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Coca is the 3rd important beverage crop grown for its 
seeds known as beans used mainly in the chocolate 
industry.

It is the source of cocoa butter and cocoa mass.



Theobroma cacao a diploid with 2n=20, is subdivided
into 2 subspecies, Theobroma cacao ssp. Cacao which
includes criollo populations of central and south
America and Theobroma cacao ssp. Sphaerocarpum
which includes other populations like forastero and
trinitario.



Climate
Cocoa can be grown up to 300 m above mean sea level. It
requires a minimum of 90-100 mm rainfall per month with
an annual rainfall of 1500-2000 mm. The plants need
equitable climate with well distributed rainfall. If dry
periods are prolonged, irrigation scheduling is
necessary. The temperature range of 15°-39°C with
optimum of 25°C is considered ideal.

Soil
Cocoa requires deep and well drained soils. Poorly
drained soil affects growth of plants. Majority of area
under Cocoa cultivation is on clay loam and sandy loam
soil. It grows well in the pH range of 6.5 to 7.0.



Area and Production:
West Africa is the major producing region with 70 % share of 

world production.
Cocoa is grown in an area of 81,000 ha with a production of 

17,000 MT in 2015-16 (NHB-2015-16).

Two thirds of cocoa bean production  is used to make chocolate 
and one third to make cocoa powder.

India produces just 0.32% of global crop production.

In India, Kerala is the leading state in production of cocoa.

BOTANY: 
Theobroma means food of god.
Cocoa is a small tree, 6-8 m high sometimes reaching upto 12-14 
m.



Cocoa tree shows Dimorphic branching.

Seedlings form a single main stem or chupon to a height of
1-2 m.

Terminal bud then ceases growth and 3-5 lateral branches
called fan branches develop at this level and grow almost
horizontally to form the ‘jorquette’.

Further increase in height is made by an axilliary bud, just
below the jorquette and this produces an orthotropic sucker or
chupon which grows up vertically between fan branches and
then repeats growth pattern by forming another ‘jorquette’
and a second whorl of fan branches.
Both chupon and fan branches bear flowers and fruits.



Cocoa is cauliflorous- the flowers and fruits are 
borne on old wood of main stem and fan 
branches.

Cocoa flowers are borne on thickened leaf axils 
on stems called “cushions”.

Inflorescence is a thickened dichasial cyme with 
branches greatly reduced.

Cushions bear 50 flowers in a season.





Flowers are regular, pentamerous and hermaphrodite

Sepals 5 , petals 5, petals are narrow at base expanded
above into a cup shaped pouch, beyond which they
end in a relatively broad tip or ligule.

Androecium has 5 female staminode and an inner
whorl of 5 sterile stamens.

Fertile stamens which stand opposite have 4 pollen
sacs which dehisce longitudinally; filaments bends
outwards so that the anthers are concealed in pouch of
corresponding petal.
Ovary is superior with 5 carpels.



Style is partially divided into 5 stigmatic lobes and is 
shorter than surrounding fence of staminodes.

Out of all only few flowers develop into fruits 
remaining unfertilized flowers fall off within 24 hours.

Fruit is an indehiscent drupe commonly called a pod.

Pods attain full size in 4-5 months after fertilization 
and require a month more for ripening, indicated by 
color change.

Seeds called ‘beans’ which is economic part of this 
crop.



Seeds are usually 20-60/pod, forastero having more 
than criollo.

Minimum average bean size is 1g or bean count of not 
more than 100 is usually taken as standard.

Each seed contains 2 convoluted cotyledons, a small 
embryo and a thin membrane, remains of endosperm, 
and a leathery testa (shell).



It is shown by some cocoa types.

This was first reported by Harland in 1925.

Upper Amazon and Ecuador types introduced in 
Trinidad were self-incompatible ; but most of self-
incompatible parents were cross-incompatibe also.

Many of homozygous types, such as West African 
Amelonados are self-compatible.



Even though self-compatible ones give better fruit set
under varied conditions self-incompatibility is
important in commercial hybrid seed production.

Site of incompatibility is embryo sac.

Trinitario types are self-incompatible and cross-
incompatible, that means they need pollen from self-
compatible parents for fruit set.

Mallika et al (2002) studied compatibility relations
among 16 selected parents.

Out of 128 crosses attempted, 23 were cross
incompatible.



Flowers are devoid of scent or nectar and pollen 
grains are sticky.

