
IMPORTANCE AND SCOPE OF FRUIT AND PLANTATION CROP 

INDUSTRY IN INDIA 

IMPORTANCE OF FRUIT CULTIVATION 

IMPORTANCE 

(1) Fruit provides better foods as they are good source of vitamins and 

minerals, and have medicinal properties. 

(2) Fruit crops give high energy return per unit area compared to other crops.    

(3) Fruit growing is remunerative proposition. 

(4) Fruits are basic need for many kinds of industries/factories like canning 

preservation, dehydration, essential oil etc. 

(5) Fruit growing helps in the development of package, transport, refrigeration, 

oil and wine industries. Mulberry plantation is associated with sericulture 

while apiculture is dependent on fruit crops.  

(6) Fruit growing creates job to rural poor. 

(7) Waste land can be utilized by growing hardy fruit crops like ber, aonla, 

bael, custard apple etc. 

(8) Air pollution can easily be minimized by massive planting of fruit spp. 

because trees are known to be the best air purifier. 

SCOPE   

(1) AREA: There is vast scope for fruit growing in our country because the 

total area under fruit crops is very small about 2.55 million hectares which 

is only 0.8% of the total cultivated area. 

(2) VEGETARIAN POPULATION: Majority of Indian population is 

vegetarian and production of fruit is far less. There is great demand from 

all the classes of people for fresh fruits and also for canned fruit products 

because fruits are rich source of vitamins and minerals for which they are 

considered as protective food. Due to this scope of fruit growing becomes 

inevitable. 

(3) VERSATILE TYPE OF CLIMATE: India provides almost all types of 

suitable climatic conditions for large number of fruit spp. which can be 

grown under tropical, subtropical and temperate climatic zones. Thus 

throughout the year one or the other kind of fruit is being grown making 

the scope of growing fruit crops unlimited.  

(4) Many fruit crops are well adapted to adverse edaphic and climatic 

conditions where other cereals, vegetables etc. fail to product economic 



yields. The vast area under waste land can be undertaken for the cultivation 

of hardy fruit spp. e.g. ber, date palm, pomegranate, guava, lasoda, phalsa 

etc.  

(5) LIFE SPAN OF FREIT TREES: Productive life of fruit crops is long 

(except banana, papaya) and planting them once provide continuous yield 

for long period of time which result in encouragement in fruit growing. 

(6) DEMAND AND SUPPLY: Demand of fruit is very high and supply is too 

low. People also becoming health conscious and they like to meet 

minimum daily requirement of fruits of 85 g per head per day. To meet 

this minimum requirement for growing population more and more area 

under fruit crops has to be brought and so also productivity has to be 

increased. 

(7) INTERNATIONAL TRADE: The share of fruits both fresh and 

processed fruit product of India is negligible in the international trade. 

Now, making bright prospects in this context, scope of increasing area and 

production is very wide. The main fruits for export are mango, banana, 

citrus, sapota, tamarind, apple, walnut cashew nut etc. to European, 

Arabian, Gulf and other several countries. 

(8) AGRO-INDUSTRIES AND STORAGE FACILITIES: With 

installation of Agro-industries and storage facilities and improvement in 

transport facilities will have great demand for preservation and caning of 

fruit throughout the year. This will encourage cultivators to going for 

cultivating fruit crops. Cultivation of fruit crops become highly 

remunerative as compare to other food crops e.g. apple and grape, give 

more income than wheat.          

(9) POLLINATION: In the tree plantation drive for improving ecological 

balance and reducing environmental pollution due to multipurpose tree 

spp. will get priority and in that number of fruit crops will fulfill this 

objective. Fruit crop like ber, phalsa, date palm, guava bael, etc. are capable 

of growing on waste land where other many crops fail to grow. Thus, fruit 

growing has bright scope. 

(10) An advent of science technology resulted in the development of highly 

specialized field like radio isotopes techniques, genetic engineering, 

biotechnology, micropropagation remote sensing technique etc. have open 

new vistas in the propagation of certain crops, and them many fruit crops 

are not for behind. 



(11) NATURAL CALAMITIES: Fruit tree will not only provide fruits but 

they helps in reducing natural calamities like flood and drought; they may 

cause good rains; they may act against high wind velocity as wind breaks. 

Thus, fruit cultivation has fruit future. 

(12) MEDICINAL VALUE: Fruits have role to play in many medicinal 

preparation and thus their cultivation is inevitable. 

(13) INTERCROPPING: In fruit crops, intercropping is possible during early 

stage of crop growth which provides additional incomes and there is 

efficient and economic use of human labour and other agricultural inputs 

throughout the year in fruit orchards as compared with other crops. 

Therefore, cultivation of fruit crop has tremendous scope. 

 

SCOPE FOR PLANTATION CROPS 

1. Expansion in non-traditional areas: 

As population and spice crops have restricted geographical 

distribution, the possibility of expansion in the traditional areas is 

limited. However, there is ample scope for expansion of area in non-

traditional regions such as North Eastern States where there is 

irrigation potential. Due to the development of drip 

irrigation technology new area/non traditional area under plantation 

crops is increasing. 

2. Export potential: 

Plantation crops earn foreign exchange. Eg. Coir based products ,Coir 

export and Coffee . Main products and by-products not only have 

export prospects but also have considerable internal demand in 

several ancillary industry. Earning from export of plantation 

crops accounts to 27% of total agricultural Commodities and 4.8% of 

total export. 

3. Employment generation: 

Cultivation of plantation crops provide year round gainful 

employment on the farm and factories. Eg. Coconut provides for 78 

man days/ha/yr. Amounting to 70 million man days/year. in Kerala 

alone. 

4. Crop diversification: 

These crops provide ample scope for diversification and there by it 

creates sustainable agriculture. 
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5. Availability of technology and yield gap: 

Considerable information on recent technologies are available on 

these crops. Eg. CPCRI Kasargod, Kerala. NRC on Cashew, 

Shantigod, Puttur (D.K). and Various Agril. Universities, Res. 

Stations etc. 

 

Importance of plantation crops 

1. Export earnings: 

Plantation crops occupy less than 3 per cent of the total cultivated 

area (i.e. 1.82 per cent of total crop land – 4 million ha. out of 143.00 

million ha. i.e. around 2.3%). 

2. Leading position in the world: 

India is leading in the total production of certain plantation crops in 

the world. Eg: Tea, Cashew, Arecanut, Coconut and Rubber. 

3. Employment opportunity: 

Plantation crops provide direct and indirect employment to many 

people. Eg: Tea- 20 lakhs people- Cashew-5 lakhs people 

4. Industrial importance: 

Production industry supports many byproduct industries and also 

many rural industries. Eg: Coconut Fiber (obtained from husk) 

production in India is about 2.2 lakh tones. 

5. Conserving soil and ecosystem: 

Eg: Tea and coffee with shade trees planted on hill slopes Cashew in 

barren and waste lands – Both are protect soil from water and wind 

erosion. 

 

IMPORTANT PLANTATION CROPS 

Oil Yielding Crops Coconut, Oil Palm, Palmyrah 

Masticatory Arecanut, Betelvine 

Beverage Crops Tea, Coffee, Cocoa 

Nut Crops Cashewnut 

Industrial Crop Rubber 
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 Possible area expansion in traditional area is limited. Scope for expansion 

in non traditional regions is mainly in North and Eastern States. 

 Area occupied by plantation crops in India = 4 million ha. =2.8% of total 

cropped area. 

 Earnings from export of plantation crops is 27% of total agricultural . 

Commodities and 4.8% of total export. 

1. Topographical situation of plantation crop area in India: 

 Plantation crops in India are mainly confined to the less populated 

remote hilly areas of South India, i.e. mainly Kerala, Karnataka and 

Tamil Nadu. 

2. Commercialization of plantations: 

 Coconut and Arecanut-Being cultivated in India from time 

immemorial. 

 Cocoa-from 1960’s (Brazilians origin) : However, expansion gained 

momentum only after 1970’s 

 Oil palm-1970’s (African origin): Highest edible oil yielding crop ( 

4- 6 tonnes oil per ha and some times even 8 t/ha) 

 Cashew- Introduced by Portuguese during 16th Century in malabar 

coast as Soil Conservation Crop (Brazilian origin). Now India ranks 

1st in the world both in Area and production. 

 Rubber- Mainly in Kerala and Kanyakumari district of Tamil Nadu. 

Now India occupy 4th position in the world. (4th position in and 

position in production ) 

 Yield gap: 

 There is gap in yield obtained by the farmers and yield reported in 

Research Stations. Potential yield of crops is very high. 
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Major difference fruits and vegetable 

S. 

No. 

Vegetables Fruits 

1 Most vegetable are annual Fruit plants are perennial, except cane goose 

berry which is perennial in. 

2 Mainly sexually propagated Mainly asexually propagated 

3 Cultivation is either seasonal or special 

technique like training and pruning are 

generally not required 

Fruit plants require special technique like 

training and required seasonally 

4 Plants are generally non woody Plants are generally woody 

5 All plant parts may be edible Only fruit is edible but some time false fruit 

are also edible 

6 Generally consumed after cooking Mostly consumed raw 
 

Major difference fruits and plantation crops 

S. 

No. 

Perticulars Fruits  Plantation crops 

1 Climate Tropics, subtropics and temperate regions Generally in tropical regions 

2 Requirement 

of training 

and pruning 

Usually essential Usually less 

3 Consumption  Mostly consumed as raw/fresh without 

process 

Processed and consumed 

4 Shelf life More because it is not perishable Less because it is perishable 

5 Foreign 

Exchange 

Earning 

Less  Comparatively high 

6 Uses Used maximum for protective food. It have various uses i.e. for 

beverages, oilseeds, medicine 

etc. 
 



1 
 

IMPORTANCE OF ROOTSTOCK 

Unlike field crops, fruit crops mostly composite plant except banana, pine apple, papaya, 

and strawberry grafted onto rootstock either by budding or grafting. Sometimes the scion cultivar 

otherwise highly suitable may not fit for cultivation or successful when grown on its own roots. 

Hence comes into play the role of rootstock, which form the root for scion. A powerful soot 

system, its wide and deep distribution in the soil and persistent and adequate annual growth of 

absorbing roots are principal pre-requisite of abundant fruit bearing. 

Rootstock are mainly propagated through seed (non-descript) and clonally. The 

performance of graft is result of interaction of stock and scion and, therefore, it would be proper 

to use a clonally propagated standard rootstock in place of present practice of using non-descript 

stock.  

 Rootstocks exhibit a great effect on the production efficiency, yield, quality, adoptability 

tree vigour, impart resistance to biotic (diseases and insects and pests) and biotic stresses (salt 

tolerance and water logging) of scion cultivar. The primary function of rootstock is to provide/ 

by growing deep into the soil and also regulate the uptake of moisture and nutrient. 

Wide adaptability: The use of root stock with deep growing roots help in the moisture uptake 

from deep soil and hence extend the cultivation to arid and semi-arid zones. Seedling plants 

owing to this deep root growing habit are the first choice for rootstock in low moisture available 

regions. 

Tree vigour: Rootstock regulates tree vigour based on their ability they are classified as 

dwarfing, semi vigorous, vigorous. Seedling rootstocks are generally vigorous in nature.  

Fruit yield: Rootstocks are known to induce precocity in scion cultivar. Dwarfing rootstock are 

more precocious than vigorous or seedling rootstock. Fruit yield controlled through control the 

tree vigour, early fruiting and other yield contributing factors like flowering fruit set, fruit drop 

and fruit size. 

Rootstocks of fruit crops: 

Name of fruit 

crops 

Rootstocks Distinguishing features 

Almond Peach almond hybrids  

(GF 577, GF 667) 

Prunus nira 

Bitter almond 

 

Apricot Wild apricot  

Peach Prunus besseyi 

Ruter’s Red Leaf 

Rubira 

Nemared 

Dwarfing 

 

Nematode resistant 

Nematode resistant 
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Nemagaurd 

Sheetal 

 Nematode resistant 

 Nematode resistant 

Plum Pixi, St. Julien K 

St. Julien A 

Brompton  

Meriana 

Myrobalan 

Dwarfing for plum 

Vigorous 

Cold hardy 

Nematode resistant 

Resistant to cold, collar rot, nematodes 

Cherry Colt , Chager 

Wild cherry (Prunus 

puddum) 

Paja (P. cerasoides) 

Mahaleb (P. mahaleb) 

Mazzard (P. avium) 

F 12/1 

Dwarf 

Show delayed  incompatibility 

 

Vigorous 

Dwarf  

Walnut Paradox (Juglans 

hindsii x J. nigra) 

J. nigra 

Show delayed  incompatibility 

 

Resistant to crown rot, susceptible water logged 

saline or nematode infested soils. 

Apple M 9, P59, P64, B146 

 

M 27 

MM104 & MM106 

MM104 & MM106 

Northern Spy 

M. sikkimensis 

M. hupehensis 

M. sergentii 

M. baccata 

 M. robusta 

M 16, M 25 

Merton 778 

Chance seedling, dwarf suited to HDP, wooly aphid 

resistant 

Ultra dwarf, result of M13 x M9 suited for HDP 

Wooly aphid resistant  

Drought resistant 

Wooly aphid resistant  

 

Recurrent apomictic, propagate true to type 

 

Tetraploid 

Wooly aphid resistant  

 

Citrus Rangpur lime Susceptible to foot rot, burrowing nematodes and 

exocortis, tolerant to tristeza, suitable for heavy deep 

soils 

Kernakhatta Suitable for heavy soils, incompatible with Kagzi 

lime and Malta Blood Red 

Rough lemon Commonly used in Punjab, susceptible to blight and 

tolerant to tristeza. 

Trifoliate orange Cold hardy, rootstock to phytophthora,  tristeza and 

nematode, dwarfing and salt resistant, suitable for 

shallow and high rainfall areas, incompatible with 

lime, lemon and mosambi 

Flying dragon Most dwarfing Fortunella 

Soh Sarkar Dwarfing for Kinnow 

Feronia limonia Dwarfing  

Sour orange Cold hardy, suitable for sandy loam, susceptible to 
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tristeza. 

Citranges Tolerant to gummosis and tristeza 

Pear Quince A Vigorous 

Quince B Semi vigorous 

Quince C Dwarfing 

Ber Z. numularia Dwarfing due to formation inverted bottleneck at 

union. 

Z. rotendifolia Deep rooted suited for arid zone. 

Custard apple A. glabra For various soil conditions 

Fig Ficus glomerata Nematode resistant 

Grape Salt Creek & Dogridge Salt and nematode resistant 

Temple Multiple resistant 

St. George Phylloxera resistant 

Ripario, Gloria Phylloxera resistant 

US 17, US 41, 

Harmony, Freedom 

 

Guava P. friedrichsthalianum Dwarfing and wilt resistant 

P. friedrichsthalianum 

var. lucidum 

wilt resistant 

P. pumilum Most dwarfing 

Pusa Srijan (Anueploid 

82) 

Dwarfing  

P. molle wilt resistant 

Mango Kurrukkan Salt resistant, polyembrionic  

Olour  Vigorous rootstock 

Vellaikolumban Dwarfing and alloploidy 

Rumani Dwarfing  

Nikkare Salt tolerant 

Sapota Manilkara hexandra Commercially used for most of the cultivars 

 



                     Lecture 2 : MANGO 

Botanical  Name : Mangifera Indica L. 

Family:             Anacardiaceae  

Origin:              Indo-Burma 

Type  of  fruit:     Drupe 

Edible  part:        Mesocarp 

Inflorescence:       Panicle 

Chromosome  no.:    X=10,  2n=40  

PRODUCTION TECHNOLOGY 

Agro-climatic  requirements 

Although,  it  is  a  tropical  fruit,  the  mango  equally  grows  well  in  frost  free  subtropical  region.  It 

thrives  well  in  almost  all  the  regions  of  the  country  but  cannot  be  grown  commercially  in  areas 

above  600  m.  However  it  can  grow  from  sea  level  to  an  altitude  of  about  1000  meters  provided; 

there  is  no  high  humidity,  rain  or  frost  during  the  flowering  period  It  cannot  stand  severe  frost, 

especially  when  the  tree  is  young.  High  temperature  by  itself  is  not  so  injurious  to  mango,  but  

in combination with low  humidity and  high winds, it  affects  the  tree  adversely. 

Mango  varieties  usually  thrive  well  in  places  with  rainfall  in  the  range  of  75-375  cm.  /annum and  

dry  season.  The  distribution  of  rainfall  is  more  important  than  its  amount.  Dry  weather before  

blossoming  is  conducive  to  profuse  flowering.  Rain  during  flowering  is  detrimental  to the  crop  as  

it  interferes  with  pollination.  However,  rain  during  fruit  development  is  good  but heavy  rains  

cause  damage  to  ripening  fruits.  Strong  winds  and  cyclones  during  fruiting  season can  play  havoc  

as they cause  excessive  fruit  drop. 

Loamy, alluvial, well  drained,  aerated  and deep  soils rich  in organic  matter  with a  pH  range  of to 

7.5 are  ideal  for  mango  cultivation. 

Floral  biology and  pollination 

The  mango  inflorescence  is  primarily  terminal,  although  axillary  and  multiple  panicles  may  also 

arise  from  axillary  buds.  Both  perfect  (hermaphrodite)  and  staminate  (male)  flowers  occur  in  the 

same  inflorescence.  The  total  number  of  flowers  in  a  panicle  may  vary  from  1000  to  6000, 

depending  on  the  cultivar.  There  is  heavy  drop  of  hermaphrodite  flowers  upto  99%  only  0.1  % 

or  less hermaphrodite  flowers  develop  fruit  to  maturity. 

Varieties  Cultivated 



In India,  about  1,500 varieties  of  mango are  grown  including 1,000 commercial  varieties.  Each of  

the  main varieties  of  mango has  an unique  taste  and flavour. Based on time  of  ripening, varieties  

may be  classified as  under : 

Early - Bombai, Bombay Green, Himsagar, Kesar, Suvernarekha  

Mid-season - Alphonso, Mankurad, Bangalora, Vanraj, Banganapalli, Dashehari, Langra, Kishen Bhog, 

Zardalu, Mankurad 

Late - Fazli, Fernandin, Mulgoa, Neelum, Chausa 

Hybrids: 

Amrapalli  (Dashehari  x  Neelum),  Mallika  (Neelum  x  Dashehari),  Arka  Aruna  (Banganapalli  x 

Alphonso),   Arka  Puneet  (Alphonso  x  Janardhan  Pasand),  Arka  Neelkiran  (Alpohonso  x Neelum),  

Ratna  (Neelum  x  Alphonso),  Sindhu  (Ratna  x  Alphonso),  Au  Rumani  (Rumani  x Mulgoa),  Manjeera  

(Rumani  x  Neelum),  PKM  1  (Chinnasuvernarekha  x  Neelum),  Alfazli, Sunder  Langra,  Sabri,  Jawahar,  

Neelphonso,  Neeleshan,  Neeleshwari,  PKM  2  (very  few  of  these hybrid varieties  are  grown 

commercially  in the  country). 

The  important  mango varieties  cultivated in different  states of  India  are  given  below : 

State Varieties  grown 

Andhra  Pradesh Allumpur  Baneshan, Banganapalli,  Bangalora,  Cherukurasam, Himayuddin, 

Suvernarekha,  Neelum,  Totapuri 

Bihar Bathua, Bombai,  Himsagar,  Kishen  Bhog, Sukul, Gulab Khas, Zardalu,  Langra,  

Chausa,  Dashehari,  Fazli 

Goa Fernandin,  Mankurad 

Gujarat Alphonso, Kesar,  Rajapuri, Vanraj,  Jamadar,  Totapuri, Neelum, Dashehari,  

Langra 

Haryana Dashehari,  Langra,  Sarauli, Chausa,  Fazli 

Himachal  Pradesh Chausa,  Dashehari,  Langra 

Jharkhand Jardalu,  Amrapalli,  Mallika,  Bombai, Langra,  Himsagar,  Chausa, Gulabkhas 

Karnataka Alphonso, Bangalora, Mulgoa, Neelum, Pairi, Baganapalli, Totapuri 

Kerala Mundappa,  Olour, Pairi 

Madhya  Pradesh Alphonso, Bombay  Green,  Langra,  Sunderja,  Dashehari,  Fazli, Neelum,  



Amrapalli, Mallika 

Maharashtra Alphonso, Mankurad,  Mulgoa,  Pairi, Rajapuri, Kesar,  Gulabi, Vanraj 

Orissa Baneshan,  Langra,  Neelum, Suvarnarekha,  Amrapalli,  Mallika 

Punjab Dashehari,  Langra,  Chausa, Malda 

Rajasthan Bombay Green,  Chausa,  Dashehari,  Langra 

Tamil  Nadu Banganapalli, Bangalora,  Neelum,  Rumani,  Mulgoa,  Alphonso, Totapuri 

Uttar  Pradesh Bombay Green,  Dashehari,  Langra,  Safeda  Lucknow,  Chausa, Fazli 

West  Bengal Bombai, Himsagar,  Kishen  Bhog, Langra,  Fazli, Gulabkhas, Amrapalli,  Mallika 

 

 Sindhu is a  seedless variety  of  mango. 

 Coloured  mango cultivars Tommy Atkins, Zilette,  Haden,  Sensation Julie, Vanraj,  Husne-ara  and  

Sensation. 

 Mulgoa  is the  mother  of  all  Floidan coloured  mango  cultivars Besides Alphanso, Kesar,  

Gulabkhas, Safdar  Pasand  and Lakhan  Bhog are  mango cultivars  suitable  for  export. 

 Besides Alphanso, Kesar,  Gulabkhas, Safdar  Pasand  and Lakhan  Bhog are  mango cultivars  suitable  

for  export. 

 Amarapali  and  Arka  Aruna  are  dwarf  mango  cultivars. 

Polyembryonic  varieties  of  India : Bappakai,  Chandrakaran,  Bellary,  Goa,  Kurukkan,  Nileswar dwarf.   

Olour,  Pahutan,  Salem,  Mazagoaon,  Mylepalium  and  vellaikolumban.  These    are common in west  

coast  i.e., Malabar  region in west  coast. 

Polyembryonic  varieties  introduced  from  other  countries  in  to  India : Apricot,  Simmonds, Higgins, 

Pico, Sabre,  Saigon, Strawberry,  Cambodiana,  Turpentine  and  Carabao. 

 

ROOTSTOCKS: 

 Vellaicollamban  is the  only octaploid (2n=8x=80)  variety and  is a  potential  polyploidy dwarfing  

rootstock  of  mango.  

 Kurrukan  is a  polyembryonic  salt  resistant  rootstock of  mango. 

 Moovandan  and Nekkare  are  also  salt  tolerant  mango  rootstocks. 

 Rumani  is a  dwarfing  rootstock in  mango. 

Planting 

Planting  Material  



Mango  can  be  propagated  from  seed  or  propagated  vegetatively.  Plants  are  generally  propagated 

vegetatively  by  using  several  techniques  like  veneer  grafting,  inarching  and  epicotyl  grafting  etc. 

Planting  Season  

Planting  is  usually  done  in  the  month  of  July-August  in  rainfed  areas  and  during  February-March  

in irrigated  areas.  In  case  of  heavy  rainfall  zones,  planting  is  taken  up  at  the  end  of  rainy  season. 

Spacing  

The  planting  distance  is  10m.  x  10m.  and  12m.  x  12m.  in  dry  and  moist  zones  respectively.  In  

the  model scheme,  a  spacing  of  8m.  x  8m.  with  a  population  of  63  plants  per  acre  has  been  

considered  which  was observed  to  be  common  in  areas  covered  during  a  field  study.  In  HDP  

Amrapalli  is  being  planted  at  2.5.        x 2.5m. 

Training  of  Plants  

Training  of  plants  in  the  initial  stages  of  growth  is  very  important  to  give  them  a  proper  shape  

especially   in  cases  where  the  graft  has  branched  too  low.  In  HDP  open  centre  system  is  highly  

successful. 

Nutrition  

Fertilizers  may  be  applied  in  two  split  doses  ,  one  half  immediately  after  the  harvesting  of  fruits  

in June/July  and  the  other  half  in  October,  in  both  young  and  old  orchards  followed  by  irrigation  

if  there  are no  rains.  Foliar  application  of  3  %  urea  in  sandy  soils  is  recommended  before  

flowering.  

The  following  table  gives  the  details  of  fertilizer  applied  (depending  upon  the  age  of  the  plants) : 

Age  of  the  plant (in  years) Fertilizer  applied 

1* 100g.  N,  50g.  P2O5,  100g.  K2O 

10 1kg.  N,  500g.  P2O5,  1kg.  K2O 

11 -do- 

*The  doses  applied  in  the  subsequent  years  should  be  increased  every  year  upto 10  years  in  the  

multiple  of  the  first  year’s  dose. 

Well  decomposed  farm-yard  manure  may  be  applied  every  year.  For  trench    application  of  

fertilizers, 400g.  each  of  N  and  K2O  and  200g.  of  P2O5  per  plant  should    be  provided.  Micro-

nutrients    may  be    applied as  per  the  requirement  in  the  form  of  foliar  sprays. 

Irrigation  



The  frequency  and  amount  of  irrigation  to  be  provided  depends  on  the  type  of  soil,  prevailing  

climatic conditions,  rainfall  and  its  distribution  and  lastly  the  age  of  the  trees.  No  irrigation  is  

required  during  the monsoon  months  unless  there  are  long  spells  of  drought. 

Age  of  the  plant  (in years)/Growth  stage Irrigation  schedule 

1 Irrigated  at  an  interval  of  2-3  days  during  dry  

season. 

2-5 Irrigation  interval-  4-5  days. 

5-8/  fruit  set  to  maturity Irrigated  after  every  10-15  days 

Full  bearing  stage 2-3  irrigations  after  fruit  set. 

 

Frequent  irrigation  during  2-3  months  prior  to  the  flowering  season  is  not  advisable  as  it  is  likely  

to promote  vegetative  growth  at  the  expense  of  flowering.  Irrigation  should  be  given  at  50%  

field  capacity. Generally  inter-crops  are  grown  during  the  early  years  of  plantation  and  hence  

frequency  and  method  of irrigation  has  to  be  adjusted  accordingly.  The  method  usually  followed  

for  irrigating  mango    plants  is    basin irrigation.  However,  use  of  Drip  Irrigation  will  not  only  

reduce  the  water  requirements  but  will  also  help  in fertigation  in  root  zones  of  the  plants. 

Intercultural  Operations  

The  frequency  and  the  time  of  inter-culture  operations  vary  with  age  of  the  orchards  and  

existence  of  intercrops.  The  weed  problem  may  not  exist  immediately  after  planting  the  mango  

crop  but    it    is    advisable  to break  the  crust  with  hand  hoe  each  time  after  10-15  irrigations  are  

applied.  In  case  of  mono-  cropping,  the area  between  the  basins  should  be  ploughed  at  least  

three  times  in  a  year  i.e.  during  the  pre-  monsoon,  postmonsoon  period  and  in  the  last  week  of  

November. 

Inter-cropping  

Intercropping  can  be  taken  up  till  the  mango  trees  attain  suitable  height  and  develop  canopy  (at  

5-6  years of  age).Leguminous  crops  like  green  gram,  black  gram,  gram  etc.,  cereals  like  wheat,  

oilseeds    like mustard,  sesame  and  groundnut,  vegetable  crops  such  as  cabbage,  cauliflower,  

tomato,  potato,  brinjal, cucumber,  pumpkin,  bitter  gourd,  tinda,  lady‟s  finger  etc.  and  spices  like  

chillies  can  be  grown  as intercrops.  The  partial  shade  loving  crops  like  pineapple,  ginger,  turmeric  

etc.  can  be  cultivated  in  fully grown  orchards.  In  addition  to  field  crops,  some  short  duration  ,  

less  exhaustive  and  dwarf  type  interfillers  like  papaya,  guava,  peach,  plum  etc.  can  be  grown  till  

these  do  not  interfere  with  the  main  mango crop  .It  is  advisable  to  take  vegetable  crops  as  inter  

crops  for  better  returns.  



The  average  cost  of  inter  cropping  would  be  Rs.10,000  /  Acre  and  it  would  yield  on    an  average  

of  6 tonnes  /  Acres. 

Crop  Management  

Regulation  of  Bearing 

Proper  cultural  practices  like  addition  of  fertilizers  and  control  of  diseases  and  insect  pests    may    

be adopted  to  regulate  growth  and  bearing.  Regular  bearing  varieties  viz.  Dashehari  and  

Amrapalli  may  be grown.  Deblossoming  of  the  panicles  with  NAA  @  200  ppm.  (20  g./100  l.  

water)  during  „on‟  year  may help  to  regulate  the  bearing. 

Regulation  of  Fruit  Drop  

Embryo  abortion,  climatic  factors  ,  disturbed  water  relation,  lack  of  nutrition,  attack  of  disease  

and  pest, hormonal  imbalances  are  the  major  factors  that  lead  to  fruit  drop.  A  spray  of  Alar  (B-

Nine)  @  100  ppm. or  20  ppm.  2,4-D  (2g.  in  100  l.  water)  in  the  last  week  of  April  or  in  the  last  

week  of  May  will  control  to some  extent  the  summer  fruit  drop  in  Langra  &  Dashehari. 

