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Abstract

Cocoa is an important plantation crop grown in southern parts of India. Though many cocoa varieties have been released for
cultivation in different parts of India, there is no variety recommended for cultivation exclusively for India’s North East region,
especially Assam, where arecanut is grown as an important cash crop. Therefore the present investigation was undertaken to
study the performance of 12 cocoa genotypes for its growth, pod yield and yield attributing traits for subsequent research
programmes. The data for growth, pod yield and yield attributing traits were recorded three years after planting for five years
(2015 to 2019), and the mean data were used for analysis. Genotype VTLC 11 significantly produced greater plant height (2.70 m),
stem circumference (27.73 cm), height at jorquetting (36.16 cm) and canopy area (17.00 m?). Mean average pod yield among the
genotypes varied from 20.65 to 48.40 tree year'. Genotype VTLC 19 produced significantly higher pod yield (48.40), number of
fresh beans pod™' (34.06), fresh bean weight pod (229.65 g), dry bean weight pod' (119.32 g), single dry bean weight (1.20 g)
and dry bean yield (1.76 kg). Considering the most economic traits of cocoa, VTLC 19 appears to be the most suitable genotype
for commercial cultivation in the region.
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Introduction

Cocoa (Theobroma cacao L.) is a commercial
plantation crop mainly grown in the southern
states of India. The cocoa bean is an important
raw material for most of the chocolate industry.
This crop is estimated to be grown in 82,940 ha
with a production of 18,100 MT. In India, Kerala
and Karnataka are major leading production
states, followed by Andhra Pradesh. Indian
chocolate industries and confectionaries require
around 30,000 MT of cocoa beans every year
(DCCD, 2019), and the demand is still growing.
However, crop production could not meet the
demand of the existing and emerging processing
industry. To meet the industrial demand, there is

a need to enhance crop production and
productivity.

In India, the cocoa crop is mainly cultivated as
a mixed crop in coconut and arecanut plantations.
The crop can be introduced in other non-traditional
areas where coconut and arecanut crops are being
grown commercially. In Assam, arecanut is an
important plantation crop grown in an estimated area
of 81,000 ha with an annual production of 78,000
MT and productivity of 964 kg ha'! (DASD, 2019).
It is grown in almost all the districts, and 16 districts
are having arecanut plantation of more than 2,000 ha
each. A maximum area of 6,186 ha is reported in
the Golaghat district; Kamrup Rural (4,264 ha) and
Cachar (4,123 ha) are major arecanut growing
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regions, where arecanut is grown mainly as mono-
crop. The cocoa crop being semi-shade loving, has
the potential to introduce as a mixed crop in these
arecanut plantations for extra income generation.
This also enhances soil organic status through the
fallen leaves of the cocoa crop. For enhancing yields
and successful cocoa cultivation, selecting suitable
genotype for different agro-climatic regions and
adopting the right package of practices for the region
are important. Selection and evaluation of superior
plants, clonal propagation of selected plants and
hybrid vigour exploitation are the best and easy
approaches in cocoa improvement (Bhat ez al., 1990;
Christian, 2003).

Though various varieties and hybrids of cocoa
are developed for growing in different agro-climatic
regions of the country, there are no reports of the
performance of these varieties in north eastern parts
of India. Therefore, to promote cocoa production
and to develop suitable genotype, the present work
was undertaken to evaluate some cocoa genotypes
in the north eastern regions of India.

