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Introduction

Cocoa (Theobroma cacao L.) is highly
heterogeneous and cross pollinated. The
mechanism of self incompatibility existing in this
crop facilitates cross pollination. Ensuring
superiority of parental material is very much
necessary in cocoa. Even though the mother plant
is excellent in all characters, there is no guarantee
that this superiority can be transferred to the
progenies. This is because the source of male
parent is unknown and there is every chance for
the progenies to express undesirable characters
of male. Hence it is recommended to ensure the
superiority of female and male parents before
going for seed material production.

Hand emasculation and pollination

The best method to ensure the superiority of
parents is by hand pollination between selected
superior female and male parents. But artificial
pollination in cocoa is advocated only for crop
improvement and research purpose. For example
to combine characters of two divergent parents
into one, to test incompatibility position,
combining ability of clones etc. Artificial
pollination is not practically feasible for
commercial seed production. The reasons are
furnished below:-

1 Flowers are too small which make artificial
pollination a tedious process. A single person
can pollinate to a maximum of 30 flowers per
day.

2 Success rate of artificial pollination is very less
due to the pollination hazards. Artificial
pollination will definitely impart stress on
flowers because we have to prepare the
flower for pollination by removing
staminodes. Generally if 100 flowers are
pollinated chance for pod set is one.

3 Pollen grains for artificial pollination are
collected either by plucking the flower as such
or by taking the stamens out. If flower as such
is collected that much flower which may have
set into pod under natural condition is lost.
Or if stamens are collected that flower will be
highly damaged since anther lobes are
concealed inside the pouch of petal. Chance
for fruit set in such flowers by artificially
pollinating them with stamen from other
plant is almost nil.

4 In ability to pollinate flowers on upper
branches. Only flowers on main trunk and
lower branches can be pollinated.

5 Before pollination plants have to be prepared
by removing open flowers and immature
buds from a cushion. This will lead to large
number of flower loss.

6 After pollinating one flower in a cushion only
at least after three days we can pollinate
another flower in the same cushion.

7 Number of flowers produced per cushion is
drastically reduced if cushions are disturbed
for artificial pollination.

8 Toensurethe pod setby artificial pollination
to reach maturity all other developing pods
in that tree has to be removed, which will
again results in economic loss.

Poly clonal gardens

These difficulties can be overcome to a great
extent by establishing poly clonal gardens.
Importance of polyclonal garden in cocoa has been
stated by earlier workers like Wood and Lass
(1985), Edwards, (1969) etc. Knowing this Kerala
Agricultural University (KAU) started
establishing clonal gardens in cocoa since 1989
(CCRP report, 1989-90). At present KAU
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maintains one biclonal garden and eight poly
clonal gardens (CCRP report, 2013-14). Details are
furnished in Table 1.

Table 1 Details of polyclonal garden maintained
at KAU

No. of| No. of | Year of
parents| plants |planting

Polyclonal garden I 12 | 120| 1989

Polyclonal seed garden II 38 | 228 | 1993

Biclonal Seed garden 6 | 1243 | 1996

Polyclonal Seed garden III 5| 100 | 2000

Polyclonal Seed Garden IV 8 | 1100 | 2005

Polyclonal Seed Garden V 7 | 946 | 2006

Polyclonal Seed Garden VI| 10 | 400 | 2010

Polyclonal Seed Garden VII 6 286 | 2010

Polyclonal Seed Garden VIII 8 299 | 2014

Total 86 | 4722

Clonal gardens include better combiners
specifically arranged for the mass production of
genetically improved seeds. Superior breeding
materials identified are taken to the clonal garden
after further evaluation for incompatibility and
combing ability. Cocoa is blessed with self
incompatibility. The mechanisms of genetic
control of in compatibility mechanism have been
studied by many scientists (Pound, 1933;
Marshall, 1933; Knight and Rogers, 1955; Cope,
1962; Bartley and Cope, 1973), but the system
continues to be genotype dependent and
unpredictable. This necessitates assessment of
incompatibility status in every seedling derived
from cocoa, before it is being utilized as parents
in clonal gardens. Selfing of hundred flowers per
plant is done inorder to ensure self
incompatibility. If no fruit set or even if the fruit
sets, if it is not retained for more than 15 days
(Royaert et al., 2011) the genotype is classified as
self incompatible.

