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ABSTRACT

Cocoa (Theobroma cacao L.) plants are sensitive to drqught and hence expansion of
cultivation has been hampered due to dry spells of 3-6 months in Southern India. Efforts
made to identify drought tolerance characteristics among the cocoa accessions have resulted
in identification of five tolerant lines. Four high yielding trees viz., I-14 (Red axil), I-21, I-29
(Amel x Na33) and II-67 (Landas 364) were selected as female parents and crossed with drought
tolerant pollen parent viz., NC 42/94 (T86/2). The F1 hybrid seedlings were planted in the field
for evaluation. Field measurements on physiological parameters were made during stress
and non - stress conditions.

Twenty two physiological parameters were studied in four cocoa hybrids, namely, I-14 x
NC42/94, 1-21 x NC 42/94,1-29 x NC 42/94 and II-67 x NC 42/94. The parameters were analyzed
under non - stress and stress conditions. The characters that showed high heritability and
genetic advance under stress were sugar, potasium, leaf temperature, internal CO2, water
potential, lipid peroxidation, superoxide dismutase, polyphenol oxidase and acid phosphatase.
The heritabilities and genetic advance of the hybrids under non-stress were high for total
chlorophyll, peroxidase, polyphenol oxidase and acid phosphatase indicating that the nature
of gene action varies under the control of environment. Genotypic and phenotypic correlations
among the traits were also studied.

INTRODUCTION

Cocoa (Theobroma cacao L.) plants are
sensitive to drought and hence expansion of
cultivation has been hampered because of
drought periods extending up to 3-6 months in
Southern India. Cocoa is grown mainly as mixed
crop in arecanut and coconut plantations.
Providing irrigation continuously during dry
periods becomes difficult and it was found
desirable to look for drought tolerant cocoa types.
Efforts made to identify drought tolerant
characteristics among cocoa germplasm have
resulted in the identification of five tolerant lines
(Balasimha, et al., 1985; 1988; 1991). Some of
the parents have been selected along with high
yielding lines for breeding.
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Half sib analysis is an important method in
determining genetic parameters. Liyanage and
Sakai (1961) in coconut, Bavappa and
Ramchander (1967) in arecanut, Dinesh and lyer
(1993} in papaya and Dinesh and Yadav (1998) in
Guava have used half-sib analysis to work out
variability, heritability and correlation of
characters . In the present study half sib analysis
in progenies of the cocoa line NC 42/94 was
taken up to determine genetic parameters.

MATERIAL AND METHODS

Four high yielding trees viz. I-14 (Red axil),
I-21, 1-29 (Amel x Na33) and 1I-67 (Landas 364)
were selected as female parents and crossed
with drought tolerant parent NC 42/94 (T 86/2).
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Table.6. Variables showing direct and indirect

effects on yield in cocoa.

CharaPositive Negative

cter effects effects

X1 X.z X1s'x1a

X, il Xy X3 Xy

X3 X2' Xs’ X13' X22 X4’X1B’x19

X4 Xz’ Xs’xm' Xw’ Xza X4’ Xs

X5 XG‘ X19’ X23 X4’ X 13

X6 Xz’X4'X13'X21 Xs'xn’xm'xzs
X7 xz X7'X19

X8 Xa'xa' X13’ X19’ X22 Xa'xw

X9 Xs’ X17'x1a' 20 X4’X9' X

X10 X2,X3,X22 X 8,X19 X21
X1 1 XG'X11’x19 XB’X17’X18’X
X12 X, XX 00X, X

X13 X, X5 X5, Xz,Xs,X XXX
X14 X1’X1a'x19 xa'xw'xzz

X15 Xz'x13 X17'X19

X16 X1'X2'X11'X1a’x19 h Xs’xuxs'xw'xzz
X17 Xz'xs’xm X11'X13’X20

X18 XX 50X 500X XX,

X19 xs'xwxw’xw xs’xw

X20 X11'x13'xzo Xs’xn'xm

X21 X, X0 Xss

X22 Xa'X13'xzz X2’X18'X19'x21
X23 Xa’xs’xn'xa’xza Xz’X4’X13’X21
X24 X3’X13’X22’X23 X2’X4’X17!X1B’X21
X25 XXX, X, X, XS,

potential efficiency of photosystem Il and reliable
indicator of adaptation to stress conditions
(Belkodja et. al., 1994). The other variables which
are of importance are SOD and fresh pod weight.