Plant  Protection  Measures 

Insect  Pests  

Insect  pests  mostly  observed  are  mealy  bug,  hopper,  inflorescence  midge,  fruit  fly  and  scale  

insects.  For controlling  these  insects,  spraying  with  carbaryl,  monocrotophos,  phosphamidon  &  

methyl  parathion  are recommended. 

Harvesting  and  Yield 

The  orchard  starts  bearing  from  sixth  year  onwards  and  the  economic  life  of  a  mango  tree  

exceeds  40 years.  A  full  bearing  mango  tree  having  an  age  of  more  than  15    years    bears  about  

1000-3000  fruits   during  on  year. Yield  of  fruits  varies  considerably  according  to  the  variety,  

climatic  conditions,  plant  population  etc.  On an  average  the  productivity  of  mango  in  India  is  6.6  

MT/HA  (NHB-2010-11).    Grafted    plants    start bearing  early. 

 



MANGO- MAJOR PROBLEMS, PHYSIOLOGICAL DISORDERS, 

PESTS AND DISEASES AND INTEGRATED 

MANAGEMENT PRACTICES 

 

DISORDERS 

Alternate bearing 

Alternate bearing has been one of the major problems. Most of the south Indian varieties 

are regular-bearer, whereas north Indian ones alternate-bearer. Paclobutrazol is a promising 

chemical for flower induction in mango. Soil drenching with paclobutrazol (5g -10g/tree) results 

in minimum outbreak of vegetative flushes during September to October giving an early and 

profuse flowering and more annual yield without affecting fruit size and quality. 

 

Mango malformation 

It is one of the most important disorders, causing huge losses. It is a major problem in 

Punjab, Delhi and Uttar Pradesh. However, it has also been noticed in Gujarat, Maharashtra, Bihar, 

West Bengal and Orissa. Of the 2 types of mango malformation, vegetative malformation is more 

common in nursery seedlings and young plants. Floral malformation affects trees at the bearing 

stage. In vegetative malformation or bunchy top, compact leaves are formed in a bunch at the 

apex of shoot or in the leaf axil and growth of shootlet is arrested. Floral malformation directly 

affects the productivity. The incidence of disorder varies from variety to variety. Deblossoming 

alone or coupled with a spray of 200ppm NAA lowers the number of malformed panicles 

significantly. 

 

Black tip 

This disorder is mainly noticed in Punjab, Uttar Pradesh, Bihar and West Bengal. The distalend 

of the affected fruits turns black and becomes hard. These fruits ripen prematurely and become 

unmarketable. This disorder is caused by the smoke of brick-kilns located within a distance of 

600m. Gases like carbon monoxide and carbondioxide, sulphur dioxide and acetylene cause these 

symptoms. It can be controlled by raising the height of the chimney of the brickkilns. Spraying 

borax (0.6%) at 10-14 days intervals starting from fruit set also controls it. 

 



Clustering (Jhumka) 

This malady is characterized by a cluster of fruitlets at the tip of the panicle giving an 

appearance of bunch tip called jhumka. These fruitlets are dark green with a deeper curve in the 

sinus beak region compared with normally developing fruitlets. These fruitlets grow to marble size 

after which their growth ceases. One of the main reasons for clustering is the adverse climate 

during February-March, particularly the low temperature. Most of the fruits are aborted with 

shrivelled embryos and do not develop further, signifying the role of normal embryo growth in the 

development of fruits. 

Spongy tissue 

It is specific in Alphonso mango. Fruits from outside look normal. but inside a patch of 

flesh becomes spongy, yellowish and sour. This disorder has brought down the export of this 

variety. Inactivation of ripening enzyme due to high temperature, convective heat and post harvest 

exposure to sunlight are the causes. Use of sod culture and mulching are useful in reducing its 

incidence. Mango hybrids Ratna and Arka Puneet which have Alphonso like characters do not 

suffer from this malady. Harvesting mangoes when they are three-fourths matured rather than fully 

matured ones also reduces this malady. 

Use of Growth Regulator 

Due to the various causes, fruit drop occurs in mango rather at a higher rate, even upto about 99 

percent in various stages of growth, more during the initial four weeks. 

The extent of fruits drop can be reduced significantly by (a) Regular irrigation during the fruit 

development period (b) Timely and effective control measures against major pests and diseases, 

and (c) Through the application of growth regulators like NAA (50 ppm) and 2,4-D (20 ppm) 

during off years about six weeks after fruit set. 

 

Pest and Diseases 

Mango hopper (Amaritodus atkinsoni) 

Spray phosalone @ 0.05% or carbaryl 2 g/ lit or phosphamidon 1 m1/litre. 

Nut weevil (Cryptorrhynchus mangiferae and C.gravis) 

General cleanliness in the orchard, destroying the adults in the bark crevices and holes and 

spraying with Fenthion 0.1% Stem borer (Batocera rufomaculata) 

Padding with monocrotophos 36 WSC 10ml in 2.5 cm per tree soaked in absorbant cotton 

Application of carbofuron 3G 5g per bore hole and plugging with mud. 



Fruit fly (Dacus spp) 

Plough the inter spaces to expose pupae. 

Monitor with Methyl Eugenol traps. 

Remove the fallen fruits now and then and bury them deep into soil. 

Powdery mildew (Oidium mangiferae) 

Apply sulphur dust (350 mesh) in the early morning to protect new flush or spray wettable sulphur 

0.2% or Tridemorph 0.05% 

Anthracnose and stalk and end rot (Collectotrichum gloesporioides) 

Spray Mancozeb 0.2% (1kg /ha) or Carbendezim 0.1% as preharvest spray, 

3 times at 15 days interval. 

Sooty mould (Capnodium sp) 

Spray Dimecron 0.03% + Maida 5% (1kg maida or starch boiled with one litre of water and diluted 

to 20 litre). 















BANANA – MAJOR PRODUCTION CONSTRAINTS – 

PHYSIOLOGICAL DISORDERS, PESTS AND DISEASES 

AND INTEGRATED MANAGEMENT PRACTICES 

 

Physiological disorders 

Kottavazhai 

In certain pockets of Tamil Nadu, the banana cv. Poovan is manifested with a 

peculiar development disorder which is characterized by the presence of 

distinctly conical and ill filled fruits with a prominent central core having many 

under developed non viable seedy structures rendering the fruits inedible. This 

disorder can be overcome by spraying 2,4 D 20 ppm when the last hand of 

bunch is opened. The same chemical at same dose and same stage results in 

increased bunch weight and uniform grade especially in cvs. Nendran and 

Monthan. 

Hard lump 

It is characterized by pinkish brown, firm pulp than the usual soft pulp occurs in 

cv.Rasthali, tastes like immature or unripe fruits. Spraying the bunches 

uniformly with 2,4 D at 1000 ppm or dipping the cut end of peduncle of the 

bunches for a period of 5 minutes appears to favour the reduction of lumps and 

improve the size. Sunscald 

 The peduncle of the bunches may be covered with flag leaf to prevent 

 'main stalk rot' and also the bunches with banana leaves to avoid sunscald. 

 

Nematode 

Bunchy top virus – Pentalonia nigronervosa. 

Crop duration : bunches will be ready for harvest after 12-15 months of planting. 

 

Viral diseases of banana 

1. Bunchy top – transmitted by Aphid Pentalonia nigronervosa 

Infected plants show short and narrow leaves together at the top of the pseudostem to form a 

bunch, 

hence this disease is known as ‘Bunchy top’. The margins of leaves become wavy in advance 



stage of infection and roll upward. 

Management :a) Remove all the affected plants along with complete rhizome, planting of virus 

free suckers. 

b). control of banana aphid - spray 0.3% Rogar or Phosphomidon 

Monocrotophos – 0.05% spray 

 

2. Banana bract mosaic virus – transmitted by Aphis gossypii 

Pentalonia nigronervosa 

The name is derived from the conspicuous discolouration and necrotic streaks that develops on the 

bracts of the male bud. Spindle shaped discolouration found on the pseudostem. 

Management : Effective control is similar to that of other viral diseases. It requires early 

detection, and immediate eradication of infected plants. 

3. Banana Streak - Transmitted by citrus mealy bug –Planococcus citri 

Foliar symptoms resemble those of banana mosaic, especially in the early stages. Later, 

development of necrotic streaks 

 

Fungal diseases of banana 

1. Panama wilt (Fusarium oxysporum f.sp.cubense) 

 

Yellowing of leaf blades, leaves wither and petiole breaks or buckles and hang 

around the pseudostem. Longitudinal splitting of pseudostem and subsequent death of 

entire plant. 

Management : 

 Removal of infected plants and application of lime @ 2kg/pit and leave it fallow for 6 

months 

 Growing resistant varieties like Dwarf Cavendish, Poovan and Nendran 

 Crop rotation with paddy in wet land cultivation 

 Capsule application of 50-60mg of carbendazim applied to the hole made at an angle of 45 

degree diagonally in the diseases corm. 

 

 

 



2. Sigatoka leaf spot disease – Mycosphaerella musicola 

 

Yellowish green streaks appear along the veins which later on enlarge into 

elongated/cylindrical spots. Several spots join together and cause drying of the leaves. 

Management 

 Spray copper oxy chloride or carbendazim @ 500g/ha 

 Avoid close planting 

 

Bacterial diseases 

1. Moko wilt ( Pseudomonas solanacearum) 

On leaves, yellowing starts from the inner leaf close to petiole and slowly spreads up ward. 

All the leaves turn yellow and wilting occurs Management 

 

 Good drainage facilities 

 Supress the wilt by bacteriazation with P.inflorescens 

 Crop rotation with sorghum 

 

2. Tip over or heart rot ( Erwinia carotovora) 

 Seen mostly in tissue cultured plants . The middle tender leaf show rotting. Pseudostem 

easily comes out from corm portion 

 Bacterial oozing from edge of corm and pseudostem is also noticed 

 Management 

 Disease free suckers 

 Resistant variety Poovan can be grown 

Harvest 

Bunches attain maturity from 100-150 days after flowering. 

 

Yield (t/ha/year) 

Poovan – 40-50 

Monthan – 30-40 

Robusta – 50-60 

Dwarf Cavendish -50-60 



RAPE CULTINATIoM 

Botanical Name: Vitis vinifera 

Family: Vitaceae 

Origin: Armenia near Caspian Sea 

The grape is one of the most delicious, refreshing and nourishing fruits. Grapes owing to their taste, nutrient content, composition and low calorific value are 
refreshing fruits. It is probably and obviously the largest produced fruit of the world. It 
is considered to be the fruit of the temperate region but it has been successflly acclimatized to several sub-tropical countries. In India, all most all our produce is 
consumed as table fruit, while in European countries 99% of their produce is used for 
preparation of wines. Grapes are also used for preparation of other products like 
raisins, fresh juice and Jams etc. The grape fruits are rich in sugar and particularly in 
hexose and are easily digestible. It is fairly a good source of minerals like Calcium, 
Phosphorous and Iron and vitamins B1 and B2.The juice is mild laxative and acts as 
a stimulant to kidneys. In Andhra Pradesh it is grown in the districts of Mahbubnagar, 
Rangareddy, Medak, Anathapur, Chittoor and Kurnool districts in an area of 1676ha 
with a production of 33,520 tonnes. 

Climate: Grape is a semi arid subtropical crop. It requires warm and dry summer 
and cool winter. Humid weather is not congenial for sweetness of the fruit, causes 

cracking of fruits and encourages fungal diseases. Parts of India having more than 

100cm of rainfall are not suitable. A rain free period of 90 days from the time of 
pruning is most desirable. Frost does great damage if it occurs during its growing 
period. It thrives well in regions with a temperature range of 4.500C and 450C. 

Soils: Light soils are ideal but they can grow on any well drained soil which is the 
most important requisite for grape vine. Water table should be deeper than 2 meters. 

Soils at least 1meter depth with no hard pan up to 2 meters is suitable whether they 
are rich or poor. Compared to other horticultural crops grape vines are relatively 
tolerant to salinity and alkalinity but excessive lime is harmful. 

Varieties: The commercial varieties of grapes grown in India belong to vitis vinifera 

(European grapes), which is indigenous to Mediteranean region. American grapes 
belong to vitis labrusca and vitis rotunditolia, where the skin separates easily from 

pulp when ripe. The important commerclally grown varieties are- Bangalore blue 
Gulabi, Anab-e-Shahi, Dilkush, Patcha Draksha, Puas seedless, 

seedless, Beautty seedless and Perlette Thompson 

Hvbrlds: Number of hybrids were developed by lIHR, Bangalore .The important hybrids, their parentage and thelr important characters are given below. 



Grape hybrids and Parents their 
characters Hybrid 
Arkavati 

Distinguishing specific characters 

Black 

champaXThompson 
Seedless 

Good for raisin making 

Arka Kanchan 
Anab-E-ShahiXQueen of Late maturing and good Vineyard 
Bangalore BlueXAnab- Suitable for white wines, e-Shahi 

quality Arka Hans 

berries with poor 
attachment 
Good for juice and wine 
making, 
double cropping in 
S.India 
Table as well as red 

Arka Shyam Bangalore 
BlueXBlackChampa suitable for 

Arka Neelmani Black 

champaXThompson 
Seedless 
Anab-e 
ShahiXThompson 
Seedless 
Anab-e-ShahiXBlack 
Champa 
Angoor KalanX Anab-e- Table purpose Shahi 

Anab-e-ShahiXQueen of Suitable making good 

wine making 

Seedless and suitable 
for table purpose 

Arka Shweta 

Arka majestic Table purpose 

Arka Chitra 

Arka Soma 

uality wine making 
Suitable for wine making of 

Vine Yard 
Bangalore 
BlueXQueeen 

Arka Trishna 

Vineyard 
Bangalore 
BlueXConvent 

Suitable for juice Arka Krishna 

large 
Black 

Suitable for juice and wine.tolerant 
Anthracnose 

Arka Urvashi HurXBeauty seedless 

to 

MadeleineAngavineXRu Tenturier,suitable 
by Red 

Pusa Navarang 
for juice and wine 

New perlette, Anab-e Shahi, Bhokri, cardinal, Black Muscat, Early Muscat, Fakhri. Kandhari, and Kale-Sahebi etc. 

Raisin grapes: Seedless grapes posesSing sort texture, a marked and pleasina flavour, large or very small size after arying and a little tendency to become stic during storage are classed as good isingrapes. For safekeeping, the raisins ns should not have more than 17% moisture. 



Important varieties are Thompson seedless, Pusa seedless, Kishmish, Black 
Corinth and Sultana, Muscat, Alexandria etc. 
Wine grapes: Two types of wines can be prepared from grapes i.e. table wines and 
desert wines. Table wines are produced from grapes of moderately high sugar 
content and of moderate or high acidity. The desert wines are produced from grapes having high sugar content and low acid content. 

Important varieties are Gross Column, Red Prince, Black Champa, Beauty seedless, Cheema Sahebi etc. 

Sweet juice grapes: These grapes produce acceptable beverage when it is preserved by pasteurization, germ proof filtration or other means. The juice must be able to retain fresh grape- flavour. 

Important varieties are Bangalore Purple, Bangalore Blue, Gulabi, Concord, and Pearl of Csaba. 

Canning grapes: Seedless grapes are used in canning with other fruits, in fruit 
salad and fruit cocktail.Important varieties are Thompson seedless, Pusa seedless, 
Perlette, Canner etc. 

Propagation: Grape can be propagated both by sexual and asexual methods. 
Sexual propagation is encountered with a no. of hazards like poor germination and 

long period for germination etc.Asexual or vegetative propagation on the other hand
has high percentage of success and it ensures genetical purity. Veaetative 

propagation in grape is practiced through cuttings, grafting, layering and buddina 

depending on the varieties used and the growing conditions. Propagation throuah 
hardwood cuttings is the most popular metnoa or propagation in grape. Cuttings 

made from well matured one season canes from productive vines which are 

medium in thickness (0.7 to 0.8 cm), with an internodal length of 8-10cm and 

30cm in length with at least 3-4 buds and dormant should be selected preferably 

from the October prunings. They are planted in well prepared flat beds, leaving two 

nodes above the soil surface. In North lhdia these cuttings are planted in the ery 

after allowing them to form callus by burying them in moist soil or sand for 4 

weeks. The rooted cuttings will be ready for plantng in the main field only after ane 

year. In India grape is planted on its own roots. However, use of resistant rootet 

Is necessary under infestation by nematodes and otner pests and diseases an 

or saline soils. The scion variety can be chip budded on suitable root stoo 
also 

s 

ks. 

hylloxera (Aphid) 
resistant root 

stocks--St.George and Riparia. 

Nematode and soil salinity-- Salt creek 



Resistant to nematode-- Harmony and Dog ridge 
Spacing: The spacing that is given between the vines will depend on soil, climate, 

and vigour of the variety, method of training, pruning and cultivation practices. 

Region 
Bombay-Deccan 
Punjab-Haryana 
Bangalore 
(Bangalore Purple) 
Madurai region 

Training method 
Single stake 
Kniffin 

Spacing 
2.5X2.5m 
3X3m 

region Pendal Bower Over 5X6m 
head Arbour / Mandwa 
Pendal Bower /Over 8X9m 
head / Arbour/ Mandwa 
Pendal /Bower / Over 5X9m 

head / Arbour / Mandwa 
Hyderabad region 

Training and Pruning: Proper methods of pruning and training contribute towards 

higher production of better quality fruits in grape. Training mainly concerns with 

giving the fom and the direction of the trunk and arms and the position of the shoots. 

Training determines the form while pruning effects the functioning of the vine. It is 

done to concentrate the activity of the vine to the parts left after pruning. Pruning is 

the most important operation for the maintenance of fruitfulness and quality along 

with vigour of the vine. Before actually discussing the subject of training and pruning

it is necessary to understand the various terms commonly used in these operations 

to make the subject more intelligible. 

-- The main stem of the vine which is 
Trunk vertical 

-The main branches arising from the 
trunk or extensions of the trunk usually 
grow vertically 
The branches arising from primary 
arms or extensions of the primary arms or 
cordons. 

-The region of the trunk from which the 

Arms/Cordons (Primary) 

Arms/Cordons (Secondary) 

arms or canes arise 

-The young growth(herbaceous) of the 
current season developing from a bud 
situated on the arm or trunk 
The matured shoot of the past season 
-The shortened cane or part of the cane 
left after pruning 
-The spurs having a few buds someof 
which (usually the apical ones) sprout and 

grow into fruiting shoots. 

Head 

Shoot 

Cane 
Spur 

Fruiting spur



Advantages: 
Simplicity in shape 

Ease in training 

In expensive to establish 

Possibility of cross cultivation

Dis-advantages: 
The vines are slow to come to full production 
Increased possibility of bunch rot and poor colour 
The bud and flower drop is maximum compared to other systems. 
Pendal System: This system is also called as Arbour, Pergola, Mandwa, Over head or Bower system. Owing to the vigorous growth of the vine and pronounced apical dominance in the tropics, this system is most suitable for many of the commercial grape cultivars. This is more popular system for Anab-e-shahi in A.P.This is best suited for vigorous varieties, which don't perform well on other systems.lnspite of 
being the most expensive; this is being adopted on a large scale almost in all the 
grape growing regions of India. 
h this system the vines are spread over a criss cross net work of wires usually 7" 
2.1m) above the ground supported by pillars Concrete, stone or iron).Galvanized 
wires of 5,8 and 10 gauge thickness and turning buckles are used. Only the best 
growing shoot from the plant is allowed to grow upright along the stake provided up 
to the bower height. When the vine reaches the wires, it is pinched off 15cm below 

the pendal level to facilitate production of side shoots close to the wires. Two 

Vigorous shoots in opposite direction are selected and allowed to grow in onnosito 
directions on the wires overhead. These two shoots develop into primary arms. On 
each primary arm three laterals on either side at a distance of 60cm (2) (along the 

Wires) are kept as secondary arms. Thus, there WIl De 12 secondary arms on each. 
which after maturity form fruiting canes. Ihese primary and secondary arms for the 

permanent frame work of the vine. Ine vines are aiowed to trail straight along the 

wres by tying intermittently with banana TiDre. 

Advantages: 
Greater spread of the vines. 

etter exposure of the foliage to the sun, resulting in better maturity of the canes 

Higher production. 

The vines in general give uniform 
perfomance 

More uniform bunch colour 

Ouperior quality of fruits, which are free from sunscald. 

gves good protection to the canes against nor desiceaung winds with ease in 

Scaring.

in bird 



Dis advantages: 
It is the most expensive than all other systems Pruning, training and spraying operations become difficult The spraying material cannot reach effectively the leaves and shoots. Telephone system (Over head trellis / Telephone trellis system): This system is 

suitable for moderately vigorous varieties with more apical dominance. The chief 
demerit of kniffin system, where the lower arms are rendered unproductive, is 
modified in this system by wires, stretched at one height like telephone wires. It is 

also an improvement over bower system in respect of ventilation and light 
penetration. It is relatively less expensive than kniffin system. The usual spacing9 
provided for each vine is 3x3m. Trellies are erected by using the granite stone pillars 
of 8' length and 6lx6ll thick at the ends and 8llx4llx4|l in the middle of the lines. The 
middle pillars may be spaced at 20' distance. Cross arms of 41/2' length are fixed on 
each pillar at a height of 5'.These can be iron blades of 4l width and 1 thick or the angle iron pieces of 2lx2l width and41 thick. Three wires of 8 gauge thick galvanized iron are pulled horizontally over the cross arms at a regular spacing of 2' using turning buckles at the end of pillars are supported side ward. In this system the vines are allowed to grows straight up to a height of 1.5m (5) and then trained over head on a canopy of usually 30r 4 wires (45-60cm apart) fixed to the cross angle armssupported by vertical pillars or posts. The young growing vines are supported by bamboo sticks. After reaching the height of telephone (5) the tip should be pinched off to encourage side shoots close to wires. Two vigorous side shoots (cross to wires) are selected as primary arms from which four vigorous laterals on each side along the wires are allowed to develop on secondary arms. Each complete secondary arm can carry 6-8 fruiting units. 

Advantages: 
Greater spread of the vine 

Better exposure of the follage to the sun resulting in the better maturity of canes 

Higher production 
More uniform bunch colour 

Superior quality of fruits free from sunscald 

Vines in general give more uniform perfomance. 

Dis advantages: 
Cost of establishment is high. At present rates it may cost 60-70 thousand nupees. 

It is a system difficult to develop l.e. vine tralning needs a lot of skill and effort 

The bunches are not as well exposed to llght as kniffin system. 

Not suitable for vines making low to moderate growth. 



Kniffin System: 

It is also called as espalier system. It is a system of training grape vine in which the arms of the vine are tied to horizontal wire at the same level above the ground. This system is not as common as the bower system. It is suitable for the moderately vigorous varieties with less apical dominance. Closer planting is adopted for this training system with in the row and 3m (10') between the rows. Galvanized iron wire of 8 gauge thickness is stretched parallel to the ground at a height of 75cm above which two or more wires are stretched at successive heights of 60cm.when the plant crosses the first it is topped leaving a bud above the wire. Two laterals are developed on either side of the plant along the wire and the terminal shoot is allowed to grow vertically. Similarly, a pair of laterals is developed along the second and third wire. Thus each vine will have six arms. In some cases only two pairs of laterals are 
developed at a height of 41/2' (1.35m) and 61/2 (1.95m) from the ground level and 
in such cases it is called four arm kniffin system. This system is suitable for Beauty 
seedless, Early Muscat, Bhokri and Delight. 

Advantages: 
O This system is cheaper when compared with bower system. 

O It is a good system for obtaining full crop on vines, the basal buds on the canes of 
which are sterile and which require long cane pruning. 

Olt is good for small clustered varieties which require fruit thinning for improved 

quality. 

O The system allows more lateral spread of fruit bunches than cordon system. 

The average yields are 10-15kg per vine when planted at 3.0 mx3.0 m spacing. 

Dis-advantages: 
Cultivation is possible in one way 

The lower arms become unproductive after some years. 

The ams produce fuiting wood mainly at the extreme ends only. 

From the pruning point of view, it is very difficult and exacting system. Since the 

retained fruiting units are very few, they must be perfect and pruner must have a 

thorough knowledge for their appropriate selection. 

OIts cost of establishment is about 50-60 thousand rupees per hectare. 

This system is mainly confined to research institutes and it is not popular with the 

farmers in any of the regions of the country. 



Pruning: In grape pruning is done only once in North India during the month of January to make the fruitful buds to sprout but in south India, pruning is done twice in a year, once in summer and again in winter. Grape vines in these regions grow continuously without any dormancy (due to tropical climate).Hence by pruning in April (summer) the vines are forced to have a rest period, which helps in fruit bud differentiation. Pruning time mainly depends on rainfall and temperature. Pruning is adjusted so that there is no coincidence of rainfall with fresh growth and flowering and also winter doesn't set in with in 8-10 days after pruning. Pruning refers to the judicious removal of any plant part 
To establish and maintain desired vine shape 
To increase productivity 

To facilitate various cultural operations 
To distribute proper amount of bearing wood over the vein 

For consistent productivity 

Summer pruning: It is done during March-April in the states of A.P. and Karnataka, 
but in July in Tamil Nadu.In this pruning the canes are cut back to one or two bud 
level for building up the fresh vegetative growth. Hence it is called back pruning or 
growth pruning. 

Winter pruning: This is done during the last week of November in AP. and 
Maharastra, during the second and third weeks of October around Bangalore, but at 

any time of the month of October in the interior northern districts of Karnataka and in 

December in Tamilnadu. The mature canes (about 6 months old) are pruned. Entire 

TOllage and immature shoots are removed. Levels of pruning differs with 

vaneties.Anab-e-shahi and Bhokri are pruned to 5 bud level, Thompson seedless to 

Duds, Bangalore Blue to 4 buds and Gulabi to 9 buds. This pruning is also called 

as forward pruning. 

Some of the varieties like Perlette, Beauty seedless, Bangalore blue, Bhokri etc. 

uce fruits on the shoots arising from the basal buds on the cane. In such 

varietie the canes are headed back to 4-5 buds. Such varieties are called Spur 

d varieties. On the other hand the Pusa seedless, Thompson seedless 

S In which the fruits are produced on the shoots arising from terminal buds, 

Variasare headed back to 8-12 buds. Such varieties are called Cane pruned 

eties. 

Manuring: Grapei 
opted in different years of growth. 

d0pta rape is a heavy feeder of fertilizers. The following manurial schedule is 

stor 
of planting: Fill the pit with50 kg of FYM,3kg of super phosphate,5 kg of 

cake c 
At the time of planting* 

Ppliert Ishment of the vines: The following 
manures 

and fertilizers should 

Pplicati 
$eason of six months up to two years 

and properly iigated ater 

100kg of FYM, 2-3kg of castor cake or neem cake, 2-3Kg of super 

Ach application.

neem cake and two baskets of wood ash with top soil or sit. 

After the es 
applied every sed 



phosphate, 250g of Ammonium sulaphate, and 125g of Urea. From the 3rd year 
onwards the following manures and fertilizers are applied thrice in a year Manure/Fertilizer After summer After winter One moth after pruning (Growth pruning 

pruning) 
200-250 kg 

(For winter pruning 
FYM 
Castor or Neem 10-12 kg Cake 

fruiting) 
200-300 kg 
10-12 kg 

Amm.Sulphate % to 1 kg in 2 splits 1kg in 2 splits at 20 250g at monthly intervals days interval 
2-3kg Super phosphate 

2-3kg 
125-250gmln two 
splits 
3 kg &1kg at 15 500g 
days interval from 
flowering 
fruiting. 

Urea 

Potassium 
sulpahate 

to 

Potash plays an outstanding role in grape cultivation. From the time of October 
pruning, flowering commences in a period of 90 days, the vine has to produce a crop 
of 10-15 tonnes.The application of potash even in rich silt, and black clay loams at 1 
2 kg per vine at least in split doses has recorded good yields. Repeated sprays of 
magnesium sulphate and borax at 0.05% to 0.2% strength have helped to over come 
most of the deficiency. Due to regular use of Dithane Z-78 in the spray schedule for 

control of fungus, ample supply of zinc is ensured. 

Irrigation: Vine yard irrigation is chiefly governed by the nature of soil, its drainage, 
the rainfall and its distribution and temperature in the localíity. 

Grape vine requires judicious irrigation for optimum growth and yield. During initial 

year of planting, vine may be irrigated frequently. While stagnation of water around 

the root zone leads to mortality of the vine. The excess water from frequent 

irrigations is conducive to excess and rapid vegetative growth at the cost of the 

fruiting of the vine. Grape requires 6-8 irigations after April pruning till the south 

West monsoon begins. Vines are not irrigated from June-October. 8-10 iigations 

may be given at 7-10 days interval after October pruning till March. Each adult vine 

needs 200 liters of water in winter and 300 liters of water in summer per irrigation. 

Watering the vine just before pruning may increase the flow of plant sap.Hence; the 

vines are not irigated after harvest and allowed rest for 15 days in April before 

pruning is taken up. This practice of withholding water for a fort night helps in 

controlling the flow of plant sap. The flow of plant sap Inside the tissue at the time of 

pruning should be at the minimum, as othenwise, the plant may be get drained off the 

plant sap through the cut surface after pruning. This draining of plant sap through cut 

surface is 
calledIBleeeding".Hence; 

vines should not be pruned when the plant 

shows bleeding. Again while the beries are ripening, the imigation of the crop may 



Aho berries less sweet.Hence, withholding of water before pruning and also 

the berries less sw 
make 

while 
the fruits are ripening is a sound practice. 

