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Definition of Horticulture

Section 1

Horticulture may be broadly defined as the science and art of growing
fruits, vegetable and flowers and crops like spices, condiments and other
plantation crops.
Or
It is a science of cultivation of garden plants.
The world horticulture is derived from the Latin word hortus meaning
enclosure (garden) culture- meaning cultivation. Thus horticulture means
culture or cultivation of garden crop.
Horticulture is the branch of agriculture that deals with the art, science,
technology, and business of growing plants. It includes the cultivation
ofmedicinal plants, fruits, vegetables, nuts, seeds, herbs, sprouts, mushrooms, algae, flowers, seaweeds and non-food crops such as grass
andornamental trees and plants. It also includes plant conservation, landscape restoration, landscape and garden design, construction, and
maintenance, and arboriculture. Inside agriculture, horticulture contrasts
with extensive field farming as well as animal husbandry.

Branches of Horticulture
There are five main branches of horticulture that are divided according to
the type of crops produced and how the plants are used.
Floriculture – This area of horticulture focuses on the cultivation of
flowers (cut and potted) and foliage. Flower arrangement also fall under
this header.
Pomology – If you love to eat delicious fruit, then pomology may interest
you. This branch of horticulture revolves around production and cultivation of fruit crops.
Nursery/Plant Propagation – The development and dissemination of
plant seeds, shrubs, trees, ornamental plants, and ground covering is the
focus of this area of horticulture. Typically these plants are used in landscaping or interior plantscaping projects.
Olericulture – Vegetable lovers will enjoy a career in this field. Olericulturists handle the farming, processing, storage, and marketing of all edible
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parts of vegetables including the roots, leaves, flowers, stems, seeds, and
young tops. Typically vegetables are eaten raw, cooked, or preserved.
Landscape Horticulture – Ever wonder who develops those beautiful
parks and indoor garden environments? Landscape horticulturists design,
construct, and take care of landscapes in homes, businesses, and public
areas. They choose plants for their aesthetic appeal and practicality and
arrange them in ways that are pleasing and conform to the needs of their
clients.
Any one of these branches may also deal with the following types of
crops: seeds and roots, perennial bush, tree nuts, and aromatic and medicinal foliage.

Importance of Horticulture
1. Per unit area yield is high
As compared to the field crops per hectare yield of horticulture crops is
very high.From an fruit area of land more yield is obtained e.g. paddy
gives a maximum yield of only 30 q/ha, while Banana gives 300 to 500 q/
ha, Pine apple 450 q/ha and Grapes 90 - 150 q/ha. In present shortage of
food and scarcity of land by growing fruits more food can be produced.

2. High returns per unit area
From one unit area of land more income will be obtained e.g. Well kept
orchard of apple, grapes and sweet orange can give as much as Rs. 25,000
per ha as net income.

3. A free grower/labour remains engaged for the whole
An opportunity for maintaining labours throughout the year like the
cereals where one cannot keep him self and employ the labours during the
slack season.

4. Best utilization of waste land
Some fruit crops can offer best utilization of waste land crops like wood
apple, custard apple, karonda, litchi etc. can be grown in such areas.
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5. Calorie requirements

6. Raw material for industries
Fruit farming is the base for several industries like canning, essential oils
etc which in turn provide work for more people.

7.Use of undulating lands
Fruit growing can be practiced in places where the gradient is uneven or
where the land is undulating and agronomical crops cannot be cultivated.
In Konkan region, mango and cashew are cultivated on large scales on
hilly and hill back area.

8. Fruits and vegetables are the important energy
giving material to the human body
Asexual propagation is the best way to maintain some species, particularly an individual that best represents that species. Clones are groups of
plants that are identical to their one parent and that can only be propagated
asexually. The Bartlett pear (1770) and the Delicious apple (1870) are two
examples of clones that have been asexually propagated for many years.
The major methods of asexual propagation are cuttings, layering, division,
and budding/grafting. Cuttings involve rooting a severed piece of the parent
plant; layering involves rooting a part of the parent and then severing it; and
budding and grafting are joining two plant parts from different varieties.

Guide To Care And Planting Of Fruit Trees
A. Care of plants before planting
Place trees in a position that has direct sunlight for at least half the day
and protection from strong winds. Water thoroughly.
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To meet the annual calories requirements of food per year one would
have to cultivate about 0.44 Ha of wheat or 0.03 Ha of banana or 0.06 Ha
of mango for satisfying once need. Thus mango produces about 9 times
more food energy than the wheat produced per unit area.
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B. Site preparation
If possible, site preparation should begin 6 months prior to planting. The
following points should be considered:
1.

Fence off the proposed Orchard

2.

For poor soil (i.e. less than 1 metre of top soil and not of a sandy
nature) Deep Ripping is advised to improve drainage (rip to a
depth of at least 45cm). The last Ripping should be down the
slope, as deep as possible to help sub-soil drainage. Erosion control will prevent washing out of furrows.Diversion Drains at top of
orchard site are recommended.

3.

If soil is too shallow, mounding of tree rows will improve drainage as well as increase depth of topsoil.

4.

Green Manure Crops improve the organic matter content of soil
and can be ploughed in approx 1 month prior to planting.

5.

Wind break trees are very important and should be planted
before fruit trees. Windbreaks should be planted along south, west
and east sides of orchard, leaving the north side open.

C. Planting the trees
Trees can be planted out at most times of the year, provided the following
points are followed:
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1.

Planting hole - if soil is not well drained it is advised to make
a circular mound 1.5 metres across and 20-30cm high. This can
be achieved by bringing outside loamy soil to the planting site or
alternatively mound existing soil. Do Not plant trees in holes in
heavy clay soils as the hole will act like a sump and hold excess
water.

2.

Watering - trees should be watered thoroughly several hours
before planting to moisten the root ball. Planting trees out with the
root ball dry or partially dry will result in roots being damaged.
The site should also be thoroughly watered the day before planting.

3.

Planting - make a hole in the soil or mound twice the width of the
pot and the same depth as the pot. Remove the tree from the pot
and lightly tease roots down side of the root ball and loosen any
matted roots at base of root balls. Fill in soil around roots, making
sure not to plant root ball any more than 2cm lower than it was in
the container. Trees will suffer if planted too deep. Soil should be
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firmed down well after planting. At least 20 litres of water should
be applied to each tree to settle in soil around roots. A saucer
shaped depression 50cm in diameter will help hold water when
watering in.
Applying a Slow Release Fertilizer at planting will help the
young trees off to a good start. This can be applied by scratching
into the surface around the young tree. One of the following or a
mixture can be applied. Blood & Bone, Dynamic Lifter, Osmocote, Nutricote or Nitrophoska
If mixture is applied, reduce quantities of each proportionally. If
soil is acid also apply dolomite or lime.

5.

Staking - trees are better off not staked, but if needed, two tomato
stakes on each side of tree (30cm from tree) will support tree by
using old pantyhose or similar material.

6.

Mulching the trees with old straw, hay etc, will stop soil from
drying out, heating up, stops weeds from germinating and also
adds valuable organic matter. Do Not apply mulch against trunk
of tree as Collar Rots may occur. Trees that are susceptible to frost
damage are better off without mulch during the winter months, the
reason being that bare soil kept moist will absorb heat during the
day and radiate this heat at night reducing severity of frost.

7.

Grow Bags placed over young trees will give protection during
the winter months and allow an early growth in spring. They also
protect trees from wildlife.

Section 1

4.

D. Care of trees after planting
1.

Weed Control - Most important if trees are to grow quickly.
Weeds shouldn’t be allowed to grow within one metre of the tree
for the first year. After this keep area out to the drip line (i.e. width
of foliage) free of weeds. Mulch will control most weeds.

2.

Fertilising- trees will respond to feeding. How often and how
much fertiliser to apply will depend on soil type and the trees
requirements (refer to DPI ‘Ag Facts’ for specific requirements).
If you do not want to use chemical fertilisers consider applying
one or a combination of organic fertilizers (e.g. poultry manure,
rock phosphate, blood and bone etc).

3.

Mulching - the use of Organic Mulch is very important for
healthy trees. Any organic material can be used, e.g. Lawn clippings, weeds, straw etc. Hay, especially soybean stubble or
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lucerne hay is excellent. As the mulches break down they will feed
the tree with valuable nutrients.
4.

Watering-Setting up a permanent under-tree sprinkler irrigation
system is well worth considering. Frequency and amount of watering will depend on a number of factors, but a good watering once
a week is a good guideline.

5.

Desuckering - remove any shoots coming from below graft on
grafted trees while trees are young. The removal promotes growth
of grafted variety only.

6.

Pruning-Fruit trees need pruning to produce good crops of fruit
as well as keep trees to a manageable size. Most deciduous fruit
trees in particular need annual pruning. Pruning also invigorates
the tree and encourages new fruiting wood for the following year

Vegetable Care Guide
Starting seeds indoors
Most vegetables grow easily from seed. Some vegetables such as corn,
beans, peas, radishes, and most other root crops don’t transplant well so
are best planted directly in the garden. Start others, such as artichokes,
celery, tomatoes, peppers, and eggplants, indoors or purchase them as
transplants if you live in a short-summer area.
Sow onion, broccoli, lettuce, squash, and cucumber seeds indoors or
directly in the garden. Follow the planting instructions on the seed packet,
whether you start seeds indoors to get a jump on the growing season or
plant directly in the ground later in the season when conditions allow.

When to plant seeds outdoors
The best time to plant a particular vegetable depends on its cold tolerance and the average last frost date in your area. Cold-tolerant vegetables
such as radishes, peas, and carrots can be planted up to a month before
your average last frost date. Most vegetables, however, germinate better
in warm soil, so it’s better to wait until after the average last frost date to
plant them. Some can be planted later in the season, too, so that the crop
doesn’t mature all at once.
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Transplanting seedlings

Watering
Most vegetables require consistent moisture to produce well. The exact
amount to apply depends on soil type, weather conditions, and what kind
of vegetables you’re growing. For example, if your vegetable garden has
sandy soil, you’ll need to water your plants more than if your vegetable
garden has clay soil. Plants use more water during hot, windy conditions
with low humidity than if the weather is cool, humid, and cloudy. One
general rule is to apply enough water to moisten the root zone at least 6
inches deep. Soaker hoses or drip irrigation systems are efficient ways to
apply water as they avoid wasting water by applying it directly to vegetable roots and they help prevent disease by keeping the plants’ leaves dry.

Soil testing
Vegetable plants pull nutrients from the soil to grow. The surest way of
knowing which nutrients are already present in your garden soil is to have
a soil test done. Most university cooperative extension services provide
this service. Some commercial garden centers and professional soil testing laboratories do so as well.

Fertilizer formulations
Most fertilizers have three numbers on their labels. The first one indicates
the percentage of nitrogen in the product, the second refers to phosphorus, and the third to potassium. These three nutrients are the major ones
needed by vegetables. Some fertilizers also include micronutrients, which
plants need in small amounts and are usually present in sufficient quantities in garden soils.
Fertilizers are available in dry form as powder or pellets and in liquid or
water-soluble form. Apply dry fertilizer to the soil surface and water or
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One week before you’re ready to transplant vegetable seedlings into the
garden, start hardening them (acclimating them to outdoor conditions before
planting them in the garden). Find an outdoor location that’s protected from
wind and receives morning sun. Place the seedlings in this location for a few
hours the first day, then bring them indoors. Gradually extend the amount of
time they’re left outdoors so that by the end of the week you can leave them
outdoors overnight. If the weather is not right for transplanting, you can hold
seedlings in a cold frame until you’re ready to plant.
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till it into the soil. Some dry types of fertilizer are formulated to slowly
release nutrients over several months, eliminating the need to feed more
than once per growing season. Apply liquid forms of fertilizer several
times during the growing season. Base the amount of fertilizer to apply
on the results of your garden’s soil test. Never exceed the recommended
rates on the package. Applying too much is a waste of money and time,
and may harm your vegetables by burning leaves and roots.

Organic plant foods
The difference between organic and inorganic fertilizer is the source of
the nutrients. Inorganic fertilizers are manufactured; organic ones originate from living material. Organic matter is an important component of
healthy soil, so organic fertilizer helps to condition the soil while feeding
your vegetables. Organic fertilizers tend to be more expensive and bulky
than inorganic ones, so you have to apply more of them to get the same
nutrient value. The nutrients in organic matter are released slowly so it’s
difficult to overfertilize with organic products.

Pruning & staking
Vining vegetables such as peas and pole beans require a trellis, fence, or
other support to grow on. Put the support system in place at or soon after
seeding. Let cucumbers spread on the ground, or save space and make
picking easier, by growing them on a trellis. Most other vegetables need
no support system, with the notable exception of tomatoes. Compact,
bush types of tomatoes grow well without caging, but indeterminate types
(those that continue to grow, flower, and fruit all season) need some sort
of support. Commercially available tomato cages slip over young transplants and provide support as the plant grows. You can also use stakes or
spiral rods to support your tomatoes, but with these, you’ll need to loosely
tie the plants to the support.
For more ideas on ways to support vining vegetables read our story on
supporting vegetables.

Protecting vegetables from wild life
Rabbits, deer, groundhogs, squirrels, and birds are all possible threats to
vegetables. Keeping the animals away from the vegetables with fencing or netting is the surest form of protection. To keep rabbits out of the
vegetable garden use 1-inch mesh or smaller chicken wire partially buried
underground and extending at least 18 inches above ground. To deter
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deer, on the other hand, you’ll need a fence at least 8 feet tall.

Insects
If you grow vegetables, you’ll almost certainly find some insects attacking them at some point. However, you need not necessarily reach for
pesticide sprays when you see the bugs. For example, beans may attract
bean leaf beetles, but suffer no loss in yield even if they lose 25 percent
of their leaves. Control aphids with hungry ladybug larvae and control
tomato hornworms with parasitic wasps that kill them.
If a pesticide is necessary, use the least toxic alternative. Insecticidal soap is
effective on most soft-bodied pests such as aphids and spider mites. A forceful spray of water from the hose may knock down the population of pests,
too. Bt (Bacillus thuringiensis) is a natural bacteria that controls the larvae
of moths and butterflies, such as those of the white cabbage butterfly.

Diseases
Keep diseases to a minimum by providing good air circulation throughout
the garden so that plants dry quickly. Avoid splashing water on the foliage
of your vegetables. Remove and destroy diseased plants as they develop.
Some diseases spread by insects, so keep the insect population in check to
prevent disease problems.

Weed control
Weeds steal moisture and nutrients from your vegetables. Keep the pests
from overtaking the garden by getting rid of them as soon as they sprout.
Hoeing or hand weeding works well in small spaces. For larger gardens a
rototiller may prove to be a time saver.
You can kill many weed seeds that lie dormant in the soil by solarizing
the garden before you do any planting. Lay clear plastic on freshly tilled
soil, weight the edges with bricks or stones, and leave it for six weeks
during the hottest part of the summer.
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Numerous repellents are sold to keep animals away. If you use them in the vegetable garden, make certain that they’re labeled for that purpose. (Many work
as a taste repellent. They may impart an unpleasant flavor to the vegetables.)
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Few herbicides are labeled for use in vegetable gardens. Always follow
label directions when using an herbicide, and make certain that the herbicide is safe to use on the crops you plan to grow.

Mulch
Prevent weeds from starting by using mulch. Organic mulches such as
sawdust or straw are good for vegetables that prefer cool soil. Mulch
smothers weeds, prevents most weed seeds from germinating, and those
that do grow are easier to pull. In addition, mulch conserves moisture, so
you’ll need to water less frequently.
Plastic mulch is effective for heat-loving crops. Black plastic mulch
excludes light and prevents weeds from germinating. Colored plastic
mulches may offer benefits for certain crops. For examples, red plastic
mulch helps tomatoes produce more fruit; dark green mulch boosts melon
yields; and dark blue enhances cucumber production.
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Horticulture Nursery Management

Importance of plant nursery
1.

Seedlings and grafts are produced in nursery and the fruit orchards
and ornamental gardens can be established with minimum care,
cost and maintenance.

2.

The nursery planting materials are available at the beginning of
the planting season. This saves the time, money and efforts of the
farmers to raise seedlings.

3.

There is a wide scope for fruit orchards, ornamental, vegetable,
and landscape gardens at public gardens, highways and co operative housing societies.

Objectives of nurseries in horticulture development
1. Production of genetically pure nursery stock
Genetically pure planting material is essential for healthy and vigorous plant growth. Both stock and scion should be genetically pure. The
planting material should be satisfactory in quantity and quality and easily
available for further multiplication.
2. Export of nursery stock
Globalization has improved the chances of export of quality planting
material to other countries. Special techniques and care is required for
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A horticulture nursery is a place, where seedlings, saplings, trees, shrubs
and other plant materials are grown and maintained until they are planted
in permanent places or sold. Raising the plant and maintaining it in a
good condition is a very difficult task requiring timely monitoring of the
plant. Raising seedlings and maintaining the young plants in a nursery is a
continuous process. One must have complete information and know how
about sanitation and cleanliness in the nursery, proper drainage of excess
water, training and pruning of plants during its growth in the nursery.
Filling of the pots and transfer of plants to another pot or bag with due
care, utilization of mulching material to minimize the water requirement,
application of plant growth regulators for propagation of plants, proper
handling, packing and transport practices of nursery plants and effective
selling of plants by providing customer care services are all the important
aspects in the management of a nursery. It is utterly necessary to perform
all these processes with proper care and in a well planned manner so as to
obtain maximum profits from a Horticultural Nursery.
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exporting the nursery material. Similarly, great care is necessary while
importing nursery material from outside.
3. Employment generation
There is a huge demand of skilled professionals for grafting, budding,
potting, repotting and other nursery operations. Nursery provides employment opportunities for technical, skilled, semi-skilled, and unskilled
labor. Nursery can itself be a very remunerative enterprise in the changing
national scenario.
4. Role of nurseries in dry land horticulture
Like India, there are many countries in this world, which face droughts
every other year. Growing drought tolerant fruit crops provide assured
income to farmers. Horticultural plantations play an essential part in
afforestation and thereby help to reduce the global warming.

Types of plant nurseries
1. Fruit Plant Nurseries
Fruit crops are mainly propagated vegetatively and need special techniques for propagations as well as maintenance. Mango, Guava,
Pomegranate, Sapota, Oranges etc. are propagated with vegetative means.
Fruit nurseries are essential for production of grafts as well as the mother
plants of scions and rootstocks.
2. Vegetable nurseries
All vegetables except few like potatoes, sweet potato, bulbous vegetables and some other are raised by seedlings. Very few vegetables are
perennials like, little gourd, drumsticks, Alocasia etc. Seedlings are to be
produced on a large scale in short period.
3. Ornamental Plant Nurseries
Ornamental and floricultural crops are numerous and are propagated vegetatively, like gladiolus, carnation, roses, lilies etc. There is a large group
of ornamental plants, which is propagated by seeds and seedling; Asters,
Marigolds, Salvias, etc. are some of them.
4. Medicinal and Aromatic Plant Nurseries
There is considerable increase in people adopting ayurvedic medicines
with the changing life style. It is also necessary to conserve the fast
depleting precious medicinal and aromatic plants. To save and multiply
the valuable medicinal and other auspicious plants, nurseries specializing
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in these plants have begun to flourish. These plants are also demanded by
the Ayurvedic medicinal practitioners.
5. Forest plant nursery

6. Hi-tech nurseries
There is sudden increase in the demand for certain commercial plants.
For example Tissue cultured banana, gerbera and carnation etc. It is not
possible to fulfill this requirement by ordinary or common nursery practices. There is necessity to have special techniques and methods to meet
the demand and only Hi-tech nurseries can satisfy this type of demand.
These nurseries grow plants in greenhouse, building of glass or a plastic
tunnel, designed to protect young plants from harsh weather, while allowing access to light and ventilation. Modern greenhouses allow automated
control of temperature, ventilation, light, watering and feeding. Some also
have fold-back roofs to allow “hardening-off” of plants without the need
for manual transfer of plants to the outdoor beds.

Sanitation, Drainage, Training and Pruning in Nursery
(A) Sanitation
Sanitation is defined as “the formulation and application of measures
designed to protect plant health”. Maintenance of sanitation is necessary
in any plant propagation work. If all the necessary sanitary precautions
are taken at the onset, the problems would be less in magnitude and its
management can be done effectively. It is necessary to use clean growing
media, sterile containers, a sanitized bench and pathogen free planting materials in all plant propagation processes. However, soil borne
pathogens may contaminate the soil mixture and media even when all
precautions are taken. Small outbreaks of diseases can be controlled by
using appropriate fungicides.
Sanitation practices in nursery include,
1.

Prevention of insects, pests and diseases

2.

Inspection for insect, pest and disease incidences
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Forest plants are essential for synthesis of gums, honey, timber and fuel.
There is lack of forest plant nurseries. To save and multiply the entire lot
of valuable forest plants it is very essential to preserve and multiply those
plants for which special type of nurseries are to be established. This is
also needed for medicinal purposes.
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3.

Environmental control leading to protection from harmful environment factors like hot sun, freezing temperatures, storms, etc.

4.

Eradication of pests, diseases and weeds.

Sanitation Treatments
1.

Sterilization of the propagation media, tools, and implements used
is necessary in nursery plant production. Propagating media and
tools can be easily sterilized by heat or by chemicals. A temperature of about 71 0C for 30 minutes is considered sufficient to kill
almost all disease producing pathogens.

2.

Chemicals used for sterilizations are Chloropicrin, Formaldehyde,
Methyl Bromide, etc.

3.

Fumigation with chemicals is useful for destroying harmful bacteria, fungi and nematodes in a relatively small quantity of soil that
is used for propagation of plants.

4.

Drenching the medium with certain fungicides is also useful in
eliminating pathogens from the soil, coco peat and other media.

5.

General cleanliness of nursery area (inside and outside) and all the
implements are necessary.

(B) Drainage
Drainage means the process of removing excess water from the soil using
artificial means so as to enhance crop production. In order to facilitate
healthy and sufficient vegetative and reproductive growth of plants, a
good drainage system must be developed in the beds and around the nursery. Adequately gentle slope in the pot and bed surface is also desirable. It
is extremely important to ensure that water logging does not occur in and
around the pots and beds. Soil needs artificial drainage for various reasons, when there is a high water table in the bed and when excess surface
water cannot move downward through the soil.

Advantages of Drainage
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1.

The bed will not get waterlogged and plants can obtain essential
amount of water as well as air

2.

After heavy rains with effective drainage the soil comes in tilth
faster to carryout agriculture operations in time.
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The structure of soil improves. There is good aeration and warmth
in the root zone which are essential for good root growth.

4.

Soil micro flora that change organic matter into plant food and
provides aeration and warmth in the soil.

5.

Desirable chemical reactions take place and nutrients become
available to the plants.

6.

There is proper root development and accelerated nutrients
absorption.

7.

Seeds germinate faster and better stand of crop is obtained.

8.

Due to healthy growth of plants they can resist the attack of pests
and diseases better.

9.

Healthy plants compete with weeds better.

10. Good drainage permits the removal of many toxic salts and thus,
reduces damage to crops.

Type of Drainage
Drainage is of two types
a)

Surface drainage and

b) Sub surface drainage or underground drainage.
(a) Surface Drainage
Surface drainage consist of open ditches that are laid out by eye judgment, leading from one wet spot to another and finally into an open area.
This is often called natural system of drainage.
Open ditches: The pattern of ditches is regular. The method is adopted to
land that has uniform slope.
Field ditches: Field ditches for surface drainage may be either narrow
with nearly vertical sides or V shaped with flat side slopes. V shaped
ditches have the advantages of being easier to cross with large machinery.
Narrow ditches: Narrow ditches are most common where large farm
machinery is not used.
(b) Sub-Surface Drainage:
A sub surface or underground drainage will remove excess soil water.
It percolates in to themselves, just like open drains. These underground
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3.
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drains afford the great advantages that the surface of the field is not cut
off, no wastage of land and do not interfere with farm operations. On the
other hand, they are costly to design the layout and not effective in slowly
permeable clay soils. Types of underground drain are, tile or pipe drain,
box drains, rubble drains, mole drains and use of pumps for drainage.

Training and pruning in nursery
Training and pruning are two inter-related operations required in the nursery and field. Training is primarily done to give proper shape to the plants,
while pruning is mainly concerned with the productivity or vitality of the
plants. Both these practices involves the judicious removal of the undesirable plant parts like branches, limbs, twigs, flowers, shoots or roots etc.
Training
Training may include operations leading to staking or supporting to a
nursery plants and it also primarily done to give proper shape to the nursery grown plants. Training is primarily carried out in plants to provide
the plant a mechanically strong framework, to expose maximum leaves
to light for the photosynthetic process, for easy detection of diseases and
pests and facilitate pest management and to ensure full sanitation by the
removal of diseased parts or twigs and proper application of pesticides for
elimination of the pest and disease.
Pruning
Pruning is an operation for the removal of live or dead branches and pest
and disease infested branches from nursery plants to check spread of pest
and disease in nursery plants. Pruning is primarily done in nursery plants
to promote and maintain healthy plant growth, through the removal of
diseased or insect infested plant parts, dead branches or excess branches,
to improve marketable quality of nursery stock, through the promotion of
uniform shape, clean and even growth and to make plants more compact
for display and transport.

Care to be taken during training and pruning
•
•
•
•
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Ensure that cuts are sharp and clean and care is taken to prevent
main branch breakage and tearing.
Prevent contamination of healthy tissues when pruning out diseased
tissues through proper cleaning of tools between successive cuts.
While pruning out diseased branches, cut beyond the diseased
tissues. Many diseases grow internally, as well as externally.
Application of Bordeaux paste on cuts and wounds is a beneficial practice.
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Potting, re-potting, depotting and mulching in nursery
A. Potting

Potting procedure
1.

Wet the seedbed before lifting plants. Lift the plant with a ball of
earth intact with the root system. Do not pullout seedlings in the
hot sun or when the soil around the roots is dry.

2.

Fill up pots by putting some crocks first, then a layer of sand (5-8
cm thick) and finally pot mixture (8-10 cm thick).

3.

Place the plant with the ball of earth in the centre upon the layer
of pot mixture (Place on one side of pots in the case the root stock
plant is to be used in grafting/inarching)

4.

Put pot mixture around the ball of earth, press as you fill up and level off.

5.

Leave 2 to 3 cm head space at top. Do not press over the ball of
earth. It will break and damage the roots and set the stem of plant
at the same height as it was in the seed bed.

6.

Immerse pot with plant in a tub of water gently and keep inside water
till air bubbles cease to come out. Remove and place the pot in shade.

B. Re-potting
Repotting is the process of transfer of plants from one pot to another pot.
Repotting procedure
1.

It is better to wet the potted plant 24 hours earlier to facilitate
repotting (easy removal of plant from the pot).

2.

The technique to remove the plant with a ball, intact is to keep the
right hand palm over the soil, allowing the stem of the plant in
between first two fingers and turn the pot upside down holding the
pot at the bottom with the left hand and gently knocking the rim of
the pot on the edge of table or any other hard surface or even on the
bottom edge of another inverted pot. The ball of earth comes out of
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When a plant is transferred from a seed bed or a flat bed to pot, this operation is called as potting. Potting of Nursery Plants is done for, preparing
plants for sale such as rooted cuttings of grapes, growing plants for decoration like crotons, growing plants for experimental studies like pot -culture
studies, for using plants as rootstocks in certain grafting methods like
grafting of mango seedling.
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the pot. If for any reason, it fails to come out, break the pot knocking the sides with a stone or fork and free the soil from the pot.
3.

Examine the roots, cut neatly with a secateur, the decayed, dead
and dried or twisted roots. Reduce the size of the ball of earth
around the roots.

4.

Place the plant in the new pot at the same height at which it was in
the old pot. Fill up pot with fresh pot mixture and immerse in water.

C. De-potting
Removal of nursery plant from the pot is known as de-potting.
De-potting procedure
1.

Loosen the soil around rim. Invert the soil. Keep the right hand
palm under the surface of the soil with the plant stem between the
two middle fingers.

2.

Tap the rim sharply but gently against a hard surface or wooden
object and take the plant out along with the root ball.

3.

Safely loosen the excess soil between the roots and shake out the
excess soil. Removed the decayed and dead roots with sharp secateurs.

4.

Keep the plant with ball of earth in position in the new pot and
then fill the remaining pot with new potting mixture till the top
and level the surface.

5.

Clip off few leaves to check transpiration. Then water thoroughly with
a fine water spray. Keep the plant under partial shade for a few days.

Care and Maintenance of Plant during Repotting
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•

The initial reaction after potting and repotting is partial or temporary wilting. The transpiration loss has to be checked to help
plants revive. Hence keep freshly potted plants under shade and
“pot water daily”.

•

After about 6 to 10 days under shade, the plants should be gradually exposed to sun by keeping them for some hours under sun
and then putting them under shade. The period of exposure can
be increased every week until finally the plants can be kept in the
open. This process is called “hardening”.

Horticultural Crop Production

Mulching in nursery
Mulching is practice of covering soil surface with organic or inorganic
materials to check the growth of weeds and loss of water through evaporation and regulate soil and media temperature.
Advantages of mulching
Seeds in the beds are irrigated frequently and can be washed away
easily. Thus, placing of some mulch material prevents the blowing
away of the seeds from the nursery bed.

2.

Mulch also saves the seeds from being picked away by the birds
and other stray animals, rodents, etc.

3.

Covering of the nursery beds by any mulching material is equally
useful to prevent the young seedlings from frost damage during
winters and scorching sun during summers.

4.

Mulching material also suppresses the growth of unwanted plants
and weeds and also conserves moisture in the soil. It cools soil
surface and stabilize soil temperature.

5.

It adds organic matter to soil, if mulch materials are organic in
nature and reduces soil erosion on sloppy lands.

Mulching material
(A) organic mulches
Animal Manures, composts, composted municipal sludge, hulls, cobs,
shells, sphagnum peat moss, pine needles, straw, wood products, shredded chip, or chunk bark, wood chips or shavings, waste wood, etc.
(B) inorganic mulches
Aluminum foil, black polyethylene, landscape fabrics, recycled rubber
tires, stone, chips, pebbles and gravels.

Characteristics of good mulching materials
It should be easily and cheaply available. Material should not act as an
alternate host for pest and disease. It should be easily degradable.
Application of mulching
Mulching material in general should be placed over the beds immediately after
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sowing and removed after the seedlings have germinated and have attained
sufficient height or when the danger of frost or high temperature is over.

Plant growth regulators (PGR) in nursery
Plant growth regulators are the chemical compounds other than nutrients
which are required in small or minute quantities to regulate modify or
inhibit the plant physiological processes.
Plant hormones
Plant growth hormones are the chemical compounds synthesized by the
plant inside its body and transported from site of production to site of
action to regulate, modify or inhibit the plant physiological processes
Types/groups/classes of plant growth regulators (PGR)
1.

Gibberellins: Play important role in cell elongation in plant cells
e.g., Gibberellic Acid GA1, GA3, GA7

2.

Auxines: Play important role in cell division and cell multiplication. These substances are used mainly for the root initiation, e.g.,
Indol Acetic Acid (IAA), Indol Butaric Acid (IBA) and Naphathalic Acetic Acid (NAA).

3.

Cytokinins: Play important role in cell elongation, e.g., Kinetin, Zeatin

4.

Abscisic Acid: Growth retarding substance and plays an important
role in fruit drop and thinning, e.g., ABA

5.

Ehtylene: Mainly called as ripening hormone which hastens
ripening in fruit crops. Ethrel also useful for sex expression in
cucurbitaceous vegetable crops. Eg, Ethephon, Ethrel.

