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d c d & w ij-  KAU CO-OPERATIVE COCOA RESEARCH PROJECT

PROPOSAL FOR

EXTENSION OF RESEARCH COLLABORATION FOR A THIRD TERM (2002- 2007)

1. INTRODUCTION
Cocoa was introduced into India in the early 20th century; but its cultivation was limited to a 

few Government farms. Cocoa cultivation was resumed in a big way in the 1960's. Starting from a 

few hundred hectares during 1960’s, the area under the crop increased to 1927 hectares by 1970-71 

arid to 29,000 hectares by 1980-81. From this peak in area, there was a drastic decline to about 22,600 

hectares by 1982-83 and then a steady decrease to 9,800 hectares by 1994-95. A slight increase 

followed to take the area to 12,400 hectares in 1996-97 and 14193 hectares in 1998-99. The decline 

in price of the produce was the reason for such a lack o f interest in this crop and the consequent 

decrease in area Production, on the contrary, registered a steady increase over the years to reach a 

peak of 7715 tonnes.of dry beans by 1985-86, after which it decreased to the lowest level o f 6000 

tonnes by 1998-99. At the present average productivity o f 30 pods per plant annually; the production 

would have been around 14,500 tonnes if  the area o f 29,000 hectares of 1970-71 existed. It is 

estimated that consumption o f cocoa beans in the country by the processing industries by the turn o f 

2005 would be about 27700 tonnes. With the economic liberalisation policies o f the Govt, of India and 

due to increased marketing investments, the demand for cocoa based products in the country has been 

registering a rapid rate of about 15- 20 per cent from 1994 onwards. The production of cocoa hardly 

meets 30% of the demand projected by the processing companies in India In order to make the 

country self sufficient with respect to its requirement, technology for increasing yield from unit area 

has to be standardised. Development o f clones with high yield, disease resistance and acceptable bean 

quality are essential to step up productivity.

2. AGRONOMIC FEASIBILITY

Agronomically, cultivation o f cocoa in the interspaces o f coconut and arecanut is feasible 

especially as shade tolerance o f cocoa is high. Also, when managed well with irrigation and adequate 

fertilizer application, the yield o f the main crop, coconut increases, the extent of increase as noted in 

the experiments at the Central Plantation Crops Research Institute, Kasaragod, being around 50 per 

cent. It is however to be noted that when cocoa is under neglect, the yield of coconut comes down. The 

introduction of irrigation consequent to introduction o f cocoa as mixed crop of coconut, when done, 

can further increase productivity o f coconut.

It is estimated that the total area under coconut in Kerala is about 9 lakh hectares. It is also 

logical to assume that practically all the area under this crop in Kerala will also be suitable for cocoa



cultivation. If about 10 per cent o f the area in Kerala is brought under cocoa intercropping, the total 

annual dry cocoa bean production would be about 45,000 tonnes at the current level of productivity of 

30 pods/plant. This is well above our requirement. At the current price o f Rs 50 per kg. o f dry beans, 

this level o f production will be worth about Rs 225 crores annually. It also relevant that this much of

national wealth will be added with no additional allocation o f land.

The quality of Indian cocoas is about die same level as that of other South East Asian cocoa

and as such there is very high potential for export. The demand for cocoa-based products in the

country has been registering a rapid rate o f about 15- 20 per cent from 1994 onwards.

Considering the above large potential o f  this crop, it is necessary that production in the

country is stepped up substantially.

3. PROGRESS OF RESEARCH ON COCOA AT THE KERALA AGRICULTURAL 

UNIVERSITY

Research on cocoa was initiated at the Kerala Agricultural University with the field planting o f a 

feasibility trial on cocoa cultivation in coconut interspaces at the Regional Agricultural Research 

Station, Pilicode in July 1970. Barring this, and a study on survey of the pest complex associated with 

this crop started in 1976 at the College o f  Horticulture, all other experiments were started since 1978, 

most of them under the erstwhile world bank aided Kerala Agricultural Development Project, which 

operated from 1977 to March 1986. The important findings from these experiments are furnished

below: .
1. Cocoa was found to be compatible with coconut us an intercrop and it could be planted either as a 

single hedge or as double hedge in between two rows of coconut. When spacing is more than 9 m  

between coconut palms, double hedge will be a suitable system whereas in plantations upto this

spacing, single hedge will be better.
2. Cultivation of cocoa along with coconut will result in no decrease in yield of coconut as long as

cocoa is irrigated and fertilized adequately.

3. Vegetative -propagation in cocoa is  possible through budding, grafting and rooting o f cuttings.

Among these budding is most viable.

4. For raising cocoa seedlings, the shade optimum will be in the range from 50 to 75 per cent; the 

shade level being around 75 per cent in the early stages and around 50 per cent at later stages.

5. For grown up cocoa, yield was found to increase progressively with increasing levels of 

illumination, the highest being in the open. Intense shading resulted in substantia] yield decline.

6. The micronutrient, zinc- was found- to be- deficient hr some situations and typical deficiency 

symptoms on foliage is found to occur. Application o f 0.5 % Zinc sulphate through foliage was 

found to correctthis deficiency.
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7 . A gennplasm coHection involving all the available variability in the country was established at 

Vellanikkaia.since .197.9. .This collection- included. some o f the best combiners .and .some clones

with distinct tolerance to diseases.
8.. A-total, of. twenty, six. clones from. among-tha. gennplasm collections, were, identified .as superior..