Inter- cultu eulture: It is not feasible to grow any inter crop and frequent shallow tillage is cahle, The vineyard should be kept free from weeds by shallow digging of 8- 10cm mdepth in 15-20 days interval with spade by manual labour and weeds hand cked. Owing to shade the crop is susceptible to two mildews and anthracnose Hsease against which a schedule of three prophylactic sprays of bordeaux mixture sntayed after pruning, at flowering and when fruits are developing. 
Fruit thinning: Thinning of berries at pea stage increases the berry size by 20%,fruit quality with high sugar content in Anab-e-shahi and lowered the acidity in sub-acid varieties like Bhokri. Improvement in colour of berries and earlier maturity are the 
other advantages due to thinning. It also means to remove diseased, misshapen and 
shot berries. 

Use of Plant growth regulators: Encouraging responses were observed bothin 
seeded and seedless varieties of grape by the use of growth regulators. 
Effect on fruit set: A good fruit set was obtained by spraying the flower cluster 
thoroughly 4-6 days after full bloom with 100ppm Gibberellic acid or 20ppm 
Parachloro phenoxy acetic acid. This increased set in curent grapes, Thompson 

seedless and black Corinth. 

Effect on berry size: Increase in berry size in Anab-e shahi, Kishmis and Bhokri 

varieties was reported when GA was applied at 40ppm at bud and flower stages. 

igher concentrations resulted in the increase in the length of berries. 

Effect on cluster size: Use of GA, TIBA and PCPA resulted in lengthening the 

Custer parts especially the pedicles. 

Effect on maturity: with the application of Benzothiozal A-Oxyacetic acid (BOA) 

maturity can be regulated. Maturity can be delayed by 15 days with the application of 

his Benzothiozal A-Oxyacetic acid. 

Harvesting: Grapes should be harvested when they are fully ripe as they don't ripen 

any further after harvest from the vine. The criteria for maturity are: 

The bunches should be fully developed and every berry should attain a unifom 

size, shape and colour. 

O The bunch is ready for harvest when the lower most berry of the bunch is soft and 

sweet. 

O The berrles should develop translucent look of colour peculiar to the variety. Anab- 

e-Shahi develop amber or light honey colour. 

O The seeds of the ripened berries becomes dark brown 

O Total soluble solids also give the indication of ripening. Anab-e-shahi is harvested

when it records a brix of 150-160 and Thompson seedless 210-220 



D The bunches should be harvested when they are ripen on the vine as they are not subjected to post-harvest ripening process. 

The bunches are harvested with secature or scissors. Then the immature and rotten berries are removed with the help of scissors. Then they are packed in wooden or card board boxes or bamboo staked baskets. The paper strips are used to avoid 
damage to the berries. 

Yield: 

Bangalore blue and Patcha draksha-5000 kg/ha, Bhokri -4500-9,000kg/ha, 
Anab-e-shahi-1000--15000kg/ha and Bangalore blue -30,000kg/ha. Grapes are long 
lived and may yield up to a century with a good care. But on a commercial scale they 
may be replaced after about 30 years with advantage. 



CITRUS 
 

 

Citrus spp. Family : Rutaceae 

 

Citrus fruits include oranges lamons, limes, pummelo and grape fruit.Being a native of 

tropical and subtropical region of South East Asia, these have been under cultivation 

from time immemorial in South China, Malaya and sub-Himalayan parts of Assam, 

From here, they spread to other tropical and subtropical parts of the world. Next to 

mango and banana, citrus represents the third most important group of fruits in India. 

The botanical classification of the genus is highly confusing since more and more inter 

specific and inter generic hybrids are going on added to the list each on deserving a 

separate species status. 

All the edible fruits of citrus come under subgenus Eucitrus which can be divided into 

5 horticultural groups. 

1. Acid group : 

Acid lime : Citrus aurantifolia 

Tahiti or Persean lime : Citrus latifolia 

Rangpur lime : C. limonia 

Lemon : Citrus limon 

Rough lemon : C. jambhiri 

Citron : C. medica (Kidarankai in 

Tamil, used for pickling) Sweet 

lime : Citrus limettoides 

2. Orange group : 

Sweet orange : Citrus sinensis 

Sour orange : Citrus aurantium 

(Narthankaai in Tamil, used for pickling) 

Multiple leaf orange : C. multifolia 

Japanese summer grape fruit : C. natsudaidai 

3. Mandarin group : (loose jacket) 

Coorg mandarin, Nagpur 



Santra and Kodai orange 

: C. reticulata 

Japanese Satsuma mandarin : C. unshiu 

Willow leaf mandarin : C.deliciosa 

King mandarin : C. nobilis 

Kinnow mandarin : King x willow leaf 

Tangerine orange var Dancy 

(trifoliate x mandarins) 

: Citrus tangerina 

4. Pummelo and grape fruit group: 

Pummelo : C. grandis 

Grape fruit : C. paradisi 

Kumquat : Fortunella sp. 

5. The fifth group consists of mainly hybrids of different citrus fruits with trifoliate orange 

(Poncirus trifoliata) and mainly used as rootstock. 

e.g. Citrange (Poncirus trifoliata x C. sinensis) var. Troyer, var. Carrizo 

Citrangor (Citrange x C. sinensis) 

Tangelo (Tangerine x grape fruit) 

Citrangequat (Citrange x kumquat) 

Mandarinorange: C. reticulata 

The group of orange is otherwise called Kamala orange. Nagpur santra of Maharashtra, Coorg of 

Karnataka and Kodai orange of Tamil Nadu. This group is characterized by the loose skin of 

fruits. 

 

Soil and climate 

Subtropical 500-1500 m MSL elevation. A rainfall of about 150 cm to 250 cm is required. The 

winter should be mild and there should be no strong or hot wind during summer. 

A medium or light loam with a pH 5.5 to 6.5 would be ideal to grow. 

Season : November – December 

 

Planting: Seedlings and budded plants 

 

Spacing: 6 x 6 m pit size 75 cm3 planting during May-June and September – October. 



 

Though the crop is grown as rainfed one, the young plants should be irrigated whenever there is 

failure of monsoon as well as during summer season. 

 

Manure and fertilizers 

Applied twice in a year during June and October. 

For Palani hills 

 

 

For shervaroyan hills (for trees above 6 years old) 

700: 375:600 g/tree NPK along with VAM (Glomus fasiculatus) @ 1 kg/tree. Manures are applied 

in the basin 70 cm away from the trunk and incorporated. Application of lime or dolomite at 4 

kg/tree during January – February once in 2-3 years (not mixed with chemical fertilizer). 

 

Micronutrient 

 

After cultivation 

Removal of water shoots 

Rootstock sprouts 

Dead and diseased shoots 

Removal of laterals of the main stem upto 45 m from ground level 

Basins should be provided for each tree with gradient slope. 



 

Growth regulators 

To increase the fruit retention spraying the trees at flowering and again at marble stage with 2,4- 

D at 20 ppm or NAA 30 ppm. 

 

Harvest: Starts bearing from 3-5 year after planting in budded plants. Incase of seedlings 5-7 

years. 

 

Yield: 15-20 t/ha/yr. 

A small crop can be obtained from 4 year old tree and the yield will be higher from 7th year. From 

flowering to maturity it takes 9 months. 

 

Varieties 

1. Kodai Orange (Citrus reticulate) 

Trees are vigorous, fruits are very small characterized by loose rind and medium flavour. 

But it is a heavy seeded variety. 

2. Nagpur Santra (Citrus reticulata) 

It is the most important commercial cultivar of India. This cultivar is considered to be 

one of the finest mandarins in the world orange vigorous growing variety. Fruits are 

medium to subglobose having a loose rind. Flesh is fine textured with abundant juice. 

Fruits mature in January – February. 

3. Coorg (Citrus reticulata) 

Medium to large fruits, bright orange with a loose rind. It has a good flavour, ripens 

later than Nagpur Santra. It is a regular bearer. It is the commercial variety in the coorg 

region of Karnataka. 

In Darjeeling district of West Bengal, the variety grown is known as Darjeeling orange 

and it is Desi in Punjab. In Sikkim, the mandarin cultivar grown is known as 

‘Sumithira’ while in Meghalaya it is called as ‘Khasi Mandarin’ or ‘Sohniamtra’. 

4. Sastuma Mandarin (Citrus unshiu) 

It is a Japanese variety with small spreading tree. Fruits are seedless with thin rind having 

orange colour at maturity. The quality of fruit is excellent with good blend of sugar and 

acidity. 



5. King Mandarin (Citrus nobilis) 

It is a commercial variety of USA. The trees grow 5-6 M, petioles narrowly winged 

small, flattened, orange, red fruits with distinctly sweet pulp which is juicy and f 

excellent quality. 

6. Willow Leaf Mandarin (Citrus deliciosa) 

It is another commercial variety of USA. Trees medium sized with drooping growth 

habit. The distinctive characteristics are presence of mild and pleasant aromatic flavour 

in fruit juice, plump spherical seeds, high degree of seed polyembryony and marked 

alternate bearing tendency of the trees. 

7. Kinnow (King x Willow leaf) 

It is a hybrid between king and willow leaf mandarins. It was developed by Dr. 

H.B. Frost at citrus Experiment Station, California 1915. It has performed very well in 

Pakistan, Punjab, Uthrangal, Haryana, Karnataka and foot hills of Himachal Pradesh. This 

hybrid cultivar produces excellent quality fruits and holds export potential. Fruit medium in 

size, globose to slightly oblat, rind thin rather adherent for a mandarin but peelable, tough 

and leathery, surface very smooth and glossy, colour yellowish orange at maturity. 

Segments (9 to 10) do not separate easily, very juicy, flavour rich aromatic and distinctive, 

TSS 10o brin, acidity 0.8%. Seeds numerous, (2 to 2H) polyembryonic and cotyledone 

pale greenish yellow. 

8. Dancy Tangerine (Citrus tangerine) 

This is the commercial variety of Florida in united states. 

[ (deliciola as male parent) experiment station California in 1915. It was first quality introduce 

in Punjab. 

Plants are medium to large, erect, symmetrical, dense foliage with a few scatted spaes, 

leaves broadly lanceolate.] 

9. Khasi Mandrin 

This cultivar is commercially grown in the North – East region of India. It is mainly 

grown as seedling trees. The cultivar produces excellent quality fruits with depressed 

globose bright orange, surface smooth and glossy, stalk end even or obtuse, Occasionally 

short necked rind thick, adherence very slight, segments 8 to 13 usually 10, pulp vesicle 

uniformly orange coloured coarse but melting, flavour agreeable, juiced abundant and 

orange colour, sweetness and acidity well blended, seeds 10 to 15, cotyledons green, 

polyembryonic. 



10. Clementine: 

This cultivar is native of Algeria. The cultivar is monoembrynic, matures early and 

produces fruits of excellent quality. 

11.Dancy: 

Dancy is the most important cultivar of USA. It matures mid season, it is of excellent 

quality, productive with a tendency to alternate bearing Dancy is closely related to ladu 

and keonla cultivasrs of India. 

12. Beaury: 

It is a popular mandarin cultivar of Australia. The cultivar is similar to Dancy is closely 

related to Ladu and keonla cultivars of India. 

13. Campeona: 

It is a large fruited mandarin cultivar of increasing importance in Argentina and Uruguay. 

14. Ellendale: 

It is the principal late ripening cultivar of Australia. The fruits are large sized with attractive 

colour and good keeping quality. 

15. Emperor: 

It is a leading cultivar of Australia Frit large, early mid season in maturity but quality 

deteriorates rapidly if stored on tree after ripening. 

16. Ponkan 

Ponkan is the famous and highly reputed cultivar of South China and Formosa. It is the 

foremost tropical mandarin cultivar, matures in mid-season, highly productive and 

strongly alternate in bearing. 

17. Desi 

It is mainly grown in Punjab and adjoining hills of Himachal Pradesh. Fruits orange 

colour uniform, golden yellow, rind medium thick some what thicker than coorg 

mandarin, segments vary between 7 and 10; pulp light reddish yellow, texture tender, 

sufficiently juicy, acidic but moderately flavored; seeds few, usually 3-7. 

 

18. Darjeeling orange 

Also known as sikkim orange and is cultivated widely in and around Darjeeling hills. 

The trees are vigorous and prolific bearer. Fruits are relatively small in size, somewhat 

flat in shape colour yellowish to orange when fully ripe; rind thin, adherence little; 



juice plenty and sweet with good flavour ; seeds are few. 

Propagation 

Most of the Mandarin cultivars are propagated through seeds except kinnow and 

Nagpur mandarins; usual practice in coorg, Assam and North Eastern hills is to use 

seedlings as planting material. But with concerted efforts made to find out suitable 

rootstocks for different regions, orchardists hare shifted to vegetative methods, 

particularly T. budding because budded plants bear early, tolerant to biotic and abiotic 

stress. The seedling trees not only bear late but also tend to become thorny and grow 

tall and slender. 

By seed 

For quality planting material, select uniformly matured fruits from healthy, true to type 

and heavy bearing plants to extract seeds. Freshly extracted seeds should be mixed with 

ash and dried in shade otherwise, they may loose their liability seeds are sown at a 

distance of 2 – 3cm. Germination may take place with in 3 – 4weeks. Since the seeds 

are polyembryonic growth are rouged out and the rest that are produced from the cells 

of nucleus are allowed to grow. The seedlings thus selected are more or less uniform in 

growth and production. 

By ‘ T ’ Budding 

Budding is done using the buds of bud wood taken from the disease free mother plants 

orn Rangpur lime, Cleopatra, Jatti khatti karna katta and Troyer citrange. Rangpur lime 

is a vigorous, hardy rootstock with good adaptability to a wide range of soil particularly 

heavy soil, tolerant to tristeza and salt; it is susceptible to footrot, exocortis and 

xyloporosis. Cleopatra mandarin is the most salt tolerant root stock with the ability to 

exclude sodium and chloride taken up by root system. It is tolerant to tristezz, exocortis 

and fairly tolerant to foot rot. Rough lemon, well adapted to high sandy soils. IT is 

susceptible to foot rot and scab and tolerant to tristeza. This is the most important 

rootstock for light soils Troyer citranges are used in areas where cot of hardiness and 

resistance to tristeza are necessary they are also resistant to foot rot but susceptible to 

exocortis 

 

Karna khatta (Citrus karma) 

It is extensively used as a root stock in North India. 



Seeds of identified root stock for a particular area should be extracted from fully 

matured, healthy fruits. They are sown in lined (10-15cm deep) on raised seed beds 

inside a polyethylene house. About 1 – 2 months old seedlings are shifted to secondary 

beds. These are finally budded when they attain a height of 25-30cm and 1- 2cm 

diameter. Scion should be selected from healthy, vigorous, matures, virus free and high 

yielding trees. They should also be free from water sprouts and chimeras. 

Further use of dormant scion bud wood from past season’s growth is used after it has 

hardened. The bud wood should be taken from round or cylindrical green twigs. T 

budding is done on one and a half to 2 years old seedling. In about 6-9 months, the budded 

plants will be ready for transplanting in the main field. 

Cultivation 

Planting: Generally, planting is done during monsoon in all mandarin growing areas i.e., 

June – December. In sub mountainous tracts, where planting is generally done on slopes, 

proper terraces are necessary, while in plains the land should be leveled properly. Pits of 

45 cubic centimeters are dug at a spacing of 6 x 6 m and filled with FYM, sand and top soil 

and then basins are formed. The buddlings are planted in the center of the pits and 

irrigated. 

In N-E parts of India, Khasi mandarins are very closely spaced (4.5 x 4.5 m is ideal for 

kinnow budded on Jattikhatti. Kinnow can be grown successfully under high density 

planting by using Troyer citrange as a rootstock and by spacing the plants 1.8 x 1.8 m, 

accommodating 3000 lr/ha. The optimum spacing for Nagpur mandarin is 6 x 6 m when 

budded on Rough lemon. In Karnataka, coorg mandarin on Trifoliate orange and Rangpur 

lime can be planted at a distance of 5 x 5, and 6 x 6 m, accommodating 400& 275 trees / 

ha respectively. 

In Tamil Nadu, Mandarin are planted at a spacing of 6 x 6 m in 75 x 75 x 75cm size 

pits. The planting seasons are May – June and September – October. 

Training and Pruning 

The water shoots and rootstock sprouts should be periodically removed. Trees are trained 

to single stem with 4 – 6 well – spaced branches for making the basic framework. Further 

no branches should be allowed from the trunk up to height of 45-50 cm from the ground 

level. An ideal mandarin tree should be low headed with dome like crown. The bearing 

trees require little or no pruning. Pruning of bearing trees consists of removal of dead, 



diseased, criss-cross and weak branches. Removal of water shoots and suckers of 

rootstocks is also highly essential. Pruning of non-bearing trees can be done at any time 

of the year, but for bearing trees, the best time is after harvesting, during late winter or 

early spring when these are in somewhat dormant stage. 

Root pruning is also practiced in some parts of central and southern India to regulate 

flowering season. However, such prunings are not beneficial in the long run. 

Crop Regulation 

In such and central India, mandarins bloom thrice a year. The February flowering is 

known as ambe bahar; June flowering as mring bahar and October flowering as hast 

bahar. Under such circumstances, plants give irregular and small crops at indefinite 

intervals. To overcome this problem and to get fruitful yield in any of the 3 flowering 

seasons’, treating mandarin trees has been practiced which is called resting or root 

exposure or bahar treatment. 

In this method, roots of the plant are exposed too sun by removing up to 7 -10 cm soil 

around 40-60 cm radius of tree trunk. The water is withheld for a month or two before 

flowering. As a result of water stress, leaves show wilting and fall on the ground. At this 

stage the roots are again covered with a mixture of soil and FYM and irrigated 

immediately. Subsequent irrigations are given at suitable intervals. Consequently, plants 

give new vegetative growth, profuse flowering and fruiting. However, in light sandy and 

shallow soils, exposure of roots should not be practiced and mere withholding of water for 

2-3 weeks is sufficient for wilting and debilitation of trees. 

It depends upon the choice of the grower as to which of the 3 bahars is to be taken to 

get maximum profit. As the availability of water is a problem in central India during 

April – May, the farmers prefer mrig bahar (June) so that the plants are forced to rest in 

April – May. 

Resting treatment is not feasible in North India, as mandarin plants normally rest in winter 

and flower once a year. It is experienced that resting treatment in general is a devitalizing 

process and should be resorted to only under the advice and direction of a technical 

expert. 

Manuring and Fertilizarion 

Mandarin, like other citrus fruits also require judicious application of mineral nutrients for 

proper growth, development and production of quality fruits. Mandarins also require zinc, 

copper, manganese, iron, boron and molybdenum but not sodium and chlorine, which are 



rather harmful for mandarins. Improper supply of nutrients may cause serious disorders 

which may lead to orchard decline. 

For palani Hills (Kg./ tree / Yr.) 

Manures/ Fertilizers  1 yr II yr III yr IV yr V yr VI on wards 

FYM 10 15 25 25 25 30 

N 0.100 0.200 0.300 0.400 0.500 0.600 

P 0.040 0.080 0.120 0.160 0.160 0.200 

K 0.050 0.100 0.200 0.300 0.300 0.400 

For Shervaroyan hills (For trees above 6 year old) 

NPK @ 700:375:600 g/tree along with VAM @ 1 kg / tree. 

The fertilizers are to be applied in two splits on in May-June and another in September 

– October. 

Manures are to applied in the basin 70 cm away from the trunk at a death of 10 cm, with 

topsoil covered and irrigated. 

In hilly areas where the pH is very low, depending upon the pH, 2 – 4 kg of lime or 

dolomite should be applied for each tree once in 2 years, one month ahead of the application 

of regular fertilizers. 

The spray solution containing following micronutrients can be applied once in three 

months at the time of new flesh production. 

Zinc sulphate - 0.5% 

Manganese - 0.05% 

Iron - 0.25% 

Magnesium - 0.5% 

Boron - 0.1% 

Molybdenum - 0.003% 

In addition to that apply 50 g in each of ZnSo4 mn and Fe per tree per year. Application 

of VAM @ 20g/tree will help to accumulate Phosphorus, Zn, Cu and sulphur. 

The Fertigation treatment consisting of 500:240:70 NPK dose with 20% depletion of 

available water content found best to increase the highest conopy volume, fruit weight, 

TSS, Juice & yield in Nagpur mandarin. Intercropping eg: pea, cowpea and blackgram. 

Irrigation 

In south India, mandarins are grown under rainfed conditions in high rain fall areas. In winter, 



mandarins should be watered at 10-15 days intervals, while in summer at 5-7 days. In tarai region 

of UP, soil has high moisture retention capacity, thus lesser number of irrigations are required. 

However in Punjab, Haryana, Rajasthan and AP,more number of irrigations are required. 

Since root activity of mandarins is confined to a radial distance of 120 cm and to a depth of 24 cm, 

too much wetting should be avoided. Plants should be irrigated at 8-10 days intervals, during 

drought (April – June in North India and October – December in South-Central India) Mandarins 

are highly susceptible to water logging; therefore, stagnation of water around tree trunk should be 

avoided. Water should also be free of salts. 

Weed control 

Weeds are a serious problem in mandarin nursery and young plantations Better way to eradicate 

weeds is to use weedicides. Pre-emergence application of Diuron (5kg/ha) or Terbacil (4.5kg/ha) 

or postemergence application of Atrazine (5-6 kg/ha) controls weeds significantly. 

Others: Bromocil (6 kg/ha) – Mono & dicotweeds. 

Glyph orate (5 lt/ha) – Perennial grasses 

Simazine (5 kg /ha) - Perennial grasses 

Harvest and yield 

Generally, mandarins start bearing from the 4th year having 15-20 fruits/tree. 

However, its trees attain the level of full bearing at the age of 7-10 years. From flowering to 

maturity it takes 9 months. 

Main harvesting periods of mandarin in different regions of India. 

Region Main crop Off season 

North –Western plants Dec - Feb ----- North 

–Eastern India Nov- Feb April - May 

Central India Feb - March October - November 

South India - Coorg December - April July - August 

Nilgiris August - October Feb - March 

In Tamil Nadu, the main season is November – December, Harvest should be done at right 

maturity. Therefore, fruits should be harvested when they attain full size, develop attractive colour 

with optimum sugar; acid blend. 

 

Yield 

About 1000 – 1500 fruits can be harvested from a tree per year and 15 –20t/ha/year. The common 



practice of harvesting is to pull the fruits from the branch, which may rupture the skin near the 

stem-end leading to fungal infection and rotting. Therefore, fruits should neither be plucked nor 

torn off, but should be cut off with clippers, shears or secateurs. Although mandarins may attain 

optimum maturity standard but the fruits may not be attractive at the time of harvesting due to lack 

of good yellow colour. Accordingly, degreening of mandarins with the application of ethrel (50 

ppm) one week before the harvesting develop golden yellow colour within 5 days of the treatment. 

Grading and Packing: 

Generally mandarins and graded according to their size and appearance. Fruits are usually packed 

in wooden boxes for distant markets, while for local marketing; baskets of split bamboo and 

mulberry are used. Chopped straw and dry grasses are mostly used for padding. The fruits should 

be cleaned and polished lightly with a piece of cloth, before wrapping them in tissue paper or 

newspaper. Use of CFB carrions in place wooden boxes is highly beneficial. Mandarins are 

generally transported by rail or road as ordinary cargos without refrigeration, which often leads to 

heavy losses due to decay and fungal infection. 

Storage 

Green coloured fully ripe mandarins can be stored successfully at 8 -10o C with 85 – 90% RH 

without impairing fruit quality. Kinnow mandarin fruit wrapped in HDPE 10G Poly bags haring 

0.5% ventilation area can be safely stored up to 60 days and 80 days at ambient and cold storage 

respectively without much loss of quality. In Nagpur Santra, neem leaf extract @ 20% sprayed on 

fresh and fully matured fruits and packed in perforated polythene bags then stored in cool chamber. 

The results indicated that after 42 days of storage a minimum PLW (18%) & rotting (18%) Fruits 

(Green mature, colour break and ripe stage) dipped in 8% wax retained the freshness of fruits up 

to 60-3 days under ambient condition. 

 

Acid lime: C. aurantifolia 

It is also called or sour lime. The fruit juice is rich in citric acid and ascorbic acid. 

Climate and soil requirement 

Tropical and subtropical. Can be grown upto 1000 m above MSL. Deep well drained loamy soils 

are the best. They are sensitive to frost. The optimum temperature is 20 to 30°C. 

Soil pH should be 6.5 to 7.0. 

 

Season : December – February and June – September 



 

Planting: Healthy seedlings may be planted during June to December at 5 to 6 m spacing in 75 

cm3 pits. 

 

Irrigation: Irrigated copiously after planting. After establishment, irrigation may be given at 710 

days interval. Avoid water stagnation. 

Manures and fertilizers per plant 

N to be applied in two doses during March and October. FYM, P2O5 and K2O are to be applied in 

October. 

 

 

Spray zinc sulphate at the rate of 0.5% (500 g/ 100 lit of water) thrice in a year (March, July and 

October) after the emergence of new flushes. 

 

After cultivation 

Remove branches of main stem upto 45 cm from ground level. Application of green leaves 30 kg 

per tree once in 3 months. 

 

Intercropping 

Legumes and vegetable crops can be raised during prebearing age. 

Growth regulator 

To increase fruit set spraying 2,4-D-20 ppm during flowering. Fruit retention spraying2,4-D@ 

20 ppm or NAA 30 ppm after fruit set (marble size). 

 

CITRUS – NUTRIENT DEFICIENCIES, CORRECTIVE MEASURES, 

PHYSIOLOGICAL DISORDERS, PESTS AND DISEASES AND 



INTEGRATED MANAGEMENT PRACTICES 

 

CITRUS 

Fruit cracking 

• It is due to sudden changes in temperature and also due to moisture stress condition. 

• Cracking of fruits may be radial or transverse. 

• Secondary infection is also possible due to Aspergillus, Fusarium or Alternaria 

Management 

• Apply light irrigation at frequent intervals. 

• Application of potassium during fruit development. 

Granulation 

• The juice vesicles become hard, enlarged and turn opaque grayish in colour. 

• The density of pulp is increased, juice contains increased minerals (Calcium, sodium, 

potassium) and decreased carbohydrate and organic acid. 

• It results in lignification of juice cells that leads to formation of sclerenchyma High 

humidity and fluctuation in temperature are the major factors. 

• Young trees are more prone to granulation than older trees. 

• Application of more nitrogen, excess irrigation, large size of fruits, rootstocks are also a 

cause. 

• Mandarins on jattikhatti rootstock are more susceptible than sweet orange . Management 

• Avoid excess moisture 

• Spray lime @ 20kg in 450 l of water. 

• Spray zinc (0.5%) and copper (0.5%). Sunburn or sunscald 

• The portion that is exposed to sun develops yellow patches which turn brown and become 

hard. 

• The inner portion becomes dessicated and discoloured. 

• Affected fruits are malformed and have low juice content. 

• Severely affected fruits drop off and leaves turn brown. 

Management 

• Spraying lime solution @ 20g//l before summer. 

• Regulation of irrigation to reduce the temperature. 

• Mulching the tree basins. 



 

Citrus Decline 

• Also known as citrus dieback. 

• Growth becomes stunted, mottling of leaves, turn yellow and are shed. 

• There is excess flowering and poor fruit set. 

• Affected fruits are subjected sun blotching. 

• Presence of calcium carbonate or clay is harmful and leads to decline. 

• Incompatibility of rootstock and scion, salinity, water logging and mismanagement of 

citrus orchard are causes to citrus decline. Management 

• Provide proper drainage 

• Proper management of the orchard 

• Use of resistant rootstocks and disease free bud wood. 

 

ACID LIME 

Plant protection 

Leaf mine 

2 ml/l dimethoate + neem oil 3% 

 

Leaf caterpillar 

Endosulfan – 2 ml/l when infestation is moderate to severe. 

Sucking pest 

White fly : Spray quinalphos – 2 ml/lit 

Nematodes : Carbofuran – 75 g/tree 

P. fluroscens – 20 g 

 

Diseases 

Twig blight: Dried twigs are pruned and sprayed with 0.3% Cu oxy chloride. 

Scab: Spray 1% BM 

 

Tristeza virus : Remove the infected trees and destroy. Spray monocrotophos - @ 1ml/lit to 

control the aphids which spread the disease. Use pre immunized acid lime seedling for planting. 

 



Harvest: Starts bearing from 3rd year after planting. 

Though harvested throughout the year, the main crop is harvested during different periods in 

different parts of the country. The average yield is 20-25 kg/tree/year. 

 

Post harvest treatment 

Treating the fruits with 4% wax emulsion followed by pre-packing in 200 guage polythene bags 

with 1% ventilation improves the shelf life for more than 10 days. Limes can be stored at 18°C. 

At HC & RI, PKM a low cost storage tank has been developed with double layer brickwork, the 

interspace filled with sand which is kept wet by periodical watering. 