Role of plant growth regulators on fruit production
1. Propagation
Large number of plants are propagated by stem cutting, leaf cutting and
layering. For promoting rooting, the commonly used hormone is IBA followed by NAA. IBA enhances root formation on cuttings. Cytokinins also
help in quick and profuse root formation on cutting and layers. By use of
IBA, profuse root formation is observed in cutting at fig, pomegranate,
croton, rose rootstock, hibiscus, grape etc.
(A) Seed Germination
Plant growth regulators are used to promote early seed germination and
improve the germination percentage. Many seeds have natural dormancy
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which can be overcome by dipping the seeds in auxins.
GA3 @ 500 ppm solution enhances seed germination in aonla

•

Guava seed- 1 % KNO3

•

Papaya seed- 20 ppm Sodium thisulphate 24 hour soaking

•

Papaya seed- 20 ppm Thiourea 24 hour soaking

•

Ber- 500 ppm GA

•

200 ppm GA + 5% Sucrose.

•

Aonla seed, rayan seed- 500 ppm GA3 8 hrs soaking.

Section 2

•

(B) Vegetative Propagation
a)

Cutting: Auxins play an important role in the initiation of roots in cuttings.
•

A concentration of 500-1000 ppm auxins are used by quick-dip
method of treating cutting for species which are difficult to root.

•

A concentration of 20-40 ppm auxins are used to the species
which can be rooted easily.

•

Guava cuttings: 5000 ppm IBA by quick dip method

•

Grape cuttings:4000 ppm IBA by quick dip method

•

Pomegranates: 2000 ppm IBA by quick dip method

•

Litchi cuttings: 3000 ppm IBA by quick dip method

•

Jamun cuttings: 5000 ppm IBA by quick dip method

•

Fig cuttings: 1000 ppm IBA by quick dip method

•

Air layering-guava: 3000 ppm IBA by pasting lanoline paste

•

Air layering-pomegranate: 3000 ppm IBA by pasting lanoline paste

•

Air layering-litchi: 5000 ppm IBA by pasting lanoline paste

•

Air layering-jamun: 10000 ppm IBA by pasting lanoline paste

•

Air layering-tamarind: 4000 ppm IBA by pasting lanoline paste

•

Air layering-cashew: 500 ppm IBA by pasting lanoline paste

b) Layering: Paste of auxin pasted on the operated portion of the
plant part helps in initiation of roots in grafting and layering eg
Air layering in Guava
c)

Grafting: IBA+6BA (500:500 ppm) in Bee wax paste is useful in joining the scion on stock in many fruit crops. Grapes, Mangoes, Sapota.
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d) Budding: The treatment of IBA+6BA (500:500 ppm) in Bee wax
paste is useful in bud joints in Citrus, Roses, Ber, Jamun, etc.
e)

Breaking Dormancy: Gibberellins play an important role in
breaking the dormancy of seeds of fruit crops by loosening the
seed coat to permit water inside the embryo for germination, e.g.,
500-700 ppm of GA3 in Ber.

f)

Hastening Rootstock Growth

•

Rangpur lime seedlings: 200 ppm of GA3 at one month interval.

•

Jamberi rootstock seedlings: 200 ppm of GA3 at one month interval.

•

Aonla seedlings: 20 ppm 6-BA at one month interval.

•

Khirni and Custard apple seeds: 1000 ppm GA3, 20-24 hours seed soaking.

Methods of Application
The effectiveness of plant growth regulator is not only dependant on
the concentration of substance, type of the plant species but also on the
method of application. Different methods are used for the treatment of
cuttings and layers with plant growth regulators.
1. Prolonged Soaking Method
In this method the basal end of cutting are dipped in the dilute solution
(20 to 200 ppm) of the hormone for 24 hour in a cool dry place. After
the treatment, the cuttings are planted in the nursery or in other suitable
growing medium. The concentration of the hormone or growth regulator
usually varies from 20 ppm to 200 ppm, depending on the plant species
and type of the cuttings. The concentration is usually low for easy rooting
species and higher for difficult to root species. The nurserymen rarely use
this method. However, it is very useful for difficult to root species, where
some materials like vitamins, sugars and nitrogenous compounds are
also used along with the growth regulators for facilitating rooting in such
species.
2. Quick Dip Method
The method is an improved version of the previous methods. It is very
effective method of treating cuttings with growth regulating chemicals. It is
followed by most of the plant propagators for raising plants through cuttings. In this method, the basal ends of cutting are dipped in the concentrated
solutions of a hormone for a short time, usually for 5 seconds to 2 minutes.
The treated cuttings are then planted in the nursery or field for rooting. The
concentration of hormone for quick dip method ranges between 500 ppm and
10,000 ppm, depending on the species and type of the cuttings. Usually a
concentration of 4,000 to 5,000 ppm is used for the purpose. Higher concentrations may cause injury to the cuttings and thus should be avoided.
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4. Spray method
Spraying of growth regulators is sometimes done to the mother plants
before taking cuttings from them. Spraying of stock plants with CCC/
Ethepon in concentration ranging from 500 ppm to 1000 ppm is sprayed
30 to 40 days before taking cuttings from the trees. Cuttings taken from
such plants, root better as compared to untreated plants.
5. Lanoline Paste Method
As described earlier, IBA is applied to the girdled portion of a layer or
stool it is applied in lanoline paste for inducing rooting in plants. Honeybee wax may also be used in place of Lanoline.
Preparation of pgr solution
1. Plant Growth Regulator Powder
For preparing hormonal powders, the required quantities of the hormone
are weighed precisely on electronic balance and dissolved at the rate of
1 gm in 100 ml of acetone in a beaker. This material is poured into one
kilogram of talc powder taken in mortar and mixed thoroughly with a
glass rod. After mixing, the mixture is kept open in air for few hours. The
alcohol evaporates. The dried talc is then ground to fine powder. This fine
powder should be kept in airtight container and can be used for treating
cuttings as and when required.
2. PGR Solution
For the preparation of hormonal solution, the required quantity of the hormone is measured and weighed accurately on electronic balance. It is then
dissolved in a small quantity of acetone or alcohol. When the contents are
fully dissolved, the final volume is made with distilled water. The pH of
the solution should be nearly neutral. If the pH of the solution is higher or
lower, it may not induce rooting; rather it would affect the rooting process
adversely. The pH of the solution can be adjusted with the help of 0.1 N
HCL or 0.1 N KOH. Citric acid, humic acid may also be used for lowering the pH of an alkaline solution. Hormonal solution should preferably
be prepared fresh to avoid the solution becoming inactive. The cans of
solution, however, can be stored in a cool, dry and dark place.

27

Section 2

3. Powder Dip Method
In this method, the basal ends of freshly prepared cuttings are dipped
in the carrier based hormonal powder for some time. After treating the
cuttings, extra powder adhering to the cuttings should be removed by
shaking. Cuttings are immediately inserted in the rooting medium. Seradix, a popular formulation is used by the nurserymen in this method. For
effective rooting, the cut ends of the cuttings should be moistened before
the treatment. At the same time, the excess of powder should be removed
to avoid adverse effects on the rooting process.
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3. PGR Pastes
For preparing hormonal pastes, the required quantities of hormone are
measured and weighed accurately and dissolved completely in small
quantity of alcohol. The required quantity of the lanolin (greenish-yellow
colored grease like substance) is also weighed and heated slightly in a
beaker under gentle flame. When, the lanolin slightly liquefies, the dissolved hormone is poured in it. The contents are mixed thoroughly with
constant stirring with a glass rod. The contents are then allowed to cool
down. The paste is thus ready for use. Until use, the paste may be kept in
a cool, dry and dry place.

Precautions
The use of root promoting hormone for the induction of rooting in the
cuttings and layers has now become the backbone of the nurserymen.
These are readily available in the market in various forms but it is always
better to prepare them at nursery site itself. The hormones not only induce
rooting but also help in growth and development of the roots. Indole
butyric acid (IBA) and Naphthalene acetic acid (NAA) are most effective
in cuttings and layers and these are used in tissue culture media also. To
have better and desired result from growth regulators, the following precautions should be taken for their preparation and further use;
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•

Check for expiry date of the hormonal powder.

•

Hormones/growth regulators should be weighed and measured
precisely and accurately, preferably with electronic balance, measuring jars and cylinders.

•

As most of them don‟t dissolve in water, a proper solvent like acetone or alcohol etc. should be used.

•

Purchase of required amounts PGRs as they are costly and difficult to store.

•

Hormones are known to deteriorate faster in warmer temperatures.
Therefore, they must be stored in cool and dry places preferably in
a refrigerator.

•

Solutions should always be made fresh. If required to store for
some time, use of refrigerator is desirable.

•

Use hormonal solution for treatment of cuttings and lanolin paste
for layers.
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Importance of nutrient management in plant nursery

Plant nutrients and their requirement
Plant Nutrition
Plants require food for their growth and development. The plant food is
composed of certain elements which are often referred to as plant nutrients
or plant food elements. Plants absorb a large number of elements from soil,
air and water during growth and development. But only sixteen elements
are found to be essential in plant nutrition. The criteria to judge essentiality
of an element to plants have been worked out. They are as under:
1.

Deficiency of the nutrient makes it difficult for the plant to complete the vegetative or reproductive stage of its growth.

2.

The deficiency is specific to the nutrient in question and as such
can be prevented or corrected only by supplying that particular
element to the plant.

3.

The nutrient must have direct influence on the plant. It must be
directly involved in the metabolism of the plant.
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Plants, like animals and human being, require food for their liveliness,
growth and development. This food is composed of certain elements and
compounds often referred toas plant nutrients. The essential nutrients
are the key components of the soil fertility. The chemical compounds
required by the organism are termed as nutrients and their supply and
absorption for growth is defined as nutrition. Plant nutrients are available
in the form of organic and inorganic substances. Plants require 16 essential elements for their normal growth and completion of life cycle. On
the basis of their relative concentration in plant tissues these are divided
in to macro-nutrients and micro-nutrients. There are different types of
manures and fertilizers available in the market for the supply of these
nutrients. These fertilizers are provided to the plants by different fertilizer
application techniques. Complete nutrition at nursery growth stage is very
essential to avoid unhealthiness and deficiency. Proper nutrition gives
healthy growth and resistance against pests, diseases and abiotic stresses
in the environment. In the nursery, nutrient requirement is very low but
it should be provided at the correct time. Advance fertilizer application
technique enhances the nutrient absorption efficiency.

Post Graduate Diploma in Rural Development

Essential plant Nutrients and their Sources:
Source
Air
Water
Soil

Plant Nutrients
Carbon (C)
Oxygen (O2)
Hydrogen (H2)
Nitrogen (N)
Phosphorous (P)
Potassium (K)
Magnesium (Mg)
Calcium (Ca)
Sulphur (S)
Iron (Fe)
Manganese (Mn)
Boron (B)
Zinc (Zn)
Copper (Cu)
Molybdenum (Mo)
Chlorine (Cl)
Nickel (Ni)
Cobalt (Co)
Sodium (Na)
Vanadium (V)

Class of Nutrient
Macronutrients
Macronutrients
Macronutrients
Macronutrients
Macronutrients
Macronutrients
Macronutrients
Macronutrients
Macronutrients
Micronutrients
Micronutrients
Micronutrients
Micronutrients
Micronutrients
Micronutrients
Micronutrients
Beneficial elements
Beneficial elements
Beneficial elements
Beneficial elements

Nitrogen, Phosphorous and Potassium are called as Primary nutrients,
while Calcium, Magnesium and Sulphur are called secondary Nutrients.

Macronutrients
Out of the 16 essential plant nutrients six elements are used by plants in
large quantities. These are N, P, K, Ca, Mg and S. Since these elements
are used in relatively large amount they are designated as “Macronutrients”. The first three nutrients namely NPK are utilized by plants in
considerable quantities. Majority of soils of the world are consequently
found deficient in these nutrients, hence N, P, and K are often called as
Primary Nutrients. Ca, Mg and S are called secondary nutrients due to
their secondary importance to the manufacturers of NPK fertilizers.
The other seven nutrients namely Fe, Mn, B, Zn, Ca, Mo, Cl and Ni are
used by field crops in very small quantity hence these are called Micro-
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nutrients. These nutrients are also called Trace, Minor or Rare elements.
They are however essential to plant growth.

Nutrient Deficiency Symptoms in Plants
The plants suffering from severe deficiencies or toxicities of mineral nutrients usually develop well defined and typical signs of disorders in various
organs particularly in leaves and which can be easily detected by the eyes.
Usually specific abnormal colors are developed in the leaves due to deficiency of plant nutrients. So this requires experience and practice in the
field to recognize particular nutrient deficiency. Plant Nutrient showing
deficiency on older or lower leaves: Nitrogen, Phosphorous, Magnesium,
Potassium and Zinc Plant Nutrient showing deficiencies on younger leaves
or bud leaves are: Calcium, Boron, Copper, Manganese, Sulphur and Iron
Typical Deficiency Symptoms
1.

Nitrogen (N): Yellow or pale green color of leaves. Drying of
bottom leaves and short plant height.

2.

Phosphorous (P): Leaves developing red and purple color. Slow
growth and late maturity is observed. Lower leaves dry and
develop purple colours between veins. Leaf petioles also develop
purple color.

3.

Potassium (K): Bottom leaves are scorched or burned on margins
and tips. Leaves thicken and curl. Deficiency first develops in the
wet portion of field.

4.

Calcium (Ca): Yong leaves of the terminal buds develop wrinkled
appearance and dieback at the tips and margins. Stalk finally dies
at the terminal bud.

5.

Magnesium (Mg): There is general loss of green color starting
with the bottom leaves and moving upward. Veins of the leaves
remain green. In cotton the lower leaves turn purplish red with
green veins.

6.

Sulphur (S): The veins and the tissue between them become light
green in colour in young leaves. The growth of the plant is slow.
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The nutrients should fulfill the conditions for proper growth and development of plants. They must be present in the soil in available form.
The nutrient must be present in optimum concentration for plant growth.
Deficiency or excess of any nutrient limits plant growth. There must be a
proper balance among the concentrations of the various soluble nutrients
in the soil solution.
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7.

Iron (Fe): Young leaves turn chlorotic. The main veins remain
green. The stalk is short and slender. There is dieback of young
growing tissues.

8.

Manganese (Mn): Spots of dead tissue scattered over young
leaves. The smallest veins tend to remain green.

9.

Zinc (Zn): There is yellow stripping of the leaves between the
veins. Older leaves die, and plant is severally dwarfed.

10. Boron (B): Yong leaves of the terminal bud becoming light green
at the base, with final breakdown. In later growth, leaves become
twisted; stalk finally dies at terminal bud. Browning of curd and
lesions in pith in cauliflower.
11. Copper (Cu): Yong leaves permanently wilted without spotting
or marked chlorosis. Yellowing and chlorosis of normally green
leaves. White tip or yellow tip diseases is observed in grains with
dwarfed or distorted heads.
12. Molybdenum (Mb): Lower leaves of tomato showing mottling,
necrosis and curling of leaf edges. In oats, leaves bend backward,
later break at affected areas with necrosis.
13. Chlorine (Cl): Leaves display the symptom of wilting of leaf
blade tips. Chlorosis, bronzing and necrosis are also observed in
areas proximal to wilting.
14. Nickel (Ni): Visual deficiency symptoms of nickel have not yet
been found adequately. Its deficiency causes accumulation of
nitrates and decrease in amino acid content in barley containing
less than 0.1mg Ni/Kg.

Role and functions of essential nutrients
1. Nitrogen
i.

Nitrogen is an essential constituent of proteins and chlorophyll
and is present in many other compounds in plant metabolism, such
as nucleotides phosphatides, alkaloids, enzymes, hormones, vitamins etc. It is thus a very basic constituent of plant life.

ii. Imparts dark green colour to plants. It promotes vegetative growth
in leaves, stem and produces rapid early growth.
iii. It improves the succulence of leafy vegetables and fodder crops
and increases the protein content in it.
iv. Governs considerably the utilization of phosphorous, potassium
and other elements
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2. Phosphorous
i.

Phosphorous is a constituent of nucleic acid, phytin and phospholipids. An adequate supply of Phosphorous early in plant life is
important for the development of the reproductive parts of the plant
Section 2

ii. Phosphorous is also an essential constituent of majority of
enzymes which are of great importance in the transformation of
energy, in carbohydrate metabolism, fat metabolism and also in
respiration (catabolism of carbohydrates) in plants. It is closely
related to cell division and development.
iii. Stimulates early root development and growth, their by helping to
establish seedling quickly.
iv. Brings about early maturity of crops particularly cereals and counter acts the effects of excessive nitrogen.
v.

Stimulates flowering, aids in seed formation, increases grain to stalk
ratio. It also improves the quality of food grains and other crops.

vi. When applied to legumes it enhances the activity of Rhizobium
and increases the formation of root nodules. Thus it helps in fixing
more atmospheric nitrogen in root nodules. With Phosphorous
deficiency, legumes plants may simultaneously suffer from nitrogen as well as potassium deficiency.
vii. Excess of Phosphorous in soil may cause deficiencies of some
nutrients particularly iron and zinc. It may also reduce the detrimental effects of over liming.
3. Potassium
Unlike all major nutrients potassium does not enter in to the composition
of any of the important plant constituent, such as proteins, chlorophyll,
fats and carbohydrates concerned in plant metabolism. It occurs in as state
of solution in the cell sap. Being soluble it can be removed with solution
in water from the plant tissue.
i.

Imparts increased vigor and disease resistance to plants and produce strong, stiff straw in cereals, specially paddy and wheat. It
also imparts winter hardiness to legumes and other crops.

ii. It regulates water conditions within the plant cell and water loss
from the plant by maintaining the balance between anabolism,
respiration and transpiration. It reduces tendency to wilt and helps
in better utilizations of available water.
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iii. Essential in the formation and transfer of starches and sugar. Thus
potassium is required in large quantities for potato, sweet potato,
turnip, Banana, suran and Tapioca.
iv. Helps in formation of proteins and chlorophyll, it increases
plumpness of grains and seeds and acts as an accelerator of
enzyme action.
v.

Counteracts the injurious effects of excess nitrogen in plants.
Hence, a balanced ratio of N and K is important in plant nutrition.

vi. Improves the quality of final products such as improvement in
quality of tobacco leaf, quality of fiber in fiber crops, taste size
and keeping quality of fruits. With citrus fruits however, an excess
of potash has a bad effect on quality.
4. Calcium
i.

It is a constituent of cell wall; as such it increases stiffness of
straw and promotes early root development and growth.

ii. Provides a base for neutralization of organic acids, commonly
termed as poisons produced in the plant.
iii. Essential to activate growing points, especially root tips. At the
same time it does not move freely from the older to the younger
parts of plant. This is the main reason why calcium deficiency
symptoms are first manifested at the tips of shoots and roots.
iv. Improves intake of other plant nutrients, especially nitrogen and
trace elements such as iron, Boron, zinc, copper and manganese
by correcting soil pH and encourages seed production.
5. Magnesium
i.

Since it is constituent of chlorophyll, it is essential for all green
plants. It helps in maintaining the dark green colour of leaves.

ii. Plays a role in the production of carbohydrates, proteins, fats and
vitamins and in certain catalytic reactions in the enzyme systems.
iii. Acts as carrier of phosphorous in plants particularly in connection
with the formation of seeds of high oil content. Thus it promotes
the formation of oils and fats.
iv. Helps the translocation of starches and regulates the uptake of
other nutrients in plants.
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6. Sulphur
i.

Though sulphur is not constituent of chlorophyll, it helps in chlorophyll formation and encourages vegetative plant growth.

ii. It is an essential constituent of many proteins, enzymes and
certain volatile compounds such as mustard oil and helps in the
oxidation-reduction system in respiration of plants.
Section 2

iii. Increases root growth, stimulates seed formation and promotes
nodule formation on roots of legumes.
7. Boron
i.

The primary role of boron appears to be concerned with calcium
metabolism both with its uptake by roots and its efficient use in plants.

ii. Tends to keep calcium soluble and increases its mobility in the
plant, helps in absorption in of nitrogen.
iii. Is a constituent of cell membrane and is essential for cell division
and is necessary for translocation of sugars in plants.
iv. Helps the vascular system in roots to give out branches (rootlets)
to supply nodule bacteria with carbohydrate so that bacteria may
not become parasitic.
v.

Boron has effect on many other functions in plant such as active
salt absorption, hormone movement, flowering and fruiting processes, pollen germination, carbohydrates as well as nitrogen
metabolism, metabolism of peptic substances.

vi. As constituent of enzyme systems which bring about oxidation
reduction reaction in the plant, it regulates respiration, photosynthesis, reduction of nitrates and sulphates and is essential for the
synthesis of proteins contained in the chloroplasts.
10. Zinc
i.

Zinc is a constituent of several enzyme systems which regulate
various metabolic reactions in the plant. E.g. formation of chlorophyll in plants.

ii.

It influences the formation of some growth hormones in the plant
and is associated with water uptake and water relations in the plant.
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11. Molybdenum
i.

Acts in enzyme system which brings about oxidation reduction
reactions, especially the reduction of nitrates to ammonia prior to
amino acid and protein synthesis in the cells of the plant.

ii. Is essential for the process of atmospheric nitrogen fixation, both
symbiotic and non symbiotic. It increases efficiency of legumes in
fixing atmospheric nitrogen.
12. Copper
i.

Copper forms many compounds with amino acids and proteins in
the plant.

ii. It acts as electron carrier in enzymes which bring about oxidation
reduction reaction in plants. It also helps in utilization of iron in
chlorophyll synthesis.
13. Chlorine
The need for chlorine for proper plant growth and development has been
established for sugar beet, carrot, lettuce. However, the exact role which
chlorine plays in plant nutrition has not yet been clearly defined.
14. Nickel
It is essential for hydrogenase, methyl reductase, and ureas activities
that regulate Nitrogen metabolism. It is needed for grain filling and seed
vitality.

Fertilizers supplying various plant nutrients
1. Nitrogenous Fertilizers:

1.
2.
3.
4.
5.
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Name of fertilizer
Ammonium sulphate
Urea
Urea coated
Calcium ammonium nitrate
Urea ammonium nitrate

N%
20.6
46
45
25
32
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2. Phosphatic Fertilizers:
P2O5 %
16 (P2O5 powdered)
48
20
16
6 (P2O5 granulated)

Section 2

1
2
3
4
5

Name of fertilizer
Single Super Phosphate
Triple Super Phosphate
Bone Meal Raw
Bone Meal Steamed
Single Super Phosphate

3. Potassic Fertilizers

1
2
3

Name of fertilizer
Potassium chloride (MOP)
Potassium sulphate
Potassium chloride (MOP)

K2O %
60 (Powder)
50
60 (Granular)

Nitrogen and phosphorous complex fertilizers
1.
2.
3.
4.
5.
6.
7.
8.

Diammonium phosphate:
Ammonium Phosphate Sulphate:
Ammonium Phosphate Sulphate
Nitrate:
Ammonium Phosphate Sulphate:
Nitro Phosphate: 20 % N:
Urea Ammonium Phosphate:
Urea Ammonium Phosphate:
Urea Ammonium Phosphate:

18 % N: 46 % P2O5
20 % N: 20 % P2O5
20 % N: 20 % P2O5 : 13 % S
18 % N: 9 % P2O5
20 % P2O5
28 % N: 28 % P2O5
24 % N: 24 % P2O5
20 % N: 20 % P2O5

Nitrogen, phosphorous and potassium complex fertilizers
1.
2.
3.
4.
5.
6.
7.
8.
9.

N:P:K (15:15:15)
N:P:K (10:26:26)
N:P:K (12:32:16)
N:P:K (22:22:11)
N:P:K (14:35:14)
N:P:K (17:17:17)
N:P:K (14:28:14)
N:P:K (19:19:19)
N:P:K (20:10:10)
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Micro Nutrients
1.

Zinc sulphate Heptahydrates
(ZnSO4, 7H2O):
2. Manganese sulphate (MnSO4):
3. Borax (Sodium tetra borate)
(Na2B4O7, 10 H2O) – for soil:
4. Copper sulphate (CuSO4,
5H2O):
5. Ferrous sulphate (FeSO4,
7H2O):
6. Ammonium molybdate (NH4):
7. Chelated zinc Zn- EDTA:
8. Chelated Fe- EDTA:
9. Zinc sulphate monohydrate
(ZnSO4.H2O):
10. Manganese Sulphate:
11. Boric acid (H3BO3):

Zn - 21%
Mn- 30.5%
B- 10.5 %
Cu- 24 %
Fe- 19 %
Mo- 52 %
Zn- 12 %
Fe- 12 %
Zn – 33 %
Mn 9.6 %
B – 17 %

Fortified fertilizers
1.

Boronated Single Super Phosphate:
Zinc Coated Urea:

2.

16% P2O5, 0.18% B
N - 43%, Zn - 2%

3.2.2 Manures and fertilizers application in nursery
Types of manures
The excreta of animals including dung and urine, along with straw and
other organic materials are used as manures in crop production. The
decomposed manure is called Farm Yard Manure. The average composition of well decomposed Farm Yard Manure is 0.5 per cent nitrogen (N),
0.3 per cent Phosphorous (P2O5) and 0.5 per cent Potassium (K2O). For
the best performance of fruits and vegetables balanced nutrition of the
nursery plants are necessary. Balance nutrition can be achieved by supplying nutrients in both organic and inorganic form.
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•

Organic manures

•

Inorganic fertilizers or chemical fertilizers

•

Biofertilizers
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Manures
Manures are prepared by using plants and animal‟s debris.
It can be categorized as follows:
Manures from plant origin e.g. green manures

2.

Manures from animal origin e.g. Poultry manure

3.

Manures from plants and animal origin e.g. Compost, Farm Y

4.

Organic fertilizers e.g. Bone Meal, Fish Meal, Blood Meal.

Section 2

1.

Biofertilizers
1.

Nitrogen supplying biofertilizers- Azotobacter, Rhyzobium, Acetobacter, Azospyrillum.

2.

Phosphate supplying biofertilizers – Phosphate solubalizing bacterias (PSB)

3.

Microbial decomposers- Tricoderma viridae

Important points regarding the nutrition management in nursery plants
•

Selective and balanced nutrition should be given to the mother
plants through soil or irrigation. Excess nitrogen will reduce the
root growth.

•

In nursery different types of rooting media are used. It doesn‟t
contain nutrients so we have to provide nutrition according to
plants need.

•

In nursery extra attention should be given to nutrition in sprouting,
root initiation stage, hardening of plants. Nutrient deficiency can
be reclaimed through application of foliar sprays.

•

For balanced nutrition organic manures, inorganic fertilizers and
biofertilizers should be used together.

Fertilizer requirement of different nursery plants
Manures and Fertilizers are applied in a Nursery to provide adequate
nutrients for growth and development of nursery plants, to provide
essential nutrients during critical growth period of plants to achieve well
developed, healthy and pest and disease free plant growth.
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(A) fertilizer requirement of vegetable nursery plants
1.

Fully decomposed organic manure and chemical fertilizer grade is
used to fortify sterilized coco peat.

2.

Drenching: Soluble fertilizers are used at 2gm/lit of water along
with fungicides. In vegetable nursery tomato, chilly, brinjal, cabbage, cauliflower, melons at the interval of 6-7 days for the period
of 25-30 days 3-4 times till the date of transplanting.

3.

Foliar application: The same grades of soluble fertilizers are used
in the foliar application @ 2 gm/ liter of water. The foliar application is done 4-5 times according to the growth stage of nursery
plants until the seedlings are ready for transplanting.

(B) fertilizer requirement of fruit nursery plants
1.

Media for filling polythene bags – Red soil and decomposed FYM
or compost are mixed thoroughly.

2.

Drenching of soluble fertilizers is done 5-6 times according to
growth stages @ 2gm/liter of water.

3.

Foliar application of fertilizers 5-6 times through spraying is done
according to plant growth stage @ 2gm/liter of water.

Methods of application of manures and fertilizers
1. Broadcasting:
Bulky organic manure like FYM and compost are broadcasted over the
beds and mixed thoroughly with the help of a spade or rake. The seeds are
sown once the beds are well prepared.
2. Ring around stem:
Grown up trees and plants are given manures and fertilizers by making
ring around the trunk or stem of the plant.
3. Fertilizer placing near plants in polybags/urea brickets
Fertilizers are placed directly in the polybags near the stem with the help
of weeding hoe in adequate doses.
4. Fertigation:
adequate dose of fertilizers can be mixed in the irrigation water and given to
nursery plants through drip or sprinkler irrigation or drenching near the stem.
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5. Foliar Fertilization:
Fertilization of plants or feeding nutrients to the plants by spraying chemical fertilizers on the foliage. This is also known as foliar feeding or spray fertilization.

Irrigation systems in vegetable and nursery crops

Overhead irrigation
This system is frequently used in vegetable production. It has a lower efficiency than localized irrigation because of the greater volumes of water
required, but the efficiency is greater than for surface irrigation (flow and
border irrigation). Other positive aspects of this system are:
•

Possibility of watering the ground without leveling;

•

Decrease in soil erosion and less damage to the soil structure, by
operating with an adapted water amount and drop size;

•

Decrease in water run-off and fertilizers losses: in fact this system
allows to use only about a half the water volumes of the gravity
systems at the same effect for the crop. Normally, with overhead
irrigation water consumption goes from about 500 cubic meters
per hectare in clay soils with localized irrigation. It is about 1300
cubic meters per hectare with flowing irrigation.

•

Possibility to influence temperatures, both to decrease damages
from frost and

•

stresses caused by heat.

Micro-irrigation
Micro-irrigation is the system of irrigation which is one of the most effective system to reach the above listed goals. It localizes the water directly
to the soil where the root systems are, thus wetting only a portion of the
soil. The localization of the water in the root zone decreases the wastage
of water and increase the water use efficiency.
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The present techniques used by growers, both in the production of vegetables and in the nursery cultivations, are based on overhead and localized
irrigation. The last one is able to give a higher efficiency than traditional
irrigation systems like flood irrigation. Low efficiency of traditional
irrigation systems is linked to the great quantity of water lost during
irrigation, because the quality of water supplied is much larger than plant
absorption and soil retention capacities. By localized irrigation these
problems are minimized; the main handicap of this system is the high
installation costs. However, the investment will be paid back by greater
crop production and better qualities in the productions.
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Benefits of localized irrigation are:
•

Reduction of costs for the preparation of the soil;

•

Possibility of doing cultural operations such as harrowing between rows.

•

Possibility to fertilize plants near their root zones promoting an
easier absorption of nutrients. Even if micro-irrigation is usually
adopted for and is called “micro-irrigation”, when it is used to
irrigate from below the ground level it is called the “sub-surface
irrigation”. Both systems release water using drip emitters. The
function of the drip emitters is to reduce the pressure inside the
pipes by dispensing little quantities of water. This can be achieved
in most cases by means of a labyrinth inside the drip emitter.

Micro-irrigation above soil surface
These systems can be placed both directly above the ground and on supporting structures. Different drip-pipes are used in vegetables growing,
also under plastic mulch. These can be more or less rigid. Examples of
flexible dripping pipes are: the perforated hose, double-cavity hose and
pipes with external drip emitters, whereas rigid systems are “inline pipes”
and “integral-pipes” (the first containing drip emitters filling the whole
section of the pipe, the second containing emitters welded inside, filling
only a part of the section of the pipe). For improving the distribution
efficiency of water, self-compensating emitters maintaining a constant
pressure of supplied water have been developed. In some cases these
emitters are joined with capillary mats. This association allows saving a
lot of water and nutrients, compared with the oversupply in other systems.
Sub-surface irrigation
Though initially expensive and not suitable for many areas, the economical advantages of drip irrigation can be further enhanced by placing
the irrigation pipes about 10 centimeters below the soil surface. Thus,
the water goes straight to the roots of the plants. Evaporation is greatly
reduced, and there is no opportunity for surface runoff. This system can
also be used for the efficient supply of fertilizers.
Irrigation management for water efficiency
Incorporating a crop demand-dependent irrigation schedule saves water
without affecting crop yields. In order to efficiently apply water to the
root zone, estimate the water demand based on soil type, precipitation,
crop needs and soil moisture retention. The process for developing an
irrigation schedule is described below.
•
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Determine your soil type. Soil characteristics help determine
effective irrigation application rates, durations and frequencies.
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For instance, sandy soils may requiremore frequent but shorter-duration applications.
Determine weekly precipitation amounts. Install a rain gauge in
a central location. Although local radio and TV weather services
can give you general precipitation rates for the week, site-specific
information is more accurate.