Natural pollination occurs only with the help of 
small crawling insects.

The most important pollinating insects are 
ceratopogonid midges of the genus Forcipomyia.

Flowers start to open late in the afternoon and 
are fully open by forenoon next day. As such 
most pollination occurs in early hours of day.



Cheesman (1944) classified cultivated and wild cocos into 3
groups based on Venezuelan trade names:
Criollo:

Pods yellow or red when ripe, deeply 10 furrowed,
markedly warty, conspicuously pointed, pod wall too thin,
seeds large, plump and almost round, cotyledons white or
pale violet which are less astringent.

Beans ferment quickly, but yield is poor. It produces the
highest quality cocoa.

It is succeptible to stress and not adaptable to all
situations. It can be subdivided into :



Central American criollo: The unripe pod is green in color
and turns to yellow while ripening.

Venezuelan criollo: This cultivar exhibits greater degrees
of variation from tree to tree in color, size and shape of
pods. Unripe pod is usually red in color.

Forastero:
Unripe pods green, turns to yellow on ripening,
incospicuously ridged and furrowed, surface smooth, ends
rounded or bluntly pointed, pod wall thick, seeds flattened,
deeply pigmented and dark violet giving an astringent
product.



Trinitario :

These originated from Trinidad from a genetic mixing of
criollos and forasteros.

These exhibit wide range of morphologiacal and
physiological characters.

It is difficult to specify characters of trinitarios as they
may have pod and bean characters ranging from those of
typical criollos to those of forasteros.

Trees give high yields and are hardy. Quality is not
comparable with criollo. Beans take 5-6 days for
fermentation.



In addition several other subgroups fall under forasteros.

The best known forasteros are ‘Amelonados” of African
region, which were predominant types traditionally
cultivated in West African countries since 19th century.

Amelonados are typically self-compatible and pods have a
‘melon’ shape with nearly smooth pod surface.



METHOD OF HAND POLLINATION:
A flower bud that opens the following day (Mallika et al;
2000), recognized by its whitish color and swollen
appearance is selected.

Bud is covered with a hood of plastic tube/hose pipe
piece 5x1.5-2 cm, which is sealed to the bark using
materials such as plasticine/glaze putty .

Tube is covered with muslin cloth at the top, kept in
place with a rubber band.

This ensures circulation of air and exclusion of insects.



Opened flowers are collected from desired male
parents and stamens are carefully taken out by pushing
corresponding petal.

One entire anther with is part of filament is deposited
on stigma.

1 or 2 staminodes may be pinched off to give access to
stigma.

Emasculation is not necessary due to the presence of
self-incompatibility.

For selfing also hand pollination is done using stamens
from same flower.



Pollinated flowers are labeled using tin foil pieces fixed 
in cushion using ball pins.

Hoods are removed 24 hours after pollination, and in 3-5 
days fertilization is confirmed by swelling of the ovary.

In order to prevent undue shedding and wilting of fruits 
from hand pollinations, developing fruits on the tree 
produced by open pollination are to be removed.

Developing pods are covered with wire mesh after 6-8 
weeks to protect them from mammalian pests.

Pods are collected at maturity.













Propagation: Both by seed and vegetative means.
Seed propagation:

It is desirable to collect seeds from bi or polyclonal seed
gardens involving superior self incompatible parents to ensure
genetic superiority of planting materials. Such seed gardens were
established at CCRP farm at KAU, Vellanikkara. If seeds cannot be
procured from such seed gardens, mother plants for collection of
seeds may be selected based on following criteria.

1. Trees of Forastero type having medium or large pods of not
less than 350 g weight. Yield of pods to be not less than 100
pods /year.

2. Husk thickness of pods not more than 1 cm.

3. Pod value (number of pods required to produce 1 kg of wet
beans) to be not more than 12.



4. Number of beans /pod to be less than 35.

5. Seed index (average dry weight of a seed) not less than 1 g.

Harvest ripe pods during December-January. Seeds loose
viability within a week of harvest of pods. Seeds are to be
sown immediately after extraction from pods. Viability of
bean can be extended for some more days, if freshly
extracted seeds are stored in charcoal and packed in
polybags. Other alternatives are extracting beans, removing
testa and packing in polythene bags.

Though seeds germinate at any time of the year, seeds may
preferably sown by December-January so that 4-6 months
old seedlings become available for planting by May-June.