REFERENCES

Balasimha, D. and Anil Kumar, V., 2000. Stomatal
regulation and ABA concentration in cocoa
plants due to drought. Recent Advances in

Plantation Crops Research  ( Placrosy:
Xlll), eds. Muraleedharan, N and R:
Kumar, R. Allied Publ.Ltd. pp. 230-233.

Balasimha, D., Anil Kumar, V., Virktamath, B.C
and Ananda, K.S., 1999. Plantation
recherché developpement, 6: 116-120.

Balasimha, D., Daniel, E.V. and Bhat, P.G., 199"
Agric.Forest Meteorol., 55: 15-21.

Balasimha, D., Rajagopal, V., Daniel, E.V., Nai
- R.V. and Bhagavan, S., 1988. Trop.Agric
65:271-274.

Balasiinha, D., Subramonian, N. and Subbaiat
C.C., 1985. Café Cacao The. 29: 95-98.

Belkodja, R., Morales, F., Abadia, A., Gome:
Aparisi, J. and Apadia, J., 1994. Plar
Physiol. 104. 667-673.

Bavappa, K.V.A. and Ramachander, P.R., 1967
Trop. Agriculturist 123: 1-11.

Dewey, D.R. and Lu, K.-H., 1959. Agron J. 51
515-518.

Dinesh, M.R. and lyer, C.P.A.,
Gartenbauwissenschaft 58: 180-181.

Dinesh, M.R. and Yadav, 1.S., 1998. Indlan .
Hort. 55:20-22.

Harding, J., Huang, H., Byrne, T. and Huang
N., 1990. Theor. Appl. Genet. 80: 552-558.

Janssens, M.J.J., 1979. Euphytica, 28: 601-608
1961. J. Genel

1993

Liyanage, D.V. and Sakai, K.I.,
57:245-252,

Robinson, H.F.,, Comstock, R.E. and Harvey
P.H., 1951. Agron. J., 43: 282-287.

Singh, R.K. and Choudhury, B.D., 1977
Biometrical Methods in Quantitative Genetic
Analysis. Kalyani Publishers, New Delhi.



Half sib analysis in cocoa

The F1 hybrid seedlings were planted in 1991
for field evaluation. The four hybrid combinations
were subjected to half-sib analysis.

Field measurements on photosynthesis and
related parameters were measured using L1-6200
portable photosynthetic system (Balasimha et
al. 1991). Leaf water potential was measured
using pressure chamber (Soil Moisture
Equipment Co.). Chlorophyil fluorescence
parameters were measured with Plant Efficiency
Analyser (Hansatech). Specific leaf weight was
measured in known leaf area after oven drying
and expressed as mg/sq.cm. Biochemical
parameters were determined by standard
procedures spectrophotometrically.

The characters studied are listed below:

Lipid Peroxidation (Absorbance units) Nitrate
reductase activity (umol/g/h) Superoxide
dismutase (units/mg protein) Peroxidase (units/
mg protein) Polyphenol oxidase (units/mg protein)
Acid phosphatase (units/mg protein) Specific Leaf
Weight (mg/sg.cm) Starch (mg/g) Sugars (mg/g)
Potassium (%) Proline (ug/g) Total Chlorophyll
(mg/g) Epicuticular Wax (pg/sq.cm) Leaf
Temperature (oC) Photosynthesis (umol/sq.m/s)
Transpiration (pmol/s) Stomatal Resistance (s/
cm) Internal CO, (ppm) Water Potential (bars)
Stomatal Conductance (mol/sq.m/s) Fo Fv/Fm
Fresh Pod Weight (g) Bean Number/Pod Single,
Dry Bean Weight (g) Dry Bean Yield/Tree (g).

The genotypic and phenotypic variances,
genotypic and phenotypic coefficients of
variation, heritability, expected genetic gain were
calculated as per Singh and Choudhary (1977).
Coefficients of correlation (Robinson et al., 1951),
path coefficients (Dewey & Lu, 1959) and
correlated response (Janssens, 1979) were also
worked out. Frequency of statistically significant
correlation for each trait was estimated (Harding
et al., 1990) using genotypic correlation and for
positive and negative correlation.

RESULTS AND DISCUSSION

Heritability estimates: Genotypic variance
was lesser than phenotypic variance under both
non-stress and stress conditions. Coefficient of
variation also followed a similar trend, indicating

the influence of the environment on the
expression of these traits (Table 1). Therefore,
the apparent variation observed for the different
characters is not only due to the genotypic
differences but also due to the environmental
effect.