 

 



 GUAVA – SOIL, CLIMATE, IRRIGATION AND NUTRIENT 

MANAGEMENT, NUTRIENT DEFICIENCIES, PHYSIOLOGICAL 

DISORDERS, PESTS AND DISEASES, MANAGEMENT PRACTICES 

 
Guava (Psidium guajava) Family: Myrtaceae 

It is the fourth most important fruit of India in respect of area and production. It is said to have 

been introduced from tropical America. It is grown in many parts of the world. It is also popularly 

called as apple of the tropics and poor man’s apple. It occupies an area of 58,000 ha in India and 

half of this area is confined to U.P and other important states are Bihar, Madhya Pradesh, 

Maharashtra, Andhra Pradesh, Kerala and Tamil Nadu. In Tamil Nadu it is largely grown in 

Coimbatore, Ramnad and Kanyakumari districts. It is very rich and cheap source of vitamin C 

(100 to 260 mg per 100 gm of the pulp) and contains a fair amount of calcium. It makes an 

excellent jelly and does not lose the vitamin C in the preserved forms. Besides P:guajava, the 

related species are: 

(l) P. guineense, called Brazilian or Guinea guava which bears small fruits of poor 

quality . 

(2) P. cattleianum, known as strawberry or cattley guava - produces very small 

fruits of 2.5 cm in diameter with attractive purplish red colour. 

(3) P. friedrichsthalianum - (Costa Rican guava) or china guava) produces small 

fruits of globose in shape. 

Soil and climate 

It is a hardy fruit which can be grown in poor alkaline or poorly drained soils without any manuring 

or irrigation. It can grow in soils with pH ranging from 4.5 to 7.5 but the best soils are deep, friable 

and well drained. It is a subtropical and tropical fruit which requires a distinct winter for 

developing good quality. It can thrive in semi arid tracts of India and enjoys cooler climate upto 

an elevation of 1000 m but it cannot withstand frost. 

Varieties – refer practicals 

Guava varieties are generally named according to the shape, colour or smoothness 

of skin or from their place of origin. Varieties can be classified as seeded varieties 

(highly seeded to less seeded types-diploids and seedless varieties (triploids). 



Propagation 

In India, guava is commonly propagated from seed which germinates in about three weeks. Boiling 

the seeds for five minutes, soaking them in water for weeks prior to sowing or treating them in 

strong sulphuric acid for five minutes facilitates their germination. Propagation through this 

method is not desirable as the seedlings will take more time to come to bearing and seedling trees 

differ greatly from the mother plants. Vegetative propagation through layering is therefore 

recommended. Both air layering and simple layering have been found to be successful. In about 

45 days, layers can be separated from the mother plants. These separate layers should be planted 

in full size pots and they are hardened by gradually exposing them to direct sunlight. Such 

hardened layers are ready for planting in about six months. Though it is hard to root semi hard 

wood cuttings, treating with IBA or NAA at 2000 to 5000 ppm root well under mist conditions. In 

some places, budding techniques using forkert, shield, patch, chip etc have been tried with 

different success. 

Planting . 

Pits of 0:5 m x 0.5 m x 0.5 m size are dug at a spacing of 5m x 5m. The layers with the ball of 

earth are planted in the centre of the pit. 

Manures and fertilizers 

It responds well to the application of inorganic fertilizers along with organic manures. Therefore 

for the bearing trees, 50 kg of FYM and one kg in each of N, P and K are applied per tree in two 

equal split doses, once during March and again during October. The manure and fertilizers are 

spread in the entire basin of the tree, 15 cm away from the trunk upto leaf drip and incorporated 

by shallow digging. It also responds to foliar spray of nutrients and spraying of urea 1 % + Zinc 

0.5% twice a year during March and October increase the yield. Guava sometimes suffers from 

deficiency of micronutrients. Hence, a mixed spray containing ZnSO4, MgSO4. MnSO4 @ 0.5% 

and CUSO4 and FeSO4 @ 0.25% plus a wetting agent @ 1 ml per 5 litre of solution at various 

stages viz. new flush, I month after first spray at flowering and at fruit set are recommended. 

Irrigation 

Guava though can withstand drought, it responds to irrigation at interval of 10 days. 

 

 

 

 
 



Training and pruning 

Open centre systems or delayed open centre is generally recommended. Pruning consists of 

removal of suckers arising from the base of the trunk. Dried twigs and branches have to be removed 

and the cut ends may be applied with Bordeaux paste. The flowers are borne on the axils of current 

season shoots. Light annual pruning after harvesting promotes vegetative growth and flowering. 

In Tamil Nadu, it is recommended that the tips of 10-12 cm lengths of past seasons shoots are 

pruned during September and February every year to encourage more laterals. Pruned trees give 

large fruits and early ripening. When the trees become old, the branches are pollarded leaving 30 

cm in length at their origin. The cut branches produce plenty of shoots and flowers and ultimately 

high yields. In the trees having upright and tall growth habits, the straight growing branches are 

bent and tied on the pegs driven on the ground. In the bent branches, dormant buds are activated 

and induced to produce flowers and fruits heavily. In certain parts of Maharashtra, root pruning is 

practiced to produce heavy yield. In this method roots are exposed and minute roots are cut away 

and irrigation is withheld so as to allow the leaves to shed. Then, the basins are covered with the 

manures and soil and irrigated copiously. 

Cropping 

The fruit buds are borne on past season growth terminally or laterally. The flowers are borne on 

the current season growth in the axils of leaves. The flowers are solitary or in cymes of 2 to 3. The 

current season growth takes one or two months to bear flowers. The floral buds require 3842 days 

for full development. Layers generally take 2-3 years for fruiting. Guava flowers twice a year, first 

in April-May for rainy season crop and then in August – September for wiriter season crop. In 

South India, there is a third crop with flowers appearing in October. As the rainy season fruits are 

insipid and watery and do not keep well. In certain parts of India, some practices are followed to 

avoid flowering and 

fruiting during rainy season so as to get large sized fruits of better quality during winter 

season. They consists of 

1. Bahar treatment - consisting of root exposure and or root pruning before the onset of monsoon. 

 

2. Deblossoming of rainy season crop - spraying NAA 200-400 ppm and 

3. Withholding of water and removing the soil from around the upper roots during 

rainy season and covering it again with soil and manure mixture. Guava fruits should be picked 

immediately when it is mature and they should not be allowed to ripen in the trees lest the damage 

by birds and squirrels. Individual hand picking is preferable to shaking the tree. Mature or half 



ripe fruits are mostly preferred for consumption than ripe or over ripe 

fruits. Yield varies due to many factors. On an average 800 number of fruits 

weighing 20-25 kg may be obtained from guava. 

 



 PINE APPLE – SOIL, CLIMATE, PLANTING, HIGH DENSITY 

PLANTING, NUTRIENT AND WATER MANAGEMENT, 

SPECIAL CULTURAL OPERATIONS 

 

Pineapple: Ananas sativus; Bromeliaceae 

Varieties : Kew, Mauritius and Queen 

Soil and Climate: Mild tropical climate as found in the humid hill slopes is best suited. Can be 

grown in plains under shade. Elevation from 500 m to 700 m is ideal. A light well drained soil 

with pH 5.5 to 7.0 is preferable. Heavy soils can also be used if drainage facilities are available. 

 
 

Spacing: Plant in double rows either in beds or in trenches with the plants into the second rows 

set in the middle of the plants in the first row. 

The spacing between two trenches will be 90 cm. Row to row spacing in the same bed per trench 

will be 60 cm and plant spacing within the row is 30 cm. 

 
 

Planting: Use suckers and slips of 300-350 g weight for planting. Give a slanting cut to the suckers 

before planting and dip in Mancozeb 0.3% or Carbendazim 0.1%. 

 
 

Season: July – September 

 
 

Manures and Fertilizers: FYM 40-50 t/ha. N 16 g, P 4 g and K 12 g/plant in two equal splits at 

6th and 12th month after planting. Apply as foliar spray 0.5%-1.0% sulphate of Zinc and Ferrous 

solutions at 15 days interval to overcome the deficiencies in the early crop phase. 

 
 

Aftercultivation: To have uniform flowering apply the following when the crop attains 35-40 leaf 

stage. NAA 10 ppm + 2% urea (20 g in 1 lit of water) @ 50 ml / plant poured into crown or 2% 

urea + 0.04% Sodium carbonate + 20 ppm Ethephon (ethrel) @ 50 ml/ plant poured into the crown. 

To increase the size of the fruit, 200-300 ppm NAA should be sprayed after fruit formation. To 

avoid calcium induced Iron chlorosis adequate shade should be given. 



 
 

Plant protection 

Mealy bug: Spray methyl demeton 2 ml/lit or monocrotophos 36 WSC 2 ml/lit 

 
 

Crop duration: 18-24 months 

 
 

Harvest: Fruits can be harvested from 18 to 24 months. Slight colour 

change at the base of the fruit indicates maturity. 

 
 

Yield: 50 t/ha 

A plant crop and two ratoon crops are normally taken and in Mauritius 

variety upto five crops can be taken. 

 



POMEGRANATE - SOIL, CLIMATE, PLANTING, VARIETIES, 

NUTRIENT AND WATER MANAGEMENT, SPECIAL CULTURAL 

OPERATIONS, PHYSIOLOGICAL DISORDERS, PESTS AND DISEASES, 

 

MANAGEMENT PRACTICES 

 

POMEGRANATE 

 

Punica granatum  Family : Punicaceae 

Pomegranate is a favorite table fruit of tropical and subtropical countries. The aril around 

the seeds form the edible part which contains cool refreshing juice. Besides its use as edible fruit, 

pomegranate also possesses a number of medicinal properties. The juice is useful in the cure of 

leprosy, rind of the fruit is useful in curing dysentery and diarrhea. The colouring matter present 

in the fruit rind is also used in the synthesis of dyeing material for clothes. Pomegrante is native 

of Iran and cultivated in Spain, Morocco, Egypt, Iran, Afghabistan, Clifornia. In India though a 

number of states cultivate pomegranate, the main state which has the maximum area is 

Maharashtra. Pomegranate is a rich source of carbohydrate (14.5%), protein (1.6%), calcium (10 

mg/100g), phosphorus (70mg/ 100g), iron (0.3 mg/100g) and vitamin C (65mg/100g) 

 

Climatic and soil requirements : 

Despite adapted to a wide range of climatic conditions, pomegranate yields the best quality 

fruits in areas of cool winter and hot dry summer (which is prevalent in Baluchisthan, Afghanistan 

and Iran). Right from sea level upto 1850 metres, it can be successfully grown. It is fairly tolerant 

to low temperature, of course with differences among varieties. For proper fruit development and 

maturity and sweetness, a temperature of 35 – 38 0 C is needed. Under humid condition the quality 

gets affected. At higher elevation and areas of low temperature during winter the tree behaves as 

a deciduous one. It is not very specific about its soil requirement. However, in deep loamy or 

alluvial soil it gives very good yield. It can tolerate salinity and alkalinity in the soil to certain 

extent. 

 

 



Cultivars and varieties : 

Because of the hard seeds though the aril is pleasant, consumption of pomegranate has been a 

tedious and boredom process for centuries. But due to evolution of soft seeded genotypes, there 

is a great increase in the consumption rate of this fruit. 

 

Hard seeded types : 

Kandhari : 

Fruits are large with deep red rind, aril deep blood red or deep pink with sweet, slightly acidic 

juice. Seeds are very hard. 

 

Musker Red : 

Medium sized fruits with medium thick red rinds. Aril is fleshy with moderately sweet juice, 

seeds are medium hard. 

 

Alandi or Vadki : 

It possesses medium sized red fruits, aril fleshy, blood red or deep pink with sweet acidic juice. 

Seeds are very hard. 

 

Kabul : 

Large fruits, dark red with yellow parches, aril dark red fleshy seeds hard with slightly bitter juice. 

 

Soft seeded types 

Dholka: 

This cultivar has large fruits with greenish white rind, whitish to pinkish white, thick, juicy soft 

arils. It is the commercial variety of Gujarat. 

 

Paper Shell: 

Medium sized fruits with thick rind; arils are fleshy, reddish to pink with sweet juice. 

Seeds are soft. 

 

 



Spanish Ruby : 

It has medium sized fruits with thin rind , flesh rose coloured and seeds are soft. 

 

Ganesh : 

Originally it was identified in Ganesh kind garden, Pune by raising OP seedlings of Alandi 

and designated as GBG-1. Has medium sized fruits, aril is pinkish with sweet juice. Seeds are 

very soft. Fruit surface smooth, yellow with red tinge, round in shape average fruit weight 325 g, 

TSS 16.47%, acidity, 0.42% developed at MPKVP, Rahuri, Maharshtra. 

 

Jothi : (GKVK-1) 

At university of Agricultural Sciencs GKVK, Campus, Bangalore, through an evaluation of mixed 

OP seedlings of Bessein seedless and Dholka, a promising type GKVK-1 was selected and 

released. It possesses at attractive yellowish red fruit colour, medium sized fruits, red aril colour 

and soft seeds. Its yield potentials is 18 tonnes / ha. 

 

Yercaud-1 (YCD-1) 

At Horticultural Research Station, Yercaud, Tamil Nadu Agricultural University one superior 

type (ACC. No. 455) was selected with soft seeds and deep purple aril color. This was found 

suitable to mid elevation of Shevroys hills. The fruits are medium in size with easily peelable 

rind. Each tree gives 100 – 120 fruits weighing 25 kg. The average fruit weight is 350400 g. 

 

CO-1: 

It is a selection developed at Tamil Nadu Agricultural University, Coimbatore with purple aril 

and soft seeds. 

 

Miridula : 

Developed at MPKVP, Rahuri through seedlings selection from an open pollinated F2 population 

raised after crosses make between Ganesh x Gul-e-Shah Red. Fruit surface smooth, dark red in 

colour, round in shape. Fruit weight about 250 g juice sweet, TSS 16.32%, acidity 

0.47%. Seeds softer than Ganesh. 

 

 



Ruby: 

A multiple cross hybrid developed at IIHR, Bangalore for aril colour and seed mellowness. 

The hybrid develops dark red arils in winter and dark pink or red aril in summer whereas in Ganesh 

even though the pink or dark pink aril is developed in winter, it is almost white in summer. Ruby 

derived certain fruit quality attributes from Ganesh, while genes for red colour of the aril was 

incorporated from a Russian variety ‘Gulsha Rose Pink’. The fruit skin colour is reddish brown 

with green streaks. Rind is thin, arils are bold (37.2 g/100 arils), seed soft (2.19 kg/cm2) each fruit 

weighs on an average 270 g. Yield is 16 – 18 tonnes/ha. 

 

Amlidana : 

It is an F1 hybrid (Ganesh x Nana) grows well under tropical climate. With quality fruit 

attributes Amlidana is superior to sour variety Daru whose trees come up naturally in temperate 

regions of North India. Its fruits provide more acidic (16.18%) ‘anardana’ an acidulant 

commercial product prepared by drying the arils of highly acidic pomegranate which is 

commercially marketed as condiment in North India for use in culinary preparations which serves 

the purpose of dried green mango (amachur) and tamarind for souring curry, chutney etc. This 

hybrid fruits weigh 120 g each with pink bold arils. It yields 56 fruits / tree. Trees are short 

statured and hence suited for HDP which will give higher fruit yield / unit area. 

 

Propagation and planting: 

Pomegranate is commercially propagated by rooting of cuttings. Semi hard wood cuttings of one 

year old are used for rooting. The rooting is improved by application IBA 5000 ppm through 

quick dip method. (10 to 20 seconds). It can also be propagated by air layering or gootee, as well 

as ground layering. Transplanting of rooted cuttings is done during monsoon season. Pits of 60 

cm x 6o cm x 60 cm size are dug at a spacing of 4 to 5 M between rows and 2 M within the rows, 

So that higher yield can be obtained during first 5 years. After 5 years, alternate plant within the 

row can be removed so as to maintain 4 x 4 M or 5x 4 M. Before planting, each pit should be 

filled up with 20 kg of FYM and top soil. Inoculation of 50 g of phosphobacterium+ 150 g of 

Vesicular arbuscular mycorrhiza in the roots at the time of planting will help better root growth 

and establishment. 

 

 



Manuring: 

The following nutrient schedule is recommended for pomegranate (g/plant). 

N P K 

After I year 250 125 125 

II Year 500 125 125 

III Year 500 125 250 

IV year and above 625 250 500 

 

Besides this every year 20 kg of FYM should be applied / tree. The manures and fertilizers are 

mixed and applied in a round basin 1 metre away from the trunk. A week before application of 

fertilizer, the soil around the root zone is slightly removes and 50 g of phosphobacterium = 150 g 

of Vesicular Arbuscular mycorrhiza have to be applied near the feeder roots. Besides farmyard 

manure each tree is supplied with 10 kg of pressmud, by spreading on the top layer of soil. In 

sandy soils press mud serves as a mulch and prevent moisture loss during summer season. Besides 

this, press mud also supplies some of the nutrients. 

Press mud applied plants have come to earlier bearing in sandy soil condition. 

Application of 375 kg N, 1875 kg P2O5 and 187.5 kg K2O through fertigation along with irrigation 

level at 20% wetted area is found best for pomegranate var. Mridula. 

 

Irrigation : 

Drip irrigation using pitcher pot or tube will keep the soil moisture constant without much 

fluctuation. This helps the pomegranate to get better establishment in the early stage as well as 

regular bearing in the fruiting phase. 

 

Training, pruning and other intercultural operations: 

Pomegranate is trained as bush. Pomegranate tree has a tendency to throw out lot of 

suckers. If it is trained on a single stem system and if it is damaged by stem borer then the tree 

will be lost. Therefore, 3-4 stems are allowed per plant and they are pinched at a height of 1 metre 

and below the pinched tip of each stem upto 25-30 cm, 2-3 branches well distributed in all direction 

are encouraged. Such a training will help for good maintenance of the tree. 

In pomegranate the fruits are borne terminally on short spurs produced all along the slow growing 

mature wood. They bear fruit for 3-4 years. Every year during winter a light pruning is to be 



given to shorten the previous season growth so as to encourage fruiting. Besides this, dead and 

diseased branches, water sprouts (suckers) should be removed periodically. Water sprouts from 

the base should be nipped at the start of their growth so a to avoid wastage of food material in such 

growth which exhaust the maximum reserve food. IF such diversion of food is allowed then there 

will be very poor bearing in the trees. 

Crops regulation can be done by withdrawal of irrigation water followed by manuring and then 

irrigation, Water is withheld for about 2 months in advance of the normal flowering season. After 

2 months, manures and fertilizers are applied and light irrigation is given. Three to four days later 

heavier irrigations at normal interval are followed. For this treatment the trees readily respond 

and produce new growth, bloom and bear a good crop. 

The fruits are ready for harvest in about 5-7 months after the appearance of blossoms. Fruit 

cracking is a serious problem. This is mainly due to high temperature coupled with moisture stress 

at the time of fruit growth and maturity some times it is due to boron and potassium deficiency. 

The intensity increase if the matured fruits are subjected to drought or heavy rains. Cracking can 

be controlled by avoiding moisture stress during fruit development, application of recommended 

dose of 500 g of potash and bimonthly spraying of 0.25% borax = 

0.1% urea during the later stages of fruit development. 

 

Plant protection : 

Pests : 

1. Pomegranate butterfly (or) Fruit borer. (Deudorix isocrates) 

Infestation starts from flowering to button stage. The female lays eggs on calyx of flowers and 

small fruits. On hatching, caterpillars bore inside the developing fruits and feed inside. Such 

infested fruits may also be invaded by bacteria and fungi which cause fruit rot. 

Affected fruits fall down. 

Management : 

a. Spray NSKE 5% (or) neem formulations @ 2mla /1 four times at 15 days interval 

commencing from flowering (as oviposition deterrent) 

b. Release egg parasite, Trichogramma chilonis (Tricho-Cards) @ 1 lakh (16 to 20cc). Tie 

the tricho-card (at 4 to 5cc) per release. 

c. Apply endosulfan 35 EC 2 ml or dinethoate 30 EC 1.5 ml/l when the fruits are in marble 

size. 



2. Sucking insects : Mealybug : Ferrisia virgata, Pseudococcus lilacinus. Whitefly: 

Siphonimus phyllyreae. Thrips ; Rhipiphorathrips creutatus, Retithrips syriacus. Aphids : 

Aphis puniae. 

Management 

a. Spray 0.04% monocrophos for control of mealybugs and scale insects. 

b. Spray 0.03% dimethoate or phosphomidon for control of whiteflies, aphids and thrips. 

c. Spray kelthane (50%) 500 ml in 500 lit of water for control of red mites. 

d. Nicotinyl compounds viz., acetamiprid 20 Sp, Imidachloprid 200 SL and thiomethoxam 

70 WS can be tried. Chitin inhibitor, diaphenthiuron is also reported effective against 

sucking group of pests. 

 

DISEASES : 

1. Black spot / fruit rot : (collectotrichum gloeosporoides)  

Symptoms : 

The disease starts as minute dull-violet black spots on leaves. The area surrounding the spot turns 

yellow, then spots enlarge and cause drying. 

 

Fruit rot : 

Black pin head spot appear on the fruit at different ages. The spots will be severe on mature fruits. 

Black sunken spots develop and enlarge to cover larger areas of rind. The fruit rind cracks and 

infection spreads to interior areas and petals also. The petals become blackened and complete 

rotting occurs. 

 

Management : 

Spraying fruits with 0.25% mancozeb or copper oxy chloride 0.25% or carbendazim 

0.1% starting from one month after flowering and repeated at monthly interval (3 sprays). 

 

2. Bacterial leaf spot : (Xanthomonas campestris pv. punicae) 

Symptons : 

Several minute (2-5 mm) dark coloured irregular spots surrounded by yellow tissues occur on the 

leaves. Later the leaves turn yellow and prematurely drop. The bacteria also attack fruits and 



cause dark brown irregular spots. 

 

Management : 

Spraying 250 ppm streptomycin sulphate or 400 ppm streptocycline. 

 

Harvest and yield : 

The fruits are harvested when the skin turns slightly yellow and the fruit gives a metallic sound 

when tapped. During 4th year, the tree bears 25 – 30 fruits and a 10 year old tree gives 150 – 200 

fruits / year. The fruits can b stored for 15 to 20 days under ambient temperature. At 00 C and 80 

% RH, they can be stored even for 2 months. 



JACK - SOIL, CLIMATE, PLANTING, HIGH DENSITY 

PLANTING, NUTRIENT AND WATER MANAGEMENT, 

SPECIAL CULTURAL OPERATIONS, PESTS AND DISEASES, 

MANAGEMENT PRACTICES 

 

India is considered to be the native home of jack. In the tamil literature, jack has been given the 

important second position of significant ‘three fruits’ viz., ‘Mukkani’. It is mainly distributed in 

the tropical humid belt. In India, Assam, Bihar, Kerala and Tamil Nadu are the main jack growing 

states. In Tamil Nadu lower Palani hills of Dindigul Anna District and Panruti of South Arcot 

Vallalar District are known for the best quality jack fruits. The fleshy carpel (which is botanically 

the perianth) is the edible portion. Hundred gram edible portion contains 19.8g carbohydrate 

mainly as sugars, 1.9f protein, 0.1f fat, 1.1 g fibre, 20 mg calium, 41 mg phosphorus 0.56 mg iron, 

175 mg carotene (Vit. A), 0.03 mg thiamine, 0.13 mg riboflavin, 0.4 mg niacin and 7 mg citamin 

C. one hundred grams of jack carpels supply 88 Kcal of energy. Recently it has been reported that 

jack fruit could be very useful in the treatment of the dreaded disease of human being AIDS. An 

extract of jack fruit was seen to have inhibited the growth of HIV infection in vitro. The power of 

this substance called jacaline was discovered by Jean Favero, Department of Microbiology and 

Antibacterial limmunology, Montpellier University, France. ‘Jacaline’ is inactive on lymphocytes 

which hare already infected but has proved its might by protecting the healthy ones. After 

modifying this molecule to make it less toxic, scientists are planning to use in vivo (technical 

News from France, Centre for Documentation on Universities Science and Technology, Office of 

the Counsellor for Cultural, Scientific and Technical Co- operation. Embassy of France, 2, 

Aurangazed Road, New Delhi, (India). 

Apart from its use as a table fruit, jack is popular fruit with the housewife for making pickles, for 

dehydration into jack leather or thin round papad. Canned jack fruit, syrup, jam, jelly and candy 

have also been attempted. Preservation of ripe flackes in bottles after mixing with sugar and honey 

is very common in west coast. The dehydration of salted flakes for use as substitute for potato 

chips after frying in oil or ghee is another practice there. 

The outer pericarp of the fruit and sterile flowers (present in between the fleshy fertile 

flackes) is praised as cattle feed relished by the cattle as such or after mixing with rice gruel. 

From seeds, a starchy flour is made. The seeds are also relished when boiled or roasted and eaten 

out of hand or after soaking in syrub for some time. The seeds are also popular ingredients in 



many culinary preparations. The latex from bark contains a large amount of resins and is often 

used to plug holes in earthen containers. The timber is valuable in construction and furnishing. 

The leaves are sued as fodder and particularly relished by goats. 

 

Climatic and soil requirements : 

Jack grows well and gives food yield in warm humid climate of hill slopes and hot humid climate 

of plains. From sea level upto an elevation of 1200 M jack can be grown successfully. A 

temperature range of 22-350 C will be ideal. It can bot tolerate frost as well as drought. Under 

low humidity the bearing is poor and the fruits also do not develop and taste. The West coast 

plains with high humidity are found to be very well suited. Though it tolerates a variety of soils, 

a deep rich alluvial or open textured loamy soil with slightly acidic condition (pH 6.0 – 6.5) and 

perfect drainage is ideal. 

 

VARITIES 

Cultivated jack types are classified into two groups (1) firm flesh (2) soft flesh. 

Singapore (or) Ceylon jack 

It was introduced in Tamil Nadu from Sri Lanka. Fruits are medium in size each weighing 7-10 

kg. The carpels are crisp, sweet, yellow with strong pleasant aroma. It is a precocious bearer viz., 

even seedling progenies will start bearing from 3 years after plantinf (normally in other types the 

seedlings progenies will start bearing only from 7-8 years after planting). Fruits will be available 

from March – June and again from September to December. 

 

Hybrid jack : 

It is a cross between Singapore jack x Veliappala developed at Fruit Research Station, Kallar. 

Trees are precocious in bearing; carpels are bigger in size sweeter than the parents. 

 

Burliar – 1 : (T Nagar selection) 

It was developed at Fruit Research Station, Burliar. The trees are medium in height and prolific 

in bearing. 

 

PLR – 1 : (Palur-1) 

It is a high yielding variety developed at Vegetable Research Station, Palur of Tamil Nadu 



Agricultural University. A single plant section isolated in Panikkankuppam village near Panruti 

of South Arcot Vallalar District of Tamil Nadu. The fully ripe fruits have flat stigmatic surface 

instead of a spiny surface. The special feature of this genotypes is that the trees bear fruits twice 

in a year viz., fruits will be available in the regular jack season March to June and an off season 

crop during October to December is also available. Each tree bears about 60-80 fruits. The average 

fruit weight is 12 kg containing 115-120 flakes. The total flake weight per fruit is 2.36 kg which 

accounts for 19.68 % of the totalfruit weight. Flakes pale yellow in colour, crip and sweet; TSS 

is 190 

brix. 

 

PPI – 1 : (Pechiparai – 1) 

It was developed at Horticultural Research Station, Pechiparai of Tamil Nadu Agricultural 

University by clonal selection from Mulagummoodu local. Trees are medium tall maximum 

bearing in tree truck. On average each tree bears 107 fruits weighing 1818 kg per year in two 

seasons, viz., April – June and November – December. Carpels are sweet, crisp, tasty with 

pleasant aroma. Suitable for commercial planting as well as for planting in home garden. 

 

Propagation and planting : 

When propagated through seeds, jack exhibits as wide variation among its progenies. Hence 

vegetative propagation is recommended. Commercially inarching on 10 months old jack 

seedlings is done to produce vegetative progenies. The grafts come to bearing within 4 1⁄2 -5 years 

when compared seedlinfs which take 7-8 years normally. 

Soft wood grafting (cleft method) on 1 1⁄2 months old seedlings with scion of 3-4 months old also 

was found to be successful. Since the viability of seeds is very low, seeds have to be sown 

immediately after extraction to raise rootstocks. Rudrakshi and A. hirsute are also used as 

rootstocks. In jack modified forkhert method of budding is also done. In Malaya air layering after 

etiolation is reported to be successful. At Pechiparai (tamil Nadu), patch budding on 3-5 months 

old rootstock seedlings done during January – February and October-November was found to be 

very successful. In this method the budded plants are ready for planting in 8 months. 

Pits of size 1 metre cube are dug at a spacing of 9-12 M pits they filled with top soil and 10 kg 

FYM and the grafts are planted in the centre of the pits during June – September. 

Training and manuring : 



Jacks are trained to single stem, early side branches should be removed then and there so 

that a uniform smooth trunk develops for a height of 1.5 – 2 M and then scaffold branches should 

be permitted to arise. This trunk is going to develop fruit buds and hence should be kept free of 

growths. The nutrients should be applied as detailed below : 

 

 

The fertilizers are applied during rainy season. If irrigation is available they can be split into two 

and applied twice in a year June – July and September – October. The manures and fertilizers can 

be applied in a circular trench taken 50 -06 cm away from the trunk. 