'These had high yield arid acceptable bean size.
9. . Using the.available self, incompatible.parental .clones, hybridizahon-woric.was.startedsince.1984

and one set of hybrids was field established during 1986.
10. Cocoa bean size, was found to vary widely in Indian cocoa, the beans being smaller in the case o f 

rainy season crop which has developed through the raiiifree period. Providing irrigation during 

rainfree months did not completely correct-this .smallness- o f beans. Malaysian- beans, -on- die

contrary, were uniform in size throughout the year.

11. Cocoa bean pH was found to be around 5 in Indian cocoa with about 30 % of the samples showing 

values less than 5. Storing harvested mature pods prior to fermentation up to four days was found 

to improve the quality o f  fermented beans, the quality deteriorating with further increase in the

period o f storage.
12. Small scale fermentation methods were evolved for fermenting as small quantities as 2 kg.

13. Among the diseases o f the crop, black pod caused by Phytophthorapalmivora was found to be the 

most serious, some other diseases being pink disease caused by Phytophthora sp. and die back 

caused by Diplodia sp. Application o f Bordeaux paste at the fork region and cut ends of the stem 

and spray o f 1% Bordeaux mixture before 1he onset o f monsoon was found to give absolute

protection against pink disease.
14. Survey o f pest complex associated with cocoa showed that there are about 14 insectan and three 

non- insectan pests associated with this crop. The important non-insectan pests were rats and 

squirrels. Tentative recommendations on containing the damage by the pests were given.

4 . (la JJ jU 'U ) -  KAU CO-OPERATIVE COCOA RESEARCH PROJECT (CCRP)

The Cadbury - KAU Co-operative Cocoa Research Project (CCRP) was started with effect 
from April 1987. The experimental area and other infrastructure available with the University were 
utilised for the project. There was provision for three scientists, two farm assistants, two office 
assistants and one driver for this project The project duration was ten years. Funding from the 
collaborators was total for the first six years and was limited to Rs. 6 lakhs year during the last four 
years. During the ten-year tenure of the first phase of this project, there was a substantial strengthening 
of research on crop improvement and crop protection including regular introduction o f clonal material 
from the Quarantine Station of University of Reading, identification o f superior clones for breeding 
and cloning, production o f four sets o f hybrids and their field planting and evaluation and initiation o f 
resistance breeding, against vascular streak dieback.
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A project for standardisation of protocol for micropropagation in this crop was sanctioned by 
the Department o f Biotechnology during 1990 for a three-year period. Following two extensions, it 
came to a close during 1995. Based on die work under this project, tissue culture research on cocoa 
had progressed to the forefront on the aspects of micropropagation and somatic embiyogenesis. A few 
micropropagated plants could be planted out after hardening. There are, however, some problems in

commercialisation o f this protocol.
In addition to the above Cadbury-funded research programme, a Central Sector Scheme for 

production and distribution o f vegetatively propagated high yielding clones was also sanctioned during 
1993. This scheme had an annual budget o f about Rs 20 lakhs and a target for distribution o f 1.5 lakh

budded plants annually.
Following the cessation o f the ten-year tenure of Cadbury - KAU Co-operative Cocoa 

Research Project (CCRP), technical assessment o f the research work was undertaken by M/s Cadbury 
India. Based on this, the project was extended for a further period of five years. During the extended 
period sanction was given for creation o f one additional position o f Associate Professor (Hort./ 
P,Breed.). Out of the total budget estimate of the project for five years, the collaborators’ share was 
fixed as Rs. 55 lakhs. During this extended period, cocoa research was further strengthened. An 
ICAR Ad-hoc project on “Genetic analysis o f cocoa ( Theobroma cacao L.) hybrids” was sanctioned 
for three years with a total financial outlay of 6.25 lakhs and it started functioning from 17.11.1999.

The period' o f collaboration of Cadbury - KAU Co-operative Cocoa Research Project (CCRP)

is to end by March 2002
• I

4.1 OBJECTIVES

The broad objectives 9f  the collaborative project were

1. To continue and strengthen breeding investigations

2. To continue ongoing field experiments o f long term nature on crop management

3. To take up studies on diseases o f  the crop and
4. To take up ancillary studies o f short tenn nature like rooting o f cutting, tissue culture and top

working

4.2 EXPERIMENTS IN PROGRESS AND SALIENT RESULTS 

4.2.1. CROP IMPROVEMENT

The crop improvement work taken up were the following:

1. Germplasm collection, screening and selection o f superior clones, testing the performance o f these 

clones in comparative yield trials and large scale production o f clonal material from elite clones.
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2. Production o f first generation hybrids o f self incompatible high yielders, assessment o f their 

performance and selection o f superior hybrids. This programme was taken up in four stages
>1

starting from 1984.

3. Production of homozygous plants through selfing

4. Breeding for resistance to VSD which involved selection o f resistant parents, utilising them to 

produce hybrid pods, raising hybrid seedlings, screening the seedlings for resistance to VSD by 

keeping them in isolated humid net houses surrounded on all sides with infected seedlings and 

field planting of tolerant hybrids. This programme has been in progress since 1994.

1. Germplasm collection, screening and evaluation

L Germplasm

■ The collection located at the main campus of the Kerala Agricultural University at 

Vellanikkara has six sets o f plants. Four were from seeds and the last two, cloned material. 

