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PREFACE

Cashew, an important horticultural crop, is also gaining importance as an
important rainfed tree crop both in traditional and non traditional regions of the
country. The demand for raw nuts for processing by Indian Cashew Processing
Factories is ever increasing and now it is around 12-13 lakh tonnes per annum.
Presently more than 50 % of the raw nut requirement of the country is met from
imported sources specially from African countries. These cashewnut exporting
countries have developed processing facilities and countries like Vietnam which
are competing with India have improved their processing capabilities. Hence it
is imminent to India to enhance the production so that the country will be self
sufficient in raw cashew nut requirement.

India has the potentiality to enhance the production in multifolds. The
area expansion and productivity enhancement are the means to achieve it. The
improved production technologies including horticultural interventions have shown
to enhance the productivity with which targeted nut production can be achieved.
Pruning and training practices to shape the canopies and also to rejuvenate the
growth enabling the plantations to remain ever productive has arose enough
hopes in enhancing the cashewnut production in the country.

I am happy that my colleagues have made an attempt to compile the
information on pruning, training and rejuvenation in cashew and brought out the
publication in the form of a technical bulletin entitled "Pruning and canopy
architecturing in cashew". I hope that this publication will be very useful to
cashew researchers, students, officials of development departments and agen-
cies and cashew farmers.

(M.Gopalakrishna Shat)
Director

Place: Puttur
Date: 5.12.2011
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Introduction

Cashew (Anacardium occidentale L.) a tropical tree species from Brazil was
introduced to India in mid of 16th century and thereafter it remained in wild state for
quite long. It was felt that the tree species are suitable only for soil and water
conservation purpose and hence considered only for that purpose till fifties of last
century. The economic importance of cashew was realized only later and it got itself
recognized as an important horticultural crop only in later part of last century. Cashew
nut was known as only forest produce and thus harvesting or picking of nut, and sale
of the produce in local markets was the only agricultural practice followed by villagers
prior to 1950 . However, with establishment of several cashew research centres in
the country in the last 2-3 decades many cashew varieties were released for cultivation
and a few agrotechniques for achieving higher yields were standardized which could
attract the growers for cultivation of the crop.

As the horticulture sector gained importance in 80's the area under cashew
also increased proportionally but without much improvement in its productivity.
Scientific interventions in the form of release of new varieties for cultivation and
recommendation of improved cultivation practices suggested by cashew research
centres could bring hopes in the crop. Several agrotechiques adopted by the growers
in this crop yielded desired results. Initially pruning and training as in several
horticultural crops was not felt as important practice for cashew. The attempt on
pruning gave surprisingly encouraging results and made way for adoption of the
techniques in varied manner in this crop with different goals. The details of pruning
requirement and methodologies which may be adopted in the crop are detailed in this
technical bulletin.

Canopy architecturing

Cashew is a fast growing woody perennial tree and if allowed to grow naturally
the canopy will be in irregular shape with low spreading branches. Orchards with
such trees are difficult to manage and will result in poor nut yield. Therefore cashew
plants should be meticulously pruned and trained from the beginning of their orchard
life so as to derive higher benefits from the trees in later years.

Pruning is the judicious removal of plant parts viz., shoot, root, leaves, flowers,
panicles or fruits so as to improve the efficiency and performance and to force the
plants to behave in a way it is desired.

Principles of pruning

Pruning in any plant or species is based on certain principles. In cashew also
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plants can be pruned with various objectives. The broader principles of pruning in any
species are follows:

a) Overcoming the apical dominance.

b) Changing the phases of growth.

c) Maintaining the balance between root and shoot system.

d) Relating to environmental conditions.

Besides these, varieties of cashew, growing conditions, spacing, cultivation
practices adopted, type of canopy shape to be developed and incidence of pest and
diseases are also to be considered while pruning the cashew plants.

Training is a method of directing the plant growth in a desired direction, to
form a definite canopy shape and contain the canopy size by employing pruning
techniques.