Seeds are to be sown with hilum end down or to be sown flat.
Sowing is done at shallow.

Removal of pulp enhances speed of germination but extent of
additional advantage is only marginal.

Seeds start germination in about a week and continue for
another one week.

Percentage of germination will be around 90.

Cocoa nursery is to be located in a heavily shaded area which
allows only 25-50% sunlight.

Regular watering is necessary to keep soil moist.



Seedlings are transplanted in perforated polythene bags
filled with potting mixture before seedlings are 15 days old.

4-6 months old seedlings are to be planted in main field

Only vigorous seedlings are to be used and based on height
and stem girth, 25% poor seedlings may be rejected.

When seedlings are grown under heavy shade, hardening
for ten days by exposing to higher illumination may be
necessary before transplanting.





VEGETATIVE PROPAGATION:
Preferred for large scale planting.

Budding, rooting of cuttings, and grafting are feasible, the
widely accepted method in India is budding.

Scions for budding are to be collected from chupons of high
yielding and disease resistant elite plants.

Shoots having brown bark and just hardened leaves are
selected as bud wood.

Scions are preferably procured by cutting off lamina of all
leaves of selected scion shoot to a distance of about 30 cm
from tip.



After 10days, when petioles have fallen off, these scion shoots
are cut and used for budding immediately.

Bud wood can be stored by dipping in benzyl chloride followed
by washing in water and then sealing cut ends using molten wax.

Bud wood is then wrapped in moist cotton wool and in turn in
wet tissue paper or bolting paper and packed in boxes with wet
packing materials.

Packet is then covered using polythene sheets. Storage life of
bud woods can be extended up to ten days by this method.

As far as possible, bud wood is to be collected from chupons as
those produced from fans develop into bushy plants with
spreading habit. Rootstock, six to twelve months old may be
selected in such a way that scion and root stock is of same
thickness.



Among different successful methods, T, inverted T, patch
and modified forkert methods, patch budding is more
popular.

Patch budding consists of removing a patch of about 2.5
cm length and 0.5 cm width from root stocks, preparing a
bud patch of same size, inserting it into stock and tying
firmly with polythene tape.

After 3 weeks, if there is bud take, polythene tape is
removed, a vertical cut is made half way through stem
above bud and stock is snapped back.

Snapped root stock portion is cut back after bud has
grown to a shoot and at leaves are hardened.



It is then allowed to grow for a further period of 3-6 months
after which they can be transplanted. Success will be around 70-
90%.

When budded plants are used, select two or more clones for
planting as use of a single clone leads to no production due to
self-incompatibility.
SELECTION OF SITE:
Cocoa is planted as intercrop in coconut and arecanut
plantations in India.
If the light infilteration is over 50 % then provide additional
shade using temporary shade plants like banana.
LAYOUT:
Plant to plant distance is 2.5-3.0 m.
In coconut plantations spaced at 7.5×7.5 m, cocoa is planted
at 3×3 m.







Effective spacing is 3×7.5 m, accommodating 624 plants/ha.

In arecanut plantations spaced at 2.7×2.7 m, one row of
cocoa is planted in between two rows of arecanut and spacing
for cocoa would be 5.4×2.7 m, accommodating 689 plants/ha.
PLANTING:
Planting method: In pits of 50 cm3in poor fertile soils.
Planting time: May-June.
See that bud union should be above ground level.

After care:
Mulching is done in basins with organic materials like
coconut husk, chopped banana sheaths and coir pith.
Shoots which emerge from lower portions of bud union
are to be removed to ensure healthy growth of scion
shoot.



Manures and fertilizers:
100:40:140 NPK g/tree/year.

In trees yielding more than 60pods/year, double this dose is
recommended.

Rainfed conditions- 2 equal split doses in April-May and
September-October.

Irrigated-3 equal splits in May-June, September-October and
December-February.

Plants showing zinc deficiency symptoms like narrowing of
leaves, sickle leaf formation, green vein banding and chlorosis in
interveinal region, should be sprayed with zinc sulphate 0.5-1.0 %
three times a year.



SHADE FOR COCOA:
Cocoa is a plant that originated under shade and is
traditionally cultivated under shade.

Studies at KAU reported that, girth of stem and yield
increased with increase in illumination levels.

Results suggested that it is possible to cultivate cocoa
without shade under Kerala conditions and that
productivity will be highest under shade-free situations.