•

Monitor soil moisture to determine whether irrigation is necessary.
If the soil moisture content is adequate for the crop‟s water quantity
needs, no additional water application is required. Soil moisture
can be measured with tensiometers, electrical resistance blocks
(“gypsum,” “ceramic” or “moisture” blocks) or neutron probes.

•

Measure the output from your irrigation devices. Use flow meters
or gauged water pans to measure the output of sprinklers and drip
irrigation heads.

•

Combine the information above to determine a week-by-week irrigation schedule. Update the schedule as weather and soil moisture
conditions change.

•

Recheck soil moisture 1-2 days after irrigation to determine depth
of applied water and uniformity. If water penetration is too deep,
too shallow, or spotty adjust your irrigation schedule to correct it.

Importance of pest management in nursery
The need to produce more food to feed the increasing population will
continue. The systems and technologies that are being used now may
have to be modified and new technologies adopted in order to ensure
that this goal can be achieved. Pests are a major bottleneck in attaining
this goal. Pesticides will continue to play an important role in protecting
the crops from pests in the foreseeable future, as there are no practical alternatives at the moment. However, of late there have been many
encouraging developments that give hope for the future.
The old concept of ‘immediate kill’ or ‘kill all’ chemicals will have to give
way to the concept of chemicals that are less hazardous to natural enemies
of pests like parasites and predators and keep pests at manageable levels.

Major pest groups
The major pests of agricultural importance can be broadly divided into
the following groups:
Insect Pests: Insect pest and mites cause heavy damage to crops.
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Amongst the one million species of insects about 200 species can be
termed as serious pests in agriculture.
Plant Diseases: Fungi, bacteria and viruses cause diseases in plants and
insects. Nematodes are also sometimes classified as pathogens.
Garden Snails: They are called molluscs and become pests around home
gardens, in lawns, greenhouses and ornamental plantings.
Weeds: These are the plants that either compete with crop plants thus affecting
yield and quality, or may interfere with the use of land and water resources.
Vertebrate pests: These are mainly rodents, birds and some other mammals like bats rabbits etc. that cause damage to crops and stored products.
Pest Control
A nursery man adopts various methods to protect seedling from the pests.
This activity is called as is the applied control or pest control. Traditionally
pest control means the use of chemical pesticides. In the present day context, pest control includes the use of all those methods which are employed
for preventing pests and diseases without disturbing environment.

Methods of pest control
Important methods of pest control are briefly described below:
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1.

Cultural Method: It refers to manipulation of farm practices to check
the pests. Some of the important cultural methods are: Crop rotations,
Tillage methods (deep summer ploughing), High seed rate, Water
management, Manipulation of date of sowing, and Trap cropping.

2.

Physical Method: These methods involve modification of physical
factors in the environment to minimize or prevent pest problem.
Various physical methods are: Temperature manipulation, Moisture
manipulation, Light manipulation, and Use of sound.

3.

Mechanical Method: This refers to the use of mechanical implements and devices for removal and destruction of pests. Some
of them are, Screens, traps, nets and suction devices, Hooking
devices with iron rod in the hole bore by the insect, Banding with
grease or polythene sheets on stem, Covering of seedling with net;
and trenching and water barrier-ant pans.

4.

Legal or Regulatory Method: This refers, to the legal restrictions
proposed by the Central and State Governments to check the spread
of pests. The regulations such as Inspection and quarantine and
Destructive Insect Pests Act can be enlisted under this heading.

5.

Resistant Varieties: Use of resistant varieties help in avoiding or
tolerating or recovering from pest attack. Resistant varieties have
been identified against various pests in a number of crops.

Horticultural Crop Production

Biological Method: This method refers to the use of natural enemies of pests viz. parasites, predators and microbes or pathogens
(bacteria, virus, nematodes, fungi, protozoa etc.) so as to suppress
the pest species. Biological control program can be carried out in
the following ways: conservation and encouragement of indigenous natural enemies, importation of exotic natural enemies and
mass rearing and releases of parasites/predators and microbes.

7.

Chemical Control: The use of chemicals for the control of pests
is known as chemical control. Pesticides are the chemicals used to
kill or repel or attract or sterilize pests. Pesticides are without any
doubt an effective means of killing pests quickly and on demand.
No other control method provides users with an immediate and
visibly effective means of pest control. Over the years, the indiscriminate use of pesticides bas resulted in a number of serious
detrimental effects on the environment.

8.

Use of Botanical Pesticides: These include the use plant products with a potential to control pests. Many plant products (leaf
extracts, oils and cakes) have the property of inhibiting the development of pests and diseases. The plant extracts and oils are
sprayed on the crops. Neem oil, neem cake and other neem based
formulations have been found effective against pests.

Use of pesticides in pest control
The development of effective, economical pesticides has had a profound
effect on man’s continual battle with pests. In many cases pesticides
have been incorporated as tools in well planned pest control programmer
without serious hazards to humans or to the environment. Application
of pesticides must be done at proper time, at right rate by using suitable
equipment. The pesticides are applied on seeds, foliage and other parts or
in soil against different pests and diseases. The various methods of pesticides application are Seed treatment, foliar application, Soil application,
Granular application, Seedling root dip, Fumigation, Baiting etc.
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Plant Propagation
Plant propagation is both an art and science. It is the deliberate production of new plants that is achieved by two means – either sexual or
asexual. Getting basic knowledge of both the types can help growers in
selecting the right method according to the plants they grow. This article
gives the explanation of both types along with their respective pros and
cons. Read them to find the best one for your plants:

Sexual Propagation:
As the name suggests, sexual propagation involves contribution of both
female & male sexes for creation of new plants. It is a natural process in
which a parent species create offspring that are genetically different from
them. The process starts with flowering followed by pollination, fertilization and ultimately seed formation. These seeds when sown, results in
formation of new plants.
Advantages of sexual propagation:
•

Simplest, easiest and the most economical process among various types of plant propagation.

•

Some plants, trees, vegetables or fruits species can propagate only
through sexual propagation. E.g. – marigold, papaya, tomato.

•

This type of propagation leads to better crop species that are
stronger, disease-resistant and have longer life-span.

•

Viral transmission can be prevented in this type of propagation.

•

Sexual propagation is responsible for production of large number
of crops and that too with different varieties.

•

It is the only propagation process in which resultant offspring
have genetic variation and exhibit diversity of characters from
parent crops. This genetic variation is responsible for continuous
evolution that keeps on producing better & better offspring.

•

Easy storage and transportation of seeds.

Disadvantages of sexual propagation:
•

Seeds take a long time to turn into mature plants i.e. time interval
between sowing and flowering is longer.
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•

Seedlings propagated through sexual propagation are unlikely to
have same genetic characteristics as that of parent plants.

•

Some plant species do not produce viable seeds through sexual
propagation and hence are unsuitable to propagate for the same.

•

Plants that do not have seeds can’t be propagated through this process.

Asexual propagation:
Also known as vegetative propagation, this process involves production
of species through vegetative parts of the plants such as roots, leaves,
stems, bulbs, tubers etc. In this process, no exchange of genetic information takes place as the offspring is formed through material of a single
parent. Thus the resultant plants formed are identical to the parent plant
(also known as clones). Propagation by cuttings, division, layering and
grafting/budding are various methods of asexual propagation process.
Advantages of asexual propagation:
•

As resultant species formed through asexual process are genetically identical, useful traits can be preserved among them.

•

Asexual propagation allows propagation of crops that do not possess seeds or those which are not possible to grow from seeds. For
e.g. Jasmine, sugarcane, potato, banana, rose etc.

•

Plants grown through vegetative propagation bear fruits early.

•

In this type, only a single parent is required and thus it eliminates
the need for propagation mechanisms such as pollination, cross
pollination etc.

•

The process is faster than sexual propagation. This helps in rapid
generation of crops which in turn balances the loss.

•

Injured plants can be recovered or repaired through techniques
involved in asexual propagation.

Disadvantages of Asexual Propagation:
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•

Diversity is lost in asexual propagation which is the main reason
behind occurrence of diseases in future plant species.

•

As many crops are produced with this process, it leads to overcrowding & lack of nutrients.

•

New varieties of crops cannot be developed in this type of propagation.

•

Asexual propagation is an expensive process that requires special
skills for successful cultivation of crops.
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•

Crops produced through this process have shorter life-span than
those grown through sexual process.

•

Species involved in this process are less likely to resist pests and diseases.

Fruit plant and tree propagation categories
The methods to propagate asexually fruit plants are classified in two main
and six sub categories:
Section 3

Rooting
•

Stock Division

•

Propagation by Suckers

•

Propagation by Runners

•

Layering

•

Propagation by Cuttings

Plant Union
•

Propagation by Graftage

•

Bud Grafting (Budding)

•

Grafting

Division
This method is used when the plant produces custard of rooted stems.
In the late growing season and at beginning of the dormant stage, we
can divide the plant for several new specimens according to the number
of rooted stems. During this process, the old part of the plant should be
removed. This technique basically rejuvenates the plant.
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Figure: Stock Division

Sucker division
There are two types of sucker division methods, both are based on the
same principle. We use the growing suckers to reproduce the plant. In
one case, the sucker grows from the bud, which is located around the root
neck, or from roots, which are closed to the surface. Typical examples are
the raspberry and the blackberry. In the other case, the sucker grows from
the bud around the true stem, called rhizome, which is a horizontal underground stem. This technique is traditionally used for banana propagation.
Figure : Succer division
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Runner division
The most widely known example of propagating plants with runner division is the strawberry. After fruiting, the strawberry begins to grow several
runners. Wherever the runner has contact with the surface, it will root and
form a new plant. After cutting off the new plant from the mother plant,
we can transplant it before the cold season begins. The new plant will then
produce fruit with its highest potential yield in the next year.
Figure: Runner Division Layering
Section 3

Layering
The main purpose of layering is to provide rooting for the stem of the
mother plant. The new growing plant will keep the union with the mother
plant until it is able to survive on its own. When this happens, the new
plant will be cut off from the mother plant. Different techniques (as
shown) exist for layering. Roots of Peace.
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Figure: Layering

Banking up
This is the most common method to propagate pear, quince and apple
rootstock (M type clones). This technique needs some preparative work.
For about 2-3 years, we cut back the mother plant up to the surface level
(or close to it), which will then result in a thicker root neck. This thick
root neck will grow custard of stems. We then have to bank up the plant to
10-15 cm high (when the stems have an average 20-25 cm length). We can
subsequently harvest the rooted stems at the end of the growing season.

Simple layering
This technique is commonly used for hazel-nut propagation. During the
dormant season, stems are bent down into a 20-25 cm deep trench and
covered with soil. The top parts of the stems, which usually have 2-3 buds
on them, remain above the surface.

Air layering
This method is used on the tip of the branch, when stems are usually
younger then one year old. A strip of bark is cut approximately 2 cm wide
on the stem about 20 cm from the tip (just below a leaf stalk, or join).
Once cut, a rooting hormone is applied and rooting material is placed
under the strip. Finally, the cut is covered with a thin plastic bag, which is
opened at both ends. Rooting material must be placed in the bag before it
is sealed. This process must be completed during rainy conditions, when
the air humidity is highest. Litchi, guava, macadamia and mango are
propagated with this method.
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Figure : Air Layering

Section 3

Rooted cuttings
This method is one the most popular vegetative propagation techniques,
due to its use on both fruit and vegetable plants (such as cassava). The
stems, which are used for cloning, have to be harvested during the
dormant stage from the mother plant. The cuttings, which originate from
a piece of the mother plant, are then placed into the soil. Similar to layering, different techniques can be used for this propagation method. This
method always uses cuttings from the previous season’s growth (more
then one year old).
Figure: Hardwood cutting
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Hardwood cuttings
There are two types of hardwood cuttings. Those that are taken from
deciduous plants (such as mulberry, grape, apple, plum, peach, pomegranate and figs and those that are taken from evergreen plants (such as olive
and granadilla). Hardwood cuttings are taken from deciduous plants in
early winter after the plants have dropped their leaves.

Simple cuttings
This simple cutting is done on a stem, which usually contains 4-6 buds.
The top part of the stem is cut off at an angle. If the cutting originated
from an evergreen plant, the bottom two leaves should be removed and
planted immediately after being cut. The shoots will then grow from the
buds above the soil and the roots will grow from the nodes in the soil.
Typical examples for the use of this method are the Gooseberry, Currant,
Quince, Fig and Olive.

Torn cuttings
This cutting is performed at the bottom portion of the stem where there is
a union with the mother plant. This is a very old technique and it is rarely
used nowadays.

Root cuttings
Take root cuttings about 1 meter away from the tree trunk. These cuttings
should be 20- 25 cm long and 1-2 cm thick. Place these cuttings horizontally
into the soil about 10 cm deep until they shoot. This technique is useful for
propagation of guava, breadfruit, apple, blackberry and raspberry.
Figure: Root Cuttings
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Vegetative Propagation by Graftage
Vegetative propagation by bud grafting or budding

For best results, use bud wood or bud sticks which are of a vigorous
current season growth. Remove the top and bottom part of the branch,
because the tip buds are too immature and the bottom buds may be a
cluster of buds or they are too weak to use for budding. The length of the
stick is approximately 30 cm. Remove the leaves leaving a 1- 1.5 cm long
of leaf petiole on the stem.
The time for budding comes when the bark peels easily on the stock.
Irrigation a few days before budding helps to slip the bark. One should
bud graft into the root neck, or into a higher part of the plant. Normally,
budding should be done about 15-20 cm above the root neck avoiding the
possibility that the scion will root into the soil.
There are two periods of time to use the method of bud grafting. One
option is to implement it in the beginning of the growing season. Bud
grafting during this time comes with the risk that the new shoot will not
be sufficiently strong and matured to survive freezing conditions during
the winter. The other and most common option is budding in the beginning of the dormant stage. This means that the bud will remain dormant
until the following spring. Just as growth begins, all top growth is cut off
with a sloping cut 5-7 mm above the bud. All growth except the inserted
bud must be removed on a weekly basis.
The bud preparation starts about 1 cm below the bud with a slicing cut
under and about 2 cm beyond the bud (5-7 mm above the bud). The dept
of the cut is such that only a very small amount of wood appears directly
under the bud. This wood underneath the bud need not be removed.
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The method of budding is the most common technique for plant propagation in commercial nurseries. First, one must graft a single bud attached
to the stem of the rootstock. The stem or branch may not be thicker than 2
cm diameter. Therefore, this method is only applicable for young rootstock plants or smaller branches of large plants.
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Figure: T-budding

T-budding
The “T” cut on the stock is done about 20-25 cm above the surface with
a 2 cm long vertical cut and a 7-8 mm long horizontal cut on the stock. A
slight twist with the budding knife may open the two flaps of bark. After
that, the bud should be inserted under the two flaps of bark by pushing
downward. If part of the bud remains above the horizontal cut, it must be
cut off. This will allow the flaps to be closed tightly. Finally, the incision
should be closed with budding tape, which should be wrapped tightly
around the stem. Tying must start at the bottom or the top end of the incision. After 3-4 weeks, the tape should be removed (if it did not already
fall off). At this time, the shield of the bud and the petiole may indicate
the condition of the bud. If the shield is shriveled and the petiole does
not fall off at the touch, the bud is possibly dead and the budding process
should be repeated.

Chip-budding
Chip-budding does not use the protective bark flaps as T-budding does,
but it also does not use slipping bark. The first step is to make a cut about
2-2.5 cm long with a depth of ¼ to 1/5 the diameter of the stock. With a
horizontal cut made on the bottom, the cutting can be removed. The bud
can also be cut off if necessary. The bud stick and stock must be the same
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diameter. The stock and scion must be placed together in such a way that
allows the cambia of the bud and stock to match together as much as possible. Desiccation is a high risk when we use this method, therefore, the
wound should be wrapped tightly with grafting tape.
Figure: Chip-budding

Section 3

Vegetative Propagation by Grafting
Two types of rootstock can be used for grafting: The cultivar and the
seedling rootstock. The cultivar rootstock is produced by vegetative methods, generally by layering and cuttings. Seedling rootstocks grow from
seed. One of the best examples for cultivar rootstock is the apple and for
the seedling rootstock, the mango.
During the selection of the scion wood we have to consider some important aspects:
•

The scion wood must carry healthy buds that will grow into leafy shoot

•

It should come from a tree which is free from any pests or diseases

•

The plant should have the required characteristics. This includes,
that we take scions from plants, which is already bearing fruits.

•

Buds, which already begin to grow, are useless for grafting. The
grafting process will fail.
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•

The one year old wood is the best for grafting. These shoots grew
during the previous year. Water sprouts from up in the tree make
straight scions.

There are some rules, which must be taken consideration for any grafting
method to be successful:
•

Two incompatible plants cannot be grafted

•

The cambium layers of the rootstock and the scion must touch

•

The scion must be the right way up when you graft it

•

You can grafting in any time of the year, but the best time for
deciduous plants is, when the plant drops its leaves and is dormant

•

Cool, cloudy day without wind prevents the graft from drying out,
therefore this type of weather is the best for grafting

•

The care activities are very important until the rootstock and scion
are properly joined

These grafting process use a sharp knife, tape and grafting wax. Grafting
wax seals the join wound and avoids water loss and disease infection.
Therefore, its use is strongly recommended. If grafting wax is not available, we can use petroleum jelly (Vaseline) or we can produce home made
grafting wax. There are two ways to make grafting wax:
5 Kg resin
1 Kg bee wax
½ Kg siliceous earth (Fuller’s earth)
or
2½ Kg paraffin
wax 1½ Kg
siliceous earth
½ Kg Zinc oxide
In some cases, a section of trunk is introduced between the rootstock and
scion. It is called inter-stem or inter-stock. This is done in order to have
a desired effect or characteristic on the tree. These effects can be disease
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resistance, winter resistance or effects on the size of the tree. It is also
used to join two incompatible cultivars together.

Whip grafting

Simple whip grafting
This type of grafting practice includes the process of a simple sloping cut
on both the scion and the rootstock. The two parts should over lap each
other perfectly. In any case, one rule must be followed: The wider the
scion and root stock, the longer the cut surface.
Figure: Simple Whip Grafting
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The whip graft is useful for plants that unite easily. This method is useful
for apples, mangos and pears. It can be used to graft root, stem or top
graft. The diameter of the scion and rootstock should be the same, from
the size of a pencil to 10-15 mm.
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Cleft Grafting
This method has been practiced throughout the history of horticulture
and is one of the oldest fruit propagation techniques. It is suited for apple
and pears, but, in tropical areas, in can also be used for propagation of
mango and avocado trees. Citrus and guava trees also use this method. In
the case of top and side work, the scaffold limb is usually wider than the
scion. In the case of tree propagation, both parts, the rootstock and scion,
should be the same size.
Top cleft grafting
For this method, the scaffold limb of the stock should be 4-6 cm wide. It
should be straight and growing vertically. It should be free from spurs,
knots and cankers. The limb must be cut where the amputation point is
keeping the limb from splitting or the bark from peeling. After that, the
stock must be split across the center to a depth of about 15 cm. Next, cut
the scion 20 cm long and make two sloping cuts about 4-5 cm long. The
wedge of the knife should be driven into the center of the split that was
held apart and subsequently joined with the scion and the stock in a way
that the two cambia will be in contact with each other. Usually, we use
two dormant scions for the two opposite sides of the split.
Figure: Top Cleft Grafting Source
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Side cleft grafting

Side bark grafting
this technique is very similar to the top bark grafting. The square cut is
2-3 cm long and 8-10 cm wide. The joining part is then tied. Nails are not
used and the branch of the stock above the joining point should be cut
off after the scion begins shooting. This method is most commonly used
during the growing season.
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The processes are similar to that of the top grafting method, however,
grafting is done on the upward side of the limb. Additionally, the limbs
are not amputated until the grafting scion begins to shoot. The stocks are
then split with a diagonal cut about 3-4 cm long and 1/2 cm deep and
are joined with the scion at the stock. The next step is to tie and wax the
graft. The scion must be covered with a small, thin plastic bag that contains a piece of paper to prevent the scion from drying up. This bag can
be removed after 7-10 days. When the scion begins shooting, cut the limb
closest to the grafting point.
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Figure: Side Bark Grafting

Bridge Grafting
This technique is mainly used to repair damaged trees or branches and not
for propagation. Like in the case of the slipping grafting, bridge grafting
requires grafting under the bark. Where bark of the branch or trunk is
damaged, first clean up the surface and cut a wedge in the bark horizontally. Next, prepare 3-6 scions according the size of the damaged area and
graft both ends of each of the scions under the bark.
Figure: Bridge Grafting
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Approach grafting
Figure: Approach Grafting

Section 3

Some trees are very difficult to graft such as mango and macadamia. In
these cases we can use the approach grafting method. The main difference
between these techniques and other methods are that the scion is attached
to its root system during the grafting process. Take two plants. One will
be the rootstock and the other the scion. Make the same cut on both stems
at the same height. Hold the two stems together and tie them with tape.
When the grafts have joined, remove the top of the rootstock plant with a
cut above the joining point and remove the bottom of the scion plant with
a cut below the joining point.

Taking Care Of Grafted And Budded Plants
During the grafting process, be sure to clean and sharpen budding and
grafting knives that have been used. The ready graft should be fixed with
tape and the wounded surface should be covered with grafting wax in
order to keep the scion or bud from losing water and drying up.
Five days after grafting we need to check the graft and re-wax it if the wax
has cracked. Any shoots which grow below the graft on the rootstock should
be removed, because they compete with the shoots of the scion.
Recently grafted trees need a lot of water distributed on a regular basis.
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In the first year after grafting, avoid the application of any fertilizer,
manure or compost, because the tree will begin to grow fast prematurely,
which will not allow the graft to heal properly.
Budded plants should be kept under cool conditions until the graft has
joined in order to keep the bud from growing prematurely.
As soon as the growing season starts, cut off the rootstock above the plant
with a sloping cut. This will help the bud to begin growing.
Rub off the buds on the rootstock below the grafted bud as these other
buds will only provide unnecessary competition with the grafted bud.
This activity should be done on a regular basis until the rootstock buds
stop appearing.
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Different Methods Of Planning Orchard
1.

Square

2.

Rectangular

3.

Trigular

4.

Diagonal or quincunx,

5.

Contour.

Section 4

1. Square system:
In this case a tree is planted on each corner of a square whatever may be
plating distance. This plant commonly followed as it is easy to layout,
inter cropping and cultivation is visible in two direction e.g. Mango,
Banana and citrus crops.

2. Rectangular system:
This system is similarly that of the sequre system in its layout except in
this layout except in this layout row to row and crop to plant spacing is
not some. E.g Grape ( 3 *2 m ).

Factors to be considered while selecting the site for fruits
1. Climate and soil:
Climate and soil are the chief natural factors on which the success or failure of the fruit growing is dependent. Knowledge of the effect of various
soil and climatic condition on fruit growing is very essential for every
prospective fruit growers as a fruit cannot be grown successfully in every
type of soil and climate. Climate includes several factors like temperature,
rain, atmosphere, humidity, wind, hails, light, whereas the soils are such
factors as physical condition of the soil and its fertility, nature of sub –
soil, its drainage condition, temperature texture and its consumption.
2. Transport facilities:
Most of the fruits are perishable and as such their quick transport to the
market without much loss time is important and for this reason the site
selected should be nearer to a cooperative marketing center and should be
connected by a good road or railway, will reduce the transportation cost.
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3. Irrigation facilities:
Adequate irrigation facilities should be available at hand and round the
year. The supply of water should be plentiful and it should b available at
a reasonable cost, otherwise the cost of production will be increased. The
water should be free from objection able impurities. (Salts)
4. The site should not be close to any diseased plantation or
must be isolated from old plantation.
5. Cheap man power:
While selecting the site availability of cheap labour in the vicinity be
taken into considerable so as to keep down the production cost.
6. Owner’s house:
For effective supervision of the orchard, it is essential that the owner
should have his home in his orchard. Therefore, availability of medical,
educational and social amenities in the vicinity also be considered while
selecting the site.
7. The selected soil should be free from cyclones, frost, hails,
storms, strong and not wounds.
8. Market:
The varieties of crop selected should command a good demand in the
market. The market facilities must be available in selected site for ideal
fruit orchard.

Planning of an orchard
Careful plan of orchard is necessary for
a)

Most economic and efficient management.

b) Economic layout and location of roads, drains, irrigation channels,
path, hedge, and wind breaks.
While preparing plan of big orchard the orchard the knowledge following
points is highly essential.
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1.

Optimum spacing to give maximum number of trees per ha.

2.

Building should be at center or at high level for proper supervision.

3.

Don’t mix large trees in small trees.
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4.

Plant the fruit plants according to their soil requirements.

5.

Irrigated trees should be near the source of water.

6.

Evergreen trees should be from and deciduous should be behind.

7.

Big trees should big and small growing should be in front.

8.

Fruit attacking by bigard and animal should be close to the watmans shed.

9.

Pollinator should be provided to self incompatible fruit trees e.g.
ber, mango, etc.
Section 4

10. Those crops require spacing should be grouped in one blocks.

3. Hexagonal system:
In this method the trees are planted each corner of equilateral triangular.
This way six trees from ber with the seventh tree in the center. The trees are
equally space from each other. In this system inter cultivation is difficult.

4. Triangular system:
In this system they are planted as in the square system but the plants in th
2nd, 4 th, 6 th, and other alternate rows. These systems have no special
advantages over the square system except more space for the trees and
inter corps. It is difficult for layout cultivation.

5. Diagonal or quincupy:
It is differing from some symptom by planting and additional tree in the
center of each square of plant of trees. The central tree is usually the filler
tree which only for a shorter period. In this layout population becomes
double than square system of mango+ papaya, mango+ fig.

6. Contour system:
It is only followed on hills with high slopes. In this case the tree rows are
planted along a uniform slope and usually at right angle to the slope with
the idea of reducing loss of top soil due to soil erosion.
The marking should be done from lowest level of top.
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Pruning Of Fruit Crop
Pruning is an important horticultural practiuse. The knowledge of which
is essential or the grower, since unscrupulous pruning any result in more
harm than good.

Definition:
According to Gardner, pruning may be defined “as an art or science of
cutting away a portion of plant to improve the quality of the product or
to heal / repair the injury, the parts commonly removed are branches or
leaves or both, obviously pruning is a subtraction process.”
The extent and intensity of pruning on the same tree varies from year to
year, depending on the growth of the tree, its bearing and season. The
following are the main objectives of pruning.
1.

To extent and intensity of pruning on the same tree varies from
year to year, depending on the growth of the tree, its bearing and
season. The following are the main objectives of pruning:

2.

To maintain the growth and vigor f the trees and to maintain a
balance between the vegetative vigour and fruitfulness, so as to be
conductive for production of optimum crop of best quality.

3.

To regulate the size and quality of fruit by way of proper distributions of the fruiting area.

4.

To regulate the succession of crop.

5.

To spread the tree for convenience of economy in orchard management.

Principles of Pruning:
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1.

Excessive pruning should be avoided as it affects the growth of
the plant by ‘dwarfening ‘and may induce more of eater suckers
fascination and thus effect the bearing potential.

2.

In pruning only that wood which is not necessary for the tree
should be removed.

3.

Pruning of large limbs should be avoided as far as possible.

4.

Pruning of young trees should be done more carefully than they
yielding trees since serve pruning of young tree to going to
dely the cropping and much since serve pruning of young trees
raging to delay the cropping and much more yielding area will be
removed than what is desired.
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5.

Each branch or part pruned or removed should be considered as
a potential bearing area and certain amount or food prepared the
plants is reduced through such removed part.

Objectives of pruning
To facilitate easy intercultural operations, we take up training and pruning.

•

Fruits obtained in the respective seasons never fetches high price.
By pruning we can change the cropping pattern, thereby produce
in the “off seasons and get a good price for the crop.

•

Pruning is done to improve the quality of the produce.

•

If the plants do not show any positive response to our regular operations.

•

If there is congested unwanted growth.

•

Ugly look of a plant demands immediate pruning.

•

Improvement of an ill-maintained plantation requires pruning.

Need For Pruning
Maintains Good Health Condition and Size of Bush
When good health condition of bush is maintained, it would lead to
proper vegetative, dormant and reproductive phase.
When proper size is maintained, it would help in proper accommodation
of all the trees in a given area.
Minimizing the Fertilizer Application
Uneconomic branches are removed; it helps in maintaining soil characteristics. This results in reduction in application of fertilizers, and hence it is
cost beneficial.
Uniform Flowering
Pruning helps in uniformity in reproductive bud production, which in turn
will increase yield percentage. Due to increased bud production the bee’s
movement increases thereby increasing pollination. Hence fruit set is
good and good quality fruits are produced.
Uniform Ripening
Due to uniform ripening, harvesting charges are reduced. Transportation
cost is also reduced.
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Quality produce
Pruning helps in development of good colour and size. Density and flavor
of fruits are increased and hence quality produce is obtained.
Free Air and Light
Pruning enhances entry of enough oxygen and light thereby helps in increasing photosynthetic activity. All the branches get uniform light due to pruning.
Avoids Unwanted Diseases
Due to pruning light intensity is high and hence light falls on all parts of
plant. Thus occurrence of diseases is minimized.
e:g: coffee-black rot
Mango – anthracnose.
Increases the economic photosynthetic activity
Due to pruning the plants are maintained in a conical shape. Thus there
is uniform light intensity from top to bottom. All the leaves including the
leaves on the lower branches gets enough nutrients thereby increasing the
photosynthetic activity.
Regulation of yield
In some crops like mango, which is biannual in nature when the plants are
pruned, next year the yield would be increased. Hence by pruning regulation of yield is done.

Types of pruning:
1. Plant training:
Plant training is done during the initial stage. After three years this
method is not applicable.
a) Tying With Stakes
During the windy times, seedlings swing. Therefore to avoid this a stick of 10
mm thickness and 3 feet height is anchored near the seedling and tied to it.
b) Removal of Lower Branches
For apical growth domination, the primary branches of 1 ½ feet height
from the ground level are removed.
c) Panthal Training System
To help the vine to climb the panthal with sticks.
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d) Training of Timber Yielding Trees
The lower branches are chopped off to help the plants to gain more height.
2) De-Suckering:
De – Suckering is generally done as and when necessary (atleast twice in a year).
a) Topping
The plant height is maintained thereby the intercultural operations can be
practiced easily. Topping helps in arresting apical growth.