Materials and methods

The study was conducted for eight years
(from 2012 to 2019) at the Research Centre of
ICAR-Central Plantation Crops Research Institute
(CPCRI), Kahikuchi, Guwahati, Assam State,
India. It is situated at 20° 18' N latitude and 91°
78' E longitude and 50 m above the mean sea level
(MSL). The mean maximum and minimum
temperature vary from 15°C to 32°C and 8°C to
22°C. The research site enjoys a sub-tropical
climate with an annual rainfall of about 1,500 mm.
The soil of the experimental site is alluvial clay
loam with a pH range of 4.8-5.5. The study
comprised of softwood grafted cocoa genotypes
(VTLCH 2, VTLCH 1, VTLCH 3, VTLCH 4,
VTLCC 1, VTLC61,VTLC 66, VTLC 11, VTLC5,
VTLC 19, VTLC 30, VTLC 1) eight years old,
planted under arecanut spaced at 2.7 m x 5.4 m.
Cocoa is planted in every alternate row of arecanut
at the centre of four arecanut palms. Randomized
block design (RBD) was followed for inference
with three replications. Six trees per replication
were taken for observations. Recommended crop
management practices were followed for
maintaining the good health of the crop. Special
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crop management, like pruning, was done yearly,
once during September. Pruning includes removal
of dead and diseased, crisscross branches and water
shoots. Vegetative growth parameters viz., plant
height, stem circumference (measured at the height
of 30 cm from ground level) and canopy spread
were recorded during September. Annual pod yield
was compiled for five years, from 2015 to 2019.
Height at jorquetting was recorded at the initial
stage of producing fan branches. Canopy spread
was recorded by measuring the widest portion of
the tree spread in each direction (East-West and
North-South), and canopy area was calculated
using the formula [Irl, where, r=E-W+N-S/4 and
1=\r>+h?, h=canopy height. Individual pod
characters were measured by averaging six pods
harvested from each tree from April to May. Dry
bean weight was estimated after drying the bean
along with mucilage in the sun for twelve days.
Data were statistically analyzed using MSTAT
software.

Results and discussion

Vegetative growth characters

Vegetative growth characters viz., plant height,
stem circumference, height at jorquetting, and
canopy area of cocoa genotypes are presented in
Table 1. Significant differences were observed
among cocoa genotypes studied for plant height,
stem circumference, height at jorquetting and
canopy area. Plant height among the genotypes
varied from 2.26 m to 2.70 m. Genotype VTLC 11
had maximum plant height (2.70 m) compared to
other genotypes, while the minimum plant height
was observed in genotype VILC 61 (2.26 m).
Genotype VTLC 11 was also found to produce the
maximum stem circumference (27.73 cm), height
at jorquetting (36.16 cm) and canopy area (17.00 m?).
Lesser and equal height at jorquetting was observed
in two genotypes, VTLC 61 (16.0 cm) and VTLC 30
(16.0 cm). Greater canopy area in genotype
VTLC 11 might have influenced the photosynthetic
efficiency leading to better growth in the present
study. At [CAR-Central Plantation Crops Research
Institute, Regional Station, Vittal, Karnataka, (South
India), same cocoa genotypes viz., VTLCH 1,
VTLCH2,VTLCH3,VTLCH4, VTLCC 1, VTLCS,
VTLC 7, VTLC 19, VTLC 30, VTLC 61, VTLC 1
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Table 1. Growth performance of cocoa genotypes at
Kahikuchi, Guwahati, Assam

Genotype Height at Plant Stem Canopy
jorquetting height circumference area
(cm) (m) (cm) (m?)
VTLCH 2 19.00 2.35 20.81 9.91
VTLCH 1 20.20 2.47 21.87 9.81
VTLCH 3 27.00 2.40 24.38 9.92
VTLCH 4 21.25 241 21.08 9.62
VTLCC 1 24.20 2.42 24.03 9.33
VTLC 61 16.00 2.26 17.14 8.71
VTLC 66 16.75 2.56 22.80 10.40
VTLC 11 36.16 2.70 27.73 17.00
VTLC 5 20.20 2.57 23.74 15.24
VTLC 19 19.83 2.52 22.97 10.42
VTLC 30 16.00 2.38 22.32 8.95
VTLC 1 30.20 2.27 20.88 8.32
CV (%) 19.32 13.20 15.03 17.26
SEm (%) 0.93 0.05 0.65 0.93
CD (5%) 3.72 0.21 2.94 2.97

and VTLC 66 evaluated for growth characters
showed that genotype VTLC 10 produced greater
plant height, girth and canopy area ten years after
planting (Apshara, 2017). The difference in growth
characters among cocoa genotypes at Kahikuchi,

Assam and Vittal, Karnataka, might be attributed
to various factors such as environment, soil
moisture, availability of nutrients and genetic factor
of the tree, as reported earlier by various workers
(Apshara et al., 2009; Aikpokpodion et al., 2011;
Thondaiman et al., 2013; Bhalerao et al., 2018).