Germplasm I consists o f plants arising from open pollinated pods of 15 plants introduced from the 

Cocoa Research Institute o f Ghana. These included nine Amazonians, one Trinitario, one Amelonado, 

one Criollo and three hybrids. Germplasm II to IV were from pods of promising plants from the bulk 

populations from all over the country and Germplasm V and VI, clonal material from the different 

types available in the various research stations and those directly introduced from the University of

Reading, UK.

The germplasm VI is a collection o f vegetatively propagated types was originally field 

established in 1983 with 126 types collected from CPCRI Regional Station, Vittal; Cadbury Farm, 

Thamarassery; RARS, Pilicode and CPCRI Substation, Kannara. The collection was expected to 

include nearly all the cocoa types introduced into the Country till then from time to time. Collection 

of budwood for addition to this germplasm was continued mainly with plants from farmers fields with 

reported superiority in field performance. In addition, a total o f 24 clones were introduced as bud 

wood from the Quarantine Station o f the University of Reading during December 1990. Budded 

plants from these were field planted in June 1991 after quarantine. Nineteen more consignments of 

bud wood were received from Reading in January 92; June 92; January 93; July 93; January 94, May 

95; November 95; April 96; July 96; November 96; May 97; August 97; November 97; November 98, 

April 99; August 99, February 2000 and September 2000 and February 2001. Out o f the total o f 374 

clones introduced, only 140 could be successfully field established. All the clones from the first 

introduction which were planted in 1991 started yielding and some of them were found to be very 

promising. The collections of 1992-93 included 91 clones from farmer's field also - 38 from Wynad 

District and 53 from Calicut District - the basis o f which was reported to be superiority.

Collections o f 1993-94 included 30 clones from the University of Reading, 15 VSD tolerant
5



clones from farmers’ fields from Kottayam District and three from the CPCRI, Regional Station, 

Vittal All these were field planted during June 1994.

Some of the important clones are IMC 67, Na 31, MUG 413, S1AL 93, IMC 10, EET 272, ICS 

6 and SCA 6. The newly added clones are regularly being evaluated for yield, pod and bean 

characters, and self- incompatibility. The accessions showed wide range o f variability in yield as well 

as pod and bean characters. Very high yield up to 154 pod /tree/year was recorded in clone like PA 7 x

Na32(s).

ii. Screening and selection '

From the different gennplasm collections, 26 self- incompatible plants were identified 

for inclusion in the first stage o f breeding for producing the Fi hybrids. The bases o f selection were 

pod yield, reported combining ability and oven dry kernel weight of more than 0.8g. A replicated field 

trial involving these 26 parental clones was field planted in 1989 for comparative assessment of 

performance. The first set of 26 self incompatible plants selected for hybridisation programme was 

planted as a replicated field trial for comparative assessment of their performance (CYT 1). They 

came to bearing in 1991-92. The results suggested that the highest yielding six clones based on yield 

of the last ten years were M 9.16, G IV  18.5, M 16.9, GI 15.5, G U 20.4 and G V I68.

. A further selection o f high yielding clones was done in 1991 based on the yield for five to 

six years. The total number o f such clones identified comes to 44. Twenty four o f these were found to 

be self incompatible and were included in the stage II breeding programme for producing Ft hybrids. 

The self-compatible parents were used for the production of inbreds starting with the first generation 

selfed pods. The second set o f 44 plants selected from each different set o f gennplasm had more than 

double the average yield o f the set. Their self- compatibility reactions were tested by controlled hand 

pollination. The data on pod yield o f these plants, dry bean weight and self compatibility reactions 

were recorded. These 44 clones were field planted as a comparative yield trial (CYT II) m 1993. 

Highest yielding three clones based on the mean yield for the last five years are G IV 1. 2, G VI 17 

and G VI 33. O f these good clones, G V I33 and GIV 1.2 are self compatible

The third round o f selection of parents was made in 1993 and this time more importance was 

given to VSD tolerance rather than yield since this disease was found to assume significance in all 

cocoa growing tracts o f Kerala. Clones already available in the gennplasm having reported tolerance 

to VSD as well as a few hybrids o f Progeny Trial I (PT I) which were expected to have' genes for 

resistance were selected. Only self incompatible parents with acceptable pod and bean characters were 

selected . The 39 clones thus selected (31 from Gennplasm VI, 7 from PT I and 1 from GI) were field 

established in 1994 as CYT III for comparing their performance. These 39 clones field planted during 

1994 have started yielding. When the mean yield o f last four years was considered, G VI 142 was 

found to give the maximum yield (21.4).
6



The first generation hybrids produced during 1986, 1987 and 1988 have started steady bearing 

by 1994-95 and selection was made from these also. Based on their yield and pod and bean characters 

coupled with self incompatibility, 44 parents (hybrids) were selected including five from Series 1, 12 

from Series II, three from Series III and 25 from Progeny Trial. These 44 parents were also planted 

during 1998 as a replicated field trial (CYTIV) for assessing their performance.