Objectives of pruning and training

Any plant that needs to be pruned and trained should be with certain specific
objectives. Some of the specific requirements of pruning and training in cashew are
as follows:

• Development of stronger framework of branches.

• Exposing canopy area for tapping maximum solar energy.

• Distribution offruiting branches throughoutthe canopy and securing the balance
in canopy.

• Facilitation for easy farm operations such as manuring, inter cultivation, spraying
harvest and picking of nuts.

• Accommodation of higher number of plants per unit area for productivity
enhancement.

• Prevention of damage from wild fire, cyclones or strong winds.

• Advancement or delaying of flowering and fruiting.

• Overcoming pest and disease problems.

Systems of training

In cashew, though it was suggested that modified leader system or open centre
of training system be adopted when wider spacing is followed, other canopy shapes
may also be adopted depending on the spacing provided. Some of the systems of
training which can be adopted in cashew are discussed here.
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Modified leader system of training

At present cashew grafts after planting are forced to grow with a clear single
stem up to a height of 45 - 75 cm by removing side sprouts. Branching is allowed later
in different directions with detopping of the central leader to a height of 3-4 m. Regular
annual trimming of branches and removal of criss cross branches is to be resorted to
maintain canopy in definite size and shape. Finally, the canopy is maintained in a
semiglobular shape.

In this system, the central leader is detopped depending on space allotted in
orchard. Less spaced plants can be detopped to a lesser height so as to have higher
leaf area exposed to sunlight. Thus developed canopy needs annual maintenance by
minimum trimming of the over growth after harvesting of the fruits. This kind of canopy
helps in reducing the dead wood development and water shoot development. The
system is well suited for plants spaced at wider spacing. The height of the plants in
modified leader system of training be regulated as per the space provided. The height
of canopy, for the plants spaced at 5m x 5m for example may be contained at 2.5 m .
Similarly in the plantations of 8m x 8m spacing, the plants are to be detopped at 4 m
height.

Modified system of training
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Open centre system

In this system of training the plant is allowed to grow up to a height of 30 to 50 cm
from ground with a clear single stem and thereafter the terminal growing tip is pinched
off to force lateral branching. The lateral branches are allowed to grow in all the
directions to form an open centre vase shape. The shape needs to be maintained by
minimum trimming and removal of over crowding of branches. The canopy needs to
be opened every year for forcing the light penetration to interior part of the canopy.

In this system, the light penetrates deep into interior parts of canopy and hence
dead wood development is very less. Added to this there is scope for flowering both in
inner and outer surfaces of canopy as there is increased surface area for flowering and
fruiting. In cashew this system is also well suited for wider spaced plants in an orchard.

Open centre system of training

Central leader system

The plants are allowed to grow tall without pruning the central stem in this system
of training. Only lateral branching is forced in different directions. In the initial years of
orchard establishment of widely spaced orchards (8m x 8m and above) this system is
good as it gets sufficient sunlight to grow and flower. In closer planted orchards in
later years lower branches get shaded due to over crowding of branches and drying
of the branches and dead wood development begins. Therefore, the system is
advisable to only widely spaced plants in an orchard. It also requires annual
maintenance by pruning and trimming.
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But there is always difficulty for forcing all the plants of an orchard to develop

central system because at times, the central growth stops and only side branches grow.

Central leader system of training

Pruning system for high density orchards

Under high density orchard system, the canopies need to be contained within

allotted space which can be done by forcing them to grow like bushes rather than

trees. This needs to be attempted from the initial years of planting arid needs to be

maintained by pruning.

If the plants allowed in a plantation ,they grow vertically without having many

spreading branches which results in lanky growth and drying of lower branches in

later years. Annual pruning of exhausted growth induce productive growth which

can help the plants to remain productive. The growth and yield per unit area of annually

pruned plants of a few pruning responsive varieties indicated much superior

performance (Table 1) over the plants spaced at higher spacing without much pruning.

Under high density system the yield can be maximized by accommodating more

number of plants by canopy containment (Table 2).