Pod yield of cocoa genotypes

Table 2 shows the pod yield performance of
different cocoa genotypes during different years. In
the 4™ year after planting, the cocoa pod yield among
the genotypes varied from 7.86 to 17.65 pods tree’!
year!. Genotype VTLC 5 produced greater pod yield
tree! year! (17.65), which was statistically at par
with genotypes VITLC 19 (15.00), VTLCH 2 (14.17)
and VTLC 30 (13.33). The least pod yield was
recorded in genotype VTLC 1 (7.86) pods tree year.
However, during the 5%, 6", 7" and 8% years after
planting, genotype VTLC 19 produced significantly
higher pod yield tree! year'than other genotypes,
with an average pod yield of 48.40 pods tree™! year.
A gradual increase in pod yield was also observed
in all the genotypes studied. At ICAR-Central
Plantation Crops Research Institute, Regional
Station, Vittal, Karnataka, South India, Apshara
(2017) observed an average pod yield of the same
twelve genotypes, varying from 32.7 to 45.8 pods
tree! year!. Greater pod yield was recorded in

Table 2. Pod yield performance of cocoa genotypes at Kahikuchi, Guwahati, Assam

Genotype Number of pods tree! year!

2015 (4™ year) 2016 (5" year) 2017 (6™ year) 2018 (7" year) 2019 (8" year) Mean
VTLCH 2 14.17 26.07 33.67 47.83 58.54 36.16
VTLCH 1 8.26 13.34 26.40 45.20 49.68 28.57
VTLCH 3 9.33 11.33 29.83 41.15 51.32 28.60
VTLCH 4 10.67 17.74 27.66 35.35 42.16 26.71
VTLCC 1 12.32 19.94 29.80 40.00 53.24 31.06
VTLC 61 9.52 12.28 13.00 38.02 42.43 23.05
VTLC 66 11.15 15.00 38.75 45.71 54.67 33.05
VTLC 11 9.13 14.76 29.50 54.00 62.13 33.90
VTLC 5 17.65 23.48 38.60 48.75 56.32 36.96
VTLC 19 15.00 39.80 57.60 60.32 69.28 48.40
VTLC 30 13.33 22.94 37.24 44.33 46.00 32.76
VTLC 1 7.86 10.17 16.50 30.46 38.34 20.65
CV (%) 12.43 11.23 12.25 11.86 14.32 14.51
SEm (%) 0.92 1.36 0.75 1.15 2.23 1.28
CD (5%) 4.05 6.00 3.31 5.07 6.38 4.96




genotype VTLC 5 (45.8), while genotype VTLC 19
produced 38.3 pods tree! year! after ten years of
planting under Vittal agro-climatic condition.
Variation in pod yield performance with same cocoa
varieties (CCRP 1, CCRP 2, CCRP 3, CCRP 4,
CCRP 5, CCRP 6, CCRP 7, CCRP 8, CCRP 9 and
CCRP 10) was also reported from Kerala
Agricultural University (Sujith and Minimol, 2016)
and Tamil Nadu Agricultural University (Sumitha
etal.,2018).

Pod and bean characters of cocoa genotypes

The genotypes differed significantly for the
various pod and bean characters studied. Genotype
VTLCH 4 produce greater individual pod weight
(407.46 g) followed by VTLC 11 (376.41 g), which
was found to be statistically at par with genotypes
VTLCH 2 (370.98 g), VTLC 19 (362.09 g), VTLC 61
(352.48 g) and VTLC 66 (350.00 g). With regard to
pod length and pod circumference, genotype VTLC 11
was found to produce greater pod length (18.20 cm).
However, pod circumference was found to be
significantly higher in genotype VTLCH 4 (25.34
cm). Pod circumference for the rest of the genotypes
varied from 24.73 cm to 20.31 cm. A similar finding
with respect to the length and breadth of pods as
influenced by the size and weight of pods has been
reported (Apshara, 2017). In the present study,
genotypes VTLCH 4 (407.46 g), VTLC 11 (376.41 g),
VTLCH 2 (370.98 g), VTLC 19 (362.09 g), VTLC 61
(352.48 g) and VTLC 66 (350 g) recorded pod
weight above 350 g, which is an important criterion
required for the selection of pod (Apshara, 2010).
The ridge and furrow thickness of cocoa pods varied
from 1.67 cm to 1.14 cm and 1.24 ¢cm to 0.90 cm,
respectively. Genotype VILCH 4 (1.67 cm) was
found to have greater ridge thickness, followed by
VTLC 11 (1.55 cm). Variability of pod traits such
as pod length, girth, weight and pod wall thickness
of 21 superior progenies of different cross
combination in cocoa were reported (Apshara et al.,
2008). The results are in agreement with those
reported by Subramanian and Balasimha (1981) and
Mallika et al. (1996).