2. Production of first generation hybrids and selection of superior hybrids

This work started since 1984 was taken up in four stages

i. Stage I

Series I, Series II & Series m  hybrids and Progeny Trial I

This involved production of 119 crosses utilising a total of 26 incompatible parents, screening 

them based on seedling vigour using HD2 as the criterion (H- height, D- diameter o f  the stem) and 

final selection o f superior hybrids based on field performance. These hybrids were produced over a 

four - year period from 1984 and those screened in from crosses of 1984, 1985 and 1986 were field 

planted in an unreplicated observational trial with a maximum population o f 15 each along with a set 

of open pollinated bulk seedlings and budded plants o f all the parents. These were planted during 

1986, 1987 and 1988, respectively and these are designated as Series 1, Series li and Series HI 

hybrids. The Series I and II hybrids and their parents started yielding from 1989 and their yield data 

were collected. All these hybrids initially selected based on seedling vigour were produced again 

during 1988-90 and these were planted as a replicated progeny trial starting from 1988-89. The total 

number of hybrids included was 29. A set o f open pollinated bulk seedlings were also included thus 

making the total number o f treatments 30. The design was RBD, the number o f replications, five and 

the number o f plants per plot, six. These plants have attained steady bearing.

The pod and bean characters o f the hybrids o f Series 1 and II and those o f Progeny Trial I were 

studied starting from the first year of bearing. The data on these showed impressive increases over the 

years in the case o f pod width, pod length, pod weight, wet bean weight, bean length, bean thickness 

and dry bean weight.

In Series I, an overall mean pod yield for the last twelve years also showed G I  5.9 x G V I68 

to be the best. In Series n , the overall mean values o f yield for the last twelve years indicated that, the 

H6 hybrid G 15.9 x G V I61 was the best with 42.6 pods/ tree/year. The comparison o f the data for the 

last eight years in Series IH suggested the superiority of HI (M9.16 x GVI 53). These trials are to be

continued to get confirmatory results.
In Progeny Trial I, the maximum yield over the last ten years was obtained from the hybrid H4

(G I 10.3 x GVI 54). with 35.7 pods. •
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Ten top yielding plants each from the above four trials were selected from the entire 

population based on cumulative yield and bean characters, which will be screened for resistance to 

VSD during the coming year. 

iL Stage II 

Series IV hybrids

This programme started in 1990 had self incompatible high yielders for the first stage breeding, the 

new high yielders selected during 1990 based on the cumulative yield o f plants o f germplasm 

collections I to IV and local population o f the shade trial from 1984 to 1990.

This breeding programme is slightly different from stage I in that there was to be initial 

selection of better combiners through the assessment of general combining ability using a common 

tester parent (G I 5.9), the assessment being made mainly through seedling vigour. Out o f 59 crosses 

made 29 crosses were selected based on seedling vigor and the most vigorous hybrid seedlings from 

these 29 crosses were planted during 1992 in an unreplicated trial with 15 plants/ cross along with G 1 

5.9. These hybrids are designated as Series IV hybrids. When the overall mean value o f pod yield for 

the last six years was analysed, the H.13 hybrid G15.9 x GI 4.8 was ranked first (45.6).

Progeny Trial II

The ten best combiners selected from GCA crosses based on seedling vigour, were crossed in diallel 

combinations including the reciprocals. These parents include the tester parent G I 5.9 along with M 

9.16, M 13.12, G n  19.5, G VI 24, G VI 51, G VI 59, G VI 60, G VI 64 and S 28.3. Out of the 45 

expected crosses, many failed due to cross-incompatibility. The hybrid seeds developed from these 

crosses were sown, th e  seedlings were screened for vigour and 25 hybrids were field established in 

June 1994 along with one bulk for comparison. This trial designated as Progeny trial II, was laid out 

in RBD with three replications and six plants per plot. Layout of this trial as well as analysis of the 

data in a true diallel was not possible since many o f the crosses could not be produced due to cross 

incompatibility. A comparison o f yield o f the hybrids for the last four years revealed that H 15 hybrid 

(GII 19.5 x G V I60) was ranked first.

iii. Stage III

Progeny Trial III & IV

In this programme started in 1992, parents were selected from high yielding first generation 

hybrids o f Series I and Series II. One plant each from the crosses which was self incompatible was 

selected. All possible crosses were made excluding those with any common original parent Eighteen 

hybrids were selected for the programme and 115 cross combinations were expected. Many crosses 

failed due to cross-incompatibility o f die selected parents, forty  eight o f these crosses were made in 

1992-93 and the rest during 1993-94. The hybrid seedlings were screened in the nursery and the



vigorous hybrids from each cross were field planted in 1994 as Progeny Trial III. The trial was laid 

out in RBD with three replications, 23 treatments (22+1 bulk) and six plants per plot. These plants are 

in the bearing stage. The data on mean yield over the last four years suggested the superiority o f H3.

Rest o f the 67 crosses o f this programme were attempted during 1993-94 and in these also, 

many crosses failed due to cross incompatibility. After completing the seedling observations, 29 

hybrids were field established in Progeny trial IV in 1995 along with one bulk and two inbred (Si) 

crosses for comparison. The trial was laid out in RBD with 32 treatments, three replications and six 

plants per p lo t In this trial the highest yield was the observed in the hybrid H 5.4 x H 1.10.

Comparison of hybrids in the different Progeny Trials

The wet bean yield /tree during 1998-99 was compared in different hybrids o f the progeny 

trials II; III and IV. The results revealed that the highest percentage recovery of better hybrids was in 

progeny trial 11. The percentage of hybrids with a wet weight of above 4001 g /tree/year was 10,3, 8.1 

and 3.8 respectively in the trials n , III and IV respectively.

