

• Granulated fruits contain less extractable juice as most of it turns into gelatinous mass.

• This results in more quantity of rag and thus low pulp/rag ratio. 

• The terms granulation, crystallization and dry end are used to describe this trouble. 

• Several factors like luxuriant growth, rootstock and the variety, frequent irrigation, mineral 
constituents in plant tissue, time of harvest, exposure to sunlight, etc., are found to be 
associated with this malady. 

• The incidence is relatively high in the fruits of younger plants as compared to those in older 
plants. 

• The vigorous rootstocks like rough lemon increase the incidence of granulation as 
compared to less vigorous rootstocks. 

Remedies

• Controlled nitrogen fertilization and spray of micro nutrients with early harvesting

• The incidence of granulation could be reduced to 50 per cent by applying two to three sprays 
of  NAA (300 ppm) in the months of August, September and October.

• Spraying of GA 15 ppm followed by NAA 300 ppm in October and November also reduce 
granulation. 

• Avoid use of vigorous rootstock

2) Rind pitting

Causes

• Superficial rind pitting (SRP) of Shamouti orange causes serious damage to fruits and 
tremendous losses to growers. 

• While SRP developed on the tree and could be identified in the packaging house, the 
majority of SRP symptoms developed 3-5 weeks after harvest, during shipment and 
marketing. 

• Ethylene increased the incidence of SRP. Fruits with SRP had lower rind K contents than 
healthy fruits.

4. PAPAYA

1) Skin freckles

Causes

• Freckle-like blemishes occurred on ripe papaya fruits (cv. Sunset). 

• Young fruits (less than 40 days old) were free from freckle. 

• More freckles were seen on the exposed side of the fruit away from the stem.

Remedies

• Wrapping young fruits in white paper bags significantly reduced freckle incidence.

2) Malformed fruits

Causes

• This melody is due to boron deficiency and it is one of the serious disorders limiting yield in 
papaya. 

• It results in malformed fruits.

Remedies

• Spraying of boric acid 0.1% at 3 months interval from sixth month after planting onwards 
correct the deficiency.

5. GUAVA

1) Bronzing

Causes

• Bronzing of guava has been observed in places having low soil fertility and low pH.

• Affected plants show purple to red specks scattered all over the leaves. 

• Under aggravated condition, total defoliation and fruits characterized with brown coloured 
patterns on the skin, with reduced yield are noticed.
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Remedies

• Foliar application 0.5 % diammonium phosphate and zinc sulphatein combination at 
weekly intervals for two months reduced the bronzing in guava.

• Pre-fowering spray with 0.4 % boric acid and 0.3 % zinc sulphate

• Spraying of copper sulphate at 0.2 to 0.4 % 

6. PINEAPPLE

Fasciation : Multiple Crowns

Causes

• Appearance of multiple crown as against usual single crown

• Consequently the top of the fruit will be flat and broad and fruit will be unfit for canning. 
Such fruits taste insipid and are corky. 

• It is supposed to be a heritable character, found mostly in Cayenne group to which the 
variety Kew belongs.

Remedies

• Avoidence of ratoon crop

• Restriction of growth by selecting proper soil type

7. CUSTARD APPLE

1) Stone fruits

Causes

• Custard apple fruits which are set late in the season remain small and hard like stone and 
never ripen no matter how long they are left on the tree. Such fruits are known as stone fruit. 

• The occurrence of stone fruit is very common during November and December. 

• The competition between the developing fruits and maturation are the cause of stone 
formation.

Remedies

• Irrigation, manuring and good cultivation considerably reduced stone formation in fruits.

8. AONLA

1) Internal fruit necrosis

Causes

• The symptom starts with the browning of the innermost part of mesocarpic tissue at the time 
of endocarp hardening and extends towards the epicarp resulting into brownish black 
appearance of the flesh. 

• In case of severe incidence, these black spots become corky and gummy pockets develop.

Remedies

• Combined spray of zinc sulphate (0.4%) + copper sulphate (0.4%) and borax (0.4%) during 
September -October has been found effective.

• Spray of 0.5 to 0.6% borax in the month of September -October.

• Resistant cvs like Chakaiya, NA6 & NA 7 should be planted.