3) Handling:
It should be done every year.
a) Dead Woods Removal
The dead woods and leaves, which are liable to invite unwanted pathogens, must be removed.
b) Thinning of Unwanted Branches
Unwanted branches mean unproductive and unself sustainable branches.
The leaf area of such branches will not be enough to satisfy the photosynthetic need of the branches.
c) Removal of Dead Leaves
This method of pruning is applicable only to Multi – Tier system. The
dead leaves of higher plants can be removed. This will enhance good light
harvest by the plants of lower height in the multi – tier system.
d) Removal of Water Shoot Suckers
This can be done upto 7 years. After seventh year the water shoots are
trained to develop into a secondary or tertiary branch.
4. Pruning With Knife:
Pruning with knife is generally done once in three years. It is done during
summer showers and after a harvest. It is done only on below pencil
thickness branches.
a. Removal of Crisscross Branches
Crisscross branches are those arriving from a lateral branch and growing
towards the center.
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b) Removal of water shoot suckers
Water shoot suckers on removal helps the lateral growth. The plant gets a
good appearance due to removal of water shoot suckers.
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b. Removal of Dead woods
All dead woods, which invite unwanted pathogens, must be removed.
c. Give a “Skirt Type” Appearance
The plants should get free aeration from below. Hence a gap of 1 foot is
very much necessary in between soil surface and lower parts of plant.
This gives the plant a skirt like appearance.
d. Center Clearing
The center clearing helps the light penetration inside the stem through
the branches. This helps in maximum light harvesting that in turn leads to
maximum photosynthetic activity and hence good yield.
5. Heavy Pruning:
It is otherwise called as parrot – pole pruning. In this method of pruning
all unwanted things above pencil thickness are removed and plant size is
ultimately reduced. It is important to analyze whether heavy pruning is
needed or not. Practical experience is parampunt in deciding the necessity of heavy pruning. Pruning should be carried only when there is a rich
source of carbohydrate. If enough carbohydrate is not present, two follar
nutrient sprays at the interval of 21 days is recommended. This spray
will indicate the pruning site and unit. This is generally done twenty days
prior to rainfall. If there is no rain, then it is essential to irrigate heavy
pruned plants. This type of pruning is done only three times in the entire
life span of the plant. A well-maintained plantation does not require such
type of pruning. It’s recovery percentage is 96-98 only.
6. Back Pruning:
This is similar to heavy pruning. It is otherwise known as “heading back”. Terminal portions of all branches are removed leaving their basal portions intact.
7. Collar Pruning (1/2 Foot Cutting):
Carbohydrate resource and rainfall are must in the case of ½ foot cuttings.
Also it is a very sensitive method of pruning. There are only 70 to 80%
successes in this type of pruning. It is done only during the end of the life
span of the plant.
a. Purpose of Regeneration
In older plantation we cut the old stem to the height of ½ foot from the
ground level in such a way that it is 45º towards north and swab 1% bordo
mixture is must. We allow the suckers to grow upto pencil thickness graft the
buds with good varietal characters to develop. This method helps in regenerating the entire field with uniform desirable new material and save 2 years.
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b. Purpose of Replanting
When plants have reduced carbohydrate resource, it is not advisable for
regeneration and hence we go for replanting for which pits are taken
along the sides of the previously existing crops and replanting is taken up.
c. Multiple Stem System
If there is a dilemma between taking up either regeneration or replanting,
then multiple stem system is taken up. In this method 2 to 3 suckers or shoots
with different heights and directions are allowed and nearly 2 to 3 crops is
obtained. Generally quick replanting is recommended within this period.
8. Root Pruning:

b. Forking
When the plants are not responding to the regular course of nutrition and
irrigation management, then we use this type of pruning. We use a fork
for digging the soil upto
one – foot depth. Primary roots are cut as a result. Cow dung, nutrients
and water are added to the soil. It helps the plant in forming a new root
system. Hence fresh leaves are formed. It is also done only once in the
life span. The soil must be free of nematode and fungal infection.

Demerits of pruning:
Pruning is generally not necessary in plantation crops due to the following reasons.
1.

We do not have well trained labourers

2.

The period of pruning of the plants is uncertain due to irregular rainfall.

3.

The world wide research tells us that evergreen plants do not need pruning

4.

The cost of pruning is very high.

5.

The yield and plant condition serve as the best index to manipulate the shade management.

6.

Our rainfall is irregular with higher raining days.

7.

Frequent pruning will shorten life span of the plant.
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a. Ploughing
Ploughing is generally practiced on farm to remove the inactive feeder
roots. This practice would activate the roots therefore new activate feeder
roots are produced and increase nutrient uptake. It also would help in
improving aeration to the plant root system.
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8.

Only minimal saving on manures.

9.

Water shoot suckers give a very high yield.

10. More leaves leads to more photosynthesis.
11. Running blossoms extends harvesting period.
12. Nutrient management can regulate our quality crops.
13. In root pruning, plants waste its resources and time.
14. Conservative tillage and no tillage is gaining popularity world over.
15. Above all, leave the plants to nature.

Methods of Pruning:
1. Thinning Out:
This refers to the removal of the branches entirely from its base leaving
no stubs.
2. Heating Back:
This refers to pruning or cutting of main stem or all or few of the branches
leaving a basal portion. This method is often followed for hedges, ornamental shrubs, first dormant pruning and October pruning in grapes.
3. Disbudding or Rubbing off:
Here the young buds are nipped without giving then the change to sprout.
The buds may be either Vegative or reproductive. This is practiced regularly in flowering plants to make the terminal bud to give a bigger flower.
4. Pinching and Topping:
This refers to the removal of the tip of the shoot alone with a view to
stimulate mildly the lateral growth; this is practiced regularly in coffee
to remove the apical dominance and to allow the side branches to grow
vigouresely. e. g Deshi cotton.

Training Of Fruit Crop
Definition:
Training can therefore be defined as ‘an operation done to a plant by
which it is made to develop an frame work or structure land this is
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spreading on pergola with or without pruning of plant pears and training
is usually done when the plant / shrubs vines are young.It is necessary to
pay sufficient attention for training of plants during the first few years of
planting. During this period, the pre planned frame work as decided by
the grower should be allowed to develop. The main points to be kept in
view while training the fruit these are:

Objects of Training:
To admit adequate sun light and air to the center of the tree and to
expose maximum leaf area to the sun.

2.

To limit the growth and spread of the tree so that various cultural operation such as spaying and harvesting are performed at minimum cost.

3.

To build the frame work and arrangement of scaffold branches.

4.

To build the structure of the tree is such heights at which the tres
are less exposed for sunscald and wind damage.

5.

Before attachment to train of any tree, one should decide the
height of the head or crown. Depending upon the height of the
crown from ground level, the plants can be grouped in two:

a) High Head and
b) Low Head
a) High Head:
In this case, the main branches are encouraged about one meter or higher
up from the ground level. In case of these plants, cultural operations with
animal or mechanically drawn implements can be carried out easily. In
the tropical climate, the high headed trees are unsuitable as they are prone
to sunscalted and wind damage.
b) Low Head:
Main branches forming the foundation frame work of the tree are encouraged on the trunk at a height of 1 meter from the ground level. The low
headed trees are now becoming common all over the world as they come
into bearing comparatively earlier, are able to resist stormy winds more
effectively and spraying and harvesting expense are reduced.
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How to train the plats:
The formation of the main frame work of the tree is most important
part of training. Usually two to four main branches are encouraged at
almost the same height. These should be allowed be rise from different
direction, at some distance from one another as to from a balanced head.
These branches are called scaffold branches. The frame work is greatly
strengthen if the branches are spaced at 15 cm apart vertically on the main
tarn. If two or more branches of equal size are allowed to arise from one
place, they from a bad crotch ehicjh is after prone to spilt stem except a
few like pomegranate custard apple, fig, etc. which are better trained to
two of three stems.

Types Of Training Of Fruit Crops
1. Central leader:
This system of training is adopted such types of trees which have a pronounced apical dominance. Here the main trunk grows undisturbed. On
account of vigorous and rapid growth of the main trunk the tree develops
a close center and grows to great heights. The side branches remain more
on less shaped and consequently they would be lower in vigour and productivity. Since the plants would be very tall, the spraying and harvesting
operation become difficult and costly e.g. pear and soma varieties of
apple. This is not encouraged now.

2. Open center:
In this system, the main stem is allowed to grow only up to a certain
height by heading within a year of planting and all the subsequent vegetative growth promoted by lateral branches. This results in a low head
and as such the bulk of crop is bome closer to the ground. In contrast to
the central later system, open center system all’s to sunshine to be equality distubuted to all the branches. The open center trained trees are more
fruitful resides greatly facilitate the operation like spraying, thinning
and harvesting however , the branches from weak croteches since the
branches arise very close to one another almost from the same point. So
there is a certain amount of risk of splitting of the branches when there
is a heaver of fruit on the trees. in areas of highlight intensity, such trees
suffer from sever sunscalted injuries, e.g Pear, Apple etc.
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3. Modified leader system:
This system stands intermediate between the central leader and the open
center, combining the advantages of both   the system. It is developed first
by training the tree to the leader type allowing the central stem to grow
unsharpened for first four to five years. The main branches are allowed to
arise on the main stem at reasonable intervals. After the required number
of branches has arisen the main stem is cut off. The top laterals will take
the place of the main stem. The result in a fairly strong and moderately
spreading type of tress. E.g. Pear, Apple, Walnuts, etc.

Difference between training and pruning
The two practice training and pruning are often considered as one and the
same pruning in broader sense means cutting of plant parts and include
both real pruning as well as pruning for training, however these two terms
differ from each other.
Sl.

Training

Pruning

1

Training is mainly concerned with giving a
frame and shape to the plant.
Training determines the general character and
even details of plant out line its branching and
frame work.
By training we can keep the plant or vine in a
manageable shape and can dispose the branches
in desirable direction and position.

Pruning has an effect on the function of plant as
it influences cropping of plant highly.
Pruning determines the capacity of plant to
produce fruit.

2

3

By pruning we can actually drive the flow of sap
towards fruiting area on plant and force the plant
or vine bear better quality of fruits e.g. Grape.

Alternate Bearing
the non annual fruiting of fruit and forest trees. Usually all fruit trees
yield an annual harvest when they are young, but as they grow older they
bear fruit periodically, often every other year. When poorly maintained,
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Training and Pruning of Fruit Crops
Left to themselves, the cultivated plants may attain a shape of their own
depending upon the variety and crop. They may not also bear abundantly unless trained. Training refers pruning followed primarily to give
a definite shape or form to trees and slow to control the growth. The two
practices, training and pruning are often confused and considered the
same, since they go hand in hand. But, prunng in the broader sence refers
to removal of plant parts with an object to get better yield and quality
fruits while training is to give the trees a basis frame work specially done
when the tree are young. The training of course is achieved by pruning.
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young trees may also bear periodically. Trees bearing stones or berries
usually yield an annual harvest. In forest trees (such conifers as pine and
spruce) and fruit trees, alternate bearing is caused to a large degree by
climatic conditions, and it decreases from west to east.
The proper care of fruit orchards provides for the necessary concentration
of nutrient substances in the plant cells, especially protein matter, and for
an optimal ratio of carbohydrates and nitrogen, which stimulates the setting of flower buds in the harvest year for fruiting in the next year. In this
way, annual harvests are ensured. To obtain a good harvest of high-quality fruit every year a tree must have 30 to 60 leaves for each fruit. This
is possible if the tree has many annual shoots; thus, shoot formation is
an important factor in high yield. Moderate flowering is one of the most
important conditions for annual fruiting. Only a moderately flowering tree
is capable of producing a large harvest and setting flower buds for the following year’s harvest. Abundantly flowering pome trees (apple and pear)
should have their excess flowers or set fruits removed at an early stage
of development by growth substances to preserve nutrient matter for the
formation of the remaining fruits.
Alternate bearing characterizes only some plant varieties. For example,
some varieties of apple (Slavianka, Pepin shafrannyi) yield annually,
others (Antonovka obyknovennaia, Anis polosatyi) require special maintenance in order to do so, and still others (Kandil’-Sinap, Grushovka
moskovskaia) are marked strictly by alternate bearing. Various agricultural procedures and the stocks to which varieties are grafted also
influence the periodicity of fruiting.

Unfruitfulness associated with External and
Internal Factors
Some Definitions:
In an orchard all the fruit trees do not bear equally or regularly. Some
times one fails to bear at the same time another tree under similar conditions produces a heavy crop. This problem may be due to failure to set
fruit, unfruitfulness and activity.
The following terminology is useful in understanding the problem of
unfruitfulness.
1. Fruit Set:
The changes which mark the transition (stage) of flower into young fruit
is called as Fruit set.
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Or
The development of ovary and adjacent tissues following the blossomiting is called as Fruit set.
2. Fruitfulness:
The condition in which plant not only blossom and set the fruits but
carries it upto maturity then the condition is called as fruit fullness fertile
fruits plants are necessarily be fruitful and all the fruitful plants need not
be fertile.
3. Unfruitfulness:
Section 4

When the tree produces abundant flowers, set the fruits, but unable to
carry them upto maturity is known as unfruitfulness.
Or
When plant produces abundant flowers, set the fruits but there is no fruiting, at all then such conditions is called as unfruitfulness.
4. Fertility:
It refers to the ability of the plant not only to set and mature fruits but to
develop viable seeds.
5. Infertility Or Sterility:
It refers to the ability of the plant to set and mature fruit without viable seed.
6. Self Fruitfulness:
It indicates the ability of plant to mature fruit without aid of pollens from
some other flower, plant or variety and those plants are self fruitful plants.

Genetic Factors for Unfruitfulness
1) Sterility:
A land is said to be self sterile if it does not fruit with its pollen. Often
many varieties of fruits are partially self sterile giving a poor fruit set with
their own pollen.
Some varieties do not set fruit only with their own pollens but also with
the pollens of several other varieties. They are said to be besides being
self sterile, cross sterile in respect of those varieties. They will set the
fruits with the pollens of certain other varieties which supply them com-
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patible pollens. Such varieties can fruit only when compatible pollens are
available in the vicinity.
2) Hybrid Condition:
Hybrid between distantly related from are sometimes to produced self sterility.
3) Incompability:
In several deciduous fruits, the pollen of some varieties are in capable of
fertilizing the flowers of certain other varieties or of the some variety.
1) Slow Growth of Pollen Tube:
Poor growth rate of pollen tube in the style, possible due to hormonal
control. The growth rate of pollen tube may be slow due to several causes
including low temperature.
2) Nutritive Condition within the Plant:
Nutritive conditions of a plant just before or at or just after the time of
blossoming is important in determining the percentage of flowers carrying for setting and for maturity. Its effect may be on pollen viability or
on fertility of pistils. So far the internal conditions of plant are concerned
deficiencies of carbohydrate results in failure of crop.
On the basis of nutritional status, fruit trees have been divided into 4
general grops.
i) C/NNNN:
Plants in this group make poor growth and bear little crop or no fruit
shaded or over crowded trees falls in this category.
ii) CC/NNN:
Excess of nitrogen is present with sufficient amount of carbohydrates for
strong and succulent growth.
iii)CCC/NN:
Excess of carbohydrates leads the plants to its favorable growth and fruit
set. Under such condition optimum fruitfulness can be obtained.
iv) CCCC/N:
Excess amount of carbohydrates and small quantity of nitrogen leads to
the poor growth of and small amount f fruits, Neglected trees fall under
such category.
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External Factors for Unfruitfulness
1. Nutrient Supply:
Application of manures and fertilizers to the tree bearing emergence of
flower is generally believed to favour fruit set. Although heavy nitrogenous manuring will stimulate vegetative growth, over bearing previous
season exhaust the tree and educe subsequent flowering. Loss of nutrition
in a weak shoots causes fall of slower before and after fruit set.
Section 4

2. Climate:
Light, temperature, rainfall, humidity and wind are the major factors
which favour fruit set or other wise results in unfruitfulness.
High temperature at flowering will dry up the stigmatic fluid and prevent
pollination.
Reduced illumination due to close spacing, over crowing of branches or
shade will often reduce flowering.
Heavy rains at blossoming may result into poor fruit set due to washing
away of pollens and there by restricting pollinator activity. Flowers of
mango are especially sensitive to fog rain and cloudy weather. Cloudy
weather and rain are responsible for destroying blossom and newly set
fruits of grape vine. High wind velocity may results into shedding of
flowers and fruits.

3. Pest and Diseases:
Attack of pest and diseases adversely affect fruit set. Mango hopper and
citrus psyalla suck the cell sap from mango and Santra flowers respectively causing them to shed.

4. Locality:
A variety suitable for one locality may not suit for another locality and
thus may lead to unfruitfulness.

85

Post Graduate Diploma in Rural Development

5. Disturbed water Relations:
Moisture deficit created at a critical stage of flowering and fruit set will
result into low fruit set.

6. Cultural Practices:
Deep ploughing at flowering stage, excessive irrigation growing of weeds
etc. may result in shedding of fruits.

7. Prunning:
Pruning induces the fruit set in grape, fig and rose.

Remedies to Control Unfruitfulness
Evolutionary Factors:
Unfruitfulness due to evolutionary factors is mainly associated with
pollination, following fertilization and by ensuring the cross pollination
in such plants fruit set can be achieved or unfruiliulness can be avoided to
some extent and thus promo of pollens can be effected in several ways
i.

Hangmg or tymg wire netted basket containing pollenizer’s
.flower at different places in the orchard. Pollination of smayrna
fig with soporifics is effected in this manner.

ii. Shoots of pollenizer’s plants can be top worked on the orchard
trees. These can serve permanently as polientison.
iii. Pollenizers trees may be interplanted in the orchard/in suitable
numbers in different pockets. 10% of male plants of papaya is
required for Hood fruit set.
iv. Rearing of honeybees colony will be effective for transfer of poleis.

Genetic Factors:
Some varieties are sterile, self unfruitful cross sterile, in such cases block
of other varieties which provide compatible pollens should be established.
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Physiological Factors:
i.

By application of plant growth regulator growth rate of pollen
tube in toe style can be enhanced.

ii. By maintaining the proper nutritive health of the plant and attending CCC/NN ratio, will produce optimum fruitfulness.
iii. Special horticultural practices like bahar treatments ringing .may
improve fruit set by bringing the plant in CCC / NN ratio.

External Factors:
Timely application of manures and fertilizers with adequate quantities
will improve the health of the plant and ultimately retention of fruits.

ii.

The varieties which are suitable to particular climate may be grown.

iii. Wind breaks should be planted on south - west side of orchard to
protect the plant from high wind velocity with high temperature
and low humidity. This will avoid-the drying of stigmatic fluid
and shedding of flowers and fruits.
iv. Cloudy weather, low temperature fig .and. high humidity, are the
conditions favorable for breeding of certain pest and spread of
certain diseases. Timely control of pest and diseases during this
period may protect toe plant from low fit. set or failure of crop.
v.

Excessive moisture supply, deficient moisture supply or fluctuating moisture at the critical stage of flowering and fruit set may
try toe crop into failure one hence adequate and timely irrigation
frequencies be maintain to regulate moisture supply.

vi. Deep ploughing at flowering be avoided for obtaining good fruit set.
Priming is necessary in fig. Grape, phalsa for obtaining good fruit set.
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Cultivation of Amaranths (Amaranthus tricolor)
It is a warm season leafy vegetable grown in Kharif and summer season.
It is short duration crop. Leafy types are grown in kitchen and market
garden, recently grain types have grained some importance in protein,
minerals and vitamin A and C.

Soil and its Preparations:
It can be grown on all types of soil, but loam soil is most suitable for its
cultivation. Fine seed bed necessary for this crop and this can be done by
repeated ploughing.

The crop is suitable for growing in summer as well as rainy season. The
seed is sown in December- January for summer crop and April – May for
rainy season crop. Seeds of this crop are very small. The seed is sown
broadcast in sown or in flat beds after mixing those with fine soil fro well
distribution. The seedlings of badiChauli are transplanted after raising
them in the nursery during rainy season at a spacing of 45 cm from row to
row 30 cm. from plant to plant. About one kilogram seed is required for
sowing one acre.

Manuring & Fertilizing:
The plants are top- dressed with Urea @ 25 kg/ ha. After 15-20 days of
sowing and subsequent top dressing are done. After each cutting.

Intercultural Operations:
•
•
•
•

Weeding
Irrigation
Pestisides
Spring

Harvesting & Yield:
The crop become ready for harvesting about three to four weeks after
sowing and subsequent cuttings may be done after 7 to 10 days. The
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plants are harvested by cutting them periodically. This crop revenate
quickly after each cutting. The yield of green leaves is 90 to 100 q/ha and
seed is 200 kg/ ha.

Cultivation of Pumpkin
It is a favorite and popular vegetable of many people during summer and
rainy season. Pumpkin is one of the most important cucurbitaceous vegetable crops. The ripe pumpkins are used as cooked. It is one of the main
vegetable in any festival. It is round or long in shape.

Climate:
1.

It is warm season crop. But it can withstand cool weather. The
plant is also tolerant to partial shade.

Soil and its Preparation:
1.

Pumpkin is grown on all types of soil. But loam, sandy loam and
clay loam soils are considered best for its cultivation.

2.

The soil should be thoroughly prepared. It does best at a Ph of 6.0
or 6.5.

Sowing of Seed:
Two crops are raised commonly in the plains during January – March and
June – July. Seeds are sown in well prepared pits at a spacing 3 X 3 m. about
4-6 kg. of sees are required to raise one ha. Layout ring and basin is used.

Manures and Fertilizer:
30 to 50 cartload well decomposed FYM should be added at the time of
soil preparation. 50 kg N, 25 kg P/ha. Should be given ½ N and full phosphorus should be given at the time of sowing seeds and remaining half N
should be given 30 days after sowing.

Intercultural Operation:
One or two weeding may be done during early stage of growth. No irrigation is given to rainy season crop. The summer season crops should be
irrigated after third or fourth day.
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Harvesting and Yield:
Pumpkin is harvested either in green or mature stage according to market
demand. The fruits can be stored for a few months provided they are dept
in well ventilated rooms. The yield may range from 15 to 25 t per ha.

Cultivation of Bottle Gourd
Bottle gourd is a very important crop in India. The fruit in green stage and
leaves with stem are used as vegetable. The hard shell of the fruit is used
for different purpose.

Hot and moist climate is favorable for its cultivation. It cannot withstand frost.

Soil and its Preparation:
Bottle gourd can be grown in any types of soil. But sandy loam soils are
best suited for its cultivation. The land should be prepared thoroughly by
five to six ploughings.

Time of Sowing and Layout:
The seed is sown from January to end of February for summer crops. June
– July for rainy season crop in the plains and April in the hills. Layout is
ring and basin used.

Seed Rate:
The seed rate is 3 to 6 kg/ ha.

Methods of Sowing and Spacing:
The seed is sown by dibbling method at spacing of 2 to 3 X 1.0 to 1.5
m. Generally three to four seeds are sown in a pit at 2.5 to 3.0 cm depth.
Manures and fertilizers same as pumpkin.
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Intercultural Operation:
Two to three weeding is done to keep down the weeds during the early
stage of growth. The rainy season crop is usually stalked, often trained on
a bower made of bamboos and sticks.

Irrigation:
The summer crop requires frequent irrigation at an interval of 4 to 5 days.
The winter crop is irrigated as and when needed.

Harvesting:
The fruits should be harvested when they are still green. Delay in harvesting causes the fruit to become unit for marketing.

Yield:
The average yield is 90 to 120 quintal / ha.

Cultivation of Ridge Gourd or Ribbed Gourd
Ridge gourd can be grown through the year and are used as vegetables. It
is more popular vegetable in the south and east India.

Soil and its Preparation:
Ridge gourd can be grown in all kinds of soil, loam, clay loam and silt
soils are best suited for its cultivation. The land is prepared by ploughing
for three to four times, followed by planking.
Sowing of Seed:
a) Sowing Time:
There are two types of ridge gourd commonly grown in our country and
the seed is sown in different times according to type of crop.
b) Seed Rate:
The seed rate is 4 to 5 kg/ha.
c) Method of Sowing:
The seed is sown by dibbling method at a spacing of 1.5 to 2.0 X 1.0 to
1.5 m. Two to three sees are sown in each pit. Layout is ring and basin.

94

Horticultural Crop Production

Manuring:
30 to 50 cartload well decomposed FYM should be added at the time of
soil preparation. 50 kg N, 25 kg P/ha. Should be given ½ N and full phosphorus should be given at the time of sowing seeds and remaining half N
should be given 30 days after sowing.

Intercultural operation:
Shallow cultivation should be given during the early stage of growth. The
plants should be provided a suitable support made of bamboo sticks.

Irrigation:
Section 5

The summer crop should be irrigated just after sowing and subsequent
irrigation is given at four to five days interval. No irrigation is given in
rainy season crop.

Harvesting:
The fruit become ready for harvest from 55 – 60 days of sowing. The full
grown tender fruit should be harvested at weekly interval by cutting them
with a knife.

Yield:
The yield is about 75 to 100 quintal/ ha.

Cultivation of Tomato
Climate:
Tomato is Cool/Winter season crop in Bangladesh, but it is Grown round
the year in recent years. It can’t be grown successfully in places of higher
rainfall. Temperature after tomato crops in following ways.
1.

Optimum temperature for seed germination is 26 to 320C.

2.

The optimum temperature required for its cultivation is 15 - 270C.
At higher temperature its blossoms drops off. The damages great
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when high temp is combined with dry wind. It will result in the
failure of fruit set due to drying of stigmatic liquid.
3.

Colour development: In tomato red colour is due the pigment
Lycopene. Lycopene is highest at 18 to 260C while production of
this pigment drops off rapidly above 300C and ‘nil’ above 400C.

4.

Carothe is developed rapidly at high temperature.

5.

If fruits exposed to direct sunlight, their tops may turn whitish
yellow & become leathery in texture. This is common in late varietes during summer season. This condition is known as sun - scald.

6.

A cool, sunny weather is most suited for proper ripening, colour,
quality & high yield.

Soil:
Sandy loam soil with a well drained clay sub soil is best suited. Light soils
are good for early variety. While clay loan or silt loam soils are well suited
for high yield (Late variety), grows at pH 6.0 to 7.0 satisfactorily. The soil
should be well prepared & leveled by ploughing the land 4 - 5 times.

Sowing Time and Seed Rate for Tomato Cultivation
Sowing Time and Seed Rate:
In our region tomato can be grown throughout the year. Sowing is done
in May - June for kharif crop, August - Sept for Rabi Crop and December
- January for summer crop. The seeds are sown in well prepared nursery
beds 500 gms to 600 gms seed is enough for planting one ha of land.
When the plants are about 3 to 4 weeks old, they should be transplanted.

Layout and Spacing for Tomato Cultivation
Layout and spacing :
Ridges and furrow type of layout is used. The spacing recommended for
tomato crop is 60cm to 75 cm x 60 cm.

Manures and Fertilizers for Tomato Cultivation
Manures and Fertilizers:
30 to 50 cartloads of FYM or compost should be applied in the soil &
incorporated in it during field preparation. 75 to 100 kg P and 50kg K
should be applied for getting better yield of tomato.
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Irrigation:
It should be so arranged that the soil remains continuously moderately
moist. Avoid excessive irrigation as it induces the plants to run to vines
and* drop the blossoms off There is no need of irrigation during rainy
season if, there is a proper distribution of rainfall. When the rainy season is
over, the crop may be irrigated twice or thrice in a month. The crop planted
during the winter season will need .irrigation once in about 20 day. While
the crop transplanted during spring season will need irrigation more frequently, say, one in ten days in the beginning, and later on during the hot
season, the tomato crop is irrigated once a week.

Tomatoes, that have been growing when moisture is low, may split severely
after a rain of even after a heavy-Jew to an influx of water into the fruit
through roots, stem or through the cracks in the skin near the calyx.
Therefore, the crop should be irrigated carefully during the fruit ripening stage.

Intercultural Operations, Pruning and Staking/
Training in Tomato Cultivation
Frequent inter-tillage and cultivation should be done in the field to keep
it free from weeds. As the plants grow bigger, all the intercultural operations should be shallow, so that the roots which spread unto a depth of 5
cm below the surface soil may not be injured.
Though pruning and staking in the tomato .crop increase cost of cultivation, yet according to Mehta (lit. cit.) and Fernandez (1963), both
these operations make a tomato-plant grow more better and larger tomatoes resulting in a higher yield per hectare. But both of these operations
depend on the time that is at the disposal of the grower and the availability and cost of the staking material.
According to Fernandez, through pruning tomato plant may be made single-stem in the following ways:
All the side shoots are removed so that plant may use all its food and energy
to develop its fruits and very little of it is left for the foliage. These are then
staked. In this way the plants get a 1.2 meter square area and bear more fruits.
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During the winter season, whenever there is a danger of frost, the crop
must be irrigated so that the temperature may not go down too low and
damage the plants.
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The following are the advantages of pruning to
single stem and staking:
1.

They produce more fruits per hectare per plant an average.

2.

They yield earlier and give rise to more cluster.

3.

They make picking more rapid .and cultivation and spraying easier.

4.

They give cleaner more uniform and lager fruits.

When the fruits ripen, the plots become a treat to the eye with their ripe
red colour. According to Fernandez, the vine ripened tomatoes from
single -stem plants are as nutritious and tasty as the fresh laid eggs.

Disadvantages of this method:
i.

Cost of cultivation increases considerably.

ii. According to Mehta,   there   are more changes of sun scalding in  
the excessively warm weather due lo fruits being exposed to sun.

Harvesting:
Tomato fruits are picked up from the plants by grasping them by the hand
and dislodging them from the vine by twisting keeping the thumb pressed
against the vine.
According to the Use of Fruits, they are Harvested in
Following Stages:
1) Green Stage:
About a fortnight before turning (development of a trace of redness at (he
styler end of the fruit), the fruits will develop normal colour of the vine
though they are still green yet they may be fully developed. These fruits
are picked and sent to distant markets.
2) Pink Stage:
At this stage red or pink colour on the fruits varies from a trace at the
blossom end to a considerable extent covering the surface. Though at this
stage most of the fruits are red, yet they are not fully ripe. They are picked
for local markets.
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3) Ripe Stage:
At this stage the surface of most of the fruits is red and the softening of
the fruits begins. They may be picked for home or table use.
4) Full Ripe Stage:
At this stage the fruits have approached maximum colour development
and may feel soft to the touch. Now the starch is changed into sugar. They
are ordinarily used within 24 hours of picking and are consumed or used
for canning and pickling.
Yield:
It varies 160 to 200 quintals per hectare according to season and variety
planted Duration of crop ranges from 160 to 180 days.
Section 5

Insect Pest Control in Tomato Cultivation
Insect Pest:
1. Fruit Borer:
Damages leaves shoot & fruits. Fruits become unfit for consumption.
Control:
Spray carbaryl 50 WP @ 0.3% or Carbaryl Dust 10% @ 35kg/ha. Infested
shoot & fruit removed & destroyed.
2. Jassids:
They suck the sap from tender part & leaves.
Control:
Spray Endosulfan 35EC @ 0.5%orPhospomidon 85 @ 0.2%.
3. Mealy Bug:
A scale insect that covers up the whole plant and suck the sap from the plant
Control:
Removal of infected shoots and spraying the plant with Malathion (Cythion 50 EC, Malathion-50 EC) @ Jml per litre of water is the best method
of controlling Uzis past
Diseases:
1) Early blight:
Dark brown to black spots are form on leaves &stem with concentric
rings on them. Plant growth is affected, fruit size & yield is also affected.
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Control measures : Spray copper Oxy-choride 50 WP @ 0.30% or Zineb
75 WP 0.2%.
2) Damping Off:
Aliected seedling rots at collar region in nursery bed due to stagnation of
water in nursery.
Control measures: Treat seed with 1% Mercuric fungicide @ 2.5—3.0
gm/kg. of seed before sowing.
3) Fruit rot:
Brownish -spot appear on fruit at the point of contact between fruit and
soil. Fruit decay rapidly and become unfit for consumption.
Control Measures:
i. Support the plant properly, plant on ridges in irrigated soil.
ii. Don’t plant on poorly drained soil,
iii. Spray Bordeaux mixture.
4) Virus diseases:
According to Chauhan (1967), tomato mosaic is the most common virus
disease. It causes light and dark green mottling hi the foliage followed by
slight curling and some malformation of the leaflets. The plants become
some what stunted in the beginning. and later on-fruit setting is also
reduced. According to Mehta (1959), various strains of this viruses striking
yellow mottling of leaves, stems and fruits with curling dwarfing and distoration of the foliage and also dark brown streaking of the stems and leaves.
Control measures:
i.

Uprooting and burning the disease affected plants as soon as they
are noticed is the best method to check the spread of this disease.

ii.

The insect vector should be controlled by spraying the crop with Dimetnoate (Rogor 30 EC) or Oxy dernition methyl (Metasystox-25EC) @ I
ml or phosfamidon (Dernicron-1 OOEC) @ 0.5 ml per litter of water.