Heritability estimates on the other hand, indicate
the heritable portion of the variation and is based
on the total genetic variance. However, since
only broad sense heritability has been estimated,
it includes both the fixable (additive) and non-
fixable (dominance, epistatic) variances.
Peroxidask activity, PPO activity, total chiorophyll
content showed high heritability under non-stress
while lipid peroxidation, SOD activity, acid
phosphatase activity, potassium and proline

‘contentin leaves, leaf temperature and leaf water

potential showed high heritability under stress
conditions. The characters - PPO activity,
Internal CO2 content and Fv/Fm ratio showed
moderate heritability under stress while acid
phosphatase activity under non-stress showed
moderate heritability. The other characters
showed low heritability indicating the greater
influence of the environment (Table 1). Hybrid
combination 1-21 x NC42/94 had higher water
potential under field conditions (Balasimha et
al.,1999) similar to drought tolerant parent.

_ Stomatal resistance also showed significant

variations with reference to drought tolerance and
positively correlated with water potential.
However the heritability of this character has not
been found to be significant.

Correlations: Frequency of statistically
significant genotypic correlation coefficients, both
negative and positive, was greater than
phenotypic correlation coefficients, both under
stress and non-stress conditions (Table 2). The
frequency of significant positive phenotypic
correlation varied from 0.14-0.05 under non-stress
and from 0.24 to 0.05 under stress condition. The
frequency of significant negative correlations
varied from 0.00-0.14 and 0.00-0.19, under non-
stress and stress, respectively. In the case of
genotypic correlation, significant positive
frequency ranged from 0.67-0.24 under both non-
stress and stress, while significant negative
frequency ranged from 0.00-0.62 under non-
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Table 1. Genetic parmeters.
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Table 2. Frequency of statistically significant positive and negative phenotypic and
genotypic correlations. '

Trait Non Stress Stress

Phenotypic Genotypic Phenotypic Genotypic

+ - + - + - + -
1. 0.05 0.00 0.48 0.29 0.19 0.19 0.33 0.24
2. 0.10 0.00 0.33 0.38 0.05 0.00 0.29 0.00
3. 0.10 0.00 0.48 0.29 0.19 0.19 0.38 0.38
4. 0.14 0.00 0.52 0.19 0.10 0.00 0.52 0.10
5. 0.14 0.05 0.57 0.24 0.05 0.05 0.24 0.43
6. 0.05 0.05 0.29 0.62 0.24 0.05 0.57. 0.29
7. 0.05 0.00 0.29 0.43 0.05 0.05 0.52 0.10
8. 0.05 0.00 0.24 0.10 0.24 0.05 0.67 0.19
9. 0.14 0.10 0.38 0.18 0.05 0.00 0.52 0.19
10. 0.05 0.05 0.43 0.29 0.10 0.14 0.33 0.29
11. 0.05 0.00 0.38 0.52 0.19 0.10 0.52 0.38
12. 0.14 0.05 0.52 0.29 0.14 0.05 0.48 0.38
13. 0.14 0.10 0.33 0.33 0.05 0.10 0.29 0.57
14, 0.05 0.00 0.43 0.29 0.14 0.05 0.29 0.24
15. 0.05 0.00 0.33 0.33 0.19 005 - 052 0.33
16. 0.05 0.05 0.38 0.29 0.24 0.05 0.33 0.29
17. 0.10 0.14 0.57 0.29 0.05 0.05 0.29 0.33
18. 0.14. 0.10 0.33 0.14 0.10 0.00 0.33 0.24
19. 0.05 0.00 0.67 0.19 0.19 0.05 0.38 0.24
20. 0.14 0.10 0.29 0.33 0.24 0.10 0.67 0.10
21. 0.05 0.00 0.24 0.00 0.05 0.10 0.48 0.05
22, 0.05 0.00 0.48 - 019 0.10 0.00 0.52 0.24
Mean 0.09 0.04 0.41 0.28 0.13 0.06 0.43 0.25
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Table 3. Correlated response - Non stress.