--------------0]



Table 1. Intensity of flushes (lateral shoots) during subsequent year in pruned
and unpruned trees

Variety Pruned trees Unpruned trees

Total no. No. of Total no. of No. of
flushes/m- flowering flushes/m" flowering

area lateralsrrn" area laterals/m-
area area

VRI-1 26 15 22 20

Ullal-1 29 26 21 17

Ullal-2 26 18 19 16

VTH 30/4 21 6 16 14

NRCC Sel-1 24 2 16 12

Table 2. Growth and yield performance of 5 year old shape pruned plants

Training system Height of plant (m) Canopy spread (mxm) Yield/plant (kg)

Central leader 3.9 5x5 2.9

Modified leader 3.5 5x5 3.4

Open Centre 3.4 5x5 3.8

Bush Shape 1.5 2x2 2.7

Control 3.9 5x5 3.1

Pruning to bush shape Sproutingof prunedplants
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Flowering and fruiting in plants pruned to bush shape

More than 1600 plants/ha can be accommodated when planted at 2.5 m x 2.5
m under high density system. Even if the trees yield 1 kg per plant the yield can be
above the target of 1.5 tonnes which can be expected in 2nd or 3rd year of planting in
pruning responsive cashew varieties. If well maintained, in subsequent years 2-3 kg
of yield per plant can be expected (4-5 tonnes/ha) which can bring revolution in
cashewnut production.

Canopy management in productive orchards

Cashew canopy requires to be fully exposed to sunlight for obtaining higher
yields. Well maintained cashew plants need annual pruning and trimming to maintain
canopy shape and to tap higher quantum of solar energy which leads to better
photosynthesis. Trees with intermingling branches with neighbouring plants need to
be pruned annually and a clear gap of atleast a foot be maintained between plants for
tapping the intermittent solar radiation by lower surface of the tree canopies. Canopy
height may be regulated depending on the spacing in an orchard so as to overcome
the shading effect of plants on lower branches and on neighbouring plants. The
criss-cross branches, dead wood and branches touching the ground can also be
pruned off to ease the cultural operations and picking of the nuts. Pruning and canopy
shaping needs to be taken up every year after the harvest of the cr~p which usually
falls during May - June in most of the cashew growing regions.

Effect of pruning on plant growth

The response to pruning on young trees had varied effects in different cashew
varieties. The growth in terms of no. of flowering, length of the shoots, flowering
intensity, no. of leaves per shoot and leaf area was positively affected by pruning in
most of the cashew varieties pruned (Fig 1). In general, pruning on extensive branching
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types cashew varieties induce more no. of leaves and there by increased leaf area
while in the intensive branching types even without pruning more no. of shoots arose
during flushing period. However, the plants can be grown dwarf by severe pruning of
canopy. The varieties such as VRI-1, Ullal-1 had higher leaf area even in unpruned
plants as the young plants branch naturally. While in VTH 30/4, the leaf area increased
in pruned plants as more no. of sprouts emerged due to pruning.

1.1$
---.------- ."....~_.1.01
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Fig. 1: Influence of pruning on leaf area

Unpruned and pruned cashew plants
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Effect of pruning on light interception

On an average only about 10 per cent light was found to penetrate through
canopy and reach ground. Of the remaining bout 69-94 per cent of the incidental light
was found be intercepted in top portion of the canopy, 0-16 per cent by mid portion
and remaining 3-15 percent light by lower branches. Top portion of the pruned trees
intercepts more light because of higher no. of shoots and leaf area compared to
unpruned trees. The light interception pattern in four different cashew varieties under
pruned and unpruned conditions is shown in Fig.2. The light interception was maximum
in top portion of the canopy due to intensive branching induced by pruning on the top
exposed canopy surface and a small portion of light only penetrates to the interior
portion as a result more fruiting was seen on top portion of the canopy. In early
following types such as VTH 30/4 and NRCC Sel-1 sufficient quantum of light was
absorbed by middle and lower portion due to which uniform distribution of fruiting
laterals was found on all parts of canopy. When plants were pruned, more uniformity
in sunlight penetration was observed in all parts of canopy and the fruiting pattern
got distributed all over canopy.