Cultivation of Watermelon
The watermelon is a common summer crop: It is generally grown for its
ripe and well mature fruit the fruits are delicious and sweet when ripe.

Climate:
Watermelon needs a long growing season with a relatively high temperature.
It can not withstand frost. The seed does not germinate satisfactorily below
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21 PC. Dry weather during ripening with high temperature, enough sunshine
and dry winds favour the development of flavour and high sugar content.

Soil and its Preparation:
Deep sandy loam soil is best suited for water melon crop. It is generally
cultivated on river beds. The optimum soil pH is 5.5 to 7.0. The land is
thoroughly prepared by giving 5 to 6 ploughings.

Sowing of Seeds:
a) Sowing Time:

b) Seed Rate:
The seed rate is 3 to 4 kg/ha.
c) Method of Planting:
1) Shallow Pit Method:
In this method, pits of 60 x 60 x 45cm. are dug at a distance of 1.5 to 2.5 meter.
Each pit is filled with a mixture of soil and 4 to 5 kg of FYM or compost, 30 to
40 gm. Urea, 40 to 50 gm. Single Super phosphate and 80 to 100 gm of muriate
of Potash. After filling the pit circular basin are made and five to six seeds are
sown per basin at 2 to 3 cm. deep and covered with fine soil, F.Y.M. or compost.
2) Deep Pit Method:
This method is followed in case of river bed cultivation. Circular pits of
60 to 75 cm. diameter and 1.0 to 1.5 m. depth are dug at a distance of 1.5
to 2.5 meter distance both ways.
3) Ridge Method:
The seeds are sown on the side of raised beds.
4) Mound Beds:
Seeds are sown on the mounds. The seed rate is 1.6 kg per acre. The
normal spacing is row to row 300 cm and plant to. plant 90 cm. The germination percent and the storage life of seeds can be improved by treating
freshly extracted seeds with 2 percent HC1 or NaOH.
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The seed is generally sown from November to March in the plains and
from middle of February to end or March in the hills. The seed is soaked
overnight before sowing.
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Manuring:
Apply 30-50. Cart loads FYM at the time of soil preparation 80 kg N, 40
kg P & K is recommended by PKV Akola. 1/2 dose N, full dose of P and
K should be applfed at the time sowing. Remaining half Nitrogen applied
one month after transplanting.

Inter-cultural Operation:
Two or three hoeing may be done during the early stage of growth to
keep down the weeds and to conserve soil moisture. Two or three plants
are kept at one place in the hills or beds by thinning the extra plant Herbicides (e.g. Chloroxuron and Prometryne @ 3 & *2 kg. a,i. per ha,
respectively may be useful for controlling weeds.

Irrigation:
The crop is watered by pitcher or water can after sowing.   The Crop is
watered sparingly once every seven to ten days.

Harvesting:
The plant bears fruits in 4 to 5 months after sowing. The watermelon
should be harvested at the proper stage of maturity. The following points
give an indication or ripeness:
1) Withering of Tendrils:
The tendril that subtends the peduncle of the fruit, usually wither when
the fruits ripes and watermelon is seldom ripe if the tendril is still green.
But it may be unripe even if the tendril is dried in some varieties.
2) Thumping:
Ripe fruit, when thumped with the finger, gives out a muffled dull or dead
sound, whereas the immature fruits give out a metallic and ringing sound.
3) Colour of the Ground Spot:
It is white when fruits are green and they rest over it. When the fruits are
ripe they change to yellow.
4) Identification of harvest maturity
A ripe melon emits a crisp cracking noise on being pressed with the flat of
the hand. Moreover, the rind of a ripe melon yields little under the pressure
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of the thumb. In some varieties even sunlight pressure will crack the fruit.
If the fruits are allowed to over ripen, the pulp loses the sweetness and
soon develops an off flavour and rot. It is, therefore, very necessary that
they should be harvested at the full ripe stage, because they ripen very
little on their way to the market.

Yield:
The average yield is 200 to 300 quintal/ha.

Cultivation of Cabbage

Botany:
The word cabbage is derived from the French word ‘coboche’, meaning
head. A cabbage head is made up of numerous thick, overlapping smooth
leaves which cover smooth terminal bud. Sometimes small heads of 5 or
7.5 cm. In diameter are formed, which are known as ‘cabbage sprouts’
having no commercial importance. Normally it is biennial but it is grown
in India as annual crop.

Season and Climate:
It grows best in cool moist climate and is very hardy to frost. In areas
with comparatively dry atmospheres, its leaves tend to be more distinctly
petiole than in the more humid areas. In hot dry atmosphere, its quality
becomes poor and much of its delicate flavor is lost. Its germination is
best at a soil temperature of about 55 °F to 60 °F. Temperatures below this
and above this are not suited for it. Well hardened seedlings can tolerate temperature of2Q °F to 25 “F. It is grown mainly as rabi crop during
winter. But in and around Nasik (Maharashtra), Ootacamond (Madras),
and in semi parts of Kerala, it is grown as kharif crop also.

Soil and its Preparation:
It can be grown almost in all types of soil ranging from sand to heavy
soils. But small quick growing cabbage varieties do well in sandy soils,
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The peculiar flavor in the head is due to the glucocideSinigrin, which carries
sulphur also. The open green leaves are more nutritious than cabbage head.
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while targe and late maturing varieties in heavy soils. While large and late
maturing varieties in heavy soils. Soils intended for cabbage growing,
should have good drainage. Acid soils are not good for cabbage. The best
PH range for cabbage is between pH 5.5 to 6.5. Lime may be added in
acid soil to make it neutral or alkaline for growing good crop of cabbage.
Land is prepared by ploughing it 3 to 4 times. The first ploughing should
be done by soil turning plough, and the bulky organic manures should be
spread in the field. Then the land should be ploughing and leveling the
land, beds of suitable size and irrigation channels are made.

Seed Rate &Time of Sowing:
Cabbage is grown mainly as Rabi crop during winter (Sept.-Oct.), But
around Nasik (Maharashtra) it is grown as kharif crop also. In cabbage for
early crop (September) 500 gm & for late crop 373 gm. seed is required.

Layout & Spacing:
Ridges & furrow type of layout is used for crop. Before that seedlings are
prepared in nursery bed (Raised bed) & transplanted in main field after 3-4
weeks. Spacing for early crop is 45x45 cm and late crop it is 60x60 cm.
Manures & Fertilizers:  150 kg N, 50 kg P2O5 should be applied per hectare.

Irrigation:
Irrigation at the time of transplanting is essential. Steady supply of moisture is necessary for god growth and development. Interval between two
irrigations depends upon climate, soil and plant growth. In winter season
irrigation at an interval of 8-10”days is sufficient.

Harvesting and Yield:
In cabbage harvesting is done depending on the maturity of the head and
demand in market. Normally harvesting is done when heads are firm. If prices
are high in the market harvesting is done earlier when heads are ax small and
loose Heads are cut with a knife with little stalk arid some leaves. Proper
grading is followed before heads are sent to market the yield of cabbage
variety from 15 to 25 tons per hectare. The yield of cabbage depends upon the
variety, growing season and management practices, Hybrid cabbage yields
upto 50 tonner per hectare The yield of early varieties ranges between 12to 15
tones/ha. The yield of late season varieties is about 20 to 25 tones /ha.
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Cultivation of Cauliflower
Botany:
The edible portion of cauliflower in the site curd like mass composed of
a close aggregation of abortive flower developed on thick bunches of the
inflorescence. This edible portion is called ‘Curd’ surrounded by leaves
which are longer but narrower than those of cabbage. According to the
season of the growth, all types are divided into:
a)

Early season types and

b) Late season types.

Climatic Requirements:
Proper climatic conditions are almost essential according to the variety
of the cauliflower. Cauliflower thrives best in a cool and moist climate.
Cauliflower withstands so low temperature or so much heat as cabbage
does. Dry weather and low humidity are not suited from it. For good seed
germination, temperature of 50 to 70 0 F is required. High temperatures
produces poor quality curds vizRicey, leafy, fuzzy, loose and yellow
curds. Temperature below the optimum during growing period delays
maturity and undersized, small unmarketable heads or buttons may be
formed. Dry hot weather may give rise to small hard heads.

Soil and its Preparation:
It can be grown on a wide range of sold provided they are rich in nutrients and
have adequate soil moisture, possess a good drainage and also contain plenty of
organic matter. Sandy loam soil are preferred for early crops, while loam and
clay loams for late crops. Cauliflower grows best on a neutral to slightly acid
soils i.e. at PH 6.0 to 7.0. If the soil is below PH 5.5 liming at the rate of 5 to
10 quintal per ha should be done for successful raising of cauliflower. Higher
PH than 7.0 decrease the availability of boron. The soil must be thoroughly
prepared to make it loose and friable, and retentive of moisture. Basic organic
manures should be applied during the field preparation. It requires better prepared soil than cabbage. That is why it has been humorously referred to as ‘a
cabbage with a college education.’ 1 to 2 corrosive ploughing by a soil turning
plough followed by 3 to 4 ploughing with desi plough are enough for it.
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Late cauliflower types are grown for a longer period, have a larger plant
and the leaves bend over the heads naturally and branch the curd while
early cauliflower needs to have the leaves tied near maturity to branch.
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Seed rate and Time of Sowing:
The seed are sown in nursery bed in May- June for early, July – August
for mid season (main crop) and September – October for late varieties. In
cauliflower seed rate fro early crop is 600 to 750 gm and for late crop 400
to 500 gm /Ha

Layout and Spacing:
Ridges and furrow type of layout is used for crop. Before that seedlings
are prepared in nursery bed (Raised bed) and transplanted in main filed
after 3 – 4 weeks. Spacing for early crop is 45 X 45 cm and late crop it is
60X 60 cm.

Manures and Fertilizer:
For best result 15 to 20 tons of FYM or compost should be incorporated
into the soil about 4 weeks before transplanting. In cauliflower 100 kg N,
50 kg P2O5 /ha, should be given.

Irrigation:
It may be given to the crop every 5 – 6 days to the early planting and 1015 days for late crop.
At the time of head formation, there should be enough moisture in the
field, so irrigate at this time and when cauliflower is raised late in the
season, it should be watered closely.

Intercultural Operation:
Shallow frequent cultivation should be given in the cauliflower field by
khurpi or hoe to kill young weeds and provide soil mulch. Avoid deep
cultivation, for it may destroy the plant roots located top 3 to 6 mater
in the soil. Weeding should be started as soon as plants are set in the
field. Four to five weeks after transplanting, the plants should be slightly
earthen up in the field.

Harvesting:
Cauliflower should be harvested when the head has developed the proper
size and is at right stage of maturity. The head should be compact but it
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should not be broken into segments. The plant is cut off well below the
head so that the stub has left the head from damaging during transporting
to the market. The plants are cut as and when curds are well developed.
As curds do not develop uniformly, so only those which are full developed are removed but not over matured ones after inspecting the whole
filed each second or third day. Harvesting the filed during morning or
evening so that the produce may be kept cool for the market.

Yield:
In case of early cauliflower crop 200 to 250 quintal / ha yield is obtained.
While in case of later crop it is 250 to 300 quintal / ha.

Carrot is most important root crop in curries and made into pickles and
sweet meats, ‘GajarHalwa’ is a delicious dish prepared from carrot.
Carrot juice is also used. Carrot is rich source of carotene a precursor of
vitamin A. the tops of carrots can be used as source of essential oil. Carrot
has medicinal properties also. Carrot is annual or biennial herb with react
to much branched stem. The edible portion or carrot root is an enlarged
fleshy tap root. It consists primarily of phloem or cortex and minimum of
core. Carrot plants bear compound umbel. It is the umbel or umbel of the
first order or primarily umbel that flower first. In succession, secondary
and tertiary ambles are formed at certain interval.

Climate:
Carrot is grown in winter i.e. from October – November. Very high or low
temperature is not conductive for root development. Carrots produce largest roots with good colour are sown by the end of October to November
to obtain hinge yields, with good quality roots.

Soil:
It can be grown on all types of soil but be growth is obtained in a deep,
loose, loamy soil. For early crop sandy loam soil preferred but for large
yield silt-loam is desirable. In well drained, deep soil, long smooth slender roots are formed. The carrots grown on heavy soil are rough and
coarse. Maximum yield is expected at soil PH 6.5.
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Cultivation of Carrot
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Since roots develop the soil. It is necessary to prepare soil to a fine tilth.
If soil is not thoroughly prepared and if it contains soil clods or undercomoposed organic matter, good quality and well shaped roots cannot be
produced.

Sowing:
Carrots are grown from direct seedling,. The seeds are sown either by
broadcasting or drilling in lines. To facilitate even distribution seeds are
mixed with fine sand. Seeds can be sown on flat bed at loser spacing of
15-25 cm or on both sides of ridge, while sowing soil should have sufficient moisture. After sowing, give light irrigation with due to care to
avoid flooding of seeds. Follow shallow sowing for better seed germination. Seed soaking in water for 12-24 shallow before sowing gives good
germination. Follow sowing at 15 X 15 cm distance in flat bed. In case of
ridges and furrow layout 45 X 15 cm spacing is kept. On an average 6 -8
kg seed is required for a hectare.

Manures and Fertilizer:
30 to 50 cartload has a fairly extensive and widely drenched root system.
Carrot can absorb water from deeper layer. Carrot grows on well retentive of soil moisture needs less water. It needs frequent irrigation during
germination and vegetative growth which gives more yield. Irrigation
frequency should be reduced on month before the due date of harvesting.
Irrigation is almost stopped 15 – 20 days before harvesting which helps
increasing sweetness. Excessive irrigation induces adventitious roots can
carrot which impact root quality.

Intercultural Operation:
Prompt weeding in early period of one half month after sowing is essential as the cross sown closely. Later on it is difficult to weed. In this
regard clean cultivation before sowing is important. Weed competition
causes heavy loss of top and impair root quality. Manual weeding not
only control not only controls the weeds but improves aeration resolution
in better root growth. Earthling up is also practiced which control the
weeds and also covers the exposed roots to prevent discoloration of roots.

Harvesting and Yield:
Harvesting of carrots at proper stage of maturity is essential to fetch good
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price in the market. Delay in harvesting deteriorates the quality of the
roots and becomes unfit for consumption. Every variety has certain period
for harvesting. Delay in harvesting results in splitting of roots. Formation
of adventitious roots, increase in dry matter sucrose, carotene and bolting.
Harvesting is done manually. Give light irrigation before harvesting to
facilitate easy pulling of roots without damage. In heavy soil, roots are
removed from soil by digging. After harvesting roots are washed, cleaned,
graded and tied in bunches. On an average tropical carrot up to 150- 250
quintals/ hectare.

Cultivation of Cucumber

Climate:
The cucumber is   a warm season crop and grows best at a temperature
between 180C and 240C. It does not withstand even light frost. Soil and
its preparation :Cucumber can be grown in all types of soil from sandy to
heavy soils. Loam, silt loam and clay loam soils are considered best fro
getting higher yield. Soil pH between 5.5 and 6.7 is favorable for its cultivation.   The land should be prepared thoroughly sowing of seeds.
a) Sowing Time:
The cucumber is cultivated both as a summer and rainy season crop and
the seed is sown according to type of crop.
Summer Crop : January to February.
Rainy crop: June-July.
The seed of cucumber is sown in April in the hills.
b) Seed Rate:
The seed rate is 2.5 to 4 kg/ha.
c) Method of Sowing:
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Cucumber is an important summer vegetable commonly grown throughout India. Cucumber plant, as creeperm has a climbing or trailing habit
The tender fruits are eaten raw or with salt in salad. They are also used
as cooked vegetable. It is reported that the oil exacted from seeds is good
for brain and body. Drinking of water immediately after eating cucumber
should be avoided, as it sometimes causes sever indigestion.
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The seed is sown by dibbling method at a distance of 1.5 to 2.5 meters
(row to row) x 60 to 90 cm. (Plant to plant). Two to three seeds are sown
in each pit. Layout in Ring & basing method.

Manuring:
30 to 50 cartload well decomposed FYM should be added at the time of
soil preparation. 50 kg N, 25 kg P/ha. Should be given ½ N and full phosphorus should be given at the time of sowing seeds and remaining half N
should be given 30 days after sowing.

Intercultural Operations:
Shallow cultivation should be given during the early stages of growth
to control the weeds. Herbicides (such as Glycophosphate, Paraquat and
Chloramben @ gm per acre) may be used to control weeds.

Irrigation:
The summer crop cultivated as an irrigated crop requires enough soil
moisture during its growth and development.’ So irrigation should be
given as and when needed. No irrigation is given in rainy season crop.

Harvesting:
The rail grown tender fruits should be harvested at an interval of two to
fora-days. Timely picking is more important in regard to quality. Yield:
The average yield is about 60 to 15 quintals/ha,

Cultivation of Lettuce
Among the salad crops, the garden lettuce is the most popular vegetable grown on a commercial scale. This is a tall annual leafy herb with a
milky juice. It produces a short sitcom early in the seem, cluster of leaves
varying considerably in shape, character and colour in different varieties.
Later in the season a seed stalk is produced. It thrives best during the
coller parts of the growing season and to be of the highest quality. It is
almost entirely self pollinated crop.
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Uses and Nutritive Value:
Lettuce is a nutritious leafy vegetable, rich in mineral and a source of
vitamin. It is now considered as the most important salad crop and used
particularly as the base for salad. It is anodyne, sedative, diuretic and expectorant. Its seeds are cooling, demulcent and refrignant, while its leaves are
slightly lypnotic and sedative.The composition of lettuce is as follows:

Climate:
Lettuce dose well in a relatively cool growing season with a monthly
average temp, of 12.8 to 15.6 C. higher temperature induce bolting and
cause bitter taste in the leaves and accelerate the disorder ‘tipbrun’ and
rot. Seed germination is alos affected at temperature above 27 0 C.

Lettuce will tolerate a variety of soil but performs best when grown on a
rich friable and well drained soil. Soils rich organic matters have a high
water holding capacity and ensure uniform moisture supply. These conditions are best suited for it, as it has a very shallow root system.
Lettuce is sensitive to high acidity. The best soil reaction is PH 5.8 to 6.6.
the yield is low at PH 5 or above 7.

Manuring:
The lettuce plants have mostly surface roots. The surface soil, therefore,
should be well supplied with nutrients. The fertilizer requirements will
vary with the soil. Usually 10-15 tones of FYM, 85 kg N , and 60 kg each
of Potash and Phosphorus per ha when give good results.

Sowing:
The main sowings are done after rains. i.e early October to November.
Leaf types are sown either directly on moist soil or started in a nursery
and later transplanted. Since the seeds are tiny , the land is prepared thoroughly and seeds are sown in rows 15 to 25 cm part. Dropping the seeds
very close together and 1 cm deep and later thinned to 3 cm and when
these begin to crowed alternate plnats are removed fro use. Seed rate is 2
½ kg per hectare.
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Soil:
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The nursery sowing is done. In September- October and transplanted
when the seedlings are 5 weeks old. They are planted 20 to 25 cm apart
in rows which are 30to 40 cm apart. About 0.5 kg of seed required for
raising seedlings for one hectare.
Germination is affected by temperature. Lettuce seed germination at a
range of temperature bunt the optimum is 18- 21 0 C.

Intercultural Operation:
Hoeing and weeding are intermittently done for proper aeration and
keeping down the weeds. The cultivation should be very shallow since the
crop has root system near the surface of the soil. Water should be supplied
to keep uniform moisture condition in the soil. A frequency of 4 to 7 days
may be enough for each irrigation. Drainage is as important as supplying
irrigation, for excess of soil moisture may cause rooting.

Harvesting:
Leaf varieties are harvested when the leaves are tender and immature.
First harvesting is done 35 days after sown. In case of head varieties the
crop is harvested when it has attained a good size and solid head. While
handling care should be taken not to damage the wrapper leaves.

Yield:
The yield per ha is 10,000 to 12,000 kg in case of head lettuce. Open leaf
types generally give comparatively higher yields.

Storage:
Lettuce can be kept for 2- 3 weeks at 0 C and 90- 95 % RH.

Seed Production Technique:
Lettuce is mainly self pollinated crop. There is on there is no difficulty
in the production of seeds at the leafy varieties. All the seeds do not ripe
at the same time in it, so they should be collected as they ripe. The seed
harvesting is completed by the end of May.
The leafy types produce about 500- 600 kg whereas, the variety great
lakes produce only about 100 to 125 kg per ha.
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Production Technology of banana
Banana is one of the major and economically important fruit crop of India.
Banana occupy 20% area among the total area under crop in India. Most
of Banana is grown by planting suckers. The technology development in
agriculture is very fast, it results in developing Tissue Culture Technique.

Climate
Banana is basically a tropical crop, grows well in temperature range
of 13ºC – 38ºC with RH regime of 75-85%. In India this crop is being
cultivated in climate ranging from humid tropical to dry mild subtropics
through selection of appropriate varieties like Grandnaine. Chilling injury
occurs at temperatures below 12ºC. The normal growth of the banana
begins at 18ºC, reaches optimum at 27ºC, then declines and comes to
a halt at 38ºC. Higher temperature causes sun scorching. High velocity
wind which exceeds 80 km phrs damages the crop.

Soil
Soil for banana should have good drainage, adequate fertility and moisture. Deep, rich loamy soil with pH between 6-7.5 are most preferred for
banana cultivation. Ill drained, poorly aerated and nutritionally deficient
soils are not suitable for banana. Saline solid, calcareous soil are not suitable for Banana cultivation. Avoided soil of low laying areas, very sandy
& heavy black cotton with ill drainage.
A soil that is not too acidic & not too alkaline, rich in organic material
with high nitrogen content, adequate phosphorus level and plenty of
potash are good for banana.

Varieties
In India banana is grown under diverse conditions and production systems. Selection of varieties, therefore is based on a large number of
varieties catering to various kinds of needs and situations. However,
around 20 cultivars viz. Dwarf Cavendish, Robusta, Monthan, Poovan,
Nendran, Red banana, Nyali, Safed Velchi, Basarai, Ardhapuri, Rasthali,
Karpurvalli, Karthali and Grandnaine etc..
Grandnaine is gaining popularity and may soon be the most preferred
variety due to its tolerance to biotic stresses and good quality bunches.
Bunches have well spaced hands with straight orientation of figures,
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bigger in size. Fruit develops attractive uniform yellow colour with better
self life & quality than other cultivars.

Land Preparation
Prior to planting banana, grow the green manuring crop like daincha,
cowpea etc. and burry it in the soil. The land can be ploughed 2-4 times
and leveled. Use ratovator or harrow to break the clod and bring the soil
to a fine tilt. During soil preparation basal dose of FYM is added and
thoroughly mixed into the soil. A pit size of 45cm x 45cm x 45cm is normally required. The pits are to be refilled with topsoil mixed with 10 kg
of FYM (well decomposed), 250 gm of Neem cake and 20 gm of conbofuron. Prepared pits are left to solar radiation helps in killing the harmful
insects, is effective against soil borne diseases and aids aeration. In saline
alkali soil where PH is above 8 Pit mixture is to be modified to incorporate organic matter.

Planting Material
Sword suckers weighing approximately 500-1000 gm are commonly used
as propagating material. Suckers generally may be infected with some
pathogens and nematodes. Similarly due to the variation in age and size
of sucker the crop is not uniform, harvesting is prolonged and management becomes difficult.Therefore, in-vitro clonal propagation i.e. Tissue
culture plants are recommended for planting. They are healthy, disease
free, uniform and authentic. Properly hardened secondary seedlings are
only recommended for planting

Advantages of Tissue Culture Planting Material
•

True to the type of mother plant under well management.

•

Pest and disease free seedlings.

•

Uniform growth, increases yield.

•

Early maturity of crop - maximum land use is possible in low land
holding country like India.
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Addition of organic matter helps in reducing salinity while addition of purlite
improves, porosity and aeration. Alternative to planting in pits is planting in
furrows. Depnding on soil strata one can choose appropriate method as well
as spacing and depth at which plant is required to be planted.
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•

Round the year planting possible as seedlings are made available
throughout the year.

•

Two successive ratoons are possible in a short duration which
minimizes cost of cultivation.

•

No staggered harvesting.

•

95% - 98% plants bear bunches.

•

New varieties can be introduced and multiplied in a short duration.

Planting Time
Planting of tissue culture Banana can be done throughout the year except
when the temperature is too low or too high. Facility of drip irrigation
system is important. There are two important seasons in Maharashtra, India;
Mrig Baug (Kharif) Month of planting June - July.
Kande Baug (Rabi) Month of planting October - November.

Crop Geometry
Traditionally banana growers plant the crop at 1.5m x 1.5m with high
density, however plant growth and yields are poor because of competition
for sunlight. Various trials are conducted at Jain Irrigation System R&D
farm with Grandnaine as cultivar. And then suitable spacing of 1.82m
x 1.52m is being recommended, it accommodates 1452 plants per acre
(3630 plants per hectare) keeping row direction North-South with wide
spacing 1.82m between the rows. The region like north India, coastal belt
and where humidity is very high and temp falls down upto 5-7ºC, the
planting distance should not be less than 2.1m x 1.5m.
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Crop Geometry var. Grand Naine

Polybags is separated from the plant without disturbing the root ball of
the plant and then plants are planted in the pits keeping the pseudo-stem
2cm below the ground level. Soil around the plant is gently pressed. Deep
planting should be avoided.

Water Management
Banana, a water loving plant, requires a large quantity of water for maximum productivity. But Banana roots are poor withdrawal of water.
Therefore under Indian condition banana production should be supported
by an efficient irrigation system like drip irrigation.
Water requirement of banana has been worked out to be 2000mm per
Annum. Application of drip irrigation and mulching technology has
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Planting Method
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reported improved water use efficiency. There is saving of 56% of water
and increasing yield by 23-32% under drip.
Irrigate the plants immediately after planting. Apply sufficient water and
maintain field capacity. Excess irrigation will lead to root zone congestion
due to removal of air from soil pores, thereby affecting plant establishment and growth. And hence drip method is must for proper water
management in Banana.

Fertigation
Banana requires high amount of nutrients, which are often supplied only
in part by the soil. Nutrient requirement has been worked out on all India
basis is to be 20 kg FYM, 200gm N; 60-70gm P; 300gm K/plant. Banana
requires heavy nutrition. Banana crop requires 7-8 Kg N, 0.7- 1.5 Kg P
and 17-20 Kg K per metric tonne yield. Banana responds well to application of nutrients. Traditionally farmers use more of urea and less of
phosphorous and potash.
In order to avoid loss of nutrients from conventional fertilizers i.e. loss of
N through leaching, volatilization, evaporation and loss of P and K by fixation in the soil, application of water soluble or liquid fertilizers through
drip irrigation (fertigation) is encouraged. A 25-30% increase in yield is
observed using fertigation. Moreover, it saves labour and time and the
distribution of nutrients is uniform.

Intercultural Operations
The Root system of banana is superficial and easily damaged by cultivation, use of intercrop which is not desirable. However short durational
crops (45-60 days) like mung, cowpea, daincha are to be considered
as green manuring crops. Crops from cucurbitaceous family should be
avoided as these carry viruses.

Weeding
Spraying of Glyphosate (Round up) before planting at the rate of 2 lit/ha
is carried out to keep the plantation weed free. One or two manual weedings are necessary.
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Micronutrient Foliar Spray
Combined foliar application of ZnSo4 (0.5%), FcSo4 (0.2%), CuSo4
(0.2%) and H3Bo3 (0.1%) can be adopted to improve morphological,
physiological and yield attributes of banana. The micronutrient spray
solution is prepared by dissolving the following in 100 lit. of water.
Zinc sulphate - 500 gm - For every 10 litre of mixture 5-10ml of sticker
solution such as
Teepol should be added before spraying.
Ferrom sulphate - 200 gm - For every 10 litre of mixture 5-10ml of
sticker solution such asTeepol should be added before spraying.
Copper - 200 gm - For every 10 litre of mixture 5-10ml of sticker solution
such asTeepol should be added before spraying.
Section 6

Removal of male buds
(Denavelling) Removal of male buds helps fruit development and
increases bunch weight. Male buds are removed from the last 1-2 small
hands with a clean cut keeping a single finger in the last hand.

Bunch Spray
Spray of monocrotophos (0.2%) after emergence of all hands takes care of
the thrips. Thrips attack discolors the fruit skin and makes it unattractive.

Bunch Covering
Covering bunch using dried leaves of the plant is economical and prevents the bunch from direct exposure to sunlight. Bunch cover enhances
quality of fruit. But in rainy season this practice should be avoided.Sleeving of bunch is done to protect fruits against dust, spray residue, insect
and birds. For this blue plastic sleeves are preferred. This also increases
temperature around developing bunch and helps in early maturity.

Dehandling of false hands of bunch
In a bunch there are some incomplete hands which are not fit for quality
produce. These hands should be removed soon after bloom. This helps in
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improving the weight of other hands. Sometimes the hand just above the
false hand is also removed.

Propping
Due to heavy weight of bunch the plant goes out of balance and the bearing plant may lodge and production and quality are adversely affected.
Therefore they should be propped with the help of two bamboos forming
a triangle by placing them against the stems on the leaning side. This also
helps in uniform development of bunch.

Harvesting
Banana should be harvested at the physiological maturity stage for better
post harvest quality. The fruit is climacteric and can reach consumption
stage after ripening operation

Maturity indices
These are established on the basis of fruit shape, angularity, grade or
diameter of the median figure of the second hand, starch content and
number of days that have elapsed after flowering. Market preferences can
also affect the decision for harvesting a slight or full mature fruit.

Removal of bunch
Bunch should be harvested when figures of second hand from top are 3/4
rounded with the help of sharp sickle 30cm above the first hand. Harvest
may be delayed upto 100-110 days after opening of the first hand. Harvested bunch should generally be collected in well padded tray or basket
and brought to the collection site. Bunches should be kept out of light
after harvest, since this hastens ripening and softening.For local consumption, hands are often left on stalks and sold to retailers.
For export, hands are cut into units of 4-16 fingers, graded for both length
and girth, and carefully placed in polylined boxes to hold different weight
depending on export requirements.

Post harvest operations
At collection site injured and over mature fruits are discarded and for
local market bunches should be delivered through lorries or wagons.
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However, for more sophisticated and export market where the quality is
predominant, bunches should be dehanded, fruits are cleared in running
water or dilute sodium hypochlorite solution to remove the latex and
treated with thiobendasole; air dried and graded on the basis of size of fingers as already stated, packed in ventilated CFB boxes of 14.5 kg capacity
or as per requirement with polythene lining and pre-cooled at 13-15ºC
temperature and at 80-90% RH. Such material should than be sent under
cool chain at 13ºC for marketing

Yeild

Production Technology of Ber
Introduction
Ber or Indian jujube (Ziziphus mauritiana) is one of the hardy minor fruit
crops suitable for cultivation in arid conditions. It is native to India.

Objective
The main objective of this report is to present a one acre bankable model
for high quality commercial cultivation of the crop.

Economic Importance
Fruits are rich in Vitamin C, A and B complex. About 5.6% digestible
crude protein and 49.7% total digestible nutrients are present in the leaves
making it a nutritive fodder for animals. Ber can be processed to prepare
murabba, candy, dehydrated ber, pulp, jam and beverage.
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The planted crop gets ready for harvest within 11-12 months of planting.
First ratoon crop would be ready by 8-10 month from the harvesting of
the main crop and second ratoon by 8-9 months after the second crop.
Thus over a period to 28-30 months, it is possible to harvest three crops
i.e. one main crop and two ratoon crops. Under drip irrigation combined
with Fertigation yield of Banana as high as 100 T/ha can be obtained with
the help of tissue culture technique, even similar yield in the ratoon crops
can be achieved if the crop is managed well.
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Agro-climatic requirements
Ber grows under varying climatic conditions at elevations upto 1,000 m.
above m.s.l. It can withstand extremely hot conditions but is susceptible
to frost. High atmospheric humidity is not suitable for its cultivation.Ber
grows on a wide variety of soils-sandy, clayey, saline and alkaline soils.