The data on pod and bean characters were also compared for the recovery of hybrids w ith. 

maximum desirable values ( pod weight > 300 g; wet bean weight >80 g; number o f beans/ pod > 35 

and oven dry weight o f a single peeled bean > 0.8 g). The results revealed that the highest number o f 

desirable hybrids were obtained from P IT (

The average yield o f pods in hybrids and clones o f different trials ( Series I, Series II, 

Progeny Trial I and CYT I) field planted from 1986 to 1989 were compared for ten years. The data 

showed a definite superiority o f hybrids over parents during the early years.

iv. Stage IV

Breeding for resistance to Vascular streak die back disease (VSD)

Vascular streak die back disease (VSD) caused by Oncobasidium theobromae became a 

serious disease o f cocoa in the early 1990’s and hence attention was focused on breeding for resistance 

to VSD. Observations on the incidence of the disease in farmers’ fields in Kottayam and Idukki 

districts indicated that the severity of the disease varied with the genotype and some o f the clones 

expressed tolerance to the disease. ,

The clones assembled in the gennplasm and the hybrids, which have attained steady yield, were 

screened using 0-9 scale prepared based on percentage of twigs infected in a tree. .

The high yielding and resistant types were selfed to assess self-incompatibility and only self

incompatible types were selected as parents. Screening, selection of parents and hand pollination to 

produce resistant hybrids were done during the six consecutive years from 1995-96. The number of 

pods set was recorded at monthly intervals. Based on the data, the crosses were classified as 

compatible and incompatible. The pods were harvested when they were ripe, beans extracted, counted



and seeds sown in poly bags filled with potting mixture in the nursery situated 2 km away from the 

mother plants and other cocoa plants.

The field method of screening for resistance to Vascular Streak Die Back was done by 

exposing the seedlings to natural inoculum from surrounding infected seedlings. The seedlings were 

raised in a net house, individually labelled and kept in rows. Inside the net house the relative humidity 

was raised manually to the highest attainable level during the rainy season by covering the structures 

on all sides. Misting was done at regular intervals. After emergence o f the seedlings, they were 

surrounded by VSD infected seedlings. At frequent intervals the percentage seedlings infected with 

VSD was noted. The disease escapes were field planted after two years during the first year and after 

one year in subsequent years, for observing the performance. The hybrid seedlings obtained up to 

1999 could be field planted. The rest are undergoing nursery screening.

The data up to 1999 indicated that out o f  the hybrid seedlings (19,505) derived from 238 

crosses, only 2,042 were resistant arising from 171 crosses. Hybrids from most o f the crosses did not 

show total immunity to the disease and the percentage o f infection varied from cross to cross. The 

results obtained during the four- year- period suggested the superiority o f G VI 55 (IMC-10), G IV 

18.5(local selection) and G VI 126 (SCA-6) for transferring disease tolerance to the progeny. Among 

the crosses compared for recovery o f healthy seedlings, it was found that the parents used during the 

first year were comparatively capable o f yielding higher number of tolerant hybrids. The crosses M 

9.16 x G VI 55, M 13.12 x  G VI 55, G VI 126 x  G IV  18:5, G VI 126 x G VI 55, G VI 137 x  G IV

18.5, G VI 142 x G VI 55, G VI 146 x G IV  18.5, G V I 147 x G IV 18.5, G VI 167 x G VI 55 and G 

VI 169 x G VI 55 gave more than fifty per cent recovery o f resistant seedlings after two years in the 

nursery. However, during the second year none o f the crosses recorded more than 50 per cent 

recovery. During the third year, G IV 18.5 x H 12.4 (87), G IV  18.5 x  H 5.4 (86), G VI 55 x  H 9.15 

(87), G VI 55x H 5.4 (86) and G V I55 x H 12.4 (87) recorded above 50 per cent recovery. Only G VI 

23 x G VI 14 gave more than fifty per cent disease escapes during the fourth year. These crosses 

could therefore be suggested as effective for producing higher number o f resistant seedlings. Among 

the parents identified as better for transferring resistance to the progeny, SCA-6 is characterised by 

small bean size, which is also heritable. Hence this could not be directly utilised for seed production. 

The other parents could be multiplied clonally and raised in a biclonal seed garden for direct

production o f resistant hybrids. ■
The selected resistant hybrids are being evaluated in the field. The study indicated that 

tolerance to VSD is heritable and the degree of tolerance varied from hybrid to hybrid. There is scope 

for production of large number o f resistant seedlings by selection of parents and using them for 

hybridization.

Symptomatologicai and anatomical studies:
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The LS o f the infected stem showed fungal hyphae o f 0. theobromae growing in the xylem 

vessels. Leaf scars resulting from the fallen leaves showed white diffused growth emerging from the 

vascular traces. Smooth, hyaline and thin walled, broad, ovate basidiospores of the fungus could also 

be identified. The infected seedlings also could be identified by the above symptoms. Further 

confirmation of the disease was made by splitting the infected stem, which showed brown streaks in

the xylem. •

3. Biclonal seed garden ..

In order to produce quality hybrid seeds, a biclonal seed garden was established in 1996. Six 

high yielding clones were selected based on their yield as well as combining ability based on their 

performance in the stage I breeding programme. Along with yield, VSD tolerance was also given 

importance while selecting the parents. The six self incompatible parents selected were M 13.12 (PI), 

G I  5.9 (P2), G VI 55 (P3), G VI 56 (P4) G II 19.5 (P5) and M 16.9 (P6). This selection was based on 

the promising yield o f the hybrids M 13.12'X G 1 5.9 (PI X P2), G I 5.9 X G VI 55 (P2 X P3), G 1 5.9 

X G VI 56 (P2 X P4) and G II 19.5 X M 16.9 (P5 X P6) in earlier crosses. These self incompatible 

parents were planted in such an order that the four different crosses are produced. Eight rows o f each 

parent were left as border to prevent unwanted cross pollination. This seed garden was established in 

the interspaces of coconut. The six parents were planted in 220 rows and the total number o f plants in
i

this trial comes to 1621. .