Such self incompatible genotypes are tested
for their general combining ability (GCA). Ali et
al. (2012) reported that the concept of combining
ability is fundamental in enhancing productivity
among different crops especially in superior F,
hybrid production. Parents with high general
combining ability are expected to produce
superior hybrids (Dias and Kageyama, 1995 and
1997).

Thus identified genotypes with self
incompatibility mechanism and high general
combining ability are laid out for establishment
of clonal gardens as budded plants. These
gardens are taken in isolation to prevent
pollination from any inferior male parent nearby.
Seedlings produced from pods collected from
each parent in a clonal garden will be a hybrid.
To avoid any inferiority in seedling produced due
to heterozygous nature of cocoa a 10 percent
screening of inferior plants are done in the
nursery itself.

Conclusion

Statistics revels that more than 80 percent of
cocoa garden in India is established with planting
materials from KAU polyclonal garden. Good
performance of these gardens confirms the
superiority of planting materials. Care should be
taken to ensure the source of planting materials
in cocoa in order to get good returns.

Acknowledgement

1. Mondelez International for their financial
support for research and clonal garden
establishment

2. State Horticulture Mission, Kerala for
financial support for clonal garden
establishment and planting material
production

References

1. Ali, F.,, Muneer, M., Hassan, W., Rahman,
H., Noor, M., Shah, T., Ullah, I, Igbal, M.,
Afridi, K. and Ullah, H. 2012. Heritability

20



July-September 2015

estimates for maturity and morphological performance of cacao (Theobroma cacao L.)
traits based testcross progeny performance Braz. ]. Gen. 20 (1): 63-70.

of maize. ARPN Agric. Bio. Sci. 7 (5): 317-324
8. Royaert, S., Mora, P.W., Leal, A. M. A,,

2. Bartley BGD, Cope FW (1973) Practical Cariaga, K., BI'OWH,].S.,KUhII, D. N., Schnell,

aspects of self-incomp atibi'lity i Theobfoma R.]J. and Motamayor, J.C. 2011. Identification
cacao L. In: Moav R (ed) Agricultural genetics— aF markep-trait assaslations for selb

selected topics. Wiley, New York, pp 109-134. compatibility in a segregating mapping
3. CCRP [Cadbury- KAU Co-operative Cocoa population of Theobroma cacao L. Tree Genet.

Research Project]. 1989-90. Annual report (3), Genomes 7:1159-1168.
Kerala Agricultural University, Thrissur, 25p.

4. CCRP [Cadbury- KAU Co-operative Cocoa
Research Project]. 2013-14. Annual report (27),
Kerala Agricultural University, Thrissur, 32p. 10. Knight R, Rogers HH (1955) Incompatibility

5. Cope F. W. 1962. The mechanism of pollen in Theobroma cacao. L. Heredity 9:69-77
incompatibility in Theobroma cacao L. Heredity 11, MarshallJ. 1933. Fertility in cacao. 3rd Annual
17:157-182 Report on Cacao Research (Trinidad), p 34

6. Dias, L.A.S. and Kageyama, P.V. 1995.
Combining ability for cocoa (Theobroma cacao
L.) yield components under southern Bahia
conditions. Theor. Appl. Gen. 90 (3-4): 534-541.

7. Dias, L.A.S. and Kageyama, P.V. 1997. 13. Wood, G.A.R. and Lass, R.A.1985. Cocoa.
Multivariate genetic divergence and hybrid Longman Group Limited, England, 620p.

9. Edwards, D.F. 1969. Hybrid seed gardens.
Cocoa Growers’” Bull. 13: 14-19.

12. Pound F.]J. 1933. Studies on fruitfulness in
cacao III. Second Annual Report on Cacao
Research , Trinidad.

% g2t Bt

Fig. 1 New polyclonal seed garden established in Fig. 2 Hybrid seedlings in the nursery
KAU during 2014
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