Shading may be necessary in early years using
temporary shade plants (Nair et al., 2006).



Pruning:
Pruning is intended to restrict growth of trees to a convenient
height, to have first tier developed at desired height, and to
remove excessive and inconvenient development of branches.

Centering is done by removing all lateral fan branches that
arise on the fans to a distance of 30-50 am around jorquette.

This allows sunlight to fall on main stem, which is beneficial
for enhancing flowering.

Another advantage is better aeration of fruit-bearing main
stem.

This reduces incidence of black pod in rainy season.



IRRIGATION:
Better rainfed crop. But if rain free period extends to 4-6
months, there is need for supplemental irrigation once in 5
days.

TOP WORKING:
To rejuvenate old and unproductive cocoa plants and also to
convert genetically poor yielders to high yielders.

Done after receipt of premonsoon showers.

Technique involves snapping back desired trees below
jorquette after cutting half way.



A number of chupons arise below point of snapping and
patch budding is done on 3 to 4 healthy shoots using scions
from high yielding clones and remaining ones are removed.

Clones that are scion superior for top working were G II-
19.5, G VI-51, G I-5.9, M-16.9, G VI-68, G I-15.5, G II-20.4 and
S-50.20.

Top worked plants come to bear in about a year after
operation.



Pods take about 150-170 days from pollination for attaining
harvest maturity.

According to Alvim et al., (1972) days to maturity may be
calculated from the equation, N = 2,500/T-9, where N is the
number of days from pollination to harvesting and T is the
mean temperature in ˚C.

Stage of maturity of pods is the best judged by colour change of
pods.

Pods that are green turn to yellow and red pods turn to yellow
or orange.

Change in color starts from grooves on pod and then spreads to
entire surface.



Pods remain on tree without damage up to one month.

Intervals between harvests can therefore be extended to
one month.

Harvesting is done with a sharp knife without damaging
cushions.

Peak harvesting periods are October-December and April-
June.

Harvested pods can be stored for four days.



This enhances prefermentation activity inside pods and helps
to facilitate rapid rise in temperature during fermentation,
reduces acidity and imparts stronger chocolate flavour (Arikiah
et al., 1994).

Harvested pods are broken against a hard surface and beans
are extracted without placenta and kept for fermentation
immediately.







Preparation of Commercial Cocoa
• In order to be sold as cocoa beans, the fresh cocoa removed from 

pods have to undergo two very important processes – Fermentation 
and Drying: The main aim of which include:

• To remove the mucilaginous pulp which surrounds the beans.

• To cause the death of the embryo and consequently prevents it from 
germinating.

• To bring about complicated biochemical changes inside the 
cotyledons, leading to a reduction in the bitterness and astringency 
thus enabling the precursors of the chocolate flavour to develop. 

• Finally, to reduce the water content of the fermented beans from 
approximately 60% to 6 – 7%, in order to block the enzymatic 
reactions and to enable the commercial product to be stored safely, 
free from pests and diseases.



Fermentation
 Fermentation in cocoa is a process by  which mucilaginous pulp surrounding the 

beans is removed under the gradual influence of heat and pressure for the purpose 
of removing the beans’ bitter taste and the development of acceptable bean 
flavour and colour.

 It is necessary to ferment cocoa beans in order to fulfill the following conditions:

 To get the proper taste, colour and flavour associated with cocoa products.

 To kill the embryo and stop germination.

 To remove pulp/mucilage so that the beans may dry properly.

 To loosen the skin from the cotyledon thereby allowing easy and proper de-
shelling during processing.   

 Cocoa is fermented by different methods of fermentation which include:
 Heap fermentation
 Basket fermentation
 Sweat box fermentation
 Tray fermentation.



Heap Fermentation
Wooden base with perforated banana/plantain leaves. 

Fresh cocoa beans are piled on the platform until a heap of 60 
– 90 cm high is made. 

The heap is covered with the leaves again and weigh down 
with logs of wood in order to retain the heat. 

The heap is thoroughly turned on the 3rd and 5th days with a 
wooden spade or hand. 

The mixing should be fast in order to avoid heat losses. 

The cocoa beans are fully fermented and ready for drying on 
the 7th day.



Basket Fermentation
Woven baskets lined with perforated banana / plantain leaves 

to facilitate drainage of the sweating. 