4. Production of homozygous plants through selling

The objective o f this programme is to produce fully homozygous plants for utilization in the 

breeding programme. The high yielding plants that were self compatible were used for the production 

of selfed progeny. The first set of selfed pods o f four different genotypes was produced during 1987 

and the seedlings of these field planted in 1988. These plants came to flowering during 1991 and 

again selfing was attempted. Second generation selfed pods could be produced from three genotypes 

and the S| progeny of one parent was completely self incompatible. Selfed progeny were raised 

during every year from self compatible parents identified as well as from the already established St 

and S2 progeny. .

Inbreeding depression in the selfs was very high compared to that in hybrids o f the same age. 

The extent o f inbreeding depression varied among the parents indicating substantial differences in the 

levels of heterozygosity o f the parents. In the percentage o f self compatible progeny produced, there 

were again differences between the four parents, the values being 0, 10, 20 and 60. Hence, only from 

three parents, S2 progeny could be raised. Selling was continued and inbreds of different generations 

were raised whenever the selfed plants attained the flowering age.  ̂ Because o f self incompatibility in 

the selfed progeny, many plants could not be included in the continued selfing programme. At
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present, tire programme has reached up to field planted S4 generation in one genotype, S3 generation 

in two genotypes, S2 in 6 genotypes and SI in 25 genotypes. All these were field established starting 

from 1991 to 1998 and their growth observation as well as yield were regularly recorded.

The high yielding self incompatible S| progeny were also utilized for the production 

of inbred crosses, (S, x Si). The objective was to produce comparatively uniform hybrid population. 

The S, crosses made were S, M 12.21 x S, M 18.7 and S, G II 7.4 x SI M 18.7. These hybrids were 

also included in Progeny Trial IV for comparison o f their performance along with hybrids of the same 

age.

Crosses between SI genotypes and between S2 genotypes were taken up during 2000-01. The 

inbred crosses are being maintained in the nursery for taking up field planting in the coming season.

The seedlings produced from inbreds were found to be highly susceptible to VSD since many 

seedlings died in the nursery due to VSD. Inbreds also show forking of the stem. Another observation 

was that a high percentage o f the inbreds showed forking o f main stem. The number of stems • 

produced by the inbreds also tended to increase with generation. In the S4 inbreds, main stem forked

in to 3-4.

5. Establishment and maintenance o f scion orchards I, II, H I and IV

The first scion orchard was established in 1992, with 70 selected high yielding clones, for the 

supply o f bud wood for further rapid multiplication.

The scion orchards II, in  and IV were established during 1994 using plants budded with 

chupon buds. These were field planted at a closer spacing o f 1.5 m x 1.5 m  with fifteen most 

promising clones. '

6. Release o f high yielding clones

Seventy high yielding clones were identified from the germplasm collections so far and these 

were planted as a scion orchard and multiplied in large numbers for distribution. With the incidence 

o f VSD in the cocoa growing tracts o f Kerala, attention was diverted to disease tolerance. Seven high 

yielding clones were identified as tolerant to this disease. These were M 16.9, M 13.12, G I 5.9, G II

19.5, G IV 18.5, G V I55 and G VI 56. The maximum pod yield so far obtained from these clones was

72.0, 90.7, 80.5, 93.5, 55.0, 180.3 and 94.8 respectively. These varieties were presented before the 

State Seed Sub Committee and were approved for release. They were designated as CCRP 1-7.

4.2.2 CROP MANAGEMENT

i. Studies to determine the response o f cocoa to shade and irrigation
/

This trial was planted under rubber trees in 1979 to assess the growth and yield of cocoa at
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various shade levels. Shade manipulation was done by graded thinning o f the rubber trees. The shade 

levels tried were 0, 25, 50 and 75 per cent. The trial was continued for ten years and the results 

indicated that there is increase in the growth of the plants and yield with increasing levels o f 

illumination. More than five times increase in yield was observed in the open compared to the highest 

shade level tried. During 1988, the experimental plot was subdivided and one sub plot under each 

shade level was continued without irrigation and the other sub plot brought under sprinkler irrigation. 

Compared to intense shade level, the yield levels in the open were 2.4 times under irrigated conditions 

and 6.8 times when left non- irrigated.

This experiment was discontinued and replanted with CYT HI. The plants in the de-shaded 

area, however are maintained for continued observations. There are many plants giving consistently 

very high pod yield over the last six years. The highest yielder o f this group recorded a mean pod yield 

of 271.4/ tree /year with a range in pod yield o f 187- 474 pods per tree per year. Twenty six plants in 

this trial consistently produced an average of more than 100 pods over the last six years.

iL Trials on training and pruning of cocoa.

This experiment started in 1981 had a total o f seven treatments with the first tier formed at 1.0 -

1.5 ; 1.5 - 2.0 m; and 2.0 - 2.5 m with one or two tiers o f branches along with an unpraned control. 