VRI-1 Ullal-1 VTH 30/4 Sel-1

Fig. 2: Light interception in different cashew varieties
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Effect of pruning on yield

The mean yield of four cashew varieties estimated at bottom (low), middle and
top portion of the pruned and unpruned plants canopy in 8m x 8m spaced plantation
revealed that middle portion yielded more than 49.50 per cent of yield and top portion
about 32.9 per cent and the lower portion around 17.5 per cent. Even if the plants
were pruned yearly or in alternate years the bearing pattern remained similar. Four
different varieties behaved almost similar in fruit bearing pattern (Table 3). When the
very young plants were pruned, the yield was not affected much as the plants had
natural capacity to branch and flower. While in the older trees pruning helped in
improving the yield. Therefore, in young trees only maintenance of the shape of the
plants is essential and not the productive pruning.

Table 3: Fruit bearing pattern in top mid and lower portion of cashew canopy

Estimated yield (kg/tree)

A. Varieties / accession Lower Middle Top Total
portion of portion of portion of Yield
canopy canopy canopy

VRI-1 (Variety) 0.90 (15.52) 3.10 (53.45) 1.80 (31.05) 5.80

Ullal-1 (Variety) 1.86 (18.27) 4.34 (42.93) 3.98 (30.09) 10.18

VTH 30/4 (Accession) 1.09 (16.87) 3.29 (50.92) 2.08 (32.19) 6.46

NRCC Sel-1 (Vareity) 1.26 (19.69) 3.27 (51.09) 1.87 (29.22) 6.40

Mean for A 1.28 (17.58) 3.50 (49.52) 2.43 (32.90)

CD for A (P=0.05) 0.43 (NS) 0.92 0.75

B. Pruning

No pruning 1.62 (20.12) 3.72 (46.21) 2.71 (33.66) 8.05

Yearly pruning 1.25 (18.04) 3.14 (45.31) 2.54 (36.65) 6.93

Alternate year pruning 0.98 (14.38) 3.35 (50.69) 2.28 (34.49) 6.61

Shape pruning 1.27 (17.45) 3.80 (52.20) 2.21 (30.36) 7.28

Mean for B 1.28 (17.45) 3.50 (48.60) 2.43 (33.79)

CD for B (P=0.05) NS NS NS

CD for A x B (P=0.05) NS NS 1.50 c,'

* Figures in the parentheses are per cent of yield.----------------[iD



Rejuvenation of senile trees

Redevelopment of canopy is possible by heading back or by limb pruning of
existing senile trees which have exhausted canopies and erratic growth resulting in
reduced yield. Heading back if done at 1.0 - 1.5 m height of the trees, new flushes
emerge from dormant buds on remaining trunk and develop into a vigorous new
canopy. The new vigorous canopy develop into a productive growth within 6-10 months
depending on the variety / genotype and hence it should be attempted immediately
after the harvest of the crop yield (May to June) so as to get normal yield in ensuing
fruiting season.

View of poorly managed old orchard

Improperly trained individual tree
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It was noticed that cashew stem and root borer [(CSRB - Plocaederus
ferrugineus)] problem gets worsened with the beheading of the trees. The shot hole
borer also starts feeding on the cut trees. Therefore, sufficient precautions are to be
taken up before taking up limb pruning in cashew.

Beheaded tree

Sprouting on stumps from dormant buds
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Redeveloped canopy

Flowering in rejuvenated plant

Flowering in redeveloped canopy

Fruiting in rejuvenated plant

Following steps be considered while rejuvenating old trees.

• Prior survey of the plot to see the suitability of the plants for rejuvenation to be
done. If several plants in the plot carry the CSRB damage the rejuvenation may
not be possible.

• If a few plants have damage in the initial stage, remove the CSRB grub and
treat the plants with insecticide before taking up pruning.

• Prior to beheading swab the trunk with chlorpyriphos (0.2%) to prevent the
damage and 2-3 times after beheading at regular intervals of a month till new
canopy develops. Regular checking for prevention of CSRB damage is required.