 The baskets are placed on a wooden raised platform to aid 
further drainage. 

After being filled with cocoa beans, the baskets are tightly 
covered with banana / plantain leaves again and pressed with 
stones / wooden logs. 

 Turning into another basket is done on the 3rd and 5th days. 

On the 7th day, fermentation completes.



Sweat Box Fermentation
 An improved method employed in large cocoa plantations. 

 Three wooden boxes (90 x 90 x 90 cm each / 120 x 120 x 120 cm) each, perforated 
at the bottom are used. 

 One side of the box should be removable and no lid is necessary. 

 The boxes are placed on raised platforms for aeration and drainage. 

 This method requires a ventilated and roofed building with adequate drainage 
system against rains. 

 The boxes are arranged in steps on top of one another. 

 The fresh beans are placed on the top-most box, covered with sufficient 
banana/plantain leaves and sacks and pressed with stones / wood. 

 The beans from the top-most box are turned into the middle and last boxes on the 
3rd and 5th days respectively and covered as before. 

 On the 7th day the beans are properly fermented and ready for drying.





Tray Fermentation
 An efficient and standard method of fermentation in a number of cocoa countries. 

 The bottom of the tray is covered with slatted mat made from palm frond midribs. 

 The 4 sides of the tray (75 x 75 x 10 cm) are made of strong wood. 

 The trays are filled with the wet beans to a desired level. 

 The first tray is placed on a raised wooden platform to facilitate aeration and 
drainage. 

 The number of the trays used depends on the volume of the cocoa beans, but 10 or 
more trays could be stacked upon one another to a convenient height for handling. 

 The wet beans, when loaded into the trays are covered with banana / plantain 
leaves and sacks to retain the heat. 

 The beans are properly fermented on the 4th day of fermentation and are ready for 
drying. 



 The advantages of this method are as follows:

 It requires far less labour compared to other methods.
 The average cost of a tray is not much and a try can be used for more than 2 years.
 It is fast, only 4 days required to complete fermentation.
 No mixing of beans required and good and well-fermented cocoa are obtained.  

Factors Affecting Fermentation of Commercial Cocoa.
 The degree of ripeness of cocoa pods.
 Healthiness of cocoa pods.
 Types of cocoa: Criollos ferment at a shorter periods compared to Forasteros and Trinitarios.
 Climatic and seasonal variations: 
 Low temperature of high altitude (800 MSL) slows the rate of fermentation. 
 The weight of pulp and sugars per bean depend on growing conditions. 
 Bean has limited amount of pulp during the dry season.
 Quantity of cocoa:
 A minimum quantity of about 70 – 90 kg of fresh bean is needed per fermentation unit in 

order to have a satisfactory fermentation.
 Duration of fermentation:
 A complete fermentation gives the bean a uniform brown colouration. 
 Inadequately fermented cocoa bean has purple colour and this gives a bitter and astringent 

product. 
 An excessively long fermented cocoa bean runs the serious risk of having a very bad taste 

due to the commencement of putrid fermentation.   



Drying.

 The aim of drying is:
 to reduce the water content of fermented cocoa beans from about 60 % to 8 %. 
 to ensure that cocoa is kept under good conditions for storage and transportation. 
 If drying is slow, mould may develop.
 If drying is too rapid, oxidation may be prevented, acetic acid may be retained in the 

cotyledon resulting in excessive acidity of the cocoa beans. 
 Flat beans, germinated beans and broken beans as well as foreign bodies must be 

removed.

 Methods of drying.

 Sun-drying
 Drying autobus 
 Movable roof dryer.
 Simple dryers
 Mechanical dryers
 Automated workshops.

 Test for dryness.
 A well-dried cocoa bean will crack when squeezed between the fingers.
 Cut through the sample beans with a knife, if properly dried, the cotyledon will separate 

easily.





• Grading of cocoa.
– Grade 1 cocoa: less than 3 % slaty, mouldy and defective beans each.
– Grade 2 cocoa: less than 5 %, 4 % and 5 % slaty, mouldy and defective beans 

respectively.
– The international standards state that the net weight of a cocoa bag must be 

62.5 kg, (16 bags makes a ton).

• Cleaning and bagging of cocoa.
– Sorting and elimination of flat, broken, germinated beans and other impurities.
– The beans are packed in jute bags. 
– Polythene bags must not be used for bagging cocoa. 