Trks| 2 3 4 |5 |6 7 8|9l |n|12]| 13 |14 15 16[17]1. 19]20 ]2
1 [95.10 0.29 0.4413643/4.50 0.23 0.00{0.00|-0.05(0.00| 0.50 | -2.34 | 087 0.76 -0.14|0.40 (0.00 0.00|-0.07 0.00| 0.01
2 +1.5¢ -2.45| 5,18 |-1,84 018 0.00(0.00|-0.26/0.00| 0.35 | -1.81 |-0.29 020 -0.370.34|[0.00 0.00]-0.05 0.00]-0.01
3 2.88 [2167|-3.44 001 0.00/0.00{ 0.15 [0.00]-0.10] 017 [0.04 -0.36 0.13]-0.14]0.00 0.00[0.01 0.00]0.02
4 47.9714.48 0.06 0.00{0.00|0.13 |0.00{ 0.02 | -0.07 [ 1.34 014 0.71 |0.11 [0.00 0.00| 0.02 0.00| 0.01
5 -7.90 002 0.00{0.00/0.04 |0.00) 036 | -1.98 [ 0.94 0,08 026|036 |0.00 0.00/-0.03 0.00| 0.01
8 0.12 0.00/0.00|-0.04/0.00{-0.36| 1.86 |-1.69 0.45 -0.28|-0.44[{0.00 0.00] 0.06 0.00| 0.00
7 - 0.00}0.00{-0.10|0.00{ 0.00 | -0.68 |-044 0.00 0.00]0.08|0.00 0.00]-0.02 0.00] 0.00
8 0.00(0.00 |0.00( 0.00 [ 0.00 [0.00 0.00 0.00]0.000.00 0.00| 0.00 0.00] 0.00
9 0.01[0.00]-2.20)| 33.34 [ 0.02 0.01 0.010.01 |0.00 0.00] 1.95 0.00]-0.34
10 0.00{ 000 | 0.00 {0.00 000 0.00[0.00 [0.00 0.00] 0.00 0.00[0.00
11 25.92|-134.40 0.15, 0.06 0.07 [ 0.06 [0.00 0.00| 0.05 0.00|7.54
12 -1.82 [0.36 042 0.06(024]0.00 0.00{-0.03 0.00}|-0.01
13 -0.06 -0.05 -0.01]0.00 |0.00 0.00] 0.00 0.00[ 0.00
14 0.00 0.00|06.15]0.00 0.00(-0.04 0.00| 0.02
15 0.00 | 0.36 [0.00 0.00{-0.04 0.00[-0.02
16 0.39 [0.00 0.00|-0.04 0.00] 0.02
17 0.00 0.00{ 0.00 0.00] 0.00
18 0.00] 0.06 0.00/ 0.00
19 0.00 0.00] 0.00
20 0.00] 0.01
2 0.03

Table 4. Correlated response - Stress.
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Table 5. Path Analysis - Matrix of Direct and Indirect Effects.
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stress and 0.00-0.57 under stress. Very high"
frequency of positive genotypic correlation was
observed for many traits.

Correlated response: Under non-stress,
correlated response was high between lipid
peroxidation and NR activity (Table 3). High
negative correlated response was observed
between leaf proline content and epicuticular wax
content. Polyphenol oxidase activity had better
correlated response with lipid peroxidation, SOD
and peroxidase activity. Total chlorophyll content
in the leaf showed better correlation with proline
content, while epicuticular wax showed better
correlation with leaf sugar content.

Under stress condition (Table 4), higher
correlated response was observed between lipid
peroxidation and PPO activity. High but negative
correlated response was observed between
peroxidase and PPO activity. SOD activity
showed better correlated response with PPO
and acid phosphatase activity. The better
correlated responses of lipid peroxidation and

SOD are indications that these characters are
important in imparting drought tolerance. Proline
content showed better positive correlated
response with lipid peroxidation and acid
phosphatase activity, and better negative
correlated response with SOD activity.

Path analysis: The path analysis indicating
direct and indirect effects are presented in Table
5. The Table 6 indicates the influence of each
character directly and indirectly on yield. From
the Table it is evident that NR shows very high
positive effect via 9 variables and negative via 5
variables followed by Fv/Fm which showed
positive effects via 8 variables and negative
variables via 5 variables. Nitrate reductase
activity is also important in terms of its relation
to yield as well as stability during drought. The
Fv/Fm showed significant difference and the
tolerant lines maintained higher values during
stress as compared to susceptible ones
(Balasimha and Anil Kumar, 2000). This
parameter is a quantitative measure of the
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