• Pruned ends of branches be smeared with 10 per cent Bordeaux paste to prevent
the gummosis and entry of pathogen. Best season for heading back of the old
trees is May - June i.e,. immediately after the harvest of the crop.
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• The new flushes come out from the dormant buds on the trunk. These sprouts
need to be protected from insect pests (mostly sucking pests and leaf beetles
and caterpillars) in the initial stages by applying suitable insecticides such as
monocrotophos (0.05%) and lamda-cyhalothrin (0.003%).

• Good phytosanitary measures should be adopted to manage the rejuvenated
trees.

Limb pruned trees should be maintained further by pruning or trimming as and
when required in subsequent years. It may be noted that yield of limb pruned trees
was much better than freshly planted trees. The yield performance of 11 year old limb
pruned trees is given in table -4. The average yield had tremendously improved after
pruning in all the varieties from second season of pruning.

• If plants are properly protected the canopy redevelopment can help in enhancing
the nut yield to its full potential after 2-3 years.

Table 4: Effect of limb pruning on nut yield and nut and apple weight

Treatment Yield per tree (kg) Nut weight Apple weight

(g) (g)
2003-04 2004-05 2005-06

A. Varieties

VRI-1 1.62 3.19 8.01 6.39 62.24

Ullal-1 2.95 4.42 8.84 7.25 55.54

VTH 30/4 1.18 4.61 9.30 8.59 92.87

NRCC Sel-1 0.72 1.23 8.10 8.25 85.73

Mean 0.37 1.14

CD for A (P=0.05) 0.44 0.45 0.89

B. Pruning

No pruning 3.25 3.01 5.59 7.67 74.14

Yearly pruning 2.00 3.71 9.27 7.61 73.81

Alternate year pruning 0.97 3.76 9.76 7.68 74.56

Shape pruning 1.05 3.55 9.63 7.52 73.88

Mean 7.62 74.09

CD for B (P=0.05) 0.44 0.45 0.89 NS NS

CD for A x B (P=0.05) 0.88 0.90 1.80 NS NS
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New flushes in pruned stump

Top working

Stage of grafting

Successfully top worked plants

Top working

Generally, old cashew plantations are of seedling origin and the would have
become senile. Such plantations can be rejuvenated by top working on flushes arising
from beheaded trees. Trees rejuvenated by topworking start flushing and fruiting in
the very next season with vigorous canopy growth.

Requirement for top working

• Trees should be young enough (15-20 years) to produce new flushes, preferably
trees should have smooth brown coloured bark.

• Trees should not have the infestation of CSRB.

• Trees should be healthy with well developed branches and root system.
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Method of top working

Top working involves

i) Beheading of trees

ii) Grafting of new flushes on beheaded trees with a desired scion variety.

Beheading of trees

Convenient and suitable time for beheading of trees is immediately after the
harvest of the crop i.e., period during April - June depending on fruiting period of the
tree (early, mid and late season of cashew types).

• After selection of trees for beheading, cut the limbs for reducing weight of
crown and finally retain the stump at 1.0 - 1.5 m height with primary branches.
While pruning limbs, care should be taken so that the bark should not have split
or damaged on retained stump.

• Cut wounds should be treated with 10 percent Bordeaux paste soon after pruning
to prevent gummosis and the invasion of pathogens if any.

Note:
i) Preparation of 1 percent Bordeaux mixture:

Dissolve 1 kg of copper sulphate crystals in 50 litres of water. In another vessel
containing 50 litres of water, prepare milk of lime with 1 kg of quick lime. Pour
the copper sulphate solution into the milk of lime slowly, stirring the mixture
continuously. Test the mixture before use by dipping a polished knife in it. If the
blade shows a reddish colour, add more lime till the blade is not stained when
dipped again. Always use plastic buckets for preparing Bordeaux mixture

ii) Preparation of 10 percent Bordeaux paste:
For preparing 10 percent Bordeaux paste, dissolve 1 kg of copper sulphate
crystals in 5 litres of water and 1 kg of quick lime in 5 litres of water and prepare
the paste.