9. POMEGRANATE

1) Fruit cracking

Causes

• The soil type and soil moisture condition of the fruit orchard responsible for fruit cracking 

• Lack of orchard management and the quality (volume) of rainfall at one time. 

• Uneven irrigation also affect the pomegranate fruit. 

• Also boron deficiency responsible for fruit cracking in pomegranate fruits.

Remedies

• Regular application of water through drip in the orchard is the main factor which maintains 
moisture percent in fruit. These are very sensitive to high and stress water condition.

• Spray borax @1gm per litre of water.

2) Internal break down

Causes

• The pulp bearing seeds (arils) do not develop the typical colour and are somewhat flattened 
rather than plump. 

• Flavor of the arils is abnormal and many have a streaked appearance due to fine white lines 
radiating from the seed. 

• There are no external symptoms. 

Remedies

• Give proper irrigation to maintain proper humidity.

• The fruits should be harvested as soon as they mature.

• Management strategies used for other disorders may also help in reducing the problem.
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Remedies

• Foliar application 0.5 % diammonium phosphate and zinc sulphatein combination at 
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• Lack of orchard management and the quality (volume) of rainfall at one time. 
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Causes
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rather than plump. 
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radiating from the seed. 
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10. Grape

 1) Barrenness of vine   2) Water berries     

 3) Shot berry / Millerandage  4) Hen and chicken disorder 

 5) Bud and flower drop   6) Pink berry

 7) Uneven ripening

11. Apple

 1) Bitter pit    2) Water core

 3) Brown core    4) Jonathan spot

 5) Cork spot    6) Scald

12. Strawberry

1) Albinisim - Development of white or pink area on surface of fruit

PHYSIOLOGICAL DISORDERS IN FRUIT CROPS

Clustering in Mango ('Jhumkia') Bronzing

MANGO GUAVA

Vegetative malformation Floral malformation

MANGO

Spongy tissue Black tip
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EXERCISE No. 11

DATE : ________________

PHYSIOLOGICAL DISORDERS IN PLANTATION CROPS

1. COCONUT

1) Button shedding / Crown choking

It is usual phenomenon to notice dropping of nuts in their very initial stages of maturity (3 to 4 
months stage). It is the natural phenomenon exhibited by plant to protect itself from exhaustion.

Reasons and Remedies for button shedding in coconut.

• Nutritional Imbalance / deficiencies: NPK recommended for coconut is 500 : 330 : 1200 g 
per palm per year. Usually full dose of NPK is applied from 4th year onwards. Application 
of K and N minimized the incidence of button shedding in coconut.

• Moisture: Deficiency / stress or water logging / excess of water promote button shedding

• Hard pan: A rocky strata at shallow (< 1.5 m) depth.

• Pathogen and insect: Some pathogens especially fungi are known to be associated with the 
button shedding. They include Colletotrichum spp, Phytophthora spp., Botrydiploidia spp., 
Cause premature nut drop in coconut.

2) Barren Nut

Symptoms

• Nut without developed kernel,  Oblong shape nut,  Less husk,  Embryo absent, Cracking of 
shell.

Causes

• Defective pollination and fertilization: Many of the talls are cross pollinated. There may be 
inadequate pollination possibly due to high temperature or hot winds which cause 
desiccation or drying of the stigmatic surface. 

• Deficiency of K and B

• Coried bug (The attacked buttons do not develop resulting in immature nut fall.) The nuts if 
developed may become barren. 

• Eriophid mites and Rodents problems (Attack tender nuts resulting in immature nut fall.) 
are also results in nut drop.

Control :

• For this we can keep bee hives
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• Spray 2,4-D @ 60 PPM to improve fruit set and yield.

2. ARECA NUT

1) Band or hidimundige disease : Band = barren (in marathi). 

This disease is a major problem in Konkan Coast of Maharastra. Diseased palms ceases to produce 
fruits. It is known as hidimundige disease in Karnataka, Pencil point disease in Sri Lanka and 
Rosette disease in Australia.

Symptoms :

1. Production of smaller leaves and ultimately crown forms a rosette shape

2. Reduction in internodal length and tapering of stem towards apex

3. Mostly unproductive nuts if at all produced are small and malformed.

Causes :

1) Poor drainage and low fertility of soil

2) Sub soil pan / hard clayey pan

Control :

• Better soil management and improvement in drainage.