• Storage of commercial cocoa.
– The international standards stipulate the following conditions.
– The ambient humidity must not exceed 70 %.
– The bags must be stored at least 7 cm above the ground in order to allow air 

circulation.
– There must be at least a passage of 60 cm between the walls and the bags and 

between bags of different types of cocoa.
– Disinfect by fumigation. Protection against rodents and other pests must be 

carried out as and when due.
– Steps must be taken to avoid contamination by odour, off-flavours or dust.
– Periodic checking of the moisture content of each lots must be carried out.









ADVANCES

VTLCC-1:
Vittal Cocoa Clone 1
Early, heavy bearer and both self and cross compatible clone.
Green to yellow pods: 75/tree/year.
No. of beans/pod: 36.
Single dry bean weight: 1.05 g.
Shelling: 12%, Fat content: 52.5%.
Dry bean yield: 1.33 kg/tree/year, 911 kg/ha.



VTLCS-1
Vittal Cocoa Selection 1
Precocious, stable and high yielder both under arecanut
and coconut with medium canopy, withstands biotic and 
abiotic stress.
Red to Orange pods: 54.5 / tree/ year
No.of beans/ pod: 42
Single dry bean wt: 1.13 g
Shelling: 11%, Fat- 52.1%,
Dry bean yield/ tree/ year: 2.52 kg/tree/year, 1700 kg/ha



VTLCS-2    Vittal Cocoa Selection 2
Early, stable and high yielder both under arecanut and coconut, 
have bold and bigger beans, less incidence of pests and diseases.
Green to Yellow pods: 55 /tree/year
No. of beans/ pod: 42
Single dry bean wt: 1.21 g
Shelling: 15% Fat: 53%
Dry bean yield: 2.7 kg/ tree/ year, 1850 kg/ha



VTLCH-1    
Vittal Cocoa Hybrid 1
Vigorous, early and heavy bearer.
Green to yellow pods: 50/tree/year.
No. of beans/pod: 42.
Single dry bean weight: 1.00 g.
Shelling: 13%, Fat content: 53.6%.
Dry bean yield: 1.48 kg/tree/year, 1014 kg/ha.



VTLCH-2
Vittal Cocoa Hybrid 2
Heavy bearer, medium canopy and tolerant to black pod rot.
Green to yellow pods: 70/tree/year.
No. of beans/pod: 40.
Single dry bean weight: 1.15 g.
Shelling: 11%, Fat content: 54%.
Dry bean yield: 1.15 kg/tree/year, 800 kg/ha.



VTLCH-3
Vittal Cocoa Hybrid 3
Suitable for rainfed & irrigated areca and coconut gardens of 
Karnataka, Kerala, Tamil Nadu and Andhra Pradesh.
Green to yellow pods: 45/tree/year.
No. of beans/pod: 43.
Single dry bean weight: 1.07 g.
Shelling: 13%, Fat content: 52.
Stomatal resistance (s/cm): 2.42.
Dry bean yield: 1.45 kg/tree/year, 993 kg/ha



VTLCH-4
Vittal Cocoa Hybrid 4
Suitable for rainfed & irrigated areca and coconut gardens 
of Karnataka, Kerala, Tamil Nadu and Andhra Pradesh.
Red to orange pods: 40/tree/year.
No. of beans/pod: 43.
Single dry bean weight: 1.01 g.
Shelling: 12%, Fat content: 53%.
Stomatal resistance (s/cm): 2.41.
Dry bean yield: 1.25 kg/tree/year, 856 kg/ha.



In cocoa, fifteen years of clonal evaluation of local collections
from Wayanad and exotic collections from Nigeria in the states
of Karnataka and Kerala has resulted in identification of three
clones, VTLC-13, VTLC-20, VTLC-120 with higher yield potential
(average dry bean yield of 2.5-2.8 kg tree-1yr-1), optimal
canopy both under arecanut and coconut shades, high bean
index (1.2), industrial value and tolerance to biotic and abiotic
stress. Cocoa hybrid VTCP1, with average dry bean yield of 3.2
kg tree-1yr-1, was recommended for varietal release.
Observation on morpho-physiological responses of cocoa
seedlings to induced water deficit stress resulted in
identification of VTLCP-22, VTLCP-24 and VTLCH-4, as moisture-
stress tolerant clones.



References:
 Commercial crops technology, Alice Kurian & 
K.V. Peter

 e-source



Thank you