Top working and grafting

• Hundreds of new flushes may sprout from the dormant buads on the remaining
stumps. About 15-20 new flushes of 45-60 days are to be selected in different
branches of the trunk for grafting.

• The sprouts should be grafted adopting the softwood grafting technique with
scion sticks of high yielding or required elite type of varieties.

• The ideal season of grafting is June - August and also depending on the growth
of flushes. The non grafted shoots be removed gradually in a phased manner.
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The shoots arising from the base of the grafted shoot be pruned off immediately.

• Finally only about 10-15 successful grafts be retained and remaining needs to
be thinned out. This can be judged depending on size and canopy development
capacity of the plant. The gradual thinning and removal of unwanted flushes is
to be continued till normal canopy establishes.

• The top worked trees can start yielding from 2nd year of grafting onwards. Results
of an experiment on topworking is presented in Table - 5.

Table 5. Comparison of economics of top working with replanting

Year Top worked plot (0.20 ha) Replanted plot (0.20 ha)

Establishment I Yield (Kg) Income (Rs) Establishment Yield (Kg) Income (Rs)
maintenance maintenance

cost cost

1990-91 1241 - - 620 - -
--'- _.
1991-92 845 - - 530 - -
1992-93 955 35.63 891 808 - -
1993-94 829 34.35 859 1000 10.00 250

1994-95 582 27.90 697 595 20.40 510

1995-96 598 27.86 836 663 17.30 519

1996-97 862 42.54 1489 1023 34.00 1190

1997-98 456 77.65 3106 855 85.90 3436

1998-99 722 54.80 2466 920 77.00 3465

Total 7060 320.73 10344 7014 244.60 937.0

Pruning implements

Pruning used to be taken using the old agricultural implements such as sickles,
hand saw, secateurs etc. Presently modern secateurs, shears tree pruners and
telescopic power pruners are available in the market and pruning can be done more
efficiently and meaningfully. These implements makes smooth cut and reduces the
damage to the plant and improves the efficiency.

Secateurs-----------------0



Tree pruners Pneumatic secateur

Telescopic power tree pruner

Pest management in the rejuvenated trees

The trees which have been top worked need to be checked for any symptoms
of CSRB pest incidence right from the first week after top working at 15 days intervals.
Normally, the fork regions and the cut ends (if uncovered) will have the pest entry and
exudation of the fine frass material in small quantity. These spots of the bark should
be chiseled cautiously so as not to make more damage onto the bark of the top
worked trees. The tunnel made by the grubs, which bore into the bark, can be traced
out by the freshness of frass. The young grubs remaining inside need to be removed
and killed. In case, the frass comes out from the root zone the soil at that spot need
to be dug out and the infested root needs to be checked for the grubs which are
normally found in the underside (ventral) portion of the roots.

The direction in which the grub has moved in both the stem and root can be
made out by the freshness of frass wherein the older frass is dark brown and the
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fresh frass will have reddish colour. In case the grubs are not removed when they are
young they damage the bark severely and later enter into the heartwood during which
time the frass comprises of whitish fibrous powder. The grubs have to be killed under
these situations using a pliable wire or gear wire as the tunnels will be zigzag in
nature. A slushy sound is heard as soon as the grubs get poked with the wire and the
body fluid oozes out of the tunnel.

The chiseled surface needs to be treated using either carbaryl suspension (1.0%)
or chlorpyriphos solution (0.2%). Repeated infestation of treated top worked trees is
not uncommon. Hence constant vigil of these trees and those immediately next to it is
of utmost importance during the months of July to November when the symptoms of
infestation like frass and yellowing of the shoots is noticed. In certain cases where
water logging occurs at the collar region the bark starts rotting at the collar region and
the tree likely be attacked severely by the shot hole borers. In such cases, there is an
immediate need for treating such trees by swabbing and drenching with monocrotophos
(0.2%) (approx. 2-4 Its per tree) as such trees will lead to spread of infestation to the
neighbouring trees in a short time.

'It II 'It
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