Land Preparation
Land is prepared by ploughing, harrowing, leveling and removing weeds.

Planting Material
Ber is vegetatively propagated by ‘I’ or ‘T’ (shield) budding method.
Seeds are sown in well-prepared nursery bed at 30x30cm. spacing and at
2cm. depth during March-April. These seedlings are either transplanted in
the field during July-August for in-situ budding or can be budded in the
nursery beds. In irrigated conditions, transplanting can be done in bare
rooted stage during January-March after treatment with 12% Waxol or
after defoliation.
In rainfed areas, seeds are sown in 300 gauge polythene tubes of 25 cm.
length and 10 cm. diameter, filled with a 1: 1: 1 mixture of farmyard
manure, sand and clay. In northern India, sowing is done during April
in north India so that the seedlings become buddable during July. The
budlings become ready for transplanting 1-2 months after budding. The
budlings raised by this technique retain their deep rooting tendency and
prove to be suitable under low rainfall drylands. In drylands, ber orchard
can also be raised by transplanting tube-raised ber seedlings with the
onset of monsoon, leaving them to grow in the field until the forthcoming
summer for budding in-situ.

Planting season
Planting is usually done at the beginning of monsoon.

Spacing
Planting is done at a spacing of 6 m. in low rainfall areas and 8m.in the
irrigated condition or in areas receiving high rainfall. In irrigated areas,
ber plants can also be transplanted during January-March.
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Planting Method
Pits of 60x60x60 cm. are dug during summer and refilled after mixing
two baskets of farmyard manure and 50 g. of heptachlor dust to protect
from termite attack.

Nutrition
A fertilizer dose of 750 g. N/tree gives highest yield whereas 250 g. N
and 250 g. P2O5 increase fruit yield. Application of K does not give any
response.

Irrigation

Training and Pruning
Trees are trained to develop a strong framework during the first 2-3 years
after planting.
Annual pruning is essential to induce maximum no. of new healthy shoots
which would bear good quality fruits. The undesirable, weak, intecrossing, diseased and broken branches are removed from time to time in order
to encourage healthy growth for maximum fruit bearing. Pruning is done
during the dry season when the tree sheds leaves and enters into dormancy. Spraying with 3% thiourea or potassium nitrate once in two days
before pruning induces bud sprouting from maximum no. of nodes.

Intercultural operation
Inter-cultural operations are carried out on regular basis to remove the
weeds.

Mulching
Black polythene mulch has been found to be useful in conserving soil
moisture and the growth of trees.
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Irrigation is provided at an interval of 3-4 weeks. Irrigation provided
during October results in shedding of flowers and that during March April
causes fruit spoilage and delays ripening.
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Intercropping
Under rainfed conditions, leguminous crops viz. mungbean, moth bean
and cow pea can be grown. Gram, chilli and other vegetables can also be
grown as inter-crops till the trees occupy full space.

Plant protection measures
Insects pests
Insect pests mostly observed are fruit fly, fruit borer, leaf-eating caterpillars, mealy bug, scale insect and thrips. Selection of healthy planting
material and suitable inter-cultural operations apart from application of
pesticides are effective in controlling the pests.

Diseases
Main diseases reported are powdery mildew, leaf spot, rust and black spot.
Application of Kavach Rovral/Mancozole (2 g./l.)/wettable sulphur etc.
depending on type of infection has been found to be effective in most cases.

Harvesting and yield
Ber matures 150-175 days after flowering. A pre-harvest spray of 750
ppm. 2-chloro-ethyl phosphoric acid (ethephon) induces early maturity.
Fully mature fruits are harvested by picking which is usually done in the
forenoon.The time of harvesting is October-November in southern India,
December-March in Gujarat, January-March in Rajasthan and during
February-April in north India.
Under rainfed conditions, bearing starts from second year. Budded plants
come to bearing after 3-4 years.
The average yield during the prime bearing period (10-20 years) ranges
from 80 to 200 kg./tree. In dry areas, under rainfed conditions, 50-80 kg.
fruits/tree can be obtained. Trees remain productive for 25-30 years.

Post Harvest Management
Grading
Fruits are graded on the basis of their size into large, medium and smallsized ones. The damaged, over-ripe, unripe fruits are usually discarded.
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Storage
Pre-cooling of fruits at 100 C immediately after harvest increases the shelf
life by about 3 days when subsequently stored at room temperature. The
storage life of the fruits can be prolonged to 30-40 days when stored at 30
C and 85-90% relative humidity.
Packing
Fruits are generally packed in cloth sheets or gunny bags for local
markets. Packing is done according to the grades for long distance markets. Good quality fruits are packed in perforatedcardboard cartons of
6 kg. capacity with paper cuttings as cushioning material. The fruits of
lower grades are packed in baskets or gunny bags.
Transportation

Marketing
Majority of the growers sell their produce either through trade agents at
village level or commission agents at the market.

Production Technology of Coconut
The coconut palm is the most useful palm in the world. Every part of
the tree is useful to human life for some purpose or the other. Hence, the
coconut palm is endearingly called ‘kalpavriksha’ meaning the tree of
heaven. The copra obtained by drying the kernel of coconut is the richest
source of vegetable oil containing 65 to 70 per cent oil.

Climate and Soil
The coconut palm is found to grow under varying climatic and soil conditions.A rainfall of about 2000 mm per year, well distributed throughout,
is ideal for proper growth and maximum production. Temperature: Mean
annual temperature of 27°C with a diurnal variation of 5-7°C is ideal temperature <15°C results in abnormalities of the fruit
Coconut is grown under different soil types such as loamy, laterite,
coastal sandy, alluvial, clayey and reclaimed soils of the marshy low
lands. The ideal soil conditions for better growth and performance of the
palm are proper drainage, good water-holding capacity, presence of water
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Road transport by trucks/lorries is the most convenient mode of transport
due to easy approach from orchards to the market.
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table within 3m and absence of rock or any hard substratum within 2m of
the surface.

(Hybrid Variety)

West Coast Tall (Tall Variety)

(Dwarf Variety)

There are only two distinct varieties of coconut, the tall and the dwarf.
The tall cultivars that are extensively grown are the West Coast Tall and
East Coast Tall. The dwarf variety is shorter in stature and its life span is
short as compared to the tall. Tall x Dwarf (TxD), Dwarf x Tall (DxT) are
the two important hybrids.
There are 10 different combination of hybrids, developed by Kerala Agriculture University and Tamil Nadu Agriculture University and released for
commercial cultivation. They are high yielders under the good management
conditions. Laccadive Ordinary, Andaman Ordinary, Philippines, Java,
Cochin-China, Kappadam etc. are the other tall cultivars under cultivation.
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Planting Material
Coconut is propagated through seedlings raised from selected seednuts.
Generally 9 to 12 month old seedlings are used for planting. Select seedlings, which have 6-8 leaves and 10-12 cm collar girth when they are 9-12
month old. Early splitting of leaves is another criteria in the selection of
coconut seedling.

Selection of Seed gardens
Gardens should have palms with a high proportion of heavy bearers but it
should be kept in mind that this must not be from very favourable conditions Garden should be free from the incidence of diseases and not prone
to severe attacks of pests.

Selection of Mother palms

Collection of seed nuts
•

Collect seed nuts from January to April on the West Coast region.

•

Only fully matured nuts i.e. about 12 months old should be harvested.

•

Nuts should not be damaged while harvesting

•

Discard nuts having irregular shape and size.

Raising nursery
•

Select well-drained, coarse-textured soil near dependable water
source for irrigation.

•

Prepare raised beds if water stagnation is a problem during rainy season.

•

Soil may be treated with chlordane 5% dust @ 120 kg/ha in place
where nursery is taken for the first time as a precaution against
white grubs and termites.
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Palms should be regular bearers with annual yield of greater than 80 nuts
and copra content not less than 150g/nut under rain fed condition (Irrigation-120 nuts/year). Palms should have reached full bearing stage and
have been giving consistently high yields for at least four years. Avoid
very old palms of above 60 years age. Palms which produce barren nuts
or those shedding large number of immature nuts should be discarded
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•

Nursery can be raised either in the open with artificial shade or in
gardens where the palms are tall and the ground is not completely
shaded.

The seed nuts should be planted in long and narrow beds at a spacing of
40 x 30cm during May-June, either vertically or horizontally in 20-25cm
deep trenches. Advantage in vertical planting is less damage during
transit. However, in delayed planting when the nut water goes down considerably it is good to go for horizontal sowing for better germination.

Site Selection
Shallow soils with underlying hard rock, low lying areas subject to water
stagnation and clayey soils are to be avoided. Proper supply of moisture
either through well distributed rainfall or through irrigation should be
ensured before planting.

Preparation of Land and Planting
On slopes and in areas of undulating terrain, prepare the land by contour terracing or bunding. In low-lying areas mounds are to be formed
at planting site to a height of at least 1m above water level. In reclaimed
‘kayal’ areas, seedlings are planted on field bunds.
In loamy soils with low water table, a pit size of 1mx1mx1m is recommended. In laterite soils with underlying rocks, take larger pits of size
1.2m x 1.2m x 1.2m. In sandy soils the size need not exceed 0.75m x
0.75m x 0.75 m.
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Spacing and Systems of Planting
Spacing depends upon the planting system, soil type etc. In general the
following spacing are recommended under different planting system in
sandy and laterite soils.
Planting system

Spacing

1
2

Triangular
Square

7.6m
7.6x7.6m, 8x8m, 9x9 m

3
4

Single
Double Hedge

6.5m in rows - 9m between rows
6.5 to 6.5m in rows - 9m between pairs of rows

Section 6

Time of Planting
Seedlings can be transplanted in the beginning of the south west monsoon. If irrigation facilities are available, it is advisable to take up
planting at least a month before the onset of the monsoon so that the seedlings get well established before heavy rains. Planting can also be taken
up before the onset of the north-east monsoon. In low-lying areas subject
to inundation during monsoon period, transplanting may be done after the
cessation of the monsoon.

Planting
Before planting the pits are filled up with top soil and powdered cow
dung / compost up to a depth of 50 to 60 cm. Then take a small pit inside
this, so as to accommodate the nut attached to the seedling. Plant the
seedling inside this pit and fill up with soil. Press the soil well so as to
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avoid water stagnation. If there is chance for white-ant attack apply Sevidol 8G(5gm.) inside the small pit before planting.
In laterite areas apply 2 kg common salt per pit for improving the physical condition of the soil. Burying 25 to 30 coconut husks per pit in layers
will be useful for moisture conservation.

Care of young Palms
The transplanted seedlings should be shaded and irrigated adequately
during the summer months. Also provide staking so that winds may not
uproot the young seedlings. For the first two years after planting, irrigate
the seedling twice a week during the dry summer months. Shading is a
must to the transplanted seedlings.

Manuring
Regular manuring from the first year of
planting is essential to achieve higher
productivity. For coconut 20 - 50kg. organic
manure should be applied per palm per
year with the onset of south west monsoon,
when soil moisture content is high. Different forms of organic manures like compost,
farm yard manure, bone meal, fish meal,
blood meal, neem cake, groundnut cake etc.
could be made use for this purpose. In addition to this the following Fertilizer Schedule
is recommended.

The fertiliser schedule recommended for the palm at different stages is as follows:-

Age of Palm

Nutrient dosage

Quantity of fertilizer to be applied (gm)
Ammo.
Super
or UltrapSulUrea Phosphate hos/ Rock
phate
(single)
Phosphate

Muriateof Potash

1. General recommendation:
(a) Average Management:
3 months
1/10 of full dose
1 year
1/3 of full dose
2 year
2/3 of full dose
3 year onwards full dose
(b) Good management:
3 months
1/10 of full dose
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165
550
1100
1650

75
250
500
750

95
320
640
950

60
200
400
600

115
380
760
1140

250

110

180

115

200
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1 year
1/3 of full dose
800
2 year
2/3 of full dose
1675
3 year onwards full dose
2000
2. Hybrid and high yielding palms:
a. Under Irrigated condition:
3 months
1/10 of full dose
1 year
1/3 of full dose
2 year
2/3 of full dose
3 year onwards full dose

490
1625
3250
4880

360
720
1080

590
1180
1780

380
760
1140

670
1340
2010

220
720
1450
2170

280
930
1850
2780

180
600
1200
1800

335
1110
2220
3330

(b) Under rainfed condition:
Same as that of good management under general recommendation.

Irrigation
Soil moisture very often limits coconut production in those areas where
long spell of dry weather prevail or where the rainfall is scanty and
ill-distributed. So irrigate the palms during summer months in basins
around the palm. The irrigation requirement varies according to the soil
type and climatic condition. Generally, an adult palm requires 600 to 800
litres of water once in four to seven days. Irrigate in basins of 1.8m radius
and 10-20 cm depth. In coastal sandy soils, sea water can be used for irrigating adult palms. Do not irrigate seedlings and very young palms upto
2 year with sea water. In irrigated gardens interruption of irrigation would
lead to serious set-back in yield and general condition of palms. Hence,
when once started irrigation should be continued regularly and systematically. Drip irrigation is the best suited method of irrigation for coconut. It
saves water, labour and energy.

131

Section 6

The full adult doze recommended for the rainfed tall is 0.34kg N, 0.17kg
P and 0.68kg K. For the hybrids and irrigated talls the general recommendation is 0.5kg N, 0.34kg P and 1.0kg. K subject to changes in accordance
with soil test and/or foliar analysis data. In addition to the above dose of
fertilizers two to three kgs. of finally ground dolomite lime stone or 0.5
kg. Magnesium sulphate per palm per year is also recommended for use
in acidic soils, light sandy soils and in root wilt affected tracts in Kerala.
The dolomite may be broadcasted prior to the onset of monsoon in the
basins and forked in and should not be applied along with other fertilizers. There is however no harm in applying magnesium sulphate along
with other fertilizers.
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Inter-cultivation
Only minimum tillage is required for coconut. Inter-cultural operations
are mainly intended to control weeds and to provide aeration to the soil. If
these objectives are met, any tillage system (ploughing / digging, making
mounds) is as good as another and can be followed depending upon the
local conditions.

Husk Burial
Burying fresh or dried coconut husks around
the palm is a very beneficial practice particularly for moisture retention especially in drought
prone areas. The husk can be buried either in
linear trenches taken 3 m away from the trunk
between rows of palms or in circular trenches
taken around the palm at a distance of 2 m from
the trunk. The trenches may be dug at 0.5 m wide
and at the same depth. The husks are to be placed
in layers with concave surface facing upwards
and covered with soil. The beneficial effects of
husk burial will last for about 5-7 years.
Green Manure and Cover Crops

This will help to increase the organic matter content of the soil and also will prevent soil
erosion in coconut gardens. The following Green manure / cover crops are recommended
for cultivation in coconut gardens.
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•

Crotalaria juncea (Sunnhemp)

•

Tephrosia purpurea

•

Gliricidia maculata

•

Calapagonium muconoides

•

Mimosa invisa

Horticultural Crop Production

Sow the green manure / cover crops during April-May with the onset of
pre-monsoon showers. The green manure crops should be ploughed in
and incorporated in the soil during August-September.
Mixed / Inter / Multi-species Cropping System in Coconut Garden
Schedule for inter-mixed cropping may be drawn
up based on the canopy size and orientation of
palms. A variety of intercrops like pineapple,
banana, elephant-foot yam, groundnut, chillies,
sweet potato, tapioca and different vegetables can
be raised in coconut garden. In older plantation
cocoa, cinnamon, pepper, clove, nutmeg etc. can
be grown as mixed crops.
However, these inter/mixed crops are to be adequately and separately manured in addition to the
manures applied to the coconut palm

Mixed farming by raising fodder grasses such as Hybrid Napier or Guinea
grass along with leguminous fodder crops such as Stylosanthes has been
found to be profitable. Raising the above crops in one ha. of coconut garden
can support three to four diary animals. The animals supply large quantities
of cattle manure which when applied to the soil will improve its fertility
status. This sort of mixed farming will improve the yield of the palm.

Harvesting and Yield
On an average, coconut yields 44 nuts/palm/year. However, under scientific cultivation West Coast Tall gives 80 nuts/palm/year in coastal Kerala
and Karnataka. The hybrids yield 100-140 nuts/palm/year. Coconut ripen
in 12-13 months from the opening of the inflorescence. To get maximum yield of copra and oil only fully mature nuts should be harvested.
Immature nuts provide 6-33 and 5-33% less copra and oil respectively.
Superior, golden-brown, quality fibre with elastic and good tungsten
strength is obtained from 10-month-old nuts. The harvested nuts are
stored in heaps under shade for a few days since the stored nuts are easy
to husk. The moisture content of the meat decreases, whereas thickness of
the meat layer increases. However, storage of harvested nuts is beneficial
if fully matured nuts are harvested. Postharvest management of coconut
involves its conversation into copra and coconut oil. Coconut husk is used
to manufacture coir mat, cushion and other products.
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Mixed Farming
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Two forms of copra are manufactured. They are edible copra and milling
copra. However, milling copra is manufactured commercially. There are 2
types of edible copra-ball copra and cup copra. Ball copra is produced by
storing fully mature unhusked nuts for 8-12 months on a raised platform usually made of bamboos. As the water eventually dries out the nuts is dehusked
and shell broken carefully to remove copra from inside in a ball form. For
preparation of edible quality cup copra, fully mature nuts are stored for a
long period. The selected nuts are dehusked, cut into cups and dried under
the open sun. Cup copras are used for household edible preparation in northern India, since fresh coconuts are not available for edible purpose.
Milling copra is most popular coconut in southern states. In Kerala,
60-65% of the total coconut produced is converted into milling copra. It
is made by sundrying though often it is combined with kiln drying during
the monsoon period. A number of economically feasible copra dryers
using sunlight, farm wastes as fuel and even electrical dryers have been
developed. Various capacity dryers are being fabricated and marketed by
the Kerala Agro Industries Corporation.
Desicated coconut is prepared in small-scale units mainly in Karnataka. It
is a partially defatted product, yielding superior quality coconut oil also.

Yield
The yield depends on variety and conditions under which it is grown. The
average yield per hectare varies from 10,000 to 14,000 nuts per annum.

Production Technology of Guava
Introduction
The guava is normally cultivated for its fruits. However, guava fruit is
very delicate and highly perishable, making its marketing as a fresh fruit
very difficult. Present uses of guava are associated with the processing
into a wide range of canned products such as fruit slices in syrup, guava
jelly, jams, juice and nectar. The potential for a guava industry in Malaysia is excellent. Present tariff on imported fruits is high and the public has
developed the taste for local fruits as substitutes. The guava is by far a
more nutritious fruit than most of the imported ones in terms of vitamin A
and C content. Although canned guava may lose about 50% of its vitamin C during heat sterilization, the products still contain higher vitamin
C than most imported fresh fruits. Dehydrated guava juice powder was
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used as a source of vitamin C to fortify rations of Allied troops during the
Second World War.

Cultivation
Soil and Climate
Guava can be grown in a wide range of soils, but does best in deep fertile
and well-drained loams. It can tolerate a wide range of pH from 4.5 - 8.2.
Waterlogging, however, adversely affects the growth. Although guava
can tolerate drought conditions much better than other tropical fruits,
an annually even distribution of 100 - 200 cm of rainfall is preferred for
good growth. The tropical climate of Malaysia is considered excellent for
guava cultivation.
Field Preparation

The recommended planting distance is 15’ x 15’. This gives about 193
trees/acre. The field should be limed and the planting distance measured
out before digging the holes. The holes should be at least 1.0 cu. ft. in
size depending on the firmness of the soil. In planting very large acreages,
tractor-operated augers should be used for digging the holes.
Propagation
Guava is a cross-pollinated crop and as such, propagation by seeds will
not breed true. Vegetative propagation for this crop is relatively easy and
is a common practice in ensuring true-to-type progenies. Three techniques
are normally used for guavas, namely, cuttings, air layering or marcotting
and budgrafting.
Cuttings
This method is simple in technique but variable in success. The shoots
are partially pruned of leaves and cut to lengths of six to eight inches. The
cuttings are inserted (proximal ends) into sand beds. The soil medium
should be kept constantly moist. Rooting should occur after 12 weeks.
Air layering or marcotting
A young shoot of about 1.0 cm in diameter is selected and a ring of the
bark tissue (3.0 - 4.0 cm wide) is removed at the base of the shoot. Hor-
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Forested areas should be cleared of all shrubs and trees and the ground
ploughed in. In areas where the earth is extremely firm, deep cultivation
using tractor tines is recommended to break up the subsoil. Drains have to
be constructed where the water table is high.
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mone dust is applied to the wound for induction of root formation. A
handful of moist top soil is then placed around the wound and a polythene
sheet and strings are used to secure the ball of soil around it. Rooting
occurs within three to five weeks in successful marcots. The shoot can then
be cut and the plastic sheet removed before planting. In Malaysia, marcotting for guava has been limited in success and is not commonly used.
Bud grafting
This method is most commonly used under local conditions. The advantage of this is that a higher percentage of success can be obtained and more
plants can be produced from limited parental materials. However, there is
a need to prepare the rootstocks for budding. Guava seeds can be easily
germinated in 8” x 12” perforated black polybags for this purpose. Three
seeds are sown into each bag to ensure that at least one plant will survive.
The plants are ready for budding when the stem at the base is as thick as a
pencil. A 1.0 cm x 3.0 cm incision is first made on the bark of the rootstock
and the flap gently peeled away. A similar size bud patch from the scion is
then inserted into the cut. The scion patch is firmly secured with transparent budgrafting tapes. The tapes are removed three weeks after grafting. In
another three weeks, the grafts are inspected and where the bud patch survives, the rootstocks are cut back or ‘dehorned’ to about 4.0 - 5.0 cm away
from the bud patch. This is to stimulate the bud to ‘break’. The plants can
be field transplanted two or three months later. Lateral shoots originating
from the rootstocks should be removed in the meanwhile.

Field Management
Fertilizer
The fertilizer schedule for guavas suitable for local conditions is indicated
in Table 2 (after Kementerian Pertanian dan Pembangunan Luar Bandar).
The compound fertilizer recommended is a 28:9:9 composition of N:P:K.
In addition, guavas have been known to respond well to farmyard manure
and composts, and an application of 50 lb. per acre prior to planting is
recommended.
Fertilizer application should preferably be made every four months to
coincide with the stages of heavy nutrient demand. There are normally
three peak harvests over one year and it is recommended that the timing
of the application be scheduled at one month prior to the new flush of
flowering. The dosage of fertilizer per annum must be equally split into
three parts for each application.
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Table 2. Fertilizer Application for Guava over 15 Years
Plant age

1.0
2.0
3.5
4.5
5.5
6.5
7.5
8.5
9.5
11.0
13.0
15.0
17.0
19.0
21.0

N/tree/annum (lb.) P,K/tree/annum
(lb.)
0.28
0.09
0.56
0.18
0.98
0.32
1.26
0.41
1.54
0.50
1.82
0.59
2.10
0.68
2.38
0.77
2.66
0.86
3.08
0.99
3.64
1.17
4.20
1.35
4.76
1.53
5.32
1.71
5.88
1.89

Section 6

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

lb/tree/annum

Training and Pruning
It is an important practice to train the trees into establishing a desirable bush-shaped canopy on a single erect stem to control the height and
spread of the tree for convenience of harvesting and also to increase the
size and quality of the fruits. Pruning is done from time to time on water
shoots and suckers arising from the base of the rootstocks, as they are not
of the desired material. Guava is best trained in an open-centre system.
The main erect trunk of the young plant is cut back to about 50 cm above
the ground at a point just below a bud. Three or four shoots (laterals) are
permitted to grow from the main stem just below the cut end and they will
form the basis of future branches. These laterals are allowed to develop
to about 25 - 30 cm long and then pruned, inducing production of the
secondary branches which will carry most of the fruits. Guavas trained on
the open-centre system in India have significant increase in yield and fruit
quality as compared to unpruned trees.

Yield
Budgrafted trees often begin to bear about six months after transplanting in the field. The trees at this stage should not be allowed to be overly
heavy in bearing, as this will have adverse effects on their vegetative
development in the later years. Pruning of fruitlets and flower buds is
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recommended for reduction of the crop in the first year of bearing. In the
second and subsequent years of cropping however, fruit thinning is not
necessary. Under favourable conditions, the yield increases until the trees
reach full bearing at eight years and from then on, production continues
for fifteen years or more.
Yield taken on two-year old trees in Serdang of three varieties of guava
indicated that there are three main peaks in the annual cropping pattern.
Although generally regarded as a non-seasonal crop, the yield in between
the peaks are low and often negligible. Preliminary observations showed
that flushes of flowers appear at the decline of each peak of bearing, the
fruits of which contribute to the following season’s harvest.
The most promising varieties are GU 4 and GU 5. Two-year old trees of
these varieties produce fruits close to 10 tons/ha/year. GU 3 yields only
about half as much. In addition, the seasonality of fruit production for GU 5
has a wider spread than the other varieties. indicating that fruits of the GU 5
are more often available. This is an important criterion in considering cultivars for processing to ensure continuity of supply of fruits to the factory.

Diseases and Pests
Fruit Scabs
This disease on young guava fruits is especially common on trees which
are poorly managed and are weed infested. Round, brown and raised
corky scabs caused by Pestalotia sp. are found on the surface of the fruit,
giving it a mottled, unattractive appearance. In less severe cases, the
fungi does not cause very extensive damage to the fruit and it may still be
consumed after removal of the skin. In serious infestations, however, the
young fruits remain underdeveloped and may eventually abort.
Keeping weeds under control is an effective means of reducing the incidence of this disease.
Algae ‘rusts’
The symptoms of the disease appear mainly on the leaves as reddish-brown, round, powdery colonies. This occurs most frequently in
damp, poorly-ventilated areas where weed management is poor. The
causal agent is the Cephaleuros algae and may not be the cause of alarm
if the infestation is slight. However, in more severe cases, premature leaf
fall will occur, resulting in a marked decrease in yield.
Regular pruning of the dense foliage and effective weed control will provide ventilation that checks the incidence of the disease. Coprantol with
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Arbolineum (white oil) mixed in the proportion of 1:80 sprayed at 0.2%
bi-weekly until infestation disappears is recommended.
Oriental fruit fly
The fruit fly is the most important pest that results in insurmountable
damage on guava fruits. The species that is commonly found in Serdang
is Dacus dorsalis Hend. Another damaging fruit fly, Anastrepha striata,
which is widespread in Surinam and some parts of the United States has
not been recorded in Malaysia.
The damage is caused by the adult female flies, which deposit the eggs in the
maturing fruits. The point of deposition is noticeably marked by the small
dark depressions on the surface of the fruits. Development of the larvae
when the fruit ripens causes extensive damage and soft rot of the fruit.

Spilonota damage
The larvae of this Lepidopteran feed on young shoots and leaves and form
a webbing at the terminus of the shoot before maturing into the adult. The
infestation is observed to be seasonal and can be extensive if uncontrolled.
Rogor 40 at 0.1% concentration is very effective in the control. A
bi-weekly spray until infestation disappears is recommended.
Mealy bugs
Mealy bugs are whitish, fluffy insects that cause damage to young supply
shoots and leaves by sucking the sap, resulting in the dieback of the
tender shoots. The damage is not normally alarming. Control however,
can be effected with the use of Malathion or Arbolineum at 0.1% spray.
Helopeltis s. damage
The symptoms of damage are angular necrotic patches on leaves and
shoots caused by the secretion of insect toxins in the feeding punctures.
Control measure using Rogor 40 is very effective.

139

Section 6

To control the infestation, in part at least, fruits should be picked green,
when they are still very firm. It is not probable that the fruits are infested
at this stage, but even if so, immediate processing will destroy the eggs
before the larvae can develop. Over-ripe fruits should not be littered in the
orchards as these act as food base for the larvae development of the flies.
Sanitation of the orchard at all times is important in reducing the population of the pest. Fenthion (Lebacid) at 0.1% sprayed four weeks before
fruit ripening gives very good control.
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Fruit ‘ringing’
The symptom is a dry rot appearing as a band around the lower half of
the fruit, often accompanied by splitting of the skin. Pestalotia has been
isolated from the infected area, but this was believed to be a secondary
infestation. There appears to be some varieties, particularly an Indonesian
cultivar with pyriform fruits, which are very susceptible to this disorder.
The cause of this phenomenon is not clearly understood at present, but is
currently under investigation. The contemporary belief is that it is caused
by water stress.

Production Technology of Litchi
Climate:
Litchi performs well under humid conditions in subtropical climate. The
fruit size and other fruit development characters are greatly affected by
the humidity in the atmosphere. Litchi prefers valley like situations but
can be grown on higher altitude with sufficient moisture condition. Litchi
is prone to severe frost damage. Severe frost in winter and harsh summers
are limiting factors for the success in litchi cultivation.
In Northern Bangladesh litchi is performing very well from Ishwardi to
Dinajpur belt, without any major problem. It needs about 200 chilling
hours to facilitate fruit bud differentiation. Summer temperature more
than 42°C is harmful for litchi trees. Severe fruit cracking and sun burning of fruit take place in severe summers.

Soil:
Litchi is very fastidious to its soil requirements. It thrives well on deep
well drained loamy soils, with high organic matter content and free from
any hard pan. Since Mycorrhiza develop on the roots very fast in little
acidic soil reaction, hence, litchi plants grow fast in acidic soils. It can
be planted in soils with 6.5 to 8.0 pH. The roots can tolerate submerged
conditions for a number of days.

Propagation:
Vegetative Propagation:
Litchi is commercially propagated through air layering. For this purpose,
straight growing, one year old shoots are selected. A 3cm, ring of bark
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30-40cm from the apex of shoots is removed during August. Moist sphagnum moss is wrapped around the ringed portion and a part of shoot.
The moss is covered with polythene. The roots can be seen from the
transparent polythene. The air layers (gootee) are removed from the
parent plant during October and planted in the nursery for one to two
years before actually planting in the field. After transplanting the air
layers, the beds are kept in moist condition with light irrigation.
While handling the air layers care should be taken to provide support
of hand to the roots in the moss grass. The nursery beds should be provided sarkanda shelter during winter to protect the litchi plants from frost
damage. For better transportation and easy handling during planting, the
air layers can be planted in polythene bags.

Planting and Intercultural Operations:
The planting of litchi should be preferred during September-October.
However, in the lower hills where rains continue up to August end
planting can be advanced to end July. Two years old plants in the nursery should be preferred over one year old. The mild temperature with
humidity during October and November help in the establishment of
litchi plants better than those planted in July-August. Plants should not be
planted too deep in the pits. Deep planted plants do not perform well.
Litchi is generally planted at 8 to 9 metres apart in a square system. Thus
144-121 plants can be accommodated in one hectare. For planting on hexagonal system litchi should be planted at 10m x 10m, which require 105
plants per hectare. The pits should be prepared two months prior to planting. One metre deep and one metre diameter pits should be dug. Keep top
half of soil on one side and lower half on the other.
Mix farm yard manure 25kg well with the top soil and fill the pits 5cm
above soil level. Apply two litres of Dursban 20EC (chloropyriphos) solution @ l0ml/litre of water to the filled pit. Apply irrigation to settle down
the soil in pit. At the time of planting lift some soil from the centre of the
pit with the help of a planting board and place the earth ball in the hole.
Level the soil around the plant. It is preferable to use soil from a litchi
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The polythene bags of size 20cm wide and 30cm in length should be filled
with a mixture of FYM and soil in the ratio of 50: 50. The air layers are
planted in this mixture and kept moist. It is easy to keep, these bags under
net or shade or under a big litchi tree to protect it from frost and high
temperature in summer. The plants in bags get better care than in field. It is
easy to handle bags than earth balls in the field also. The chance of death
of the plant at planting time is also rare as compared to earth balls.
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orchard for leveling of the hole of newly-planted plant. This will help in
the fast growth of newly-planted plants due to the presence of mycorrhizal fungi. Apply irrigation soon after planting.