 

Irrigation : 

Though jack is cultivated under rainfed conditions, it is very sensitive to drought. Hence irrigation 

should be done depending on the type of soil, season etc. so that, there should not be any moisture 

stress especially during flowering and fruitset. Similarly too much of soil moisture will affect the 

quality of fruits. The flakes will develop an insipid taste when there is excess soil moisture. 

 

Intercultivation : 

During the prebearing age pulses can be raised as intercrop and dried leaves can be spread below 

the trees to serve as a mulch for moisture conservation. As the trunk increase in size, the active 

buds of female inflorescence develop from the trunk as well as from main scaffold branches. This 

type of bearing habit is called ‘cauliflorus’. These fruit buds should be protected from any possible 

damage by rubbing body of the stray cattle such as buffaloes through spreading dried thorny 

bushes. This is very essential especially when there is no proper fence in the fields. 

The male inflorescence (catkins) are seen in the current season growth while female catkins are 

produced as cauliflorus (on trunk and main scaffold). Some times there will be more production 



of female flowers as well as male flowers but there will be no fruitset. This is mainly due to lack 

of proper pollination. The male catkins show protrusion of anthers on their surface of the spikes. 

The stigma becomes visible by 8 AM from 4th day after it comes from the sheath. Every day 

between 8.30 AM and 9.30 AM, the male catkins showing the pollen have to be collected and 

rubbed on the sticky surface of female of female spikes. This can be done for 1015 days, for each 

spike. Such hand pollination will help in proper fruitset and yield. 

 

Plant protection : 

Pests : 

Bud weevil L (Ochyromera artocarpi) 

It bores into the tender buds, shoots and fruits. 

 

Management : 

Destroy fallen fruits and buds, collect and kill grups, adults and then spray endosulfan (0.035%). 

 

DISEASES : 

Fruit rot: (Rhizopus artocarpi) 

It causes premature fall of young fruits due to rotting and may result in heavy loss in yield under 

very humid conditions. 

Management 

Spraying Disthane M. 45 (0.2%0 or Bavistin (0.05%) or Fytolan (0.2%) at 15 days interval during 

fruit growth. 

 

Harvest and yield : 

Normally jack starts producing fruits from 7th– 8th year onwards. Grafted plants can start yield 

from 4th to 5th year itself. In Singapore jack even seedlings start bearing from 3rd year. Normally 

the fruits will be available from March to June. In higher elevation harvest extends upto 

September. Even in plains certain genotypes bear an off season crop during October – 

December. The yield ranges from 20 to 100 fruits/tree. The fruit weight varies from 10 to 30kg. 



BER - SOIL, CLIMATE, PLANTING, VARIETIES, 

NUTRIENT AND WATER MANAGEMENT, SPECIAL CULTURAL 

OPERATIONS, PHYSIOLOGICAL DISORDERS, PESTS AND DISEASES, 

 

MANAGEMENT PRACTICES 

 

BER   Zizyphus mauritiana (Indian ber) Zizyphus jujube (Chinese jujub) Family: 

 

Rhamnaceae 

The ber is a vigorous growing, small spreading tree with almost vine like drooping 

Branches. The round to oval reddish brown are having 5.4-8.0% sugar and 85-95 mg of Ascorbic 

acid (Vit. C) per 100g. Central Asia is supposed to be the centre of origin for ber. The tree is a host 

plant for rearing lac insect (Tachardia laccad). Lac insect rearing helps in the production of lac. 

The powder of ber roots has very many mewdicinal properties such as cure for ulcer, fever and 

wounds. The stem bark powder is a remedy for diarrhea. 

 

Climatic and soil requirements: 

India ber Zizyphus mauritiana is to grow in tropical and subtropical regions while, 

zizyphus jujube, the Chinese ber is a deciduous tree found in temperate region. Ber is an ideal fruit 

tree for arid and semiarid regions where copious irrigation is impossible. It can tolerate a high 

temperature of even 400C.But below freezing temperature is injurious. Since it possesses a deep 

tap root system, it can be grown in an extreme moisture stress and in a wide range of soil upto an 

infertile one which is unsuitable for major fruits and other crops. In alkaline soils with high ph 

(even upto 9.5) and sodic soil, five kg of gypsum has to be applied pr pit, mixed with top soil and 

flooding the pits one wek before planting has to be done. By such a practice, the ber plant can be 

established. Once it gets established. It tolerates salinity even to an extent of 21m.mhos per cm. 

Z.jujuba can be used even for biological reclamation of saline soils. To certain extent ber tolerates 

water stagnation too. 

 

Varieties: 

Kaithili: 

It is a variety with straight thorns but not so pronounced. Leaves are ovate with minutely serrated 



margin. Fruits ovate-oblong with broadly mummillate apex, 3.37 cm long, 1.9 cm thick weighing 

6.22 g. stone elliptic oblong with pointed tip and furrowed surface. 

 

Umran: 

In this variety, the trees are medium sized with bushy decumbent branches almost touching the 

ground. The thorn is curved. Ovate oblong leaves with prominent serrations. Fruit elliptic, 4.2 cm 

long and 3.2 cm thick. 

 

Gola: 

It has got spreading tree. Fdruits are almost round with flat stylar end. Skin is bright yellow, 

smooth and glossy, fruits come to ripening during January. Each fruit weighs 14-25g. each tree 

yields about 100-125kg. 

 

Seo (Sanaur No.2): 

leaves ovate to ovate oblong with obtuse base and acute apex. Fruits round resembling crab apple, 

stylar end round with mild depression in the centre, stem end broad, deeply grooved. Fruits light 

pinkish yellow with occasional specks at maturity. Selected from a place called Sanuar near Patiala 

in Punjab. 

 

Seb: 

It is an early variety. Fruits are golden yellow in colour and slightly oblong ie., 3.0cmx 

2.5cm. it yields 90-1000 kg per tree. It acts as a good pollinizer for a number of varieties. 

 

Banarsi: 

It is a mid-season variety. Trees are 8-12 M tall. fruits globose oblong to long in shape with 

tapering stylar end. Unripe fruits are green in colour. After ripening they turn to golden yellow. It 

has performed well under Tamil Nadu condition. Yield ranges from 100110kg/tree/year. 

 

Chhuhara: 

It is another mid-season variety with semi-tall tree having spreading branches. Fruits ovate- 

oblong, size 2.9 cm x2.1cm; weight 16.8g. fully matured fruits which start ripening will be 

 



greenish yellow in colour. After full ripening, the colour changes to chocolate brown and the skin 

becomes very thin and soft. The flesh will be very sweet. Fruits are suitable to be heated and made 

into dry fruits like dates. 

 

Sandhura Narnaul (Sanaur No.1): 

It has erect trees. Fruits are oval-oblong to longish, stylar end slightly pointed. Fruits are greenish 

yellow to golden yellow. Size 4.45x2.18 cm. it has thin skin. The average yield is 80 kg/tree/year. 

 

Elaichi: 

Trees spreading with fruits having the characteristic shape of cardamom hence called 

‘elaichi’. Fruits are small each weighing 6g with the size of 2.05 cmx 1.88cm. the average yield is 

115kg/tree/year. 

 

Propagation, preparatory cultivation and planting: 

Ber is propagated by ‘T’ budding or inverted ‘T’ budding on seedling rootstock of Z.jujuba, Z. 

xylocarpa and Z. rotundifolia. Fruits of wild species are taken; seeds are extracted and soaked in 

17% salt solution to remove the ill filled ones which float. The seeds which sink are taken and 

soaked in con. H2SO4 for 5 minutes washed and soaked for 48 hours in cold water. Then the seeds 

can be sown in the poly bags (25 x 15 cm) of 300 gauge thickness. The seeds take 10-15 days for 

germination. Since the development tap root system is very fast in ber as well as in wild species, 

when the seedlings are with two leaves they are transplanted in the main field in pits of size 1x1x1 

m filled with 20 kg of FYM + top soil and irrigated. The treated seeds can also be sown directly 

in to the pits @ 2-3 seeds per pit at a depth of 3 cm. normally the required varieties are budded in 

situ on this rootstock seedlings after 90 days. 

If we want to bud the seedlings raised in polybags, large sized polybags have to be used, since the 

tap root grows very fast. June to august is the best period for budding for getting maximum bud- 

take. The scion sticks with 0.9 cm dia, about 1 year old maturity with plumpy buds should be 

selected to take buds. The buds will take about 7-10 days for sprouting. 

 

Training: 

For young plant, a support should be provided by bamboo stakes. In the first year, all the branches 

arising upto 75 cm-1M should be removed so that a straight trunk can be developed. Above this 



3-5 primary branches should be developed so as to have a balanced frame work in all directions. 

In the second year, on each primary branch, 3-4 well distributed secondary branches ca be allowed, 

and during third year final frame work should be decided. 

 

Manures and manuring: 

The plant should be fertilized in the following ratio at every year. 

 

 

The manorial dose can be split into two equal halves and applied once during June and another 

after pruning. The manure fertilizer mixer should be placed in trenches of 30 cm width formed at 

1.0-1.2 M away from trunk. 

 

Irrigation: 

For young trees, irrigation should be done once in a work. As the trees grow older, it can 

restricted once in 15 to 20 days. At the time of flowering and fruiting, there should not be any 

moisture stress. In rainfed condition, rain water harvest can be done by forming a saucer basin 

giving a 0.1% slope towards the trunk of the tree from a distance of 3 M. 

 

Interculture and pruning: 

The interspace can be utilized to raise a crop like pulses such as greengram, blackgram, 

cowpea etc., for about 3 years. If sufficient irrigation facilities are available papaya or phalsa can 

be grown as inter crop for first three years. 

In ber, the fruit buds are borne on current season growth in the leaf axils. Therefore the plants 

should be pruned every year to induce new growth to provide maximum fruit bearing area. After 

the harvest of fruits, the plants have to be pruned by heading back 25% of one year old shoot. If 

severe pruning is attempted, it will adversely affect the growth leading to poor yield. Dry, dead, 

diseased wood and criss-cross branches should be removed. 

 



Plant protection: 

Pests: 

Fruit fly: (Carpomyia vesuviana) 

The flies puncture the young developing fruits by inserting their ovipositor and lays eggs 

singly. Hatching of eggs completes in two to three days. The larvae (maggots) feed inside the fruit 

pulp and make small holes in the rind and come out of the fruit when fully grown. The affected 

fruits become misshapen and their growth is retarded. 

Management: 

a. Collect infested fruits and destroy them 

b. Spray monocrotophos(0.04%) or Rogar 30EC(0.06%). 

c. Spray with a mixture of 100 ml Malthion 50EC and one kg jaggery or sugar in 100 lit of 

water twice starting from September to October at 7-10 days interval (3 sprays). 

d. Cultivate ber orchard soil during April-May and apply 10% BHC to destroy pupae. 

e. Grow fruitfly tolerant varieties like Umran, Sanaur 

 

2.Bark eating caterpillar: (Inderbela quadrinotata) 

The caterpillar maks holes in the trunk while feeding. Affected trees become stunted and yield 

potential is reduced. 

Management: 

Remove frassy galleries and paint the bark with 0.05% monocrotophos 40EC. 

 

3. Hairy caterpillar: (Euproctis freterna) caterpillar 

feed on leaves and cause damage. 

Management: 

a. Dust 10% BHC. 

b. Spray carbaryl at 0.15% a.i. 

 

4. Ber beetle or leaf chafer: (Adorentus pallers) 

Beetles feed on leaves mainly during night. The leaves become just like a sieve. 

Management: 

a. Spray with one kg carbaryl in 300 litres of water. 

b. Use light traps. 



 

Diseases: 

Powdery mildew: (Oidium emysiphoides) 

Affected fruits show white powdery spots which later cover whole area of fruits. The white 

powdery mass also spread on flowers and leaves. Later white spots turn brown and fruits drop. 

Management: 

Spray dinocep 0.1% at 15 days interval after fruit set preferably at pea stage. 

Harvest and yield: 

In ber, fruits harvested at correct stage of maturity alone will ripe properly. Aftr attainment of full 

size of a particular cultivar and turning of colour to yellow or golden yellow, the normal harvesting 

season is October-November, while in North India it varies from place to place viz., December to 

April. The average yild from a 10-20 year old tre would be 100-200 kg/year. If the fruits have to 

be stored, they can be stored at 30C and 85-90% for 30 to 40 days. 

 

 

 



Litchi cultivation 
 
 
Litchi or lychee (Litchi chinensis Sonn) is a sub-tropical evergreen fruit crop of  family 
Sapindaceae,   
It is believed to have originated in Guangdong state on China.   
It is highly specific to climatic requirements and due to this reason it’s cultivation is 
restricted to few countries.  
In India, litchi was introduced in the 18 century through Burma.  
India and China account for 91 percent of the world litchi production but it is mainly 
marketed locally.  
The litchi tree is dense, round-topped and slow growing with evergreen leaves.  
skin.  
Fruits are round or heart shaped having thin, leathery skin. The edible portion or fruit is 
the aril. 
 
 

Area and production  
 
It is grown in the states of Bihar, Tripura, West Bengal, Uttar Pradesh, Punjab and 
Haryana.   
Bihar contributes 74 per cent is contributed of total production followed by West 
Bengal, Tripura and Assam.  
The area and production of litchi is 74.54 thousand hectares and 4.83 lakh tonnes, 
respectively. The national average productivity of litchi is 6.5/ha,   
The litchi cultivation in Karnataka is limited to some part of Coorg district. The distinct 
feature of litchi cultivation in Coorg is that its flowers during the month of August – 
September. The fruits ripe in the months of December- January.   
 
 

Varieties  
Based on vegetative flushing pattern, flush colour and flowering ability , litchi cultivars  
were classified in five groups early group, mid-season, and late group.  
Only one and very late, The cultivars also show variation in yield, cracking, and physico-
chemical quality.   
Leaf colour is of importance in varietal identification.   
The varieties can also be distinguished depending upon the colour of the new flush and 
season of flushing.   
The colour of the litchi fruit is pinkish brown or dark red depending on the cultivar.   
 
 



 
 
The evaluation of litchi varieties at Central Horticultural experiment  
Station, Chettalli revealed that the cv. Dehra rose, Early Seedless  
produced medium sized, good quality fruits. Through the fruits were  
acidier than the fruits produced the northern Indian conditions  
 
 
Climate 
 
Litchi cultivation is highly successful in areas having minimum temperature of 10°C 
from December to February and 38°C from April to June. However, temperature of 32° C  
during these months is considered to be optimum.   
It is highly specific to climatic requirements for its establishment, plant growth and 
fruiting, and consequently spread of area.   
A moist atmosphere, occasional rainfall, cool dry winter free from frost and hot winds 
are ideal for its cultivation.   
It has been observed that flower initiation in lychee requires comparatively low 
temperature. Seasonal variation in temperature is favourable for proper fruiting.  
A dry climate, free from rains for about 2 months before flowering induces flower bud 
differentiation, blossom and consequently give high production.   
No fruiting has been recorded when lychee has been grown in tropical conditions. 
However, on hills in southern states flowering is observed and harvesting commences 
in November-December.  
 

Soil  
 
In India, lychee is grown successfully on a wide range of soil types, which include sandy 
loams, laterite, alluvial sand, and calcareous soil, but the best lychee orchards are seen 
in alluvial sandy loam soils with good drainage and access to the water table.   
The performance of orchards is very poor on clay soil with poor drainage.  



Litchi requires mycorrhiza to grow and produce better quality of fruits. Thus, it is 
suggested that new orchards should be grown with the introduction of  
soil from old orchards.  
  

Propagation  
 
Seed : Plants raised through  seed grow slowly, have a long juvenile period Not used for 
commercial multiplication.  
 

Air-layering  
Air-layering, is most popular method . For air layering  healthy terminal branch (1.2-1.5 
cm girth)is selected and a 2.5 cm ring is made by removal of bark about 45-50 cm below 
the apical growth. Rooting hormone (1000 ppm IBA) is used as paste or powder. A layer 
of moist sphagnum moss or coir pith is placed and wrapped with a piece of polythene 
sheet and tied properly at both. After about 50-60 days, roots develop , layer is  
detached. The detached layers are planted in partial shade.  
June is best time for air-layering.   
 

Propagation  
 
Pot layering  
Stooling  
Cuttings : Cutting treated with  IBA and planted in April-May under mist. But this has 
not been adopted commercially.  
 
Grafting and budding  
Splice or tongue grafting is successful. Apical grafting has not been commercially used 
for large scale multiplication.   
A higher rate of growth in seedlings is possible under greenhouse conditions. Softwood 
grafting has been found to be successful in many nurseries. Budding of lychee has  
also been successful. However, much more work is required to be done before these 
methods become accepted practice.  
 

Planting  
Land is cleared of bushes and other weedy vegetation and is levelled with a mild slope.  
Before the onset of monsoon pits are filled with topsoil  
Pits 1X1X1 m in dimension are dug in April-may. Before the onset of monsoon pits are 
filled with topsoil mixed with equal part of decomposed compost, 2 kg neem cake, 1 kg 
bone meal/single super phosphate and 200-300 g muriate of potash.  
Planting in square system at a distance of 10 x 10 m should be practiced. High density 
planting of grafted plants at 3 to 6 m is now practiced but is required appropriate 
canopy management   
Planting is done during June to July along with earth ball. Watering is done immediately 
after planting for proper establishment.   
  
 

 

 

Training and pruning 



 • Training of the plant in the initial stage is essential to provide the required framework. 

Three to four branches 60-75 cm from ground opposite to each other are allowed to form 

the proper frame of the tree 

 • Unwanted, with narrow angles crowded and crisscross branches should be pruned . 

 • Non-fruiting, dried, diseased and scissors-shaped branches of mature trees should also be 

pruned. While harvesting the fruit the panicle is plucked along with 8-10 cm of twig to 

promote new flush and better bearing for the succeeding year 

 

 Manure and fertilizer 

 • lychee orchards maintained with higher doses of organic manure have better yield and 

quality  

• Application of 600-800 g N, 200-300 g P2O5 and 400-600 g K2O per plant is recommended 

for 12-15 year old trees.  

• Fertilizers should be applied in 2 splits.  

• Excessive application of nitrogenous fertilizer before flowering should be avoided.  

• Phosphorus application at the time of flower bud differentiation improves flowering and 

fruiting..  

• Additional application of Ca, Zn, B, Cu and Mn is recommended to improves yield fruit 

weight and quality.  

• Boron in the form of borax (600 ppm) enhances fruit setting and reduces fruit cracking.  

 

Irrigation  

• Litchi being an evergreen plant, the maintenance of optimum soil moisture is critical for 

growth, development and fruit production.  

• Light irrigation during summer and winter months and cleaning of the basin is advocated.  

• Irrigation at the intervals of 2-3 days during the initial stage of plant establishment is 

considered essential. 

 • mulching with dry leaves or residues in the basin help in better moisture conservation.  

• Certain physiological disorders like poor sex ratio, poor fruit set, heavy fruit drop and high 

fruit cracking, besides sunburn of the fruits can be minimized with proper water 

management.  

• The basin or flood method of irrigation is normally practiced. However, adoption of drip 

irrigation has been found to be effective.  



 

Weed management 

 • Weeds Compete for water and nutrients during the initial year of growth.  

• Inter-culture operation and mulching suppress the weeds.  

• Herbicides, although found effective for the control, are rarely applied.  

• In mature orchards the weed problem is not encountered due to heavy shade and natural 

mulching by falling leaves.  

 

Diseases  

• Lychee plants as compared to many fruit bearing species are least affected by diseases.  

• A few leaf spot diseases have come to light that are caused by fungal pathogens.  

• Powdery mildew  

• Anthracnose or leaf spot and  

• Red rust  

• Their control measures consist of 1-2 applications of proper fungicides, while for red rust 

sulphur washes in September-October and February-March is sufficient.  

Pests  

Lychee mite  

• The tiny nymph and adults of stick to the undersurface of the leaf and suck the cell sap. 

young leaf turns yellow to greyish-yellow and a velvety growth develops on lower surfaces 

finally turn brown. The affected mature leaf show curling, twisting and leathery.  

Control:  

• Pruning of affected branches and burn to avoid spread.  

• Two sprays of karathene 0.05 % at 7-10 days interval  

 

Shoot borer  

• caterpillar bore inside the newly growing shoot and feed on inner parts resulting in drying 

of the twigs.  

• Pruning and burning of affected twigs minimize the infestation.  

 



Bark eating caterpillar and trunk borer  

• The caterpillar (Inderbela sp.) bore inside the trunk/main stem.  

• Cleaning of the infested area and plugging holes with petrol, nuvacron or formaline 

soaked material is advocated.  

 

Fruit Borer  

• The small caterpillars bore through the stalk end of the fruit, and feed on the seed and 

skin.  

• Fruits become unfit for consumption.  

• Besides these, plants are often affected by leaf eating caterpillars, leaf miners, bugs, 

aphids,  

• The fruits are affected by bats, squirrels .  

 

 

 

 

Physiological disorders  

Fruit cracking  

Fruit cracking is one of the major limiting factors in the cultivation of lychee,.  

The early varieties are more prone to the problem of fruit cracking in comparison to late 

cultivars. The low atmospheric humidity, high temperature and hot winds during fruit 

development and maturity stage favour fruit cracking.  

Light irrigation to maintain soil moisture and to improve humidity has been found to 

minimize this problem through maintenance of a better micro-climate. spraying with either 

100 ppm NAA or 0.2 % borax during the developing stage of the fruits has been found 

effective.  

 

Harvesting and Yield  

• Lychee being a non-climacteric fruit requires to be harvested after attaining full maturity 

on the tree During maturity acidity declines and TSS increases which corroborate the 

appearance and colour on the fruit. Depending upon the cultivar, 65-80 days are taken for 

maturity from fruit set.  



• The fruits are harvested in bunches along with a portion of the branch and a few leaves. 

The fruits are harvested early in the morning when temperature and humidity are congenial, 

to have longer shelf-life of the fruit  

• The harvesting period is generally May-June, depending upon cultivar and location. 

However, in the hills of southern India lychee is harvested in NovemberDecember.  

• Usually about 80-150 kg fruit/tree is obtained from 14-16 year old trees. However, from a 

fully grown tree a yield of 160-200 kg/tree has also been recorded.  

 

Post-harvest management  

• Lychee deteriorates very fast after harvest. Pericarp browning is a major post-harvest 

problem.  

• Aril breakdown or softening of the aril involves a loss of turgidity and translucency where 

fruits become blunt in taste. 

 • Storage temperature of 2-5°C is considered to extend the shelf-life. Use of perforated 

polythene bags and storage at 3°C have also been reported to increase shelf-life.  

• Litchi fruits are used to make squash, and canning besides fresh consumption 



 

CASHEW 

Botanical Name: Anacardium occidentale L.  

Family : Anacardiaceae  

Chromosome no. : 2n =42  

Origin : Native of South Eastern Brazil and it is introduced India in 16th Century 

  

• India is the largest producer, processor, consumer and exporter of cashew in the 

world.  

• India alone 44.7% produces cashew of the total global cashew production. 

• Major cashew producing states are Karnataka, Kerala, Maharashtra along with 

west coast and Orissa, Andhra Pradesh and Tamil Nadu along with east coast. 

•  It is also grown to a similar extent in Goa, Andman and Nicobar Islands, 

Madhya Pradesh, Manipur, Meghalaya and Tripura.  

• Maharashtra is the larger producer of cashew in India. 

• The cashew nut is a unique combination of fat (47%), protein (21%), CHO and 

vitamins (10%) and about 82% of the fat contains unsaturated fatty acids. It is 

good nerve tonic, a steady stimulant and control diabetes.  

• The fleshy peduncle, “the cashew apple” is juicy and sweet when ripe. It is rich 

source of vitamin C and sugar.  

• Cashew nut tree is andromonoecious plant bearing staminate and hermaphrodite 

flowers on the same inflorescence. 

• Cashew flowers bears in large inflorescence called panicles. These panicles are 

produced terminally on newly developed shoots at the surface of canopy. 

 

Climate:  

• Cashew is a tropical plant and can thrive even at high temperatures.  

• The distribution of cashew is restricted to altitudes upto 700 m above mean sea 

level where the temperature does not fall below 20°C for prolonged period. 

• Areas where the temperatures range from 20 to 30°C with an annual 

precipitation of 1000 - 2000 mm are ideal for cashew growing.  

 

 

 



Soil: 

• Red sandy loam, lateritic soils and coastal sands with slightly acidic pH are best 

for cashew.  

• Heavy clay soils with poor drainage and soils with pH more than 8.0 are not 

suitable for cashew cultivation.  

Varieties:  

About 33 varieties of cashew have been released. Most of them have a mean 

yield of 8-10 kg/tree or 1.0 tonnes/ha. Cashew varieties are recommended for 

different states.  

1. Andhra Pradesh: BPP-1, 2, 3, 4, 5, 6 & 8 and VRI-2  

2. Maharashtra and Goa: Vengurla-1, 2, 3, 4 and 5  

3. Karnataka: Chintamani 1, Ullal 1, Ullal 2, Ullal 3, Ullal 4,  Vengurla 1& 4.  

4. Kerala: K-22-1, Madakkathara-1 & 2, Anakkayam, Priyani, Dhana, Priyanka  

5. Tamil Nadu: VRI-1, VRI-2 and VRI-3  

6. Madhya Pradesh: Vengurla 4  

7. Orissa: Bhubaneswar 1 and VRI 2  

8. West Bengal: Jhargram 1 

 

Propagation  

Soft wood grafting  and epicotyl grafting and are recommended for 

commercial scale adoption.  

• In the case of epicotyl grafting, tender seedlings (7-15 days old) with height of 

15 cm are selected as rootstocks and seedlings are cut at about 5 cm above the 

cotyledon and split vertically with a sharp blade.. The scion is collected and a 

wedge is made at the base of it, so as to exact fit in the cut made in the stock 

and tied with polythene strips. The success of epicotyl grafting varies from 50-

60% and depends upon high humidity and temperature. 

• When the above method is adopted in 30-40 days old seedlings is known as soft 

wood grafting. The success varies from 40-50%.  

Planting:  

• A spacing of 7 × 7 m or 8 × 8 m is recommended for cashew planting. 

•  Planting season is July-August. 

 



Training and Pruning:  

All the side shoots must be removed upto a height of at least 2 m from the 

ground. Periodical pruning of dead wood as criss-cross branches during the month 

of July-August is recommended to minimize the losses through diseases such as 

dieback and to increase the yield. 

 

Fertilizer Dose:  

• FYM-50 kg/tree/year, NPK: 500: 125: 125 g/tree/year (5 year onwards). 

The ideal time for application of fertilizer is immediately after the cessation of 

heavy rains. The fertilizers should be applied in two split doses during pre-

monsoon (May – June) and post monsoon (September – October) season. 

However, in the case of single application, it should be done during post monsoon 

season (September – October) when adequate soil moisture is available.  

 

Major problems: 

1. Tea mosquito bug (Helopeltis spp.): It causes severe damage to the tender 

shoots and inflorescence of cashew leading to heavy economic loss of crop. 

Adults and nymphs suck the sap from the tender plant parts. Panicle and shoots 

dry up in case of severe infestation. Crop loss due to tea mosquito attack was 

estimated to be more than 30%. 

Control: Spraying Malathion 0.05% thrice, first at the time of emergence of new 

flushes, the 2nd floral formation and 3rd at fruit set is recommended. 

2. Stem borer : Remove bark from infested areas and destroy any larvae or pupae 

found, this process should be repeated every month for up to six months; 

severely infested trees should be removed and destroyed; remove all adult 

weevils from tree prior to destruction and also remove bark and kill all larvae 

and pupae. 

Preventive treatment: Swabbing with Coal tar + Kerosene (1: 2) to a height of 

1 m trunk four times in year. 

3. Yellow leaf spot: due to molybdenum deficiency. Use of 0.03% solution of 

ammonium molybedate along with liming at the rate of 6 kg/tree applied 

twice a year, one during pre monsoon and another after cessation of monsoon 

was found to be effective in reviving the plants. 



4. Dieback or Pink disease: spraying any copper fungicide besides pruning the 

dead twigs are suggested. 

Harvesting:  

• The cashew tree begins fruiting in the third or fourth year attains the full 

bearing age by the 10th year and lives for 40-50.  

• Flowering commences in November and extend upto February and the fruits 

ripen from March-May.  

• The nuts collected should be dried immediately under sun by spread in thin 

layer.  

• If the surface is of cemented, drying for two full days is sufficient but if surface 

is uncemented (muddy/kachcha) drying for 3-4 days is necessary.  

• Nuts should not be dried to more than 4 days since they become brittle and 

break while processing, causing damage to the kernels.   

 

Yield:  

It depends upon many factors. Individual trees which yield more than 6 kg 

after 16 years are considered as good yield.  