Bean traits of cocoa genotypes have been
presented in Table 3. A significantly higher number
of fresh beans pod! was observed in genotype
VTLC 19 (34.06), followed by genotype VTLC 11

10

Singh et al.

(32.07) and VTLC 66 (30.38). The least number of
fresh beans pod™! was recorded in genotype VTLC 1
(22.09). Similar findings on the variation of the
number of beans pod' among different cocoa
genotypes of different genetic origin were reported
(Enriquez and Soria, 1968; Lachenaud and Oliver,
2005). In the present study, pods with more than 30
beans were observed in four genotypes viz., VTLCH 4
(30.33), VTLC 66 (30.38), VTLC 11 (32.07) and
VTLC 19 (34.06). Though genotype VTLCH 2
produced fewer beans pod™' (< 30), considering the
single dry bean weight, this genotype can be
potential for the region. In the present study, less
number of beans (< 35) was found in most of the
genotypes, which was found to be an ideal criterion
required for seed selection (Peter, 2002). The
number of beans pod' is not an important indicator
for good traits because more number of beans with
small bean size is not recommended (Engles, 1982).
This is because; it results in low-fat content
(Enriquez and Soria, 1966; Rubeena, 2015). Higher
husk: bean ratio was recorded in genotype VTLC 66
(5.82), which was statistically at par with genotype
VTLC 30 (5.77)and VTLC 1 (5.63). Husk thickness
had a significant role in deciding pod weight
(Rubeena, 2015). Husk thickness of pods should
be more than one cm as per the selection criteria
(Apshara, 2010). In the present study, most of the
genotypes also posses husk thickness value higher
than one cm, which is a desirable trait for selecting
mother trees. Fresh bean weight pod! among the
genotypes varied from 229.65 g to 149.70 g.
Genotype VTLC 19 had a greater fresh bean weight
(229.65 g) compared to other genotypes. Lesser
husk to bean ratio (3.55) in this genotype might have
contributed to more bean weight than other
genotypes. Dry bean weight pod™! varied from 58.66 g
to 119.32 g. Genotype VTLC 19 was also found to
produce higher dry bean weight pod™' (119.32 g).
A single dry bean weight of above 1.0 g was
observed in two genotypes, VTLC 19 (1.20 g) and
VTLC 61 (1.01 g). The weight of a single dry bean
(>1) is an important selection criterion to meet the
international standard (Gol, 1997) and also for
deciding yield in cocoa since the potential yield in
cocoa is contributed mostly by pod weight, bean
size and single dry bean weight. (Toxopeus and
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Jacob, 1970; Yapp and Phua, 1987). The dry bean
yield of twelve genotypes varied from 0.31 kg to
1.76 kg. Higher dry bean yield was recorded in
genotype VTLC 19 (1.76 kg), followed by VTLCH 2
(0.85 kg) and VTLC 11 (0.64 kg). However, in a
study conducted at ICAR-Central Plantation Crops
Research Institute, Regional Station, Vittal,
Karnataka, South India, dry bean yield of twelve
same cocoa genotype varied from 1.07 to 1.88 kg.
The mean dry bean yield of eight-year-old cocoa
was comparatively lower than the dry bean yield at
Regional Station, Vittal, Karnataka, South India.
This might be due to the difference in the age of the
tree studied. Variation in the dry bean yield of cocoa
clones has been worked out by many researchers
(Adomako and Adu-Ampomah 2003; Iwaro et al.,
2003; Assemat et al., 2005; Bekele and Bidaisee,
2006; Mabharaj et al., 2011). Yield in cocoa is the
product of the number of pods tree™! and the weight
of dry beans pod'. The dry bean weight pod
depends upon the number of bean in pods which is
decided by the size of pods. In the present study,
VTLC 19, followed by VTLC 5, VTLCH 2 and
VTLC 11, were found to have a higher number of
pods and dry bean yield tree.