• Removal of hard pan on the sub soil and foliar application of micronutrients,

• Correction of soil acidity and incorporation of mixture of copper sulphate and lime.

2) Nut splitting in arecanut :

A physiological disorder of universal occurrence in almost all gardens. It is purely physiological. 
The growth of pericarp does not keep pace with the development of kernel inside and thus causing 
the splitting up of the pericarp and distal end. The split nuts drop. Infection of bacteria and fungus 
of the exposed kernel after splitting renders the nuts useless.

Symptoms :

Premature yellowing of nuts when they are ½ to ¾ matured. It is seen in patches in individual 
plantations and common on young palms.

Cause/ Reason :

• Excessive flow of cell sap into the inflorescence in very healthy palms.

• Excessive nutrient supply

• Prolonged drought followed by sudden irrigation

Control :

• Application of borax @ 2 g per liter of water (0.20 % spray) on bunches during early stages 
of disease and K2O at the base is found to check nut splitting to a certain extent.

• Improvement of drainage and provide regular irrigation during drought.

3. COFFEE

1) Kondli (Copper toxicity)

2) Bean disorder in coffee :

• Bean disorders like black bean, normal jollo are generally observed in Arabica coffee due to 
physiological factors during bean development stage.

• It is reported to the extent of 2-10% from different localities. 

• The main reason attributed to the bean disorders in the short supply or depletion of 
carbohydrate reserves during bean development stage.

• The depletion of plant reserves may be due to defoliation associated with rust disease and 
consecutive high crops, soil saturation 14-16 week after flowering, skipping/reducing 
fertilizer dosage, lack of proper bush management and maintenance of high shade.

Control :

• Two round of Bordeaux mixture as pre monsoon and post monsoon application (during 
May and September) is quite good to keep it under control. 

• The post monsoon application of Bordeaux mixture could be given along with urea (0.5%) 
and murate of potash (0.375%) (1 kg urea and 750 g of MOP/barrel).

• Proper bush handling, shade management and other cultural operation are essential.  

3) Pre mature fruit drop : It occurs during berry development stage,90-120 days after 
blossom 

 Causes    : Hormonal imbalance, Carbohydrate content and nutrient deficiency

 Control   : Good drainage, Spray planofix or miraculan as hormone
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The growth of pericarp does not keep pace with the development of kernel inside and thus causing 
the splitting up of the pericarp and distal end. The split nuts drop. Infection of bacteria and fungus 
of the exposed kernel after splitting renders the nuts useless.

Symptoms :

Premature yellowing of nuts when they are ½ to ¾ matured. It is seen in patches in individual 
plantations and common on young palms.

Cause/ Reason :

• Excessive flow of cell sap into the inflorescence in very healthy palms.

• Excessive nutrient supply

• Prolonged drought followed by sudden irrigation

Control :

• Application of borax @ 2 g per liter of water (0.20 % spray) on bunches during early stages 
of disease and K2O at the base is found to check nut splitting to a certain extent.

• Improvement of drainage and provide regular irrigation during drought.

3. COFFEE

1) Kondli (Copper toxicity)

2) Bean disorder in coffee :

• Bean disorders like black bean, normal jollo are generally observed in Arabica coffee due to 
physiological factors during bean development stage.

• It is reported to the extent of 2-10% from different localities. 

• The main reason attributed to the bean disorders in the short supply or depletion of 
carbohydrate reserves during bean development stage.

• The depletion of plant reserves may be due to defoliation associated with rust disease and 
consecutive high crops, soil saturation 14-16 week after flowering, skipping/reducing 
fertilizer dosage, lack of proper bush management and maintenance of high shade.

Control :

• Two round of Bordeaux mixture as pre monsoon and post monsoon application (during 
May and September) is quite good to keep it under control. 

• The post monsoon application of Bordeaux mixture could be given along with urea (0.5%) 
and murate of potash (0.375%) (1 kg urea and 750 g of MOP/barrel).

• Proper bush handling, shade management and other cultural operation are essential.  

3) Pre mature fruit drop : It occurs during berry development stage,90-120 days after 
blossom 

 Causes    : Hormonal imbalance, Carbohydrate content and nutrient deficiency

 Control   : Good drainage, Spray planofix or miraculan as hormone
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