On an average a tree provides 

1. 2 kg nuts at the age of 3-5 years  

2. 4 kg nuts at the age of 6-10 years  

3. 5-10 kg nuts at the age of 11-15 years  

4. >10 kg nuts at the age of 16-20 years  

Processing: 

Processing in cashew refers to the recovery of kernel from mature nuts by 

manual or mechanical means. In India processing of raw nuts involves  

1. Roasting:   cashew nuts are roasted in open pan or earthen ware or rotary 

cylinder or hot oil bath. The first two methods are simple and cheap, but they 

are time consuming and lead to poor recovery of CNSL (Cashew Nut Shell 

Liquid). The rotary cylinder method is more hygienic and efficient, but a major 

portion of the CNSL would be lost. The hot oil bath process combines good 

roasting and recovery of shell liquid. The cleaned cashew nuts are placed in 

wire baskets and immersed in a tank containing CNSL, boiling at a constant 

temperature of about 180-200°C for about 60 to 90 seconds. 



2. Shelling:  after roasting, shelling is done by labour. Each nut is placed edgewise 

and cracked open with a light wooden mallet and the kernel is extracted . 

3. Peeling: The kernels are dried in hot air chambers which facilitates peeling of 

the outer coating or testa. To prevent breakage, the kernels are to be handled 

very carefully, as they are brittle at this stage.  

4. Grading: done according to sizes, colour and damaged. 

5. Packing: vaccum packing in cashew extends shelf life by one year. 

 

 

   
 

 

 

 

 

 

 

Cashew fruit 



Arecanut 

B. N.: Areca catechu 

Family:  Palmae (Arecaceae) 

Chromosome no.:  32 

Origin : South East Brazil 

 

• Arecanut or Betlenut or Supari is a one seeded berry nut. 

• India is the largest producer and consumer of Arecanut 

• It is chewed both as raw nut and after processing. 

• It is an essential ingredient of ‘gutka’ and ‘pan masala’ 

• It is used in treating Leucoderma, cough, fits, worms, anemia and obesity. 

• Tannins in arecanut are being used for dying clothes, ropes and for tanning 

leather. 

• It is mostly grown in Kerala, Karnataka, Assam, West Bengal and Tamil Nadu. 

• It is a monoecious palm and its inflorescence is a spadix produced in the leaf 

axil. 

• It is cross pollinated crop and the time taken from full bloom to maturity of the 

fruit ranges from 35-47 weeks. 

 

Climate: 

• Grows in a wide range of temperature ranging from minimum of 14°C to a 

maximum of 40°C. 

•  Altitude upto 1000 m amsl.  

• Rainfall  - 750 -4500 mm well distributed throughout the year. 

• Adequate protection from exposure to South-Western sun is essential to avoid 

sun-scorch. Quick growing shade trees have to be planted on the southern and 

western sides well in advance of planting seedlings. 

Soil:        

• Arecanut is capable of growing in a variety of soils. 

• Larger area under the crop is found in gravelly laterite soils of red clay tye. 

• It thrives best in well drained soils. It is sensitive to moisture deficit and should 

be grown where adequate water facilities are available.  

 



Varieties: Mangala, Sumangala, Sreemangala, Shriwardhan, Samruthi, Sagar 

Mohitnagar and Thirthahalli dwarf. 

 

Plant Propagation:  

• Propagated through Seeds. 

• For raising seedlings seed nuts from pre-marked and pre-potent mother palms 

of outstanding performance are selected.  

• Sown immediately after harvest at a spacing of 5 - 6 cm apart in sand beds 

under partial shade with their stalk end pointing upwards. 

• Transplant  90 days old sprouts having two to three leaves to secondary nursery 

beds at a spacing of 30 x 30 cm or polythene bag of 30 x 10 cm filled with 

forest soil and are allowed to grow for 12 to 18 months under partial shade. 

• Periodical watering should be given. 

Field transplanting: 

• 12 to 18 months old seedlings are transplanted in the main field. 

• Seedling having 5 or more no leaves should be selected. 

• The planting is done during May-June with the onset of monsoon. 

• Spacing - 2.75 x 2.75 m. 

Manuring:  

• Apply to each bearing palm (3 years and above) 10 - 15 kg of FYM or green 

leaf.100:40:140 g of NPK/ tree/ year.  

• Apply 1/3 of recommended dose after one year of planting and 2/3 at the 

age of 2 years and full dose from 3 rd year onwards.  

• Manures are applied in 2 split doses: Pre monsoon – May-June and Post 

Monsoon – Sept-oct. 

 

Plant protection 

Pests: 

1. Mites: orange coloured mites can be controlled by spraying dimethoate @ 

0.05%. 

2. Spindle bug: the feeding injury is caused on lamina or petiole. The affected 

leaves show dry brown patches. Spray Dimethoate @ 0.05%. 

 

 



 

Diseases 

1. Bud rot or Mahali disease: Infected tissues of the bud should be scooped off 

and treated with Bordeaux paste. Destruction and removal of seed palms and 

bunches. Spray all the bunches with 1 % Bordeaux mixture in 3 times in a year. 

One just before onset of south-west monsoon and the rest at 40 days interval. 

2. Yellow Leaf Disease: 

• Application of balanced nutrients with additional quantity of super 

phosphate. 

• Apply 1 kg of lime/tree/year. 

• Apply organic manures @ 12 kg/ tree/year. 

3. 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. 

Causes: 

• Excessive flow of sap in to the inflorescence 

• Excessive nutrient supply 

• Prolonged drought followed by sudden irrigation 

Control:  

• Application of borax @  0.2% on bunches during early stages of disease. 

• Improvement of drainage and provide regular irrigation during drought. 

 

Harvesting and Processing 

• In arecanut the stage of maturity of nut at harvest varies depending on the type 

of produce that is to be prepared. There are two category of arecanut based on 

the method involved in processing;  

a. Kottapak/ Chali consumed mainly in North India and in Gutkha industry 

b. Kali pak consumed mainly in South India 

 

Kottapak/Chali: 



• Stage of harvesting : Ripe nuts i.e., when green nuts turn orange yellow 

and husk becomes soft. 

• Duration from blooming to maturity/ripening in arecanut - 9 to 11 

months. 

Processing: 

• It is dried ripe whole nut. In chali preparation only ripe nuts are harvested. 

• Fully ripe nuts are harvested ( more than 9 months stage of maturity 

depending on the agro climatic conditions ) from November to February 

and are sundried for about 40 to 45 days. Dried arecanuts are dehusked . 

Proper drying of the nuts is important to prevent fungal infection of the 

nuts in the drying yard. 

• Chali preparation is mainly in Kerala, Karnatakam Assam and Maharastra 

Kali pak preparation: It is done mainly in Kerala and Karnataka and is consumed 

largely in South India. 

Processing 

• Nuts are harvested at 6 to 7 months stage of maturity. At this stage the outer 

skin of the husk is dark green and nuts are soft and finger nails can be pressed 

into it. 

• Dehusking : Separation of husk from kernels 

• Cutting of soft nuts into pieces. 

• Boiling  - Cut pieces of nuts are boiled in water in a container till the water 

becomes thick syrup.  

• Kali or chogaru coating : Kali is the extract obtained during boiling of 

tender nut. Usually the same water is used for boiling 3 to 4 times. At this 

stage the water becomes concentrated called Kali. After boiling the arecanut 

are given coating with Kali to improve colouring. Kali coating is repeated to 

get glossy appearance. Kali contains many polyphenols. 

• Drying: It can be dried under sun or in an oven after draining the adhering 

liquid. 

• Colouring: Faulty drying, exposure to rain or delay in boiling results in 

bleached appearance to nuts due to lack of proper colouring. Thick syrup of 

Kali or chogaur is used to colour these dried nuts. 

http://ecoursesonline.iasri.res.in/mod/page/view.php?id=14099


• A well dried product of Kalipak will have dark brown colour, Glossy 

appearance, crisp chewing feel, well toned astringency and absence of over 

matured nuts. 

 

Scented Supari: Popular in North and Central India, is of 2 types. The first is 

made from chali and the other from Kalipak. The raw material is broken into bits 

and essential oil of spices and synthetic flavours, rose essence or menthol are 

added. 



Coconut 

B.N. – Cocos nucifera 

Family – Palmae (Arecaceae) 

Origin – South East Asia (Malaysia or Indonesia) 

Type of Fruit: Drupe 

Edible Portion – Endosperm 

Chromosome no – 2n = 32 

• Coconut is derived from Spanish word, COCO means Monkey Face 

• It is a monocotyledon fruit 

• Kerala stands first in area and production of Coconut in India 

• Also known as Kalpavriksha meaning tree of heaven as every part of coconut 

palm is useful to mankind in one way or other. 

Uses: 

• Immature nut contains water (Endosperm): coconut water is one of the 

most refreshing drinks, which is also known for its medicinal value. It is 

useful for diabetic and heart patients, useful to those suffering from diarrhea 

and vomiting, against dehydration of the body tissue. 

• Wet meat or kernel: it is used in making chutney, curries, toffee, sweet and 

other culinary purposes. 

• Dried kernel: it is commonly called as Copra and it is the richest source of 

vegetable fat yielding 60-67% oil. 

• Inflorescence (Spadix): it is used for preparing Gin, Toddy (a sugar 

containing juice). 

• Leaves – used in thatching houses, place mat, fruit tray 

• Stem – timber, particle board 

• Roots – Fuel and ayurvedic medicines. 

• Husk (Coir) – Rope, floor mat, doormat 

• Coconut Oil – important edible oil for domestic uses and also prevents skin 

diseases. 

Species and cultivars: 

Cocos nucifera is a monotypic i.e., containing only one species. 

Cultivars: There are two distinct cultivars of coconut. They are: 

 

 



 

S. N. Characters Tall Palm Dwarf Palm 

1.  Tree size  15-18 m with 25 –30 fronds 5-7 m with 22 –28 fronds 

2.  Bearing habit Late bearing (6-7 years to 

come into flowering) 

Early bearer (3-4 years to 

come into bearing) 

3.  Trunk 

character  

Enlarged base called bole Bole is not found 

4.  Mode of 

pollination 

Cross pollinated Self pollinated 

5.  Leaf character Long petiole, long leaflets, 

broad lamina 

Smaller petiole and leaflets 

6.  Nut size bigger Smaller  

7.  Oil percentage 68-75% 65-70% 

8.  Copra content High copra (>150g/nut) Less copra (90-120g/nut) 

9.  Yield 65-75 nuts/tree 60-70 nuts/tree 

10.  Varieties West Coast Tall (WCT), 

East Coast Tall (ECT), 

Laccadive Ordinary (LO), 

Andaman Ordinary (AO), 

Kappadam, San Raman 

Chowghat Green Dwarf 

(CGD), Chowghat Orange 

Dwarf (COD), 

Gangabondam (GB), 

Malayan Yellow Dwarf 

(MYD) 

 

Hybrids: 

1. Anandaganga  :  A.O. x G.B 

2. Chandrashankar  : C.O.D  x W.C.T 

3.  Kerasankara : W.C.T. x C.O.D. 

4. Kerashree: W.C.T x M.Y.D. 

5. Keraganga: W.C.T x G.B. 

6. Lakshaganga: L.O x G.B. 

Climate and Soil: 

• It preferred humid tropical climate.  

• The ideal temperature for coconut growth and yield is 27 -32° C and 

humidity 80-90%.  

• Relative humidity less than 60 % affects the growth. 

• Altitude: 600 to 900 m 



• Rainfall: 200 cm per year, well distributed. 

• Light sandy soils to heavy soils with a pH 5.2 to 8.0.  

• Proper drainage, good water-holding capacity, presence of water table within 

3 m and absence of rock or any hard substratum within 2 m of the surface. 

 

Plant propagation:  

• Coconut is propagated through seedlings raised from selected seednuts.  

• 9 to 12 month old seedlings having 6-8 leaves and 10-12 cm collar girth are 

used for planting. 

 

Method of Seednut Sowings: 

1. Vertical sowing 

2. Horizontal sowing (stalk end placed horizontally) – best method 

 

Planting Distance: 7.5 to 9 m in square system but in single hedge row planting 

system the spacing is 9 x 5m 

 

Planting Time: 

• Well drained soils: onset of south- west monsoon. 

•  If irrigation is available: Better to plant one month before the onset of 

monsoon, so that seedlings get established before heavy rains. 

 

Fertilizer Dose:  

• FYM-50 kg/palm/year, NPK: 500: 330: 1200 g/palm/year (4 year onwards). 

• Apply manures and fertilizers in circular basins of 1.8 m from the base of the 

palm, incorporate and irrigate.  

• The fertilizers may applied in two split doses, in June-July and in Dec. to Jan. 
 

Fruit Growth in coconut: 

• After fertilization cocnut takes 11-12 months for the flower to develop into a 

mature nut. 

• When the nut is 4 months old it contains maximum quantity of clear sweet and 

refreshing drink known as coconut water. 



• When 5 months old it attains full size and the meat begins to form as athin layer 

or jelly around the inside of endocarp or shell. Sugar content is low at this stage 

which increases to a maximum at about 7 months. 

• As the fruit matures, the nut water is partially replaced by the meat. 

• The endocarp or shell begin to harden when the nut is about 7 months old. 

• When the nut is 11-12 months old the shell becomes fully hardened and the 

meat fully formed with a brown outer testa adhering inside the endocarp. 

Problems in coconut: 

1. Shedding of Buttons and immature nuts: very serious problem and affect 

yield. The probable causes are following: 

• Failure in fertilization 

• Soil moisture stress 

• Nutrient imbalance 

• Infection of female flowers due to pathogen like fungus. 

• Infection of sucking insects 

Control:  

• Maintain adequate soil moisture particularly during summers or long spells 

of dry period. 

• Apply adequate manure and fertilizers 

• Spray any copper fungicide in case button shedding is due to fungus. 

• Spray insecticide to control sucking bugs in case shedding is due to insects. 

• Spray growth regulators like NAA or 2,4-D @ 60ppm on female flowers at 

7-10 days intervals just after completion of fertilization. This will increase 

fruit setting and prevent button shedding and ultimately it will increase 

yield. 

2. Rats: very serious pest of coconut palm. Extent of damage caused by rats in 

India is 5-10% of the total production. 

Common species: House rat (Rattatus rattus), Burrowing rat (Bandicota 

bengalensis) 

House rat enter the crown of the palm and burrow into the immature nuts 

and drink the water and eat the soft meat. The attacked nuts are damaged and 

shed. 



The burrowing rats bore through the root system and uproot the seedlings. 

They also cause the serious damage to the crown of young palms. The use of 

traditional traps is the most common control against rats. 

3. Stem bleeding: caused by fungus Thielaviopsis paradoxa. Exudation of 

reddish brown liquid through cracks developing on the trunk. On drying the 

liquid turns black. The tissue around the bleeding points start decaying 

which later develop into a general decay of the tissues underneath the bark. 

Control:  

• Remove the affected tissues and apply Bordeaux paste.  

• Phytosanitation measures should be adopted. 

• Apply bavistin through root feeding. 

Other disorders: 

1. Crown choke of coconut – caused due to boron deficiency. The leaves of 

the palm become shorter and crinkled. 

2. Pencil Point – Caused due to water logging or improper drainage. 

 



Coffee (Coffea spp.) 

Family: Rubiaceae 

Coffee cultivation is mainly confined to the States of Karnataka, Kerala, Tamil Nadu 

and Andhra Pradesh and on  a  limited  scale  to  Arunachala  Pradesh, Assam, Madhya 

Pradesh,  Manipur, Meghalaya, Mizoram, Nagaland,  Orissa, Sikkim, Tirupura  and  West  

Bengal. 

Botany: 

Though the genus coffea consists of about70 species, only 3 species are of economic 

importance. They are:  

1. C. arabica (Arabica coffee) 

2. C. canephora (Robusta coffee)  

3. C. liberica (Tree coffee).   

The first two species are extensively cultivated. The important differences among these two 

species are: 

S. 

No. 
Characters 

Arabica coffee 

(C. arabica) 

Robusta coffee 

(C. canephora) 

1.  Ploidy Tetraploid (2n =44) Diploid (2n =22) 

2.  Origin Ethiopia  Central Africa 

3.  Adoptability 
Higher elevations 

(1000 to 1500m) 

Comparatively lower 

elevations (500 to 1000m) 

4.  Plant stature 
A small tree, shrub or a 

bush under training. 
Bigger tree than Arabica 

5.  Berries per node 
10 to 12 per node but 

bigger 

40 to 60 per node but 

smaller 

6.  Fruit development period 8 to 9 months 10 to 11 months 

7.  Root system Small but deep Large but shallow 

8.  Pollination and fertilization 
Self fertile and self 

pollination 

Self sterile and cross 

pollination 

9.  Annual Rainfall 1600-2500m 1000-2000m 

10.  Temperature  15-25°C (ideal) 20-30°C (ideal) 



11.  Relative humidity 70-80% 80-90% 

12.  Soil 

Deep friable, porous, rich 

in organic matter, 

moisture retentive, slightly 

acidic, pH 6-6.5. 

Same as for arabica 

13.  Aspect 
Northern, Eastern and N. 

Eastern aspects are ideal 
Same as for arabica 

14.  Slopes 
A gentle to moderate slope 

is ideal 
Flat to gentle slopes. 

 

Varieties: 

Variety Feature 

1. Selection-3( S- 795) Resistant to leaf rust 

2. Selection-7  

(San Raman Hybrids) 
Dwarf mutant from Costa Rica – An arabica type. 

3. Selection – 8  

(Hibrido- De timor) 

Spontaneous hybrid of robusta and arabica, resistant to leaf 

rust 

4. Selection-9 Drought hardy and widely adopted plants.  

5. Selection – 10 Drought hardy and widely adopted plants.  

6. Selection –12 (Cauvery) Early bearer & resistant to leaf rust 

7. Chandragiri coffee 
produces 25 per cent bigger sized berries compared to other 

varieties. Tolerant to drought. 

 

Propagation:  

Coffee is commonly propagated through seeds. This method is simple and easy to generate a 

large number of plants. By seed propagation, reasonable levels of uniformity could be 

achieved in Arabica coffee because of its self pollinated nature. But in cross-pollinated 

robusta, seedling progeny show variability. Hence, vegetative propagation by using rooted 

cuttings of orthotropic shoot is recommended for achieving uniformity in Robusta.  

Nursery raising: 

http://ecoursesonline.iasri.res.in/mod/page/view.php?id=13679


• Seed beds of 6m x 1m size raised 15 cm from ground level. 

• Seeds are usually sown during Dec-Jan. at a distance of 2.50-3.0cm in regular rows and 

covered with a thin layer of finely sieved soil. 

• Seeds germinate in about 45 days. The seedlings at ‘button’ stage (before the opening of 

cotyledonary leaves) are transplanted into polybags filled with soil, FYM and sand in 

6:3:1 ratio. 

• The polybags seedlings attain 5-6 pairs of leaves in about 6 months and become ready for 

planting. 

• Spacing – Arabica coffee – 2.0 to 2.5 m. 

                Robusta coffee – 2.5 to 4.0 m. 

• 16-18 months old are planted during June or Sept-Oct. 

Training and Pruning: 

 Training of the bush is necessary to have a strong framework which promotes 

production of bearing wood.  

Coffee is trained in two systems: 

1. Single stem system: When the plant reaches a height of 75 cm in Arabica or 110 to 120 

cm in robusta, lit is topped. This helps to restrict   vertical growth, facilitate lateral spreading 

and increase the bearing area. In this system, a second tier is also allowed 

sometimesdepending upon the soil fertility and plant’s vigour.  

2. Multiple stem system:  It is common in Kenya, Tanzania, is not practiced in India.  

Pruning:Generally done immediately after harvest and till the onset of monsoon. It is 

essentially a thinning process and is done mainly to divert the vigour of the plants to certain 

parts by pruning the other parts. Pruning involves: 

a. Centering: removal of the vegetative growth upto 15 cm radius from the centre and upto 

the first node of all primary branches. 

b. Desuckering: Removal of orthotropic branches arising from the main trunk. 

c. Handling: Removal of small sprouts arising from the axis of the leaves which otherwise 

grow towards the inner side and cause shade and become unproductive wood. 

d. Nipping: Growing tip of primary branches is removed to encourage secondaries and 

tertiaries. 

Shade and   its management: 

Under the climatic conditions existing   in India. Coffee is being cultivated under 

shade. It comprises of two canopies   lower or temporary and upper or permanent. High light 



intensities and temperature prevailing during the drought period are not conducive for normal 

and healthy growth of coffee plants. Therefore, it is necessary for protecting the coffee plants 

during the above period by providing both temporary (lower) and permanent (upper) shade 

trees. Popular shade trees found in South India are - Albizzia lebbek, A. odoratissima, A. 

moluccana, Artocarpus integrifolia,Dalbergia latifolia, Ficus glomerata, F. Infectoria etc.,  

Manuring: 

Application of bulky organic manures like FYM or compost @ 5 tonnes/ha once in two years 

would improve the soil condition and better utilization of applied fertilizers. The 

recommended dose of fertilizers should be applied in three splits (post-blossom, pre-

monsoon, post-monsoon) by adopting drip circle method.  

Sl. No.   (Dose per plant in grams) 

 Pre blossom    (March) Post blossom (May)   Post Monsoon  (Oct.) 

 N P2O5 K2O   N P2O5 K2O   N P2O5 K2O   

I Year    8 5 8 8 5 8 8 5 8 

II & III Year     10 8 10 10 8 10 10 8 10 

IV Year      13 10 13 13 10 13 13 10 13 

V Year &Onwards   24 15 24 24 15 24 24 15 24 

 

Harvesting: 

• Coffee fruits should be picked as and when they become ripe to get better quality.  

• Arabica comes for harvesting earlier since they take 8-9 months for fruit development 

from flowering while robusta takes 10-11 months.  

• Picking is done by hand. The first picking consists of selective picking of ripe berries 

often seen in the outer portion of the node and is called fly picking. 

• Thereafter, there will be 4-6 main pickings at 10-15 days intervals and final harvesti.e, 

Stripping consists of picking of still remaining green berries on the plant.  

Processing of Coffee: 

 Coffee is processed in two ways  

a) wet processing to prepare plantation or parchment coffee   

b) dry method by which cherry coffee is prepared.  

A. Preparation of parchment coffee: 



i. Pulping:  This method requires equipment and adequate supply of clean water. Fruits 

should be pulped on the same day to avoid fermentation before pulping.  

ii. Demucilaging and washing:  The mucilage on the parchment skin can be removed by   

a. Natural fermentation:  The mucilage breaks down in the process of fermentation 

and it takes 24-36 hours for arabica and 72 hours for robusta. Cool weather delays the 

process of fermentation.  Under fermented or over fermented    beans affect quality. 

When correctly fermented the mucilage comes off easily and the parchment does not 

stick to the hand after washing and the beans feel rough and gritty when squeezed by 

hand. When the mucilage breakdown is complete, clean water is let in and the 

parchment washed pebble clean with three to four changes of water. 

b. Treatment with alkali:  Removal of mucilage by treatment with alkali takes about 

one hour for arabica and one and a half to two hours for robusta. The beans obtained 

after pulping are drained off excess water and spread out in the wax uniformly and 

furrowed with wooden ladles with a long handles. A 10% solution of caustic soda 

(NaOH) is evenly applied into the furrows using a water can. When the parchment is 

no longer slimy and makes a rattling noise, clean water is let in and the parchment 

washed clean with 3 or 4 changes of water.  

c. Removal of mucilage by friction: There are machines, which pulp and demucilage 

the beans in one operation. However, a number of naked and bruised beans may 

result in the parchment.  

iii. Drying:  The next stage is drying the parchment in the sun until the moisture content is 

sufficiently reduced to permit storage of beans till they are dispatched to curing works. 

Proper drying contributes to the healthy colour of the bean and other quality factors. Under 

dried parchment turns mouldy and gets bleached storage and subsequent curing 

operations. 

B. Preparation of cherry: 

• For preparation of cherry coffee fruits should be picked, as and when they ripe.  

• Green and under-ripe should be sorted out and dried separately.  

• The fruits should be spread evenly to a thickness of about 8 cm on clean drying ground 

in which the cherries are stirred and ridged atleast once every hour.  

• The cherry is dry when a fistful of the drying cherry produces a rattling sound when 

shaken and a sample forlit records the same weight on two consecutive days.  



• The cherry should be fully dry at the end of 12 to 15 days under bright weather 

conditions. 

• In India, most of Arabica coffee is processed as parchment coffee while bulk of 

robusta is made as cherry coffee. 

Diseases: 

1. Leaf rust (Hemileiavastatrix): Pale yellow spots on the lower surface of leaves, later turn 

to orange yellow powdery mass and at severity causing premature defoliation.  

Control:  Spray susceptible coffee with 0.5% Bordeaux mixture 3-4 times a year pre-

blossom, pre monsoon, mid monsoon and post monsoon months. 

2. Black rot (Koleroganoxia): blackening and rotting of leaves, twig and developing berries. 

There will be defoliation and berry drop in the affected branches.  

Control:proper shade regulation, centering and handling of the bushes prior to the onset 

of monsoon to prevent secondary spread. Spray with Bordeaux mixture 1% during 

monsoon. 

Insect-pest: 

1. Coffee berry borer: It is the most serious pest of coffee world over. The female beetle 

bores into the berries through the navel region and makes tunnels in the hard bean and lays 

about 15 eggs. The larvae feed on the beans, making small tunnels. A typical pinhole at 

the tip of the berries indicates the presence of the pest, and it damages young as well as 

ripe berries. In case of severe infestation, 30 to 80% berries may be affected resulting in 

heavy crop loss. 

Control: 

• Timely cultural operation and complete harvest, collection of gleanings, burying the 

infested berries and maintaining optimum shade and good drainage can control the 

pest. 

• Install attractant trap to collect and kill the beetles. 

• Chlorpyriphos is also effective in controlling the beetles. 
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Tea 

Botanical name: Camellia sinensis 

Family : Camelliaceae 

Chromosome no. :2n = 30 

Origin : China in South East Asia 

Distribution : China, (largest producer), India (II), Sri Lanka ,  Africa, Indonesia, Japan etc. 

Major tea growing states: Assam (leading producer in India), West Bengal, Tamil Nadu, 

Kerala, Tripura, Arunachal Pradesh, Himachal Pradesh, Karnataka, Sikkim, Nagaland, 

Uttarakhand, Manipur, Mizoram, Meghalaya, Bihar and Orissa.  

Nutritional importance 

• Stimulating property of tea is due to the presence of a compound called caffeine. 

• The antioxidant rich beverage contains appreciable amount of vitamins C, D, K and 

minerals like calcium, magnesium, iron, zinc, sodium etc.  

• Besides, tea is also helpful in reducing fat and boosting metabolic activity. 

•  It lowers the risk of cancer and cardiovascular diseases, viral, bacterial and inflammatory 

reactions. 

•  Green tea lowers down LDL cholesterol as well as improves bone and oral health. 

Botany  

The original species which produced tea are – 

i. Camellia assamica (Assam jats): it is a tree. 

ii. Camellia sinensis (Chinese jats): it is a shrub. 

iii. Natural hybrids of the above two sps. 

Varieties: 

Pandian, UPASI-2(Jayaram), UPASI-3 (Sundaram), Golconda, Evergreen, Athrey, 

Brookeland, BSS 1, BSS 2, BSS 3, BSS 4, BSS 5, UPASI 9, Swarna, Springfield, Singara 

*UPASI (United Planters' Association of South India, Coonoor, Tamilnadu) 

 

Types of Tea 

Based on processing: 

• White tea (unwilted, non-fermented) 

• Yellow tea (unwilted, lightly fermented) 

• Green tea (wilted, non-fermented) 

• Oolong tea (wilted, partly fermented) 



• Black tea (wilted, fully fermented) 

Climate and soil 

• Evergreen shrub and Shade loving plant 

• Requires high humidity, 125 to 150 cm annual rainfall well distributed over 8-9 months 

• Temperatures 16-300Cduring April to September  

• Soil - Sandy, well drained, acidic (pH 4-6) with high organic matter 

Propagation : 

Cuttings:  Single node cuttings of 3 cm size. A good cutting has a fully mature healthy 

undamaged leaf with a bud in its axil and a small portion of stem. 

 

Planting 

Time: June -July or September-October.  

System :  Contour planting is done either in single hedge system (RxR=1.2m &PxP= 0.75m) 

or double hedge system (1.35 x 0.75 x 0.75m)  

Shade management 

During summers (June-October), chances of damage to the tea leaves due to high 

temperature increases, therefore tree species like Silver oak, Jacaranda, Albizzia sps., are 

popularly used for providing shade in tea gardens. 

Training and Pruning 

It is an important operation in Tea. Proper training and pruning of the bushes is 

required for development of a strong framework, maintaining convenient height for plucking, 

induction of more vegetative growth, removal of dead, non-functional wood and interlaced 

branches.  

Training of young plants 

Centering: The leader stem of plants are cut back within 20-30cm above the ground level 

leaving 8 to 10 mature leaves  below the cut to arrest apical dominance and to induce 

secondary branches. It is done 4-6 months after planting, during humid weather when there is 

adequate moisture in soil. 

Tipping:  it involves plucking of aperiodic shoot (primary shoot) after centring. To achieve 

proper spread, 2 tier tipping is followed. First tipping is done at 35cm height to induce 

tertiaries & second tipping at 50cm height for increasing the density of plucking points. 