Wind Break:
It is very essential to save the litchi plants from the high velocity hot
winds which can break the litchi plants or desiccate the foliage. So, plant
a wind break by planting Jamun, Mango seeding or Arjuna interplanted
with mulberry and other shrubs like bouganvillea around the litchi
orchards two to three years ahead of litchi planting. A 1.5m deep trench
should be dug at 1.5 to 2.0m away from the wind break so that roots of
wind break do not compete with litchi roots for nutrition.

Protection to Young Plant:
The establishment of litchi orchard is little difficult job. The mortality of
newly-planted is so high in the early years that one can see a few established
plants in an orchard. Farmers start growing annual crops again. For saving
the young plants mulching should be done immediately after planting.
White ants attack should be checked by applying chloropyriphos solution-twice @ l0ml/litre in November and then in March every year for
three years. For producing shade and checking the effect of high velocity
winds grow ‘arhar’ all around the plants at a distance of 1m. The same
‘arhar’ plants can be used to provide shelter during winter. The southern
side of the basin should be kept open by uprooting some arhar plants.
Arhar may be uprooted in the third year and if needed the re-sowing may
be carried out at a distance of to 1.5m so that arthar roots may not interfere with litchi roots.

Training and Pruning:
No prunings is done for the first two years. Remove only the lower most
branches upto height of 50 cm. The removal of branches should be staggered through out for 3-4 years after planting. Keep sufficient number of
leaves in the first year so that plants have profuse growth. Do not allow any
branch to criss-cross or to grow inward.Litchi plants take the shape of an
umbrella of its own but very slowly. Training should be done on modified
leads system of training which is completed after 3 or year of planting.
Trees come into bearing in year of planting depending on the cultivar and
plant vigour. New growth automatically take place when a small part of
shoot bearing fruit pancile is also removed during fruit harvesting.
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Rejuvenation:
When trees become too old and branches start intermingling, the yield
decreases due to over crowding and lack of aeration and sun shine. At this
stage the trees should be rejuvenated. The main scaffolds are headed back
to keep 30cm of stubs during January just like in mango and pear. Keep
only 5-6 scaffold stubs per tree.
Top most scaffolds should be removed to bring the height of the rejuvenated
tree down. Many sprouts come up on the stubs. Select 2-3 out growing shoots
per stub. Thus there will be 10-12 branches per tree. The profuse growth in
the first year it self-produces healthy trees again within 2-3 years of rejuvenation. These trees can yield good crop for a number of years again.

Irrigation:

No irrigation should be given in October and November. From December
to February irrigation may be given at an internal of 20-30 days depending upon the winter rains. No irrigation is given at full bloom stage which
normally comes in mid March to mid April depending upon the cultivar
under Punjab conditions. During the fruit development period, i.e., May
and June irrigation may be given at an interval of 4-5 days. Sufficient
moisture in soil reduce the cracking of fruit. Young trees should be irrigated through modified basin system of irrigation.
The basin should be gradually increased as the plants spread. Mature
bearing trees should be irrigated through flooding of small segments.
Each segment may including 4-6 trees. In such a way sufficient water will
be made available to the trees. Much of the water will be saved which
otherwise would be needed for flooding of an acre, hectare or more as one
segment. Growing of ‘moth’, cowpeas as cover crop in basins shall help
in the fast growth of litchi plants.

Manuring and Fertilization:
Litchi plants require sufficient organic matter for their roots to spread and
make good growth of the foliage. The early profuse growth is required to
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Sufficient soil moisture is a prerequisite for profuse growth and good
fruiting in litichi. During rains no irrigation may be given. Shortage of
moisture in soil adversely affect the growth of trees. Young as well as
bearing trees need frequent irrigations. The plants should be irrigated after
4-5 days during hot months and interval may be increased to 7-10 days as
the temperature falls.
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reduce the juvenile period and for getting high early fruit yield. To obtain
and maintain this growth sufficient N, P and K is required as nutrition.
Nitrogen deficient plants grow slowly and have light green foliage which
may turn yellow soon. Old leaves show yellowing earlier than the new
ones. Phosphorus and potassium deficient plants show stunting of plant
and scorching of old leaves. A healthy litchi plant should take 3-4 flushes
in a year. Following fertilizer schedule is being recommended.
B. Fertilizer Schedule for Litchi:
Age of tree Farm Yard
(Years)
Manure (Kg)

Urea (46% N)
(g)

1–3
4-6
7-10
Above 10

100 – 300
400 – 600
700 – 1000
1000

10 – 30
40-60
70 – 100
100

Superphosphate Muriate of
Potash (60%
(16% P2O5 (g) K2 O)(g)
150 – 450
50 – 150
600-900
200 – 300
1050 – 1500
350 – 500
1500
500

Farm yard manure, super phosphate and Muriate of Potash should be
applied in December under the tree canopy uniformly and should be mixed
well with soil. Urea should be split into tree equal parts for the first three
years of age.After that it may be applied in two equal parts. Apply urea in
February; April and June to the young plants and in February and April to
the bearing plants. In off year, non-bearing plants may not be given phosphorous and potash fertilizers and quantity of urea should also be halved.

Micronutrient Deficiencies:
Deficiency of Zinc, Iron and Manganese has been noticed in both young
and bearing litchi plants. Therefore, in addition to the above fertilization,
mixture of Zinc Sulphate plus Ferrous Sulphate @ 2 gm/litre should be
sprayed during April. In May Zinc Sulphate + Manganese Sulphate should
be sprayed @ 2gm/ litre of water. These chemicals should be of laboratory
grade. Such a light spray shall not bring other mircronutrient deficiencies.

Intercropping:
Litchi takes 6-7 years to yield a commercial crop. Moreover due to slow
growth and more planting distance, sufficient vacant space is available
for the first 3-4 year. This vacant space should be judiciously utilized
by growing intercrops. Fruit plants with less juvenile period as kinnow,
guava, peach or plum can be planted as fillers in litchi orchards. Vegetables can also be’ profitably grown for 3-4 years.
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Pulses add nitrogen to the soil and give high returns. These should be
preferred over growing of wheat or fodder crops. The fillers should be
removed before these start interfering with the litchi plants. The nutritional requirements of crops, vegetables and filler plants should be
separately attended to. If wheat is grown then keep a separate irrigation
system for litchi plants so that plants should not suffer during MarchApril for want of irrigation.

Fruit Drop:
It seems, fruit drop in litchi occurs due to failure of fertilization of the
ovule since the drop occurs just after fruit set. The maximum drop has
been recorded in Dehradun followed by Muzzaffurpur and Calcutta. The
micronutrient sprays recommended effectively reduced, the fruit drop in
Dehradun cultivar. Growth regulator like GA2 @ 40 ppm spray at full
bloom stage can check fruit drop.

The litchi plants start bearing after fifth year of planting and the yield
continue to increase with the increase in tree size up to 20 years of age.
Litchi cultivars start ripening of fruit as early as June as in Dehradun and
continue up to July as in Calcutta. The fully mature and ripe fruits should
be harvested since no improvement in fruit quality take place after the
fruit is harvested. The fruit should be harvested when a representative
colour on the epicarp (Skin) characteristic of the cultivar has developed
and finely pointed tubercles on the skin have flattened/smoothened.
While harvesting whole of the cluster along with 15-20cm of leafy branch
should be cut with a sharp secateurs. The presence of foliage will help the
fruit to escape wilting. Three to four pickings are made per tree to fully
harvest the trees since all the clusters do not ripen at one time. The harvested fruit is kept in shade to maintain freshness.

Grading, Packing and Marketing:
Litchi clusters should be graded as excellent, poor clusters and single
fruits separately. The packing is done in small baskets by placing sufficient foliage under the clusters and covering with newspaper and litchi
leaves for local market. However, for distant market small wooden boxes
are used to pack the litchi fruit. For fancy litchi fruits can be packed in
500 gm transparent packs without using any foliage or paper as cushion.
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Harvesting and Handling of Fruits:
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Since, litchi fruit looses its freshness soon after harvest thus the packed
material should be transported to distant market as soon as possible.
During transit avoid crushing of fruit in packs. Growers can earn upto
rupees 70,000 per acre if marketing is properly done.

Storage:
Normally litchi is consumed as fresh fruit. At ordinary temperature it can
not be kept for more than two days. After that the epicarp looses its original
colour become hard just like shell of an egg. The fruit can be stored for a
few days in the fresh form. The most important character is to retain the
colour of skin in the cold store.The phased marketing of the fruit form cold
store shall add more income to the grower since, no other fruit can replace
litchi and mango. Litchi fruit treated with 6 percent wax emulsion can be
stored in perforated polyethylene bags of 100 gauge thickness in a commercial cold storage (2.2°- 3.3°C) and RH 90-95 percent for one month.

Production Technology of Mango
Mango (Mangifera indica L.) is one of the most common, important and
popular fruits in Bangladesh. It is considered as the ‘’king of fruits’’.
Besides, having delicious taste, captivating flavor with multifarious color,
it is an excellent source of nutritive values.
Bangladesh is one of the major mango producing countries along with
India, Pakistan, Mexico, Brazil, the Philippines, etc. (Alexander, 1989).
In Bangladesh, mango occupies about an area of 50,491 ha with a production of 187220 tones according to BBS, 2003. It is now in an increasing
trend in area by 112% and in production by 116% in the year of 2000-01
compared to 1984-85 (BBS, 2002).

Mango Production Area in Bangladesh
The main mango growing regions are around Rajshahi, Chapainawabganj,
Nawabganj, and Dinajpur. The better varieties of mangoes have exotic
names like Fazlee, Langda, Gopalbogh, Himsagar, Khirsapat, Ashhwina,
Khisanbogh, Kuapahadi, Lata Bombai, Foria, Bombai, Kohitoor, Laksmanbhog, Mohanbhog, Misribhog etc. Fazli, Lengra, Gopalbhog and Khisrapat
are considered to be the premier varieties – food fit for the Gods!
Each has its distinctive flavor and arguments about the superiority of
one over the other can get very serious. Though these are table varieties,
meant to be relished as cut fruit, there are others that are used for making
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jam, jelly, squash, chutney, and pickle. The raw green mango is even
added to a dal or curry to enhance the flavor.
Once only Chapainawabganj was famous for growing mangoes, but huge
mangoes are also produced in Rajshahi district. There are over 270 varieties of sweet edible mangoes in the Rajashahi region alone. Newer groves
are being set up and high-quality fruit trees have been planted along the
boundaries of the paddy fields.
December to February is when the mango trees blossom. These grafted
mango plants quickly start bearing blossoms only a year or two after the
planting. Mango growers try hard to nurture and support their young trees
during this period. If all goes well at this time of the year the growers can
expect a bumper crop of mangoes.

Section 6

Mango is the leading seasonal cash crop of the northwestern region of
Bangladesh and dominates the economy in Rajshahi and Chapainawabganj districts. There is no large industry here. Most of the people are
employed for different jobs on the orchards such as nursing, harvesting
and packing mangoes for transportation during the season every year

Climate
Mango can be grown under both tropical and sub-tropical climate from
sea level to 1400 m altitude, provided there is no high humidity, rain
or frost during the flowering period. Places with good rainfall and dry
summer are ideal for mango cultivation. It is better to avoid areas with
winds and cyclones which may cause flower and fruit shedding and
breaking of branches.

Soil
Mango comes up on a wide range of soils from alluvial to laterite provided they are deep (minimum 6’) and well drained. It prefers slightly
acidic soils (pH 5.5 to 7.5)

Variety:
The mangoes of Bangladesh belong mainly to two groups. viz: 1.The elite
mango varieties propagated through grafting and other vegetative means.
Locally known as”KalamerAam” and 2. Fruits are born by seedling trees
locally known as “GutiAam”. Some of the common varieties grown in
Bangladesh are listed below:
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Early variety
The varieties which can be harvested within mid May to mid June.
E.g, Gopalbhog, Himsagar, Khirsapat,Brindabani and BARI Aam-1.

Mid-season varieties:
The varieties which can be harvested within mid- June to late-June, e
g.Langra,Misribhog, Krisanbhog, Kohitoor, Lakhanbhog, Daseri and
BARI Aam 2-3.

Late varieties:
The varieties which can be harvested within July to mid August ,
e.g. Fazli, Ashwina, Kuapahari, Mohanbhog, Chausa and BARI Aam 4.
Regular bearing varieties:
Neelum, Mollika (Neelum*Daseri), Amropali/BARI Aam-3 (Daseri*Neelum)

Propagation:
Mango can be raised from seed or vegetatively propagated. Seed propagation is now restricted to raising rootstocks, which are not true to type.
To raise rootstock , freshly extracted stones from mature and ripe fruits
are sown in beds in lines. These seedlings remain there for a year. When
they attain a suitable thickness and height they are propagated asexually
by side or veneer either in beds or shifted to a suitable seized earthen or
polythene bags and grafted by inarching.

Time of planting:
Mid May to mid-July is the best period for planting and mid-August to
mid-October is also good.

Distance:
Planting distance depends upon soil, variety, climate and system of
orchard management. However under good management the planting distance for tall varieties 10-12 meters and the dwarf varieties require only
2.5 to 3 meters between the plants and rows 8-10 meters.
Size of pit: 1.0 mX1.0 mX1.0 m.
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Manures and Fertilizers:
Manures/Fertilizers
Organic manures
Urea
TSP
MP
Gypsum
Zinc Sulphate

Amount in each pit
18-22 kg
100-200 g
450-550 g
200-300 g
200-300 g
40-60 g

Seedlings planting:
Seedlings should be planted with the soil ball intact at middle of the pit
straightly after 10-15 days of filling the pit. After planting, the seedling
should be provided with proper fencing, sticks etc.
Section 6

Fertilizer application:
Yearly recommended fertilizers for mature and fruiting trees are:
Manures/Fertilizers
Organic manure
Urea
TSP
MP
Gypsum
Zinc sulphate

Amount per plant
50.0 kg
2.0 kg
1.0 kg
500 g
500 g
25 g

The fertilizers should be applied into two equal split:one in mid-May to
mid-July and other in mid-September to mid-October.

Irrigation:
Frequent irrigation is needed for fast growth of seedlings. The need for
irrigation will arise during the drier part of the year from November to
April and lesser in summer (May-June). In the bearings trees, once irrigation at the later part of flowering and once irrigation at fruit setting stage
(when the fruits are in a pea stage) will be needed. Basin system is best
for irrigation.
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Pruning:
Mango has no specific pruning schedule, except when trees are young to
give them a good shape. All side shoots should be pruned upto a height of
1.0-1.5 m of the main stem. All the inflorescences should also be pruned
upto 4 years of the seedlings age.
Intercultural operation;
Intercultural operation of the mango orchard is necessary not only to
remove the weeds which compete for water and nutrients but also to
ensure aeration which is essential for the proper development root and
shoot. Intercultural operation may help in reducing the pest population by
killing them physically.

Maturity indices:
Appearances of wax coating, dots on the fruits, relative size of the fruits
are some of the external appearances of the fruits which indicate maturity.
However some ripened fruits when start dropping.it is said that maturity
of that particular variety is reached.

Harvesting:
Mango fruits are rarely allowed to ripen on trees .Fruits may be harvested
at the time when they show a slight yellowish color around the fruit stalk
or when the specific gravity reaches 1.01 to 1.02 or when naturally one or
two ripe fruits start dropping from the plant. Mango should be harvested
without any injury. Generally fruits with stalk intact are harvested by
hand or with the help of a bag affixed on along pole from the tall trees.

Yield:
The yield of mango varies with the variety, productivity of flowering ,
growing condition influencing the size of the plants etc. The young trees,
in the beginning, bear 15 to 20 fruits per year which increases to an average of 400 to 600 fruits in the 10thyear and to 2500-5000 fruits per tree
after 20th year. The average fruit production in Bangladesh is 4.76 t/ha
which is quite low compared to India (8-10 t/ha) as well as to the world
production of 14-16 t/ha.
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Diseases:
Leaf spot disease

•

Red rust disease

•

Red leaf spot disease

•

Blight

•

Anthracnose/die-back

•

Powdery mildew disease

•

Sooty mold disease

•

Scab disease

•

Malformation

•

Fruit rot

•

Loranthus

Section 6

•

Insects:
1.

Mango hopper

2.

Shoot-gall Psyllid of mango

3.

Mango fruit weevil

4.

Mango fruit fly

5.

Mango defoliator

6.

Mango stem borer

7.

Mango leaf gall-forming insects

SPECIAL PROBLEM:
Malformation :
Malformation is a serious threat to mango production. It affects both the
vegetative parts and the inflorescence. Malformed branches show stunted
growth, with small and bunchy leaves; this disorder is thus called bunchy
top. Most of the flowers on malformed inflorescences are male and fruit is
hardly ever obtained from them. The cause is not yet known but viruses,
fungi, mites and deficiency of element have all been considered as possible causes. Good management reduces the problem to some extent.
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Alternate bearing:
Most of the commercial varieties of mango tend to produce crops in an
alternate or biennial patter. Alternate bearing in fruit trees is the habit of
bearing heavily in one year called the on year and very little or not all in
the second year called the off year. The factors affecting it are environmental, physiological and genetic.

Post Harvest Management
Storage
Shelf life of mangoes being short (2 to 3 weeks) they are cooled as soon
as possible to storage temperatue of 13 degree Celcius. A few varieties
can withstand storage temperature of 10 degree Celcius. Steps involved
in post harvest handling include preparation, grading, washing, drying,
waxing, packing, pre-cooling, palletisation and transportation.
Packaging
Mangoes are generally packed in corrugated fibre board boxes 40 cm x
30 cm x 20cm in size. Fruits are packed in single layer 8 to 20 fruits per
carton. The boxes should have sufficient number of air holes (about 8% of
the surface area) to allow good ventilation.
Financial institutions have also formulated mango financing schemes
in potential areas for expansion of area under mango. Individual mango
development schemes with farm infrastructure facilities like well, pumpset, fencing and drip irrigation system etc. have also been considered.

Production Technology of Papaya
Introduction
Papaya is a popular fruit famous for its high nutritive and medicinal
values. It comes early in bearing than any other fruit crop, produces fruits
in less than a year and the production of fruits is quite high per unit area.
Papaya is cultivated more or less on a commercial scale in the foothills
and plain valleys of all states of the north eastern region. As per statistics
available 3,670 hectares yield 47,280 tonnes of papaya annually. It is the
fourth important crop of this region. Among the hill states, Mizoram has
the largest area under this crop, followed by Tripura and Manipur, While
in production Manipur contributes the maximum, followed by Tripura
and Mizoram. Papaya is a native crop of Mexico, and was introduced in
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India in the 16th century. Now it has become popular all over India and is
the fifth most commercially important fruit of the country.

Composition & Uses
Ripe papaya is one of the best refreshing fruits, rich in vitamin A and a
good source of Vitamin B and Vitamin C. It supplies appreciable amounts
of minerals, consisting mainly of iron, calcium and phosphorous and also
a little protein. Papaya is rich in the enzyme papain, which helps in digestion of proteins.

Climate
Papaya is basically a tropical plant. However, it also grows well in
sub-tropical parts. Those foot hills which enjoy a mild winter are ideal
for papaya cultivation. Low temperature and frost limit its cultivation in
higher altitudes. Excessively cold nights cause the fruits to mature slowly
and to be of poor quality in winter season. It can be grown from the sea
level to an altitude of 1000 metres, but above an altitude of 600 metres,
size and quality of fruits gradually decreases. As it grows in sub-tropical and tropical climates, it can be cultivated in a temperature range of
25-35˚C. In this region it can be grown successfully as a rainfed crop in
areas with 1500-2000 mm of evenly distributed annual rainfall, though
yield may be poor when compared to an irrigated crop, because winter
drought restricts development of the plants and the fruits. High humidity
affects the sweetness of the fruits. Fruits tend to lose their sweetness in
low temperature also. A warm and dry climate is needed during ripening
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The papain content of the fruit gradually decreases as it ripens. Due to
papain content of raw papaya, it reduces the time of cooking of meat as
well as makes meat very tender when cooked with a small piece of raw
papaya. Ripened fruits are also used in preservation industries as raw
material in preparation of mixed jam, jelly, marmalade etc. It is also used
in the manufacture of a powder rich in minerals, proteins, fats, pectin and
carbohydrates. The powder is used in a number of foods after artificial
drying to reduce the moisture content to 6 percent. The green or unripe
fruit is used as a vegetable and it can also be made into pickles. Ripe
papaya and its seeds seem to have medicinal properties and are used in
several disorders of liver, spleen and the digestive tract. Papain is commercially a very useful product. It is known to remove skin blemishes,
and is considered beneficial for treatment of stomach ulcers, diphtheria
and even cancer. It is also used in clarification of beer, in tanning industry
and in manufacture of chewing gum. Thus papain extraction also gives an
extra income to papaya growers.
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season. It can not withstand strong winds being a tender and shallow-rooted plant.

Soil
Papaya can grow in many types of soils, except sandy and sticky or heavy
clay soils. Papaya roots are very sensitive to water logging or standing
water. Even forty eight hour submergence can be fatal for the plant. In
heavy soils, water accumulates during high rainfall, and diseases like
foot-root and root-rot occur, which may cause the plantation to be wiped
out in a short time. Hence a slightly sloppy land is preferred to a perfectly
leveled one. Hilly soil of this region is best suited, being well drained in
organic matter.

Propagation
Papaya is invariably propagated by seed. For propagation, seeds are
collected from ripe, large sized, healthy fruits, essentially from female
plants free from pests and diseases. Sometimes, the seeds fail to germinate
because seed viability is completely lost in about 45 days. The removal
of a mucilaginous covering (sarcotesta) from the seed is helpful in more
rapid and uniform germination than those seeds with their sarcotesta
intact. Removal of sarcotesta is easily done by fermenting the seed in a
bucket of water for two to three days. The sarcotesta breaks easily when
the fermented seeds are mixed with wood ash and are rubbed gently in a
piece of gunny cloth. The seeds are washed to remove exogenous material
by putting them in another pot or vessel containing water. The viable seeds
sink in water, while the nonviable ones, sarcotestas and other debris float
and can be skimmed off. The seeds can be sown immediately, or they can
be stored after drying in shade in airtight containers. The seeds, however,
should never be dried in sun, as this leads to a total loss of their viability.
Nursery sowing should be done 2 to 2½ months prior to the scheduled
date of transplanting in the field. Middle of February to middle of March
is the best time for sowing the seeds in north eastern hill region, for
transplanting in the beginning of monsoon. It is better to sow the seeds in
perforated polythene bags, 22 cm x 15 cm, and 150 gauge thick. In case
of heavy and medium soils, bags should be filled with a 1:1:1 mixture of
FYM soil and sand. A potting mixture of one part soil and one part FYM
is ideal for north eastern region, having a porous soil. Seeds should be
treated with 1 percent agrosan G.N. as prevention against damping off
disease. Two to three freshly extracted or stored seeds are sown in each
bag at a depth of 1.5 cm. Light watering, with a watering can, should be
done every evening except on rainy days. The seeds germinate within
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2 to 3 weeks. Only one healthy seedling is retained per bag in case of
Coorg honey dew and solo variety. About 250-300 g of seeds is enough
to raise a sufficient number of seedlings for planting an area of one
hectare. Top dressing of seedlings in bags containing urea or ammonium
sulphate should be avoided, as this encourages damping off disease
and development of tall and lanky seedlings which are less suitable for
transplantation. The main objective of rearing the seedlings in a nursery
is to obtain healthy (15 to 20 cm tall at transplanting stage) and stocky
seedlings with a large number of fibrous roots and leaves. This is best
achieved by using good quality farm manure for making potting mixture.
Spraying of papaya seedlings with GA at 50 ppm, alar at 250 ppm and
phosfon-D at 250 ppm increases the number of female flowers. Nowadays
attempts are being made to propagate papaya by tissue culture from stem
segments, roots, and leaf segments.

Transplanting

Manuring
A five month period from transplanting to first flowering is important for
nutrition of papaya plants. The stem girth attained by a plant just before
flowering decides the vigour and productivity of a plant. If the plant
remains weak during this period owing to insufficient nutrition, production during the rest of its life is adversely affected. Therefore, fertilizers
should be applied at frequent intervals and at proper rates for building a
stout and vigorous plant before flowering, and to maintain its subsequent
growth and productivity.
The importance of nitrogen, phosphorous and potassium for good growth
and yield in papaya has been realized. A fertilizer dose of 400g nitrogen,
250g phosphorous and 400g of potassium per plant per year should be
applied in six split applications under irrigated conditions, although in
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Pits 50 cm in size are dug at a spacing of 2 to 2.5 metres during the first
part of May. The pits are exposed to sun for a fortnight and filled with top
soil along with 20-25 kg of farm yard manure, 1 to 1.5 kg wood ash and 1
kg bone meal in the form of mounds. In absence of rainfall, water is added
to the pots to settle down the mixture properly. Before transplantation,
pits re drenched with eldrin to avoid termite attack. When the seedlings
are 15 to 20 cm tall, the bag is cut open with a razor blade and the seedlings are transplanted in the pits in the evening.Usually three seedlings
are transplanted about 15 cm apart in each pit. Watering is essential after
transplantation for a quick recovery from the transplanting shock.
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rainfed conditions, it can be given in two split doses; the first in the beginning of monsoon and second in the later part. If rainfall is well distributed
from March to November, then it can be given in three split doses. Each
plant should also be given 20-25 kg of farm yard manure once every year.
At the time of fertilization, a sufficient amount of moisture is essential in
the soil. The fertilizers should be well mixed in irrigation rings or basins
by light digging or hoeing. Application of fertilizers should be stopped 6
months before harvesting the crop.

Intercultural Operations
The papaya plant grows very quickly and comes to fruit in a year’s time,
so intercrops are not usually taken in papaya plantations. Papaya itself is
commonly used as an intercrop in tree fruit orchards. Papaya is a shallow-rooted plant, which should never be given deep tillage. Only removal
of weeds is required whenever desired. Papaya requires a constant supply
of moisture for continuous growth and production, but it is not possible
in the hills of this region. However, when there is a danger of frost injury,
supply of moisture is useful.

Cropping
The male plants of papaya are generally vigorous in growth and start
flowering after three months of transplanting. As soon as their presence is
detected, most of them should be removed. However, for effective pollination of female flowers, about one male tree is maintained for every 10
female trees. Papaya starts flowering about five to six months after it is
transplanted. Fruit setting commences a fortnight after flowering. When
the fruits become about 3cm long, the smaller fruits should be thinned
out to avoid over crowding. Fruit thinning is preferably done at regular
fortnightly intervals. Due to adverse climatic conditions, flowers or fruits
sometimes start dropping from the plant. To prevent fruit drop and to
increase fruit size, spraying of Planofix (1 ml in 1 litre of water) during
flowering and on tender fruits is beneficial. This much of the solution is
sufficient to treat 10 fruits. Fruits take about four to five months to reach
full maturity. Fruits which ripen on the trees are of the best quality and
are suitable for table purpose as well as for local market. But for distant markets, they are harvested when they are firm, and only the apical
end has started turning yellow. If planting is done in May, harvesting of
ripened fruits can be achieved in the next April. Papaya fruits can also be
artificially ripened well by treatment with one part of ethylene gas in 5000
parts of air in a closed chamber. Over-ripening of fruits on trees should be
avoided as it may otherwise be easily damaged by birds. Yield per tree in
a commercial plantation varies from 30 to 50 fruits per tree with an aver-
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age weight varying from 20 to 35kg per tree in this region. In this region
papaya plants have been found to bear fruits for 6-8 years. However in
commercial productions it can be allowed to bear only for 3-4 years.
The importance of nitrogen, phosphorous and potassium for good growth
and yield in papaya has been realized. A fertilizer dose of 400g nitrogen,
250g phosphorous and 400g of potassium per plant per year should be
applied in six split applications under irrigated conditions, although in
rainfed conditions, it can be given in two split doses; the first in the beginning of monsoon and second in the later part. If rainfall is well distributed
from March to November, then it can be given in three split doses. Each
plant should also be given 20-25 kg of farm yard manure once every year.
At the time of fertilization, a sufficient amount of moisture is essential in
the soil. The fertilizers should be well mixed in irrigation rings or basins
by light digging or hoeing. Application of fertilizers should be stopped 6
months before harvesting the crop.
Section 6

Diseases and pests
Papaya has no serious insect, pests, but it has some serious diseases.
Collar-rot or Foot-rot
It is caused by a soil borne fungus Pythium aphanidermatum. In this region,
the disease occurs at the base of the stems particularly during the rainy
season. The fungus attacks the bark and causes swelling, cracking and rotting of stems and roots, especially in waterlogged conditions or in extremely
moist, sticky soils. The terminal leaves drop, wilt, turn yellow and fall.
Control measures:It can be checked by spraying/drenching 6:6:50 Bordeaux mixture or (0.2%) esso fungicide thrice during season. It can be
avoided if the plants are on a well drained land.
Root rot
It is caused by the fungus Rhizoctonia solani and Fusarium sp. in the
nursery. In the later stages, this disease is caused by Phytophthora palmivora, mainly in the root system.
Control measures: Application of 100g of lime and 100g of copper
sulphate in the pits is an effective preventive measure against this disease.
Drenching with formaldehyde two weeks before sowing can give effective control in the nursery.

157

Post Graduate Diploma in Rural Development

Damping off (Phytophthora sp)
This fungus kills young seedlings in the nursery stage. This can be prevented
by sterilization of the soil of nursery beds with formaldehyde, two weeks
before sowing, or treating the seeds with agrosan G.N., captan or Ceresan.
Leaf-curl and mosaic (Papaya ring spot or papaya mosaic virus)
They are observed during rainy season when the vectors are most active
and cause considerable damage. In leaf curl, leaves of the plants become
crinkled and curled, the plants get stunted with small leaf size and do not
grow further.
The mosaic disease starts as necrotic dots on the leaves. The lamina
becomes yellowish green, malformed, upright and with blistered patches
on it. Fruits are also affected.
Control measures: Practically there is no control measure for these
viruses. The virus affected plants should be quickly destroyed to prevent
the spread of these diseases. To check the insect vector, plants should be
sprayed with 0.05 percent Malathion or metasystox at 10-12 days intervals.
Root knot nematode (Meloidogyne incognita)
Affected plant shows withering, yellowing and wilting. Knot like structures appear on the roots particularly under water logged conditions.
Control measures:This can be checked by use of nematicides (nemagan, nemphas, etc) in the field. The insect pests of papaya are not that
harmful. The most important is the red spider mite, which occurs on the
underside of the leaf, which they damage. It can be controlled by spraying
fine lime sulphur. Birds cause considerable damage to papaya. Bird-scaring is an important item of expenditure in commercial plantations.

Post Harvest Operations for Papaya
Harvesting, packing, marketing and storing
A good crop may fail if harvesting of fruits is not done properly due to
perishable nature of fruits. The fruits should be left on the tree until they
mature fully. Usually the fruits are harvested when they are full size, light
green with a tinge of yellow at apical end. On ripening, fruits of certain
varieties turn yellow but some of them remain green. When the latex
ceases to be milky and become watery, the fruits are considered suitable
for harvesting.
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While picking the fruits from the trees, care must be taken that these
are not scratched and are free from any blemishes, otherwise there will
be attack of fungus and the fruits may start decaying during marketing.
Suitable grading must be done before packing. The fruit should be packed
properly for dispatching to market. Since papaya fruits are easily perishable, care should be taken to wrap the individual fruit in paper and finally
packed in wooden crates surrounded by soft material all-round and saw
dust specially on the bottom.
Reduction in temperature or treatment with retardants reduces the duration for ripening and enhances shelf life. Post harvest treatment of fruits
with silver nitrate or cobalt chloride extends the shelf life without affecting the palatability. Papaya fruits, at colour turning, can be stored at 7˚C,
which will have normal ripening. Shelf life of fruit is also extended by
storing at 13˚C with 1.0 to 1.5 percent oxygen or at 10 % CO. Waxing
of fruit and storage under low pressure (LP) has also been successful in
reducing the disease incidence and increasing the shelf life papaya.