The data on pod yield were collected up to ten years. In the early years, up to 1987-88, unpraned 

control recorded higher yield than all pruned plants. Since 1988-89, the treatment differences ceased 

to be statistically significant. However, in 1992-93 and 1993-94, one treatment receiving pruning 

(training the stem to a height o f 1.5 - 2.0 m and having the second tier at 1.0 - 1.5 m) was the best 

treatment. The conclusions are that when properly done, pruning will not decrease yield o f cocoa and 

that this operation may increase productivity as compared to unpruned control.

. This trial was also discontinued in 1995 as sufficient data were already collected.

iiL NPK fertilizer experiment on budded plants.

This field experiment started in 1983 had a total o f 27 treatment combinations o f three levels 

each of N, P2O5 and K20 . The design was partially confounded factorial RBD with three replications. 

Clonal material was used for the study in order to eliminate plant to plant van ability.

As the results appeared to be vitiated by the overlapping root zones of experimental plants and by 

nutrient sharing through fallen leaves, the experiment was discontinued.

iv. Top working

This technique has been standardized to rejuvenate old and unproductive cocoa plants and also 

to convert genetically poor yielders to high yielders. Among the different treatment viz. cutting at 

jorquette height, cutting at ground level and cutting half way below jorquctte height and snapping



back, better results were obtained under the third treatment. Cutting half way below die jorquette 

height induced a large number of chupons to develop from below this region due to breakage of apical 

dominance. Patch budding was done on three to four vigorous and healthy shoots using scions from 

high yielding, disease resistant clones and the rest were removed. The polythene tape was removed 

three weeks after budding and the stock portion above the bud union was snapped back. The snapped 

portion was removed after two hardened leaves develop from the bud. When sufficient shoots were 

hardened, the canopy o f the mother tree could be completely removed. The continued connection of 

the root with the snapped canopy was found to be essential as this will ensure supply of 

photosynthates to the root system . Because o f the presence o f an established root system and the trunk 

with reserved food, the top worked trees grow much faster and give prolific yield one year after the 

operation. Though this can be done on all seasons, it is preferable to do it in rainfree period in 

irrigated gardens. For rainfed situations, it may preferably be done after the receipt o f pre-monsoon

showers. .

Top working was done in three stages, the first stage being done to standardize the process in 

1988. The second stage was completed in 1993 with fifteen rows o f plants top worked. The third set o f 

top worked trees (1994) include 522 plants o f Germplasm I, II, III and IV. Fifteen high yielding 

clones were used for top working. To compare the performance o f top worked clones, the trial was 

laid out in RBD with four replications and six plants per plot. The treatments were allotted randomly 

to the entire population so that this area may later serve as a polyclonal seed garden. Any desired 

plant o f this germplasm can also be resumed to grow at any time since the main stem part of the stock 

plant is retained in the process o f top working.

The top worked trees started yielding heavily from the second year onwards. About 

50 per cent improved yield was obtained in the second year and about 100 per cent increase in the 

third year. Loss of crop for one year during the operation is compensated by bumper crops in the 

subsequent years. The main stem will continue to belong to the older plant and the fruits borne in this 

area belong to the poor yielder. Better yields are however obtained from the fen branches of the high 

yielding clone used for top working.

4.23. CROP PROTECTION

i. Survey o f cocoa diseases in Kerala

This survey was aimed at finding out the occurrence o f different diseases o f cocoa in various 

cocoa growing tracts of Kerala. Survey was conducted in major cocoa growing tracts of Kerala. 

During the survey, a number o f diseases were found to occur in cocoa with varying intensities. The 

diseases noticed are given below:
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SI. No Name o f disease Causal organism Occurrence

1 Vascular streak die back Oncobasidium theobromae Throughout the state

2 Phytophthora pod rot Phytophthora palmtvora Throughout the state

3 Colletotrichum pod rot Colletotrichum gloeosporioides Throughout the state

4 Seedling blight Phytophthora palmivora Only in nurseries

5 Phytophthora canker Phytophthora palmivora Old gardens

6 Pink disease Corticium salmonicolor Old Gardens

7 White thread blight Marasmiellus scandens Stray occurrence

throughout Kerala

8 Horse hair blight Marasmius equicrinis Neglected old gardens

9 , Leafblight Colletotrichum gloeosporioides Throughout the state

10 Chupon blight and twig die back Phytophthora palmh’ora Throughout the state

11 Lasiodiploidia pod rot Lasiodiploidia theobromae Stray occurrence

12 Zinc deficiency Zinc deficiency Stray occurrence

13 Phanerogamic parasite Stray occurrence

14 Cyiindrocladium leafblight Cyiindrocladium illicicola CCRP Farm

15 Grey leafblight Phyllosticta sp CCRP Farm

Among the above diseases, Vascular streak die back (VSD), Phytophthora pod rot, 

Colletotrichum pod rot, Colletotrichum leaf blight, chupon blight and twig die back were found 

prevalent in cocoa gardens throughout the state with varying intensities. Among them VSD, has now 

become a serious disease o f cocoa throughout Kerala. This disease affects, both seedlings and grown

up plants.

During the study, the occurrence o f new diseases like Horse hair blight, Cyiindrocladium leaf 

blight and Phyllosticta leaf blight were recorded for the first time in the country.

Detailed investigations on the symptomatology of important diseases were carried out. Some 

variations in symptom expression from what has been described elsewhere for the diseases like VSD, 

Phytophthora pod rot and seedling blight were noticed. During, the survey, bud wood from high 

yielding VSD tolerant plants was collected and the plants derived from these were maintained in the



germplasm collection.

iL Studies on Vascular Streak Die back (VSD)

Oncobasidium (heobromae, the causal agent of VSD, is a highly specialized near obligate 

pathogen. It is the only known wind - borne leaf penetrating basidiomycete vascular pathogen. 