Tipping should be done at green semi-hardwood stage & the tipped material should have 3-4 

leaves & a bud. 

Pruning: 

Objective: to induce more vegetative growth, to remove dead and crowding branches. It starts 

after 3-5 years of planting. It is done in April- May or August -September 

Types of pruning: 

1. Rejuvenation pruning - The whole bush is cut near the ground level at a height of less 

than 25 cm with a view to rejuvenate the bushes. It is done in April-May 

2. Hard pruning -Hard/ formation pruning of young tea is done at a height of 30 to 45 cm 

from ground level for proper spreading of bushes. Done in April-May 

3. Medium pruning - It is done to check height of the bush at lower levels at less than 60 cm 

and to stimulate new wood and foliage. Done in August-September. 

4. Light pruning - Pruning is done 15-20 cm above the last pruning mark. The height of the 

bush does not exceed beyond 65 cm (manageable height for plucking). Done in September 

5. Skiffing- This is the lightest of all pruning methods.  A removal of only the top 5 - 8 cm 

new growth is done so as to obtain a uniform level of pruning surface (more than 65 cm). 

Done in October. 

Management 

Pruning of the severely affected parts and covering the pruned ends with protective 

paints like Copper oxy chloride, proper shade management, good drainage, proper pH, and 

chemicals like Carbendazim, Hexaconazole and Tridemorph etc. 

Nutrient management in tea 

The general recommendation of fertilizers in tea is 130-165 kg/ha nitrogen, 40-50 

kg/ha P2O5, 180kg/ha K2O. 

Insect-Pests 

The major pests attacking different parts of tea bushes can be grouped under- 

a. Sucking pests – Tea green leaf hopper, Aphid, Tea mosquito bug, Thrips Scales, Mealy 

bugs etc 

b. Defoliators – Leaf miner, Flush worms, Bunch caterpillar etc 

c. Borers – Red borer, Shot hole borer 

d. Mites – Red spider mite, Scarlet mite etc 

Management  

Proper sanitation of tea gardens, drainage, Use of light traps, Use of healthy planting 

materials, Chemicals like Chlorpyriphos may be used. 

http://www.tocklai.net/activities/tea-cultivation/planting-materials/
http://www.tocklai.net/activities/tea-cultivation/planting-materials/


Diseases 

a. Root diseases: Red root, brown root, black root etc. 

b. Leaf diseases: Blister blight, Black rot, Red spot, Black spot etc. 

c. Stem diseases: Canker, Red rust, Die back etc. 

Plucking 

Harvesting of tea leaves is known as plucking. The best quality tea is produced when 

the terminal bud is plucked along with top 2-3 leaves. Plucking starts from 3rd year onwards. 

The plucked leaves are then manufactured to produce tea. The time interval between two 

successive plucking is normally 7-14 days.  

Yield 

A properly maintained tea plantation may yield more than 3000kg of made tea/ha. 

 

Tea manufacturing 

Tea is manufactured by two types of processes: 

1. Orthodox method:Orthodox tea is produced by traditional (or orthodox) methods of tea 

production. The process involves plucking, withering, rolling, fermentation and drying. In 

this method, rolling operation is done in a series of rollers.  

2.CTC method: Crush, tear, curl (sometimes cut, tear, curl) is a method of processing black 

tea in which the leaves are passed through a series of cylindrical rollers with hundreds of 

sharp teeth that crush, tear, and curl the tea into small, hard pellets. Tea produced using this 

method is generally called CTC tea. 

Steps involved in manufacturing of tea: 

1. Withering – It is the reduction of moisture content of tea leaves. Fresh leaves contain 

about 73-80% of moisture. The leaves are spread on long tables with fine mesh as a table 

board that is being aired with a ventilation system from underneath.  

• Green leaves lose moisture 70-75% at 10-15hrs in CTC method. 

• While, Green leaves lose moisture 50-55% at 18-24hrs in orthodox method 

 

2.Rolling -The withered soft tea leaves are put into rolling machines for 20-60 minutes. The 

rolling machine comprise of two large round metal plates that run in different directions and 

gently twist the leaves thus opening the cell walls of the leaf and allowing the juices inside to 

get exposed to the oxygen in the air (oxidation of polyphenols). Oxidation of polyphenols 



produces theaflavins and thearubigens. These are responsible for colouring of tea and is 

a pre-requisite for next process viz., fermentation. 

3. Fermentation –In this process, in the presence of high humidity (about 95%) and low 

temperature (20°C) the oxidation process reaches its climax. The fermenting process takes 2 

to 5 hours. The properly fermented tea turns golden red and develops its characteristic colour, 

briskness, flavour and aroma. The astringent and bitter taste of tea leaves disappears after 

proper fermentation. 

4.Drying – The objective of this step is to stop further fermentation, remove moisture content 

to about 3 to 4 percent without any burnt smell. The focus is to retain the characteristic 

quality.  This is achieved by passing the fermented tea in thin layers through conveyors into a 

drier in which the inlet temperature is maintained around 250-280°F and the outlet 

temperatures is around 150-200°F. Proper drying takes about 30 to 40 minutes. 

5. Sorting/ Grading– Before grading, the dried tea is passed through fibre separator machine 

to remove all stalky fibres. Then the tea is passed through mechanical sieves with different 

sized meshes which help in sorting the tea according to different leaf grades. 



Strawberry 

B. N.: Fragaria × ananassa,  

Family: Rosaceae 

Chromosome no.:  2n=8x = 56 (Allo-octaploid). 

 
• The cultivated strawberry (Fragaria x ananassa) was first tried in Europe (France) in 

the early 18th century and represents the accidental cross of F. virginiana from eastern 

North-America, which was noted for its fine flavour and F. chiloensis from Chile and 

noted for its large size. 

• Botanical fruit of strawberry is aggregate fruit called ‘Etaerio of Acenes’ 

• Strawberry is very nutritive fruit. It is a rich source of vitamins and minerals.  

• The flavour of the fruit is due to presence of volatile ethyl esters. 

• Most of the fruits are consumed fresh and some are processed into Jam, chutney, 

squash and other food stuffs. 

• The fruits are canned and shipped in frozen conditions in western countries. 

• The major strawberry growing states in India are Punjab, Haryana, Uttar Pradesh, 

Himachal Pradesh, Uttarakhand, Jammu and Kashmir and Maharashtra 

(Mahabaleshwarm). 

Climate: 

• Strawberry is grown in temperate to sub tropical areas, but thrives best in temperate 

climate. 

• Strawberry requires certain minimum amount of dark period (8 hours) for flower bud 

initiation, but better flowering and fruiting can be achieved if plants are chilled.  

• A temperature of about 22-30oC is considered optimum for plant growth.  

• In cold climates, frost damage and winter injury are major constrains for strawberry 

cultivation.  

Soil:  

• Strawberry thrives best in light soil as heavy soil inhibits root growth and 

development. 

• Sandy loam soils rich in organic matter (4-5%) is best for strawberry cultivation. 

• It prefers light acidic soils (pH 4.6 to 6.4). 

 



 

Varieties: 

Chandler, Camarosa, Sweet Charlie, Selva (off season cultivar), Belrubi, Fern, Tioga, 

Pajaro, Pusa Early Dwarf, Chaubattia Abhichal.  

Propagation: 

Strawberry is commercially propagated by runner plants. For large scale propagation of 

virus free plants, tissue culture is widely used. 

Planting Time: 

Plains – September-October 

Hills - September-October and March April 

Planting System: 

1. Matted Row – this is simple & least expensive method. The runners are usually 

planted at 90 x 45 cm spacing. After initial growth of first year the runners are 

allowed to covered the vacant space all round the mother plant, ultimately covering 

whole vacant space and giving appearance of mat. It is generally followed in heavy 

soil which are free from weeds. 

2. Spaced Row – this system is suitable for cultivar moderate to week in producing 

runners. The daughter plant are spaced at definite distance by covering tip of runners 

with soil which becomes plants. This is done till desire no of daughter plants are 

obtained for each mother plant. The runners formed latter on are removed. 

3. Hill system – this system is follow for cultivars developing a few runners. All runner 

are removed from mother plant. The individual plant become large & bears more 

than those in matted row. The plants are planted at 45 x 30 cm or 60 x 45 cm 

distance. 

4. Plastic films – Black plastic film is used as mulch for hill system to control weeds & 

conserve moisture but on hot days sun scalding of berries takes place. In this system 

berries are kept clean and rot & mold are reduced.  

Manures and fertilizers:- 

• Apply 50-60 tones/ha well rotten FYM at the time of preparation (pre planting) along 

with 40 kg P2O5 and 30 kg K2O/ha. Apply 80 Kg of N/ha in two split doses. Half N 

should be applied after month of planting, and remaining half before blossoming. 

Harvesting: 

• Fruits are usually harvested when half to three quarters of skin develops colour. 

• A delay in picking increases the percentage of overripe and rotten berries. 



 

 

 

Insect-Pests: 

(i) Red spider mite  

(ii) Leaf roller 

Diseases: 

Gray mold: (Botrytis cinerea) - Light brown soft spot appear on fruits, the berries dry out 

and covered by a dusty fungus growth. 

Disorder: 

Albinism – A physiological disorder in berry due to lack of colour in ripening. The fruit 

remain irregularly pink or even totally white & sometimes swollen. They have acid taste and 

become less firm. 



Peach (Prunus persica) 

Family- Rosaceae 

Origin – China, 2n=16 

 In India, peach cultivation is confined to the warm temperate and sub-tropical 

parts of Jammu and Kashmir, Himachal Pradesh, Punjab, Haryana, 

Uttarakhand, parts of Uttar Pradesh and Tamil Nadu. 

 Common Peach – Prunus persica 

 Nectarine- Prunus persica var. nucipersica – A smooth skinned form of peach 

(fuzzless peach). Nectarine have evolved as a result of single dominant gene 

mutation in peach for fuzziness. 

 Prunus mira (behmi )– a natural hybrid of almond and peach. This species 

occurs extensively in the dry temperate zone of Kinnaur, India and is 

commonly used rootstock for peach, almond and plum. 

Climate : 

 Peaches are mainly grown in midhills at height ranging from 1000-1600m 

amsl. 

 Chilling requirement of peach varies between 200-850hrs at or below 7°C 

depending upon variety. 

 Some low chilling varieties are grown in subtropical areas which require 250 to 

300 chilling hours. 

 Peaches require wet and humid climate with cold winter and dry summer. 

 The limiting factors in peach cultivation are the minimum winter temperature, 

chilling hours, spring frosts, hailstorms, high humidity and desiccating winds 

during summer. 

Soil: 

 Deep sandy loam soil rich in organic matter is best for its successful 

cultivation. 

http://ecoursesonline.iasri.res.in/mod/page/view.php?id=79025


 Peaches are highly susceptible to water logging and prefer perfect drainage. 

 The pH of the soil should be between 5.8 and 6.8. 

Varieties: 

High chilling Varieties – July Elberta, Red June, Para Delux, Peshawari 

Low chilling Varieties – Florda Prince, Florda Red, Florda Gold, Prabhat, Pant 

Peach-1, Shan-e-Punjab, Sharbati, Early Grand 

Nectarine Varieties – Nectared, Sungrand, Sunred, Sunmast & Sunripe, Punjab 

Nectarine  

Propagation 

 Peach is commercially propagated through grafting or budding on seedling or 

clonal rootstocks. 

 The commercial methods of propagating peach are T budding and Tongue 

grafting 

 In the hills, tongue grafting during February and T budding during May- June 

are recommended. 

 In plains, grafting is performed during November-January and budding during 

April- June and in September. 

Rootstock – seedlings of late peach varieties (Sharbati), Plum, apricot and almond 

seedling 

Nematode resistance rootstock – Nemaguard, Nemared and Flordaguard 

Planting: 

 In plains, square system of planting is common, while in hills layout of an 

orchard is done with contour and terrace system. 

 Normal planting density – 4 to 6 m in square system 

 In high density planting, the spacing is reduced to 5 x 1 m or 6 x 1 m in tatura 

trellis system. 

Training: 



 Peach is generally trained in the form of open center system.  

 However, in the plain area plants are trained in modified central leader system 

due to strong winds and more sunlight.   

 In high density, peach are trained with Y tatura trellis system . 

Tatura trellis system 

 In high density planting, this system of training of plants is very popular being 

very yield efficient. Trees are planted at a spacing of 5x1m or 6x1m. 

 At the time of planting, one year old plant is headed back to 40-50 cm above 

the ground level. 

 In next growing season two limbs or branches are selected in opposite 

directions and these branches are trained across the inter row space at an angle 

of 60 degree from the horizontal, forming V-shaped canopy. 

 The canopy is supported by a permanent trellis constructed of high tensile 

galvanized steel fence posts. 

 The secondary branches are developed along each primary branches forming 

fruiting canopy. 

Pruning 

 The main objective of pruning is to maintain balance between vegetative 

growth and fruiting. 

 Bearing peach require heavy and regular pruning because it bear fruits 

laterally on the previous season growth and in small amount in spurs. 

 It is known, once a growth has fruited will never bear again in its life. 

Therefore, pruning is done to remove the unproductive parts which in turn will 

form new fruiting branches in the following season. 

 In peach pruning, thinning and heading back of shoots are two basic 

components. For good quality fruit production, 40-50 per cent of thinning out 

and 75% heading back of shoots is suggested under mid hills conditions. 



 At the time of pruning, dead, diseased and broken branches should be pruned 

off. 

Fertilizers doses: In Uttarakhand for 6years and above old peach trees, 10kg FYM, 

300 g each Nitrogen and Potash and 500g phosphorus is recommended. 

Pollination – Peach is a self fruitful crop except J. H. Hale, June Elberta, Halberta & 

Giant. These are male sterile varieties of peach and require pollinizer variety. 

Pollinating agent: Honeybees 

Diseases: 

1. Peach Leaf-curl (Taphrina deformans):  

 Found in temperate and rarely in sub-tropical climate. 

 Destroys new leaves in the spring and causes defoliation, thus reducing the 

vigour of plant. 

 Leaves become thickened, reddened, twisted and puckered. 

 Young twigs become swollen and pale and may die back. 

Control: Single spray of copper oxychloride @ 0.2-0.3% applied 3-4 weeks of 

bud swell provides effective control of disease. 

2. Crown Gall (Agrobacterium tumefaciens): 

 Characterized by formation of tumors of varying sizes especially at the 

crown portion and sometimes on roots and other parts of the plant. 

Control: 

 Procure disease free plant material from a reliable source. 

 Avoid injury to the roots and crown portion of the plant at the time of 

intercultural operation. 

 Keep the plants free from insects, nematodes and rodent injuries. 

 Uproot & destroy the diseased plant from nursery/ orchard whenever 

noticed. 

3. Gummosis:  



 The main trunk of the tree, branches, shoots, fruit spurs, blossoms, dormant 

buds, leaves and even fruits are attacked. 

 The attacked bark becomes brown and gummy. 

 Fruits become distorted. 

Control:  

 Spray of copper oxychloride @ 0.2% during winter season and again in spring.  

 Application of Bordeaux paste or chaubattia paste or copper oxychloride paste 

at cut ends during winter season. 

Insect-Pest: 

1. Peach Leaf curl aphid:  The pest suck the sap from vegetative buds. Infected 

leaves become curly in appearance. 

Control:  spray of Rogor 30 EC (Dimethoate) @ 0.04% before flowering and 

other spray after fruit set. 

Peach Replant Problem:  

 The problem of establishing fruit trees in old nurseries or orchard sites is 

generally known as replant problem or replant disease.  

 Characterized by poor growth, stunting, and delayed crop production, and in 

severe cases, tree death.  

 Caused by abiotic and biotic factors.  

 Abiotic factors including phytotoxins, imbalance nutrition, poor drainage. 

  Prunacin (cyanogenic glycoside) is found in peach roots and hydrolysis of this 

compound released the toxic compounds hydrocyanic acid (HCN) and 

benzaldehyde. 

   Biotic factors like fungi, bacteria and nematodes are responsible for 

hydrolysis of this compound. 

Harvesting:  

 Peach is a climacteric fruit. 



 Tree comes into bearing within 2-3 years of planting. 

 The days from full bloom to maturity in different cultivars ranges between 70-

125 days. 

 The average yield is around 70-120 kg/tree. 

Important Points: 

 Among temperate fruits, peach has the lowest chilling requirement and is 

earliest in flowering. 

 Pruning intensity is more severe in peach. 

 In peach generally three buds arise at node, the side buds being floral and 

central is vegetative. 

 Peach fruits follow double sigmoid curve. 
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Pear (Pyrus species) 

Family: Rosaceae, 2n=2x-34 

Types of Pears 

1. European Pear – Pyrus communis   

• Origin – Central Asiatic centre and Near Eastern centre. 

• Tree grows in upright manner 

• Persistent calyx, fleshy pedicels   

• fruits are pyriform shape in shape 

• Pulp is melting & buttery in texture 

2. Japanese Pear/ Oriental Pear/Sand Pear -  Pyrus pyrifolia 

• Origin – Chinese centre 

• Spreading type of growth habit 

• Deciduous calyx, non fleshy pedicels 

• Fruits are mostly round (apple shaped) & very hard.  

• They have crisp texture, a refreshing sweet taste but lack aroma.  

3. Hybrid pear – hybrids of Pyrus communis x Pyrus pyrifolia. 

• Trees medium in vigour and spreading 

• Fruits small to medium in size, pyriform in shape with attractive greenish yellow 

colour. 

4. Himalayan wild pear/ Mehal/ small kainth - Pyrus pashia - Mainly used as rootstock 

5. Shiara/ Big Kainth/ wild pear– Pyrus serotina – used as rootstock. 

Climate : 

• Cultivation is mainly confined to Himalayan mountains at 1700-2400m above msl. 

• Also can be grown successfully in mid-hills at an elevation of 1200-1800m amsl. 

• Hybrid pear and Japanese pear cultivars can be grown successfully in sub tropical 

climate of Punjab, Haryana, U.P. and Uttarakhand. 

• Large no of pear varieties require 900-1200hrs at or below 7°C during winter to 

complete their chilling requirement in order to flower and fruit satisfactory. 

• Annual rainfall of 100-125cm is considered adequate. 

Soil:  

• It grows best in deep, well drained, fertile, medium textured and relatively more clay 

soils.  

• A pH of 6.0 to 7.5 is desirable because Fe deficiency appears on highly alkaline soils. 

 

Varieties  



European Pear – Bartlett, Anjou, Flemish Beauty, Baggugosha, Conference, Comice 

Japanese pear – Gola, Patharnakh, Punjab Soft, Punjab Nakh 

Hybrid Pear – Leconte, Kieffer, Punjab Beauty, Punjab Nector, Punjab Gold 

Mutant – Max Red Bartlett, Red Anjou. 

Propagation – Tongue grafting – January – February 

                       T-budding – May-July 

Rootstock propagation: through seedling or mound layering, trench layering or cutting 

Rootstock used - Mehal, Quince A, Quince B and Quince C  

Planting Distance – 6-8m,  

Training System – Modified leader system 

Pruning: 

• Pruning intensity varies with the bearing habit of cultivars and vigour of the tree. 

• Pear bear fruits mostly on spurs or sometime on terminal or lateral buds of one years old 

shoot. Spurs continues to bear for 6 years. The limbs with spurs over 6-8 years old need 

to be removed in a phased manner. 

• The branches and new shoots are headed back to induce new growth. Old planting 

branches and spurs are thinned out to maintain the vigour of the retained ones. 

• The pruning is done during the winter. 
 

Fertilizer dose – FYM – 100kg, NPK- 700:350: 700 g/tree/yr (after 10 yr). Application is same 

as in apple. 

Pollination: Pear have both types of varieties i.e., self fruitful and self unfruitful. In self 

unfruitful varieties gametophytic incompatibility exists therefore it requires pollinizer variety in 

orchard. Honey bees are pollinating agents. 

Diseases: 

1. Pear scab:  

• caused by Venturia pyrina.  

• Olive-dark mouldy spots appear on the underside of the leaf. Later the spot turn grey 

and necrotic.  

• Similar olive spots develops on the pedicel, calyx and petals. 

• The affected blossoms and petals usually drop. 

• Dark brown spots are produced on the fruits. 

• The spots join together, become corky and crack.  



Control: 

• Prune the trees to promote good aeration. 

• spray captan @ 0.2% at pre-bloom stage when the tree are dormant and again after 

petalfall. 7-8 sprays may have to be given if the disease persists. 

 

2. Powdery mildew: same as apple. 

   Insect – pest: 

1. Pear Psylla:   

• Nymphs and adults suck sap primarily from the tender foliage of the new shoots and 

water sprouts.  

• Feeding by nymphs produces a large amount of honeydew, which makes the tree sticky 

and promotes the growth of sooty mold (black fungus).  

• The honeydew can run onto fruit causing dark russet blotches or streaks resulting in 

unmarketable fruit. 

Control:  

• Pear psylla often develops resistance rapidly to chemical controls. 

• Spray of tree oil @ 3.0% in winter is effective. 

•  Remove suckers from interior of the trees, which removes psylla eggs and nymphs and 

increases spray coverage  

2. San Jose Scale: same as apple. 

Harvesting & Yield: 

• Pear is a climacteric fruit which ripens on the tree as well as after harvesting. 

• Harvesting at proper maturity is very important.  

• The criteria for maturity of pear fruits are change in external fruit colour (green to light 

yellow), decrease in fruit firmness and increase in Total soluble solids (TSS).  

• Days taken for maturity from fruit set is 120-150 days. 

• The average yield of full grown pear varieties is 100-200kg/tree. 

Important Points: 

• Pyrus is differentiated from Malus due to the presence of grit cell.  

• Flemish Beauty and Magness are free from grit cell. 

• Pear exhibits vegetative parthenocarpy. 

• Waite and Magness are pollen sterile cultivar of pear. 

• Ca deficiency in pear causes Black End and Cork spot disorder in fruit. 

• Fire blight in pear is caused by bacteria Erwinia amylovora. 



• Old Home or Beaurre Hardy is used as interstock to overcome graft incompatibility 

between Bartlett & Quince. 

• Fruit cracking and Calyx end rot are pear disorder due to boron deficiency. 

• Pear decline is caused by MLO’s which is transmitted by pear psylla. 

 

 

Pyrus pashia Patharnakh Punjab Beauty

Anjou Bartlett

Max-Red Bartlett

 



Plum        

Family: Rosaceae 

• In India, plum was introduced by Alexander Coutts in his orchard at Mashobra (H.P). 

• Plum is one of the richest source of Vitamin B1 (thiamine). 

• Aroma of the plum blossom is due to benzaldehyde. 

• Some groups of European Plum have high sugar content so they are dried with the pit 

intact and are known as Prunes. 

Types of Plum: 

 European Plum Japanese Plum 

1. Scientific name Prunus domestica Prunus salicina 

2. Chromosome no. 2n=6x =48 (hexaploid) 2n=2x=16 (diploid) 

3. Origin Southern Europe  China 

4. Altitude and 

chilling 

requirement 

• Grown in high hills at an 

elevation of 1500-2500 m 

amsl. 

• Requires about 1000-1200 

hrs of chilling below 7°C 

during winter to break rest 

period. 

• Grows very well in low and 

midhill regions, ranging between 

650-1600m amsl. 

• Requires 700-1000 hrs of 

chilling below 7°C. 

• Few varieties with chilling 

requirement below 300hrs are 

also growing successfully in the 

sub-mountainous tracts of 

Punjab, Haryana and 

Uttarakhand. 

5. Varieties  Victoria, Lombard, Green Gaze, 

Golden drop, Italian Prunes, 

Giant Prunes 

Santa Rosa, Mariposa, Red Beaut, 

Alu Bokhara, Methley 

Plains- Satluj Purple, Kala 

Amritsari, Titron, Aloocha Black 

 

Climate and Soil: 

• Plum requires 100- 125 cm well distributed rainfall throughout the year. 



• Prolonged drought during fruit growth and development and excessive rains during 

fruit maturity hamper fruit quality. 

• Deep, fertile and well-drained loamy soils with a pH of 5.5-6.5 are most suitable. 

• The soil should be free from hard pan, water logging and excessive salts. 

Propagation 

• Commercial methods of propagating plum are T budding and Tongue grafting 

• In the hills, tongue grafting during February and T budding during May- June are 

recommended. 

• In plains, grafting is performed during November-January and budding during April- 

June and in September. 

Rootstock: 

Seedling rootstock:  seedling of peach, apricot and almond can be used.  

Clonal rootstock:  Myrobalan B, Myrobalan C, Mariana GF 8/1, Mariana 2624, Pixy, St. 

Julien A. 

• Cuttings of Kabuli Green Gaze and Kala Amritsari are also used for rootstock raising.  

Planting:  

• In plains, square system of planting is common, while in hills layout of an orchard is done 

with contour and terrace system. 

• Normal planting density – 5 to 7 m in square system. 

Training and Pruning: 

• Modified Centre Leader System 

• Plum bears on one year old growth and as well as on spurs. 

• To encourage fresh growth and to maintain a system of healthy spurs, light annual 

pruning should be done in January. 

• In bearing plum trees, 25-30 percent thinning of shoots and 50-75 per cent heading back 

of shoots is suggested for proper fruiting. 

  



Pollination : 

• Japanese plum varieties are mostly self unfruitful and requires pollinizer variety in 

orchard. Honey bees are pollinating agents. 

• Gametophytic incompatibility. 

Fertilizers doses:  

• In Punjab for 6years and above old plum trees, 30kg FYM, 300 g each Nitrogen and 

Potash and 150g phosphorus is recommended. 
 

Insect-pest and Diseases: Same as Peach  

 

Harvesting and Yield:  

• Fruits are mature when these have attained proper size and developed proper colour 

depending upon the cultivar.  

• For local marketing fruits should be harvested when ripe and firm.  

• For distant markets, fruits are picked when firm but have developed 50% colour on the 

skin. 

• Plum should be harvested along with pedicels avoiding any injury to the fruit. 

• Average Yield in sub-tropical climate – 30-50 Kg/tree, in hills – 60-70 Kg/tree. 

 



l\llicro Propagation Met-hods 

39.1 INTRODUCTION 

Micro-propagation is one of the important contributions of plant tissue culture to commercial 
plant propagation and has vast significance. The technique provides a rapid reliable system for a 
production of large number of genetically uniform disease free plantlets. Micro-propagation is 
the technique of developing plants from very small portion of plants such as shoots tip root tip, 
embryo, stem, pollen grain , callus or single cell. Plant tissue culture owes its origin to the 
revolutionary concept of totipotency of plant cell propounded by the famous German plant 
physiologist, Haberlandt in 1902. This technique has opened a vast scope for improve of fruits 
and plantation crops though micro-propagation, creating genetic diversity, germplasm 
conservation virus elimination, development of somatic hybrids and gene transfer. 

Micro-propagation holds a great promise in fast multiplication of fruit and nut crops, which are 
invariably propagated asexually to meet the ever increasing demand for adequate and timely 
supply of clean planting material. It is possible through micro-propagation to produce millions of 
identical plants under controlled and aseptic conditions, economy of time and space, affording 
greater output and augmentation of elite, disease free propagules, safer and quarantined movements of germ plasm across nations. It also induces precocity in flowering, precision timing 
uniformity and often increases yield. 

ln fruit and plantation crops, comparatively difficult to micro-propagate, protocol have been developed for citrus, apple, banana, papaya, pineapple, grape, peach, plum, almond, walnut, strawberry, oil palm and date palm. In India, commercial exploitation of micro-propagation is limited to oil palm, strawberry and banana. It is primarily because of the highly heterozygous nature of the material which requires independent protocol for the different genotypes, problems of clonal fidelity , involvement of rootstock and overall costs. However, attempts are on to standardize protocol for crops like mango, cashew, walnut, oil palm, coconut, litchi. sapota and 
cocoa. 

39.1.1 Micro-Propagation Types: 

( 1) Meristem culture e.g. orchid, carnation 

(2) Tissue culture e.g. banana, date palm 

(3) Ermbryosis e.g. tobacco 

(4) Embryo tube use e.g. orchid. 
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All the cells in an organism carry the same genetic information, yet show vanat10ns in 
expression,. Our knowledge of cell and tissue cultures has been developing with full swing, 
specially in bio-transformation, forestry, genetic engineering, morphogenesis, somatic 
hybridization, secondary metabolite production, hybridization, variety development and their 
conservation, maintaining pathogen free plants and rapid clonal propagation, totipotency, 
differentiation, cell division, cell nutrition, metabolism radio biology, cell preservation, etc. It is 
now possible to cultivate cells in quantity, or as clones from single cells; to grow whole plant 
from isolated meristems and to induce callus or even single cell to develop into complete plant 
either by organogenesis or directly by embryogenesis in vitro. 

The production of haploid through tissue culture form anthers or isolated microspores and of 
protop\asts from higher plant cells has served as the basic tools for genetic engineering and 
somatic hybridization. Tissue culture technique helps to propagate plants of economic 
importance such as orchids and other ornamental plants in large numbers by their meristem 
culture or by other in vitro methods. This provides them virus-free plantlets, Propagation of 
valuable economic plants through tissue culture based on the principle of totipotency (eve1J1 cell 
within the plant has potential lo regenerate ;nto a whole plant). 