A tree with good management produces 25 to 40 fruits weighing 40to 60
kg in the first 15 to 18 months.
The yield of papain is as follows Year Approximate yield
1st
2nd
3rd

(kg/ha)
150 - 200
200 - 250
75 - 100

For local markets optimum temperature of 20°C was found both for
ripening and satisfactory storage for two weeks. Storage below 10°C
has been known to cause chilling injuries greater in mature- green than
ripe papayas. Chilling injury symptoms include pitting, blotchy coloration, uneven ripening, skin scald, and increased susceptibility to decay.
More than half ripe papayas (at lest 50% yellow) can be stored at 4-10°C
without developing symptoms of chilling injuries. Exposure of papayas
to temperatures above 30°C for more than 10 days result in heat injury.
The symptoms include uneven ripening, blotchy ripening, poor color,
abnormal softening, surface pitting and accelerated decay. For exports
of papaya, hot water treatment is given by dipping the fruits for 30
minutes at 42°C immediately followed by a 49°C dip for 20 minutes.
Quick cooling to 13°C after heat treatments minimizes heat injury. Controlled-atmosphere (CA) storage (2% O and 5-10% CO ) at 10°C has been
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found beneficial for 2 2 delayed ripening, firmness retention and avoid
chilling injuries. Transport For local markets the fruits are transported in
trucks while for distant markets it should be preferably sent through railways. Transportation through railways is faster and economical.

Production Technology of Sapoata
Sapota is also known as sapodilla or chiku and Bangladesh it is known as
sofeda.The mature fruits of sapota are sweet smelling and decidious while
the immature fruits are astingent The fruits are a good source of sugar,
water ,protien fat carbohydrates vit-A,B1,B2, C and niaci..
Sapota is native to Central America,Mexico and WestIndies.
In Bangladesh 3 types of sofeda were observed viz.BARI sofeda-1, BARI
sofeda-2, BARI sofeda-3.

Spacing
The land should be thoroughly ploughed at 30-45cm depth and levelled.
Normally planting is done at a distance of 10mx10m. As the growth of
sapota plant is slow it takes a longer period to occupy the allotted space.
Therefore, a spacing of 6mx6m is maintained till the canopies meet. Subsequently alternate trees are removed to reduce the plant population.

Pit Digging
Pits of 90cm3 are opened during the summer and exposed to the sun for
a period of 2-3 weeks. While opening the pits, the topsoil and subsoil
are to be heaped separately. Each pit is filled with topsoil first followed
by subsoil mixed with well-decomposed FYM, 1kg Superphosphate and
500g Sulphate of potash. Lindane powder @100g/pit is added to control
termites.

Method of Planting
At the time of planting hole just sufficient to accommodate the rootball
of the grafted plant should be dug in the centre of the pit. The grafts are
planted in the hole in such a way that the graft union remains just above
the soil surface. The grafts are staked immediately after planting to protect from strong winds. The young graft is protected from heat by erecting
temporary shade covered with grass or plastic sheets. The polythene strip
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used for securing the graft joint should be removed a month after planting
so as to reduce morality of the graft. The new sprouts emerging on the
rootstock below the graft joint should also be removed immediately.

Propagation Air-layering

Approach Grafting
In this method 2-3 year old ‘Khirni’ or ‘Rayan’ plants raised in polythene
bags are used as rootstocks due to their strong root system. These seedlings should be atleast 45-60cm in height and 1 cm in diameter at the time
of grafting.
Approach grafting should be preferably done in the beginning of rainy
season or during February- March. However grafting during February-March is more economical as the grafts will have to be maintained in
nursery for a shorter period of time. The success rate of the grafts is also
high as compared to those obtained in rainy season.
The mother plants selected for approach grafting should be vigorous trueto-type and between 10-15 years old. The lower most branches are usually
bent and tied to a peg near the ground. 1-11/ year old 2 branch (scion) of
pencil thickness is selected for grafting. The seedling of ‘Khirni’ (rootstock) is brought closer to the branch near the ground. The cambium layers
of one side of this plant at 10-15cm from the base of the plant is exposed
by taking a 5-6cm long and 0.5cm wide cut with a sharp knife. Similar cut
is taken on the selected branch of the mother plant. The exposed portion of
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Air layering is carried out in the month of June. In this method a 1-2 year
old, healthy, vigorous, mature shoot of 45-60 cm in length and pencil
thickness is selected. A circular strip of bark about 3 cm wide just below
a bud is completely removed from the selected shoot. Rooting hormones
like IBA & NAA 50mg each in Lanoline paste are applied over this portion. Moist sphagnum moss is packed around this portion and tied with
polyethylene sheet to prevent the loss of moisture. Application of such
hormones promotes early rooting. Light brown roots are visible through
the polythene wrap within 4 months. The rooted shoot is slowly detached
by giving 2-3 successive cuts over a period of week before finally detaching from the parent plant. These are planted in pots and kept in nursery
under shade. Top of the shoot is cut back to maintain a proper ratio of
leaves: roots. Sapota plants prepared from air-layering are susceptible
to damage by strong winds and cannot withstand drought, as their root
system does not penetrate very deep into the soil.
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bot the plants are brought together and secured firmly with polythene strip.
Care should be taken to avoid gap between the joints.
The union of the scion and the stock takes place in about 2-21/ months.
However, the scion should not 2 be separated for atleast 3-4 months.
During this period the ‘Khirni’ plant should be watered every day for the
first 15 days and thereafter, at an interval of 3 days till the graft is separated from the mother plant. The rooted graft is slowly detached by giving
2-3 successive cuts 2cm below the union over a period of month before
finally detaching from the parent plant. The grafts are maintained in a
nursery under shade for few days.
Soft-Wood Grafting The technique of soft-wood grafting is similar to that
of cleft or wedge grafting. The scion should be a terminal non-flowering
shoot of 3-4 months maturity with the same thickness as the rootstock.
Rootstock of ‘Ryan’ is mostly used for soft-wood grafting. The selected
scion should be defoliated while on the mother plant at least 7 days before
grafting, keeping a part of petiole intact on the selected shoot. Defoliation
prior to grafting
helps in swelling of dormant bud of the scion resulting in greater success.
In this method, a wedge shaped cut is made on lower part of the scion
stick. Similarly 4-6cm long cut is made in the middle
portion on the rootstock. The scion stick is then inserted in the cleft of the
rootstock and tied with polythene strip. Vigorous sprouting of the scion
indicates the successful union of the graft joint. The grafts are further maintained in the shade for sometime before transferring them in the field.

Soil
It can be grown in a variety of soils but deep alluvium, sandy loam, and
well-drained medium black soils with pH 6.0-8.0 are ideal for its cultivation. However, shallow clay soils underlaid with hard pan or high calcium
contents are unsuitable for sapota cultivation.

Climate
It is a tropical fruit, which likes warm and humid (>70% RH) climate. It
grows well up to an altitude of 1, 000m however, coastal climate is ideal
for sapota cultivation. Temperature range of 10-38°C and annual rainfall
between 1250-2500 mm is suitable for sapota cultivation where it flowers and fruits throughout the year. Temperatures exceeding 43°C leads to
flower drop.
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Harvesting
The fruiting starts from third year after planting but the economic yield
can be obtained from seventh year onwards. Being climateric fruit, it
improves in quality after harvesting but pre-mature harvesting leads to
poor quality. On the other hand, fruits harvested late soften quickly resulting in spoilage during

Handling and Transport
At maturity, the brown scurf on the fruit surface is replaced by yellowish
corky brown colour. The absence of green tissues and latex also indicates
maturity. The fruits are picked by hand or harvested with special harvester
which has a round ring with a net bag fixed on a long pole.

Yield
Section 6

In general a fully mature tree of 10 to 15 years of age yields 1000-3000
fruits/tree depending on the variety and management practices.

Intercultural Operations
Weed Control
Weeds should be regularly removed from the basin. In young plantations
pre-emergence application of Bromacil 2kg a.i./ha or Diuron 2kg a.i./ha has
been found effective in controlling the weed population for 10-12 months.
Intercropping
Intercropping in widely spaced plantations is economical. Fruits crops
like banana, papaya, pineapple; vegetables like French bean, tomato,
brinjal, cabbage, cauliflower; cucurbits and flowers like lily can be grown
successfully depending upon the climate and water resources.
Pruning
Pruning is normally done during winter to give shape and reduce the
overcrowding of branches. Pruning is important as the flowers and fruits
are borne on those branches, which receive maximum air sunlight.
Irrigation
Basin method of irrigation was found beneficial. The size of the basin
is gradually increased based on the spread of the canopy. The plants
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need irrigation at 6-7 days interval in summer and 8-10 days in winter
for proper establishment. Use of drip irrigation saves 40% water and
increases the yield. The drip system should be laid out with two drippers
spaced at 50 cm from the tree during the initial 2 years and subsequently
2 more drippers are added. The dripper discharge rate should be of 4
litres/hour. The rate of application of water depends upon the climate and
the soil type prevailing in the area. By keeping the water tank at a higher
elevation the drip system can also operate in case of electricity failure.
Manuring & Fertilization
The nutrient requirement of sapota is high, as it is an evergreen tree in
continuous state of growth and fruiting. The fertilizer requirement of
sapota varies from the age of the tree and soil nutrient status. The recommended fertilizer schedule is as follows -Under rainfed conditions,
nutrient application should be done on the onset of monsoon. However,
under irrigated conditions it should be applied in two splits. Total quantity of organic manure and half the dose of chemical fertilisers should be
applied at the beginning of monsoon and remaining half in post-monsoon
period (September-October). Since most of the active roots are distributed
within the depth of 30cm, nutrients should be applied under tree canopy
and mixed thoroughly in the soil.
Packaging
For local markets the graded fruits are packed in bamboo baskets containing straw as padding material. This helps in reducing the bruising
and promotes even ripening of fruit. For distant markets fruits are packed
in cardboard boxes. Corrugated trays are equally effective as packaging
material while transporting the fruits. Use of such trays is cost effective
due to its reusability.
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Maturity of Fruits and Vegetables
It refers to the attachment of final stage of biological function by a plant
part or plant as a whole.
Or
It is the particular stage in life of plant of fruit at which they attain maximum growth and size.

There are five types of indices to judge the maturity of the fruit.
1.

Visual means

2.

Physical means

3.

Chemical analysis

4.

Computation

5.

Physiological method.

1) Visual Means:
Skin colour, size, persistence of style portion, drying of outer leaf, drying
whole plant body, change in smell or flavour, dropping down of ripe fruits.

167

Section 7

Good quality of fruits and vegetables are obtained when harvesting is
done at the proper stage of maturity. It is the stage where any organ of
the plant attains full growth and development. So it is the stage of fruit
development beyond which no further growth take place. After maturity
of any organ it starts its decline stage i.e. called as “Ripening”. Earlier
the harvest, longer is the time of ripen. Greater the maturity, lesser are the
number of days required for the fruit ripen. But the ripe fruits from early
harvests and poor quality indicated by lower organoleptic ratings and
with increasing maturity, quality improved. The maturity indices are also
called as “Maturity Standards” or “Signs of Maturity”. Maturity signs
help in judging maturity of fruits and vegetables. The signs are based on
experience and skill and judgment. As the market value depends upon
quality of the produce, the knowledge regarding maturity indices of right
stage of harvest caries vital importance. Secondly shelf life of the produce
in some fruits depends upon maturity stage of harvested produce.
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2) Physical Means:
Fairness easy separation or abscission, specific gravity, weight of the fruit.

3) Chemical Analysis:
T.S.S , acids, Starch, sugar, etc.

4) Computation:
Days for harvesting fruits from fruit set till maturity.

5) Physiological Method:
Respiration rate, internal ethylene evolution.

Types of Maturity of Fruits and Vegetables
a)

Harvesting Maturity

b) Physiological Maturity
c)

Commercial or Horticultural Maturity

Harvesting Maturity:
The harvest maturity of vegetable depends upon the purposes for which it
is harvested. For local market and for processing, fully coloured tomato
fruits are harvested. However, for a distant market fruit which have
started developing colour are harvested. The post-harvest quality and storage life of fruit appear to be controlled by the maturity. If the fruits are
harvested at a proper stage of the maturity the quality of fruit is excellent.
Poor quality and uneven ripening are caused by early harvesting and late
harvesting result in extremely poor shelf life. It is imperative that the fruit
should be at the right stage of the maturity with no of physical damage.
Various Maturity Indices such as number of damage from fruit set, visual
indicators, size, shape, colour, appearances, texture, lenticel number, specific gravity starch contain soluble solids, sugar, acid ratio and oil content
are used to determine maturity of fruits.
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Physiological Maturity:
1.

In a physiological sense, maturity refers to the attainment of final
stage of biological function by a plant part of plant as a whole.
Example: A French bean pod of okra is at its physiological maturity when seeds are fully developed and the pod is which will
dehisce with little pressure.

2.

It is the stage of development of any plant organ at its maximum
size and growth.

3.

The physiological maturity is judged of measure by rate of respiration and sugar: acid ratio.

4.

It always followed by senescence.

Commercial or Horticultural Maturity:

1.

It is a stage of fruit and vegetable at which consumer wants the
fruit and vegetable or fruit and vegetable require by market. The
horticultural maturity of fruits and vegetables depends upon the
purpose for which it is harvested.
Example: The French bean pod of okra pod is matured when it is
tender with maximum size, as per horticultural maturity.

2.

It is a stage appears at any time between development and growth
of any plant upon fruit.

3.

It can be predicted by using different terminology like premature,
mature and over mature.

4.

There is no necessity of senescence.

Matured fruits are having completed natural growth and development.
Climateric Fruits
Non- climateric Fruits
Apricot, Almond, Banana, Custard apple, Cashew, Cherry, Cucumber, Brinjal,
fig, guava, Mango, Sapota, Papaya, Musk- Grapes, Ber, Lemon, Oranges, Pomegranmelon, Phalsa, Tomato, Watermelon.
ate, Pepper , Cocoa.

Maturity Indices and Harvest Indices
Maturity can be described as the attainment of the particular size or stage
after which ripening takes place.
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It is the stage of development, when plant or plant part possesses the prerequisites the utilization by consumer for particular purpose.
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On the other hand, ripening means the qualitative changes in fruits after
maturity of which it become edible.

Various Maturity Indices are:
i.

Number of days from fruit set,

ii. Visual indicators,
iii. Size of fruits,
iv. Shape of fruit,
v.

Colour of fruit,

vi. Appearance (External)
vii. Texture
viii. Lenticel number
ix. Specific gravity
x.

Starch Content

xi. Soluble solids
xii. Sugar acid ratio
xiii. Oil content
These indices are used to determination of fruits, Bhatnagar and Suramanyam( 1971) reported that in Mango varieties – Alphanso and Pairi it
took 110 to 125 days after fruit set for surface colour to change from dark
green to olive green and flesh colour from white to pale yellow. Haden
mangos are ready for picking at 1.02 specific gravity. The general practice mango observed in this process is known as TAPKA. The stage of
maturity of Banana is determined by experience and judged largely by the
visual appearances of the hanging branch and particularly by angularity
of the individual banana fingers.

Post Harvest Factors Responsible for Maturity,
Ripening and Deterioration of Horticultural Produce
1) Curing:
Curing is conducted immediately after harvesting. It strengthens the skin.
The process is induced at relatively higher temperature and humidity
involving suberization of outer tissues followed by the development of
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wound periderm which acts as an effective barrier against infection and
water loss. It is favoured by high temperature and high humidity. Potato,
sweet potato, colocasia, onion and garlic are cured prior to storage or
marketing. In sweet potato, this condition is most rapid at 33 0C and relative humidity of 95%. Potato tubers are held at 18 0C for 2days and then
at 7 0C – 10 0C for 10-12 days at 90 % relative humidity. Curing also
reduced the moisture content especially in onion and garlic. Drying of
superficial leaves of onion bulbs protects them from microbial infection
in storage. Maximum safe temperature for onion curing at field is 37.8
0C for 3-5 days. Artificial curing of onions in crates at 40 0C for 16 hours
reduces rot losses in storage.

2) Degreening:

Degreening is carried out in special treating rooms with controlled temperature and humidity in which low concentration of ethylene ( 20ppm)
is applied. The ethylene should be supplied from a gas cylinders. These
rooms are thoroughly ventilated to keep the Co2 level below 1% which
does not allow higher colouring. If kerosene fumes are placed outside the
degreening room , they enter the room through ducts by forced ventilation. Despite the fire hazard involved, kerosene fumes produce better
coloured fruits than pure ethylene. It is due to good ventilation. The best
Degreening temperature is 27 0C. Higher temperatures delay Degreening.
The relative humidity should be 85-90%. Higher humidity levels cause
condensation during Degreening and are associated with slow Degreening
and increase in decay. Low humidity though checks decay, causes excessive shrinkage ,shrivelling and peel break down.
In another method, frits in containers are sealed by 2 sheets of plastic
film and water. the PVC ( 0.2mm thick) can also be used. The ethylene is
introduced from a can of 4.2 litres capacity in the film which can cover
1.2 tonnes of fruits, the ethylene concentration becomes nearly 1000 ppm
resulting in satisfactory colouring. After 15 hours the film is removed
enforcing the fruit to air. Degreening takes 3 days. Ethylene accelerates
decomposition of chlorophyll without significant affecting the synthesis
of carotenoid pigments.
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Degrening is the process of decomposing green pigments in fruits usually
by applying ethylene or other similar metabolic inducers to give a fruit its
characteristic colour as preferred by consumers. It is applicable to banana,
mango, citrus, and tomato. The time required to degree a fruit depends
upon the degree of natural colour break and maturity. The higher the
green colour and more mature a fruit is the less time is required to reduce
the chlorophyll to a desired level.
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3) Pre-cooling:
High temperatures are detrimental to keeping quality of fruits and vegetables , especially when harvesting is done during hot days. Pre-cooling
is a means of removing the field heat. It slows down the respiration of the
produce, ,minimizes susceptibility to attack of microorganism , reduces
water loss and eases the load on cooling system of storage or transport.
Peas and okra which deteriorate fast, need to prompt cooling. Sometimes
stage of ripening and level of field heat of produce also determine the
need for pre-cooling. For example, unless tomatoes are avove 26.7 0C
and ripening and level of field heat of produce also determine the need for
precolling. For example , unless tomatoes are above 26.7 0C and ripening
is to be delayed there is no need for pre- cooling.
In air cooling, cool air can be obtained from cold storage. Temperature
should not be less than -10C to avoid freezing. Where night temperatures
are low, doors of the store rooms can be opened for cooling in the night.
In water cooling, field heat is removed quickly. It is used for leafy vegetables to retain their texture and freshness. Ice can be added to bring down
the temperature. However, temperature should be controlled to avoid
chilling injury in cold sensitive fruits and vegetables. Hydro cooling at
12 0C to 15 0C with 500 ppm Bavistin increases shelf-life of mango. In
Alphonso mango, it also reduces the incidence of spongy tissue.

4) Washing and Drying:
Most of the fruits and vegetables are washed after harvesting to improve
their appearances prevent wilting and remove primary inculum load of
microorganisms. Hence a fungicide should be used in washing water.
washing improves shelf-life of bananas by delaying their ripening. After
washing, excess should be removed which would other encourage microbial spoilage. Root and tuber crops are often washed to remove the soil
adhering to these.

5) Sorting and Grading:
Immature diseased and badly bruised fruits and vegetables are sorted out,
most of the countries have their own set of standards of domestic trade
and for international trade, standards have also been defined. Grades are
based on size, weight, colour and shape. Grading is done manually or
mechanically.
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6) Disinfestations:
Papaya, mango, melon and other fruits are susceptible to fruit fly attacks.
Disinfestations is done either by vapour heat treatment at 43 0C with air
saturated with later vapour for 6-8 hours by ethylene dibromide fumigation ( 18-22 g of EBD/ cubic meter for 2-4 hours. Residues of inorganic
bromide must not exceed to 10vg/g) or by cold treatment ( exposure of
fruits to near freezing temperature for a specified period).

7) Post-Harvest Treatment:
Post –harvest application of Bavistin( 0.1%) and Topsin ( 0.1%) controls
storage disease in mango. In Nagpur mandarins , hot water treatment
with Imazalil ( 0.1%) , Bavistin ( 0.1%) and Benlate ( 0.1%) is most
effective. A complete inhibition of sprouting of cool chamber ( evaporatively cooled) stored potatoes for 4 months and 5 months is achieved by
spraying them with an aqueous emulsion of CIPC @ 50 mg/kg of tubers
respectively before completion of dormancy period.

Fruits and vegetables have a natural waxy layer on their outer surface
which is partly removed by washing. An extra discontinuous layer of
wax applied artificially with sufficient thickness and consistency to prevent anaerobic condition within the fruits provides necessary protection
against decay organisms. Waxing is especially important if tiny injuries
and scratches on their surface are present. These can be sealed by wax.
Waxing also enhances the gloss of fruits or vegetables. Therefore, appearance is improved, making them more acceptable.
If refrigerated storage facilities are not available , protective skin coating
with wax increases the storage life of fresh fruits and vegetables at ambient temperatures.
There are two types of wax emulsion: Wax ‘W’ and Wax ‘O’.
The composition ‘W’ does not impart any gloss to fruits and vegetables
and hence where gloss is required for improving marketability of the
produce , composition wax ‘O’ is recommended. Both these emulsion
contain 12 % total solids.
The application of wax emulsion to freshly harvested healthy produce protects them against excessive moisture loss, higher rate of respiration, heat
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8) Waxing:
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buildup or thermal decomposition. Texture and quality of the fresh produce is maintained as near the fresh condition as possible for a long time.
The wax emulsion without fungicide does not protect fruits and vegetables against microbial spoilage. Therefore, suitable fungicides are added
to the wax emulsion.

9) Ripening of Fruits:
Ripening transforms a physically mature but inedible plant organ into a
visually attractive taste and smell sensation. It marks the completion of
development and commencement of senescence with life of a fruit and is
normally an irreversible event. Ripening can be achieved by the application of ethylene.
Accurate quantity of ethylene should be used in the ripening room at regular interval. A concentration of CO2 about 1% delays ripening. Hence,
through ventilation Is essential ) marketing is alkaline using caustic soda.

10) Pre-packaging in Plastic Film:
Pre-packaging increases the shelf life by create a modified atmosphere
with an increases in concentration of Co2 in the package. The packaging material used should provide reasonable access to oxygen. For this,
beginning films like polystyrene and cellulose acetate are used. But
together LDPE films which have high O2 and Co2 transpiration rates are
more durable , the pouches must have perforation to transmit oxygen and
carbon dioxide rapidly enough for the respiration of fresh produce. The
pouch used reduces bruising facilitates inspection , reduces moisture loss
and prevents dehydration. It also creates modified atmosphere.
In pre-packaging leaves, stalk, stem , etc. are trimmed washed cleaned
and weighted quantities are put in pouches. Ethylene absorbents may be
added to the package wherever required to retard the ripening process.
Hydrated lime inserts may also be beneficial in controlling CO2 concentration within the film package.

Grading of Fruits and Vegetables
Grading of fruits and vegetables after harvesting is an essential step in
post-harvest management. Grading of fruits and vegetables on the basis of
physical characteristics like weight, size, colour, shape, specific gravity,
and freedom from diseases depending upon agrocliamatic conditions. The
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known methods of grading of fruits and vegetables are manual grading ,
size grading.
Grading of fruits and vegetables in the fresh form for quality is essential,
as the people are becoming quality conscious day by day. Further, upon
arrival of fruits and vegetables at the processing centres, they should be
graded strictly for quality. The immature properly mature and over mature
fruits and vegetable should be sorted out for the best attributes.

Definition of Grading:
Grading is sorting of vegetables and fruits into different grades according
to the size, shape, colour, and volume to fetch high price in market.
For International market three general grades are considered as:
1. Extra class

2. Class 1st

3. Class 2nd.

The extra class is of superior quality posses the shapes and colour of the
variety and without internal defect likely to affect the inherent texture and
flavour. A 5% tolerance is allowed for errors. It must be carefully presented taking into accounts the uniformity of the produces in size colour,
condition arrangement of the produce in the package quality and appearances of the packing or pre-packing material.
2. Class I:
Almost having a same quality is like the Extra Class except that a 10%
tolerance is allowed. Individual fruit is allowed a slight defect in shape,
colour and miner skin defect which do not affect the general appearance
for keeping qualities. In packing the size range may be wider and product
need not always be arranged in the package.
3. Class II:
This class product may exhibit some external or internal defects provided
they are fit for consumption while fresh. This class is best fitted for local or
short distance market. This category will satisfy the needs of customers who
are not too demanding and for whom price is more important than quality.
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1. Extra Class:
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Advantages of Grading:
1.

Losses the selling price due to presence of substandard products
or specimen can be easily avoided.

2.

It increased marketing efficiency by facilitating buying and selling
a produce without personal selection.

3.

Grading enhanced to set good price for graded products.

4.

Heavy marketing cost in packing and transportation can be
avoided by grading.

5.

In grading diseased and defected specimen are not damaged due to
contact of diseased specimens and thus gets high price in market.

6.

By grading there is fairness to both Buyers and Sellers.

7.

Properly graded vegetables and fruits are purchased by the consumer easily without inspection.

Grading of Fruits:
Generally, the fruits are graded on the basis of size, weight , sp. gravity,
colour, variety, etc. Size grading is predominantly followed in almost
all types of fruits on the basis of size. The fruits are graded as a small,
medium, large and extra large. On the basis of maturity, the fruits are
graded as immature , properly mature and over mature. Grading on the
basis of maturity decides both quality and shelf life. The Alphonsoad
and Pairi mango fruits are graded on the basis of weight as less than 200
g , 200-249 g, 250-299 g, 300-349 g and more than 350 g. out of these
grades the weight grade 250-299 g account for about 30% of the fruits.
The mango fruits are also graded on the basis of Sp. gravity ( 3 grades
on the basis of sp. Gravity as less than 1.0 sp.gr, 1.0-1.02 and more than
1.02. The sp.gr Grade 1.0-1.02 accounts for about 50% of the Alphonso
and Pairi mango fruits.

Grading of Vegetables:
The fruit vegetables such as bitter gourd, okra, bell pepper, brinjal, green
chill, etc. also graded on the basis of size into three grades as small medium
and large. The vegetables like tomato are graded on the basis of colour.
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Packaging of Fruits and Vegetables
Packaging is an important consideration in vegetable and fruit market. The
use of properly designed containers for transporting and marketing of vegetables can significantly reduce their losses and maintain their freshness
succulence and quality for longer period. Packaging also provides protection from mechanical damage and undesirable physiological changes and
pathological deterioration during storage, transportation and marketing.
Many vegetables are transported in gunny bags of bamboo baskets.
Packaging material such as polythene films, paper boars, and boxes lived
with polythene and other materials can effectively prolong the shelf life
of vegetables. By using plastic films vegetables can be protected from dry
air. Polythene packaging, provides modified atmosphere and consequently
reduces decay, softening , and loss of solids. The thickness and permeability to CO2, O2 and water vapour of films needs to be standardized for
each vegetable.

1.

They are light in weight.

2.

They cause much less damage to fruits.

3.

They are easy to handle and print.

4.

They improve the product image.

5.

They reduce the fright cost.

Section 7

Advantages of Corrugated Fiber Board Boxes:

Packaging is the vital component of post harvest management of fruits
and vegetables. It helps in minimizing deterioration during handling and
marketing of fruits and vegetables. Adequate packaging protects the fruits
and vegetables from Physiological, pathological, and physical deterioration and retains their attractiveness. In India, packaging of fruits and
vegetables is not done properly and hence, it acts as major cause of post
harvest losses.
The wide range of package is used for fruits and vegetables. These include
gunny bags, bamboo basket, wooden crates, corrugated fibreboard boxes,
metal trunks, etc. Different sizes and shape of these package are used.
Presently corrugated fibre board ( CFB) boxes are used for export of
fruits, vegetables and flowers.
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In big package, the cushioning material such as paddy straw, hay, paper
shavings, tissue, etc are used to avoid bruising of fruits and vegetables
during transportation and marketing.

Storage of Fruits and Vegetables
Fruits and vegetables are highly perishable in nature. To extend their
post harvest availability, it is essential to store them under proper storage
conditions. So as to increase the shelf life of fresh fruits and vegetables,
they should be harvested at proper stage of maturity. Pre-cooling and post
harvest treatments such as application of fungicides, bactericides, growth
regulators, wax immulsions, ethylene absorbents, anti-transpirants, senescence retardants are also of almost importance, to extend the marketable
life of harvested horticultural commodities. There are different types of
storage as briefly detailed below:

Ambient Temperature Storage:
Storage at room temperature.

Cold Storage:
Storage of the fruits and vegetables at the temperature lower than ambient
temperature. The low temperature requirement varies from crop to crop.
If the fresh fruits and vegetables are stored at the temperature below their
optimum low requirement, develop chilling injury and therefore, loose the
marketability. The fruits stored at low temperature exhibit more shelf life
than those stored at ambient temperature. The cold storage requirement
and storage life of fruits and vegetables are given in Table 1 a) and 1 b).
Table 1a. Cold Storage Requirement and Storage Life of Fruits:
Sr.No
1
2
3
4
5

Name of Fruit
Cashew apple
Mangoes
Oranges ( Mosambi)
Pomegranate
Sapota

Storage Temp
0-1.5
7-9
4-7
0-1.5
1.5-3.0

R.H%
85-90
85-90
85-90
80-95
85-90

Approximate Life
4-5 Weeks
4-7 Weeks
4 months
4-6 weeks
6-8 weeks

Table 1b: Cold Storage Requirement and Storage Life of Vegetables:
Sr.No
1
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Name of Fruit
Cabbage

Storage Temp
0 -2.5

R.H%
90-95

Approximate Life
3-4 month
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2
3
4
5

Potato
Peas
Okra
Tomato ripe

0 -2.5
0 -2.5
7.5
4.5-10

85-90
85-90
90-95
85-90

4 months
1 -3 weeks
7-10 days
4-7 days

Cold Storage:

Transport and Distribution of Fruits and Vegetables
Transportation and distribution of fruits and vegetables are the most
important. Fast transportation with minimum damage during shipment is
vey important in successful marketing of perishable. For the local market
Tractor, trolleys and bullock-carts are used and for a distant market transportation is mainly done by the road although it is very costly. 20% of the
total produce is transported by mechanical means. The road transport is
3-4 times more expensive than rail. Road Transport is preferred for shipment of fresh fruits simply because of the faster movement of perishable
commodities and advantages of door to door services.
The losses in transportation occurs due to physical and mechanical
injuries under controlled transportation. Injuries under controlled transportation condition mainly temperature and relative humidity losses of
hudge magnitude may occur. To over come this difficulty, the produce
should in the carriages. The carriage should be ventilated.
Efficient transport system can so a long way not only in reducing the post,
harvest loss of horticultural produce but also in stabilizing the price fluctuation of the same commodity available in different corners of the country.
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The successful cold storage of fruit depends on a number of factors. Cold
storage involves many physiological and biological problems. In the
storage of fruits, it is always described to prolong ripening for as long as
long possible and to delay the breaking down processes. Even after harvesting of the fruits the process of respiration continues and brings about
ripening change in colour softening of flesh, increase in sugar content
and development of flavour. These changes occur more rapidly at higher
temperatures. This means that the lower the temperature of storage the
longer would be the storage life of the fruit, but the fruit is disorganized
resulting in physiological injuries such as development of pitting on the
skin, change of colour and internal breakdown.