Correlation among growth characters and pod
yield of cocoa genotypes

Correlation coefficients among various
vegetative growth parameters and pod yield were
calculated using the mean values (Table 4). Plant
height, stem circumference, canopy spread (East-
West and North-South) and canopy area were
significant and positively correlated with the pod
yield except for the initial height at jorquetting. The
highest correlation (0.97) was observed between the
canopy area and canopy spread (North-South).
Mallika et al. (1996) reported the importance of
these traits in the yield improvement of cocoa.

From the present study, it was found that
genotype VTLC 19 recorded a higher pod yield of
48.40 pods tree! year! in an optimal canopy of
10.42 m?, with 34 beans pod' and 1.20 g single dry
bean weight yielded 1.76 kg dry beans at the age of
eight years under arecanut in Assam condition. Further,
genotypes VITLCH 2, VTLC 5 and VTLC 11 were
also found to be potential for the region with respect
to pod yield and dry bean yield. However, long-term
observations are needed for these genotypes on yield
stability, potentiality, quality and recommendation for
commercial cultivation in Assam.

Table 3. Pod and bean characters of cocoa genotypes at Kahikuchi, Guwahati, Assam

Genotype Pod Pod Pod Ridge Furrow No.of Husk: Fresh bean Drybean SBW* DBY*
weight length circumference (cm) (cm) fresh bean weight weight (2 (kg)
(2) (cm) (cm) beans pod™!' ratio (g) (2
VTLCH 2 370.98 16.00 22.98 1.39 1.14 29.34 4.07 225.82 89.32 0.96 0.85
VTLCH 1 272.04 1592 22.02 1.14 0.90 28.78 4.25 149.70 88.33 0.94  0.63
VTLCH 3 263.27 16.96 20.31 1.15 0.93 25.45 5.06 165.39 81.67 0.81 047
VTLCH 4 407.46 17.18 25.34 1.67 1.20 30.33 4.94 160.62 72.66 0.72  0.50
VTLCC 1 311.47  16.57 23.65 1.31 0.92 29.27 5.35 171.45 75.32 0.75 0.56
VTLC 61 352.48 16.63 24.73 1.27 1.05 26.35 3.65 217.68 99.67 1.01 048
VTLC 66 350.00 17.67 23.32 1.32 1.11 30.38 5.82 185.52 58.66 0.58 0.49
VTLC 11 376.41 18.20 23.53 1.55 1.24 32.07 4.23 211.68 74.67 0.75 0.64
VTLC 5 290.08 15.52 22.72 1.23 0.97 25.34 4.09 203.31 77.33 0.77  0.62
VTLC 19 362.09 16.70 23.91 1.38 1.08 34.06 3.55 229.65 119.32 1.20  1.76
VTLC 30 312.20  15.61 22.60 1.41 1.15 23.15 5.77 186.90 100.00 091 0.62
VTLC 1 264.51 1548 22.85 1.52 1.16 22.09 5.63 210.42 67.53 0.85 0.31
CV (%) 13.94 5.08 4.07 10.25 15.23 13.27 33.20 18.47 17.23 8.16 18.15
SEm (%) 6.62 0.14 0.25 0.04 0.02 0.44 0.06 3.24 1.02 0.02 0.03
CD (5%) 29.19 0.61 1.10 0.17 0.08 1.94 0.26 14.29 4.50 0.08 0.13

*SBW-Single dry bean weight *DBY-Dry bean yield
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Table 4. Correlation among growth characters and pod yield of cocoa genotypes

Plant Stem East-West ~ North-South Canopy Height at
height circumference area jorquetting

Stem circumference 0.89 **

East-West 0.76 ** 0.78 **

North-South 0.90 ** 0.86 ** 0.89 **

Canopy area 0.92 ** 0.88 ** 0.93 ** 0.97 **

Height at jorquetting 0.39 0.57 * 0.55 0.40 0.51

Yield 0.47 ** 0.23 ** 0.34 ** 0.49 ** 0.43 ** -0.25

*Significant at 0.05 level (2 tailed), **Significant at 0.01 level (2 tailed)
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