The term clone (from the Greek kl . . . . _ 
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39.3.2 Meristem Culture 

When a meri~tem is. cu_ltured in vitro, then it produces a small plant bearing 5 or 6 leaves. This 

could be obtamed w1thm a few weeks. Then the stem is cut into 5-6 small micro cuttings, which 

under favorable conditions, become fully grown plants. 

39.3.3 Organ Culture 

A body of higher plants has complex inter-relationships between different organs like root, 

shoot, apical meristem, leaf primordia, floral buds, ovary, ovule, anther lobs, pollen grains, fruit, 

seed, etc. In this method a particular organ is isolated and cultured under laboratory conditions in 

a chemically defined medium where they retain their characteristic structures and other features 

and continue to grow as usual. In organ culture, organs are not induced to form callus, therefore, 

it differs from the callus culture where the organization of the intact tissues is lost. 

This technique provides and experimental system to define the nutrients and growth factors that 

are usually received by the organ from other organs of the plant body and from surrounding 

environment. It also helps us in understanding the inter-dependence of organs with respect to 

various physical and chemical growth factors incl~ding growth hormones. Org~n culture 

technique also provides the_ knowledge. about the various problems of morphogenesis and the 

•t f biosynthesis of specific metabohtes and growth compounds. It may be used as a tool for 
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In plant breeding, embryo, ovary and ovule culture as well as in vitro pollination have been 
employed to overcome morphological and physiological sterility and incompatibility. In recent 
years, plant tissue culture technique is in increasing use for producing haploids from anthers or 
isolated microspores, and of protoplasts from higher plant cells and the recognition of the 
potential of these materials in genetics and plant breeding. One of the most significant 
developments in the field of plant tissues culture during recent years are the isolation, culture and 
fusion techniques which have their special importance in studies of plant improvement by cell 
modification and somatic hybridization. 

Plant tissue culture technique is a boon in the studies of the biosynthesis of secondary 
metabolites and provides an efficient means of producing economically important plant products 
(fine chemicals). Plant tissue culture also pr~vide~ raw mat~rial !o pharma~eutical, cosmetic and 
confectionary industries examples are berberme, ginseng, sh1konin and vanilla. 

39.3 PLANT TISSUE CULTURE PRINCIPLES 
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39.3.1 Callus Culture 
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lype of fruit Etaerio of 19 Grapefrut 
Citrus parad1s1 Macf. 
Family Rutaceae 
Origin West Indies 
Type of fruit : Hesperidium 
Edible Portion Juicy 
placental hairs 

Berries 
Edible Portion Pericarp 
X=7 

2n=14 

Date Palm 
Phoenix dactylifera L 
Family Arecacae 
Origin West Asia and 
Arabia 

15. 

X=9 
2n-18 

Guava 
Psidium guajava L. 

Family Myrtaceae 
Origin West Indies to Peru 
Type of fruit : Berry 
Edible Portion: Thalamus and 
pericarp 
X=11 

20 
Type of fruit Drupe 
Edible Portion Pericarp 
X=18 
2n-36 

16 European Plum' 
Prunus domestica L. 
Family Rosaceae
Origin Europe West Asia 
Type of fruit Drupe 
Edible Portion Epicarp and 

2n-22, 33 

21 Indian jujube (ber.)' 
Ziziphus mauritiana Lam. 
Family: Rhamnaceae 
Origin India 

Type of fruit Drupe 
Edible Portion 

mesocarP 
X-8 
2n-48 

17 'Fig 
Ficus carica L. 

X=12 
2n-24, 48, 96 

Family Moraceae 

Origin West Asia 
Type of fruit Syconus 
Edible Portion: Fleshy 

receptacle
X=13 

22 Indian Sweet Lime 
Citrus limmetoides Tanaka 
Family Rutaceae 
Origin East Asia 
Type of fruit Hesperidium
Edible Portion: Juicy placental 
hairs 

2n-26 

18 Grape 
Vitis vinifera Michx. 
Family Vitaceae 

Origin Black sea to caspian 

X=9 
2n 18 

Indian wild Strawberry'
Fragaria vesca L. 

Family: Rosaceae 
Origin India 

Type of fruit Etaerio of 

drupes 
Edible Portion: fleshy 
thalamus and numerous 

23. 

sea 

Type of fruit Berry 
Edible Portion: Pericarp and 
Placentae
X=19
2n-38 



Family Apocynaceae
Origin India Java 
Type of fruit Berry 
Edible Portion Epicarp and 

achenes 

X=7 

2n-14 

mesocarp 
X=11 

24 Jackfruit 

Artocarpus heterophyllus L 
Family: Moraceae 

Origin India 

Type of fruit Sorosis 

Edible Portion Bracts 
perianth/ seeds 

2n-22 

Lemon 
Citrus limon Burm 

29 

Family Rutaceae 

Origin: East Asia 
Type of fruit : Hesperidium 

Edible Portion juicy 
placental hairs 

X=9 

X=14 
2n-56 

25 Jamun 
Syzygium cumini. Skeel. 

Family Myrtaceae 
Origin East india-Malaya 
Type of fruit Drupe 
Edible Portion: Epicarp 
and mesocarp 

2n-18 

30 Litchi 
Litchi chinensis Son. 

Family: Sapindaceae 
Origin China 

Type of fruit Nut 
Edible Portion: Fleshy aril 
X=14,15, 16,17 
2n-30 

X=20 
2n-40 

26 Japanese Plum' 

Prunus salicina Lindl 
Family Rosaceae 
Origin China 

Type of fruit Drupe 
Edible Portion: Epicarp and 

31. Loquat 
Eribotrya japonica Lind. 
Family: Rosaceae 
Origin China 
Type of fruit : Pome 
Edible Portion Fleshy 
thalamus 

mesocarp 
X=8 
2n 16 

X=17 
Kagzi lime 
Citrus aurantifolia
Family Rutaceae 
Origin India 
Type of fruit: Hesperid1um 
Edible Portion: Juicy 
placental hair 

27 2n-34 

32 Mandarin' 
Ciurus reticulata Balnco. 

Family Rutaceac 
Origin : China 

Type of frut Hesperidnum
Juicy X-9 Edible Poruon 

2n 18 placental hairs 
X 9 

Karonda' 2n 18 
Car1ssa carandas 1 



33 Mango 
Mangifera ind1ca 
Family Anacardiaceae
Origin Indo-Burma 

Type of fruit Drupe 
Edible Portion: Mesocarp 

2n-18 

38 Peach 
Prunus persica Batsch 
Family : Rosaceae 

Origin China 

Type of fruit Drupe 
Edible Portion: Mesocarp and 

X=10 
2n-40 

epicarp 
X-8 34 Mulberryy 

Morus alba L. 2n-16 
Family Moraceae 
Origin China 

Type of fruit 
syncarpous/aggregate of 
druplets/Sorosis 
Edible Portion: mesocarp 

39. Pecan nut 
Carya illinoensis Koch. 

Family Juglandaceae 
Origin: Southern USA 
Type of fruit Nut 
Edible Portion: seed or 2n-308 
cotyledons 
X=18 Olive 35 

Olea europaea L. 

Family: Oleaceae 
Origin : Mediterranean

region 
Type of fruit : Drupe 
Edible Portion: Epicarp and 

2n-36 

40 Persimmon 
Diospyros kaki L. 

Family Ebenaceae 
Origin China 

Type of fruit 

Edible Portion Epicarp and 
Berry 

mesocarp 
X=23 
2n-46 

mesocarp 
X=15 
2n-90 

36 Papaya 
Carica papaya L. 

Family 
Origin Tropical America 
Type of fruit Berry 
Edible Portion: Mesocarp 

41 Phalsa' 
Caricaceae 

Grewia subinaequalis(syn G 

asiatica) D.C 

Family Tillaeace 

Origin: ndia 
Type of fruit Drupe Git) 
Edible Portion: Epicarp and 

X=9 

2n-18, 36 

mesocarpP 
X-9 

'Passion fruit 
Passiflora edulis Sims. 

Family Passifloraceac

Ongin Brazil (Tropical
America) 

37 

2n-36 

Pineapple 
Anonas Omosus 
ammly 

42 

Type of fruit Bemy 
Edible Portion 

Bromeliaceac 
mesocalp 

Orign Braz 
X -9 



-

Type of fruit 

Edible Portion: Bracts and 
Nephelium lappaceum L. 
Family: Sapindaceae 
Origin Malaya 
Type of fruit Berry 

Edible Portion: aril 
X=11 

Sorosis 

perianth 

X-25 
2n-50, 75, 100 

43 Pistachio nut' 2n-22 

Pistacia vera L. 

Sapota 
Achras sapota L. 

Family Saptoceae 
Origin Mexico (Tropical 
America) 
Type of fruit Berry 
Edible Portion: Mesocarp 
X=13 
2n-26 

48 Family: Anacardiaceae 

Origin: West Asia 
Type of fruit Nut 

Edible Portion: Cotyledons 

44 Pomegranate 
Punica granatum L. 

Family : Punicaceae 

Origin : South east Europe to 

Himalayas (lran) 
Type of fruit Balausta 

Edible Portion: Juicy seed 

49. Sour cherry' 
Prunus cerasus L. 

Family: Rosaceae 

Origin : Europe West Asiaa 

Type of fruit Drupe 
Edible Portion Epicarp and 

coat 

X-8,9 
2n 16, 18 

mesocarp 

X=8 
Pummelo 
Citrus grandis Osbeck 

Family: Rutaceae 

Origin South East Asia 

Type of fruit : Hesperidium 
Edible Portion: juicy placental 

45 2n 16 

Strawberry' 
Fragaria x ananassa 

Family : Rosaceae 

Origin : Man made hybrid 

Type of fruit Etaerio of 

achenes 

50 

hairs 
X=9 
2n=18 

Edible Portion: Succulent 

thalamus46. Quince 
Cydonia oblonga Mill 
Family Rosaceae 

Origin South Asia 
Type of fruit : Pome 

Edible Portion: fleshy 
thalamus 

X=7 
2n=56 

51 Sweet cherry 
Prunus avium L 

Family: Rosaceae 
Origin Europe West Asia 

Type of fruit Drupe 
Edible Portion Epicarp and 

X=17 
2n-34 

47 *Rambutan' mesocarp 



plant 
or any side shoot growing from the same plant or stem. there are four types of stem 
cuttings, namely hardwood, softwood, semi-hardwood and herbaceous cuttings. 
i) Hardwood cuttings: Cutting from mature and lignified stem of shrubs and 
trees aree 

called as hardwood cuttings. Hardwood cuttings are prepared during dormant season, 
usiually from one-year-old shoofs of previous season's growth. The size of cuttings varies from 10 to 45 cm in length and 0.5 to 2.5 cm in diameter, depending upon the 
species. Usually, the cuttings of 25-30 cm length, with pencil thickness are preferred. Each cutting should have at least three or more buds. A number of deciduous fruit 
plants like grape,kiwifruit, hazel nut, chest nut, fig, quince, pomegranate, mulberry, 
plum, olive, and 
gooseberry etc. are commercially propagated by hardwood cuttings. 

ii) Semi-hardwood (green wood) cuttings: Semi-hard wood cuttings are 
those made from woody, broad-leaved evergreen species with partially matured wood. 
These types of cuttings are mostly used in evergreen fruit plants like mango, guava, lemon, jackfruit some shrubs and shrubby ornamental plants. The length of the 
cuttings varies from 7 to 20 cm. The best time for taking such cuttings is summer, when new shoots have emerged and their wood is partially matured. mist, fog or under polyethylene sheets laid over the cuttings. 

iii) Softwood cuttings: Cuttings prepared from the soft-succulent and non- lignified 
shoots, which are not hard or woody, are called as softwood cuttings. Such types of cuttings are very prone to desiccation. Therefore, proper arrangement for controlling humidity is required. Usually the size of cutting is 5-5.7 cm but it may' vary from species-to-species.The best time for preparing softwood cuttings is late summer. Softwood 
cuttings generally root easier and quicker than other types, but require more attention- and sophisticated equipments. 

' 

iv) Herbaceous cuttings: Herbaceous cuttings are made from succulent non- woody 
plants like geranium, chrysanthemum, coleus, carnation and many foliage crops. These are usually 7-15 cm long with few leaves retained at the upper end. These are rooted under the same conditions as that of softwood cuttings, requiring high relative humidity. 

b) Root cuttings: Propagation by means of root cuttings is also a simple and cheap method of vegetative propagation in species, which are difficult-to-propagate by other methods. In general, the plants, which produce suckers frecly, are easily propagated by root cutlings. For preparation of root-cuttings, roots which are of 1cm thickness and 10-15 cm long are cut into pieces. The best time for taking root cutting is late winter or early spring, when roots are well supplied with stored food material. However, in temperate fruits, root cuttings are prepared in the month of December and are kept in warm place in moss grass or wet sand for callusing and are then transplanted in the nursery during February-March in the open beds. Blackberry and 



raspberry are commercially propagated by this method. However, kiwifruit. 
breadiruit, fig, rose, mulberry, apple, pear, peach, chery and persimmon are also 

propagated by root cuttings. 
e) Leaf cuttings: Bropagation through leaf bud cuttings is partially useful in 

species 

where leaves develop root system but die because of non-development of shoot 
system. Leaf bud cuttings are particularly useful when planting material is scarce 
because each node in leaf can be used as cutting. Leaf bud cutting should preferably 

be prepared during growing season because buds if enter into dormancy may be 
difficult to force to active stage, thereby inhibit the rooting in such cuttings. 

Layering 
Layering is a form of rooting of cuttings in which adventitious roots are initiated on a 
stem while it is still attached to the plant. The rooted stem (layer) is then deta�hed, 
transplanted, while later becomes a separate plant on its own roots. It is a natural 
mean of 

propagation in black raspberries and trailing blackberries or it may be induced 
artificially in 
many plants like clonal rootstocks of apple. In general, better rooting in the layers can 
be 
obtained by ringing or wounding, etiolation or by the use of rooting hormones like 
IBA, 
NAA and by providing favorable environmental conditions (temperature and 
humidity). 
Advantages 

It is an effective method of propagating species that usually do not root easily 
by 
cutting as in mango, litchi, filberts and kumquat etc. 

It is a natural method of propagation in blackberries and raspberries. 

It does not require precise control on water, relative humidity or temperature, 
as for 
other methods of propagation. 
Easy-to-perform and does not require much infrastructure. 

Disadvantages 
Costlier in areas where labour availability is a problem. 
Limited number of plants can be produced. 

Plants produced through layering have usually small brittle roots. 

The mortality rate is particularly higher in air layered plants. 
Types of layering 
The most commonly used systems to layer plants include: 

Simple layering 
Compound/ serpentine layering 
Continuous/Trench Layering 
Air layering 

Mound/ Stool layering 

4 



Type of Layering 

simple layer 
air layer 

CrewS 

serpentine aver 
tip layer 

A 
mound or stoal layer 

treneh layer 

Simple Layering 
Simple layer consists of bending an intact shoot to the ground to cause adventitious 
roots to 

form. This method can be used to propagate a wide range of plants, indoor or 
outdoor on woody shrubs that produce numerous suckers. Layering is usually done in 

the 
early spring using flexible, dormant, one-year-old shoot-branches of the plant that can 

be bent 
easily to the ground. These shoots are bent and "pegged down" at a location 15 to 20 
cm fromn 
the tip forming a "U"shape. Bending, twisting, cutting, or girdling at the bottom of the 
U" 
stimulates rooting at that location. The base of the layer is covered with soil or other 

media, 
leaving the tip exposed. 

. 

Compound or serpentine layering 
It is a modification of simple layering in which one-year-old branch is alternatively 
covered and exposed along its length. The stem is girdled at different points in the 
underground part. However, the exposed portion of the stem should have at least one 
bud to 
develop a new shoot. After rooting, the sections are cut and lined out in the field. In 
this way, 
many new plants can be made from one branch. It is also an easy plant propagalion 

method, 
but is suitable only for plants producing slender, long and flexible shoots. Muscadine 
grape is 

commercially propagated by this method. 
Continuous or trench layering 

It is the most common method of propagation for woody plants. which produce long 



vines and are difficult-to-propagate by other methods of propagation. Vigorous 
rootstocks of 

apple like M-16, and M-25 and walnut can easily be propagated by trench layering. In 

this 
method, it is important to establish a permanent row of plants to be propagated. 
The method the mother plants are planted at the base of a trench at an angle of 45 cm 

in rows 

spaced 90 cm apart. The long and flexible stems of these plants are pegged down on 

the 
ground to form a continuous line of layered plants. The young shoots that arise from 

these 
plants are gradually mounded up to a depth of 15-20 cm in autumn, winter or at the 

end of thc 

growing season, depending on the species to be propagated. 

Air layering (Marcottage, Gootee, Pot layerage) 
Air layering is an ancient method of layering, originally introduced from China and 
now commercially used for propagation of a number of tropical and subtropical trees 

and 
shrubs including litchi, guava, mango, longan, Persian lime (Citrus aurantifolia) 
ficus, 
croton etc. Air layers are made in the spring or summer on stems of the previous 

season' s 
growth. The presence of active leaves on the layered shoot speeds root formation. 
Layers are prepared by making an upward cut about 5 cm long at or about the centre 
of the shoot. The shoot is then girdled by removing a ring of bark about 2 cm wide. 

The 
upper part of wound is applied with IBA paste made in lanolin. The wound is covered 

with 
moist sphagnum moss in a way to provide complete covèr to it. Polyethylene film is 

Wrapped 
around the moss grass in such a waý as to leave no opening, which could allow 

evaporation 
of moisture from the moss .The rooted layers may be severed from mother plant and 

may be planted in the nursery under shade. 

Mound /Stool layering or stooling 

The term stooling was first coined by. Lynch in 1942 for mound layering. It is a 

method 

of propagation in which the shoots/plants are cut back to the ground and soil or 

rooting 
medium is mounded around new sprouts/shoots to stinulate roots to develop at their 

bases. 
This method is commercially used to propagate apple, pear, quince. currants, 

gooseberry and 

other fruit crops. In stooling, the mother plant is headed back to 15 to 20 cm above 

ground 

level during dornmant season. 



Tip layering 
It is the simplest form of layering, which often occurs naturally. The tips of shoots a 
buried 5 to 10cm deep in the soil .Rooting in buried shoots takes place within a 
month. The new plants (layers) may be detached and transplanted in the soil during 
spring. It 
is a natural method of propagation for black berries, raspberries etc. However, 

currants, 
gooseberries and rambling roses can als: be propagated by tip layering easily. 

Grafting 
Grafting is a process by which two living parts are joined together in such a manner 
that they would unite together and subsequently grow into a composit2 plant. 
Usually graft has two parts, the scion and rootstock. 

Types of grafting 

Splice or whip grafting: 
In this method, it is essential that both the stock and scion should be of equal 
diameter. this, about one-year-old rootstock is headed back at a height of 20-25 cm 
from the 
soil and a splice (diagonal) cut of 2.5 to 6 cm long is made at the distal end of the 
rootstock with the help of a sharp knife.A similar slanting cut is made on the proximal 
end of the scion. The cuts should be smooth and the cut surface of both the rootstock 
and scion are bound together and tied firmly with polythene strip.After the union has 
taken place, the rootstock above the union is lopped off gradually.Sprouts arising below the grafting union must be removed at regular intervals to divert flow of 
metabolites for the growth of scion only. 

Whip & Tongue 
Graft 

natural compression 
due to wood elasticity 

Splice Graft 

no 

compression 

Copyright LH Bailey 
Hortorium, 1976 

Tongue grafting: 
It is modified form of whip grafting. It differs from whip grafiing that a reverse cut is made downward at a point about 1/3rd of the distance from the tip and should be about 
the length of first cut.The rootstock and scion is then inserted into each other, with the tongues interlocking.it is important that vascular cambium layer mateh along at least one side, preferably 
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along both sides.After the scion and rootstock are fitted together, they should be 
securely held by tying withbudding/grafting tape or polythene.This method gives 
better success than splice grafting because of better cambial contact between stock 
and scion due to formation of tongue. 

A 

C D E 

Cleft grafting: 
It is one of the oldest methods of field grafting. It is used to top work trees, either in 
the trunk of a small, tree or in the scaffold branches of a bigger tree.In making the 
cleft-graft, make a vertical split for a distanceof 5 to 8 cm down the center of the stub 
to be grafted. The branch is sawed off in such a way that the end of the stub is smooth 
and free from 
knots for at least 15 cm.In this method, two scions are inserted, one at each side of the 
stock where thevascular cambium layer is located. The scions should be 8 to 10 cm 
long and 10-15 
mm in thickness and should have two or three buds.The side of the wedge, which is to 
go to the outer side of the rootstock should beslightly wider than the inside edge. 
When the knife is removed, a hard wooden wedgeis inserted to keep it open for the 
subsequent insertion of the scion.The graft should be wrapped with a polyethylene 

strip properly to prevènt wilting of 
the scion. The scion starts growing after 2 to 3 months of grafting. The right time for 
cleft grafting is the later part of the dormant season or just beföre the start of active 
growth.Pear, walnut, hazelnut, pecannut and grapes are propagated by this method. 

Scion 

Sfock 

Wedge grafting (saw-kerf grafting): 
It is performed in late winter or early spring before the bark begins to slip. A 

sharp.heavy, short bladed knife is used for making a V-wedge in the side of the stub 

or stock about 5cm long.Two cuts are made, coming together at bottom and as far 

apart at the top as the widthof the scion. These cuts extend abou 2 cm deep into the 



side of the stub.The base of the scion is trimmed and a wedge shape cut exactly the 

same size and shape as the opening. With the two vascular cambium layers matching 

the scion is tapped downward firmly into place and slanting outward slightly at the top 
so that the vascular cambium layers cross. After all scions are firmly tapped into 
place, all cut surfaces including the tips of the scion, should be waxed thoroughly. It is 
called saw-kerf grafting because the cuts in the side of the rootstock can be made with 
a saw rather than the sharp knife. 

a alamy stock photo 

Inarching: 
Inarching is used to replaceroots damaged by cultivation equipments, rodents or 
diseases.lt is very advantageous in saving a valuable tree or improving its root 

system.In this method seedlings (or rooted cuttings) planted beside the damaged tree, 
or suckers arising near its base are grafted into the trunk of the tree to provide a new 

system to supplement the damaged ròots. 
The seedlings to be inarched into the tree should be spaced about 10-15 cm apart 
around the circumference of the tree if the damage is extensive.The seeding of 
compatible species is planted around the tree during dormant season and grafted when 
active growth commences in them during early spring. Inarching will enhance growth 
of uninjured older trees.A thin slice of bark (6-10 cm in length) at about 20 cm above 
the ground level is removed from the stock with a sharp knife. A similar cut is made 
in the scion. Thus,the cambium layers of both stock and scion are exposed. These cut 
are brought together and tied firmly with the help of a polythene strip. 
After the successful union, stock above and scion below the graft union are loppcd off 

gradually. 
Bridge grafting: 
Bridge grafting is basically not a method of propagation but a form of repair grafting 
only in plants, which have been damaged either by frost, rodents or insects.It may, 
however, be kept in mind that bridge grafting is only helpful if the trunk is damaged 
but the root system of the plant is healthy.In this method, first the damaged portion of 

the stock is cleaned and the irregular edges of the girdled area are cut evenly.The 
scion of desired variety is inserted in such a way that it is attached at both upper and 

lower ends into the living bark. Similarly, it is important that scions should be inserted 
right side up to ensure the polarity.The exposcd injured wood must also be covered 
otherwise; it may serve as an entry channel for decaying organisms. 



Epicotyl grafting 

-Epicoty por teon, 

erd tone 

Epicotyl grafting 

It is also called as stone grafting. In this method, germinating seeds of less than two 

weeks old are wedge or splice grafted with mature scion. Moderate temperature and 
high relative humidity are major factors related to success of epicotyl grafiing. 
Seedlings of less than 2 weeks old are used as rootstock. A 2-3 cm long slanting cut 
is made in the epicotyl with a matching cut on the proximal portion of the scion and 
then these are tied firmly with polythene strip. This technique has been 
commercialized for rapid multiplication of mango in Konkan area of Maharashtra. 

Budding 
Is a form of grafling in which one bud and a small section of bark with or without wood is 
comparision to grafting ,in which the scion consists of a short detached piece of stem tissue w 
several buds. 

T-buddna I budding Cthp buddra Patei buddirg Faskest buddina 

Chip Budding: Chip budding is done in early spring, summer or autumn. In chip 
budding, a chip of bark and wood is removed from the smooth surface betwen the 
nodes of the stock. The various steps involved are shown in Plate 8.1. A chip of 
Similar sizc and shape is also removed from the bud wood of the desired cultivar. For 
which, a 2-3cm long downward cut is made through the bark and slightly into the 

Wood of the stock. Then a second cut of about 2.5cm is made so that it bisects the first 

cut at an angle of 30-450 and the chip is removed from the stock. Similarly, a chip of 

bud is removed from the budwood. ensuring that the bud is in the middle of ehip. The 

bud chip inserted in the stock in such a way that cambium of the bud chip should have 

direet contact with the cambium of the stock. It is then tightly wrapped with polythene 

Strip, leaving the bud uncovered. The bud may sprout afier 3-4 wecks and afterwards 
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the wrapping material should be removed. When the bud starts growing, the stock 
may be cut above the bud union. 

Shield or T-budding: As the name indicates, shield is the shape of the bud and "T' is 
the shape of cut given on the rootstock. It is the most common method of budding 
used by nurserymen worldwide. The various steps involved are shown in Fig.8.1. For 
shield budding, one year old rootstock seedlings of 25-35 cm height and 2-2.5 cm 

thickness is selected. The bark of seediings should slip easily. The selected bud of 
desired cultivar is inserted 15-20cm above the ground level and is tied with a 

polytnene strip. 

Patch budding: In case of patch budding, a rectangular patch of bark is removed 
completely from the rootstock and replaced with a patch of bark of the sa:ne size 
containing a bud of the cultivar to be propagated. It is a slower and difficult to 

perform method than T-budding. It is widely used in thick-barked species, such as 
walnuts, pecans and rubber tree, where T-budding gives poor results due to poor fit 
around the margins of the bud-particularly the top and bottom. It is usually done in 
late summer or early fall, but can be done in spring als0. 
In patch budding, the stock and scion should preferably be of same thickness 

(20-25mm). 

Ring or annular budding: In this type of budding, a complete ring of bark is 
removed from the stock and it is completely girdled. A similar ring of bark containing 
a bud is removed from the bud stick: and is inserted on to the rootstock. The various 
steps involved are shown in Fig.8.2. The thickness of stock and scion should.be of 
same size. It has been utilized in ber, peach and mulberry because the newly emerged 
shoots from the heavily pruned plants are capable of giving such buds for budding, 
which can be easily separated. In this method since the stock is completely girdled and 
if the bud fails to heal in, the stock above the ring may eventually die

Forkert budding: In forkert budding, the stock is prepared by giving two vertical cuts 
and a transverse cut above the vertical cuts to join them. The bark is removed 
carefully along the cuts, so the flap of bark hangs down. The scion is prepared in a 
fashion similar to patch budding, having the size similar to cuts made on the stock. 
The scion is then slipped into the exposed portion of the stock and the flap is drawn 
over the inserted bud patch. It is then tied with a suitable wrapping material. After 
successful growth of bud, the portion of stock above the union is removed carefully. 



citrus, mango and papaya. 
The beneficial influences of rootstocks on scion variety cannot be exploited in sexual propagation. 

Seedling plants usuaily produce fruits inferior quality. 

B. Asexua! Propgation 
It is independent of sexual propagation process as there is no involvement of sex organs.It takes place due to mitotic division. Mitotic division continues in shoot tip, root tip 
and cambium. When some portion of plart is wounded, mitotic division takes place.Undon mitotic division, chromosomes divide longitudinally to form two daughter 
cells. This forms the basis of asexual propagation.The plants raised through asexual process are identical to mother plants. Cutting.division, layering, budding and grafting are main techniques of asexual propagation. 

Advantages 
Propagation by asexual means has several advantages over sexual means, like 

Asexually propagated plants are true.to type to their mother plants. 
Asexually propagated plants have short juvenile phase and bear flowers and fruits inthe early age (3-4 years) than seedling plants. 
The vegetatively propagated plants ae smaller in stature and hence 
management operations like spraying, pruning and harvesting etc. become 
easy. 

Cuttings 
Cuttings are still most important means of propagating ornamental shrub-deciduous 
species as well as broad and narrow leaved types of evergreen plants.ICuttings are 
also widely used in commercial green house propagation of many floricultural crops. 
Advantages 

Many new plants can be produced in a limited space. 
t is inexpensive, rapid and simple and does not require the special techniques 
necessary in grafting, budding or micropropagation. 
No problem of graft incompatibility with rootstock and poor graft union ete. 

No variation due to variable seedling rootstocks. 

Disadvantages 
The advantages of rootstock like induction of dwarfism, drought or discase 

resistance etc. cannot be utilized 

Plants raisecd through cuttings have lesser longevity as they are susceptihle to 
various diseases and insect-pests. 

Types of cuttings 
On the basis of plant part used and rclative peositions on a plant, cuttings are classified 
in various groups. 

a.) Stem euttings: A stem culting is any cutting taken from the main shoot of a 
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