Occurrence of this disease was first noticed in the early 1980s from Kottayam district. Now the 

disease has spread in all the cocoa growing tracts o f Kerala. The symptomatology o f the disease was 

studied in detail. Seedlings and budded plants maintained in the nursery of the Project showed severe 

incidence of the disease ( Plate 13). This disease could be identified by its characteristic symptoms 

like yellowing of leaves with green islets (Plate 14), defoliation, lenticel enlargement, axillary bud 

proliferation, formation o f sporophores on fallen leaf scars etc. However, some variations in symptom 

expression from that already described from elsewhere were also noticed during the study.

The variations in symptom expression noticed were

1. The first diagnostic symptom in seedling was the necrosis o f the stipules o f the terminal bud 

without any other symptom.

2. The leaves arising out o f such buds will be smaller and chlorotic.

3. In the infected seedling, the area adjacent to the midrib and veins remained green while other 

portions were yellow.

4. On mature leaves of seedlings /  twigs first symptom was the development o f pale green 

colour o f the leaf lamina with intermingled normal green areas starting from the proximal end 

of the leaves.

5. Leaves with such initial symptoms could be seen either on the middle or tip of the twigs.

6. Sometimes only proximal end o f the infected leaves showed yellowing with green islets 

and the distal end remained green.

7. The leaves with the disease symptom did not usually fall off; but remained attached to the 

twigs with yellow region turning to dark brown and green islets remaining as such.

8. Severe marginal necrosis o f the leaves o f the infected twig, resembling potassium

deficiency was also observed. •

9. Lenticel enlargement was not always observed as the usual early symptom.

10. In mild infection, the growth of twigs and axillary buds was noticed; but with marked 

reduction in the intemodal length and leaf size.

11. Chlorosis o f entire leaves o f infected small twigs,
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Standardisation o f  isolation technique o f  VSD pathogen

The study was aimed at selection of the best suited medium for isolation of Oncobasidium 

theobromae and also to find out the plant part to be used for getting maximum success in isolation. Of 

the eleven different media tried, maximum percentage o f success of isolation was obtained with 

Corticium culture medium, closely followed by water - agar and potato - dextrose - agar. Among the 

different plant parts used for isolation, the maximum success was obtained when infected midrib of 

leaves and tender stem were used.

Morphological characters o f  the pathogen '

The morphological characters o f the isolated VSD pathogen as well as that occurring in the 

sporophores of the natural infections were studied. The fungus produced slightly yellowish or whitish 

fluffy aerial mycelia on Corticium culture medium and potato - dextrose - agar medium. But on water 

. agar, it produced sparse mycelium. The mycelium was branched, hyaline and septate. Hyphal cells 

measured 3-6 pm in breadth and 36-186 pm in length. Some hyphae differentiated into swollen 

monilioid cells o f 6-9 pm breadth and 24-48 pm length. No basidiospore formation was noticed in 

culture. Monilioid hyphae found in the sporophores of the leaf scars o f infected plants were 

comparatively larger than that seen in culture and measured 6-12 pm in breadth and 30-120 pm in 

length. The basidia measured 3-6 pm in basal width and 7-10 pm in apical width with straight or 

curved sterigmata. Basidiospores were hyaline and ellipsoid with one side flattened.

Histopaihological studies

Comparison o f anatomy o f infected and healthy stem o f cocoa revealed noticeable difference. 

Longitudinal cross sections o f infected stems revealed the presence of fungal hyphae in many o f the 

xylem vessels. Xylem vessels were found to be clogged and the cells and tissues adjacent to the 

infection were deeply stained. The secondary xylem were found to be disorganized and were damaged.

Transmission o f  VSD through grafting and budding

Two types o f grafting and five types o f budding were carried out to know whether VSD is 

transmitted by these methods. VSD infected twigs were used as scion and bud wood. Six month- old 

seedlings served as a root stocks. There was no establishment of grafts or buds. However, vascular 

streaking was observed in root stocks grafted or budded by different methods indicating transmission 

o f the disease.

Chemical control o f  VSD

a. Effect of fungicides

Tliis experiment was conducted in a farmer’s plot to locate an effective fungicide to check the
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severity of the disease. The experiment consisted o f six treatments with three systemic and two contact 

fungicides. The treatments were given at monthly intervals, starting from the onset o f monsoon and 

observations o f the disease intensity were taken. The results indicated that none of the fungicides were 

effective in checking the severity o f VSD.

b. Effect of fungicides in preventing the incidence o f VSD in cocoa seedlings

In this study, the comparative efficacy of three systemic and two contact fungicides 

was evaluated. The results indicated that spraying Calixin (0.1%) is effective in reducing the severity 

o f the disease in seedlings. • ■

lii. Screening of cocoa types for resistance to VSD

<Screening o f  cocoa types in seed gardens •

This study was conducted to know whether any o f the promising cocoa types planted in the 

seed gardens in the farmers’ field at Vazhithala, Muttom and Kalaketty possesses any resistance 

against VSD. The reaction of cocoa types to VSD was assessed on a 0-9 scale based on the percentage 

of twigs infeeted, The results o f the study indicated that all the cocoa types were infected by the 

disease with varying intensities. Cocoa types G VI 55, G VI 54, M 13.12, and G IV 18.5 recorded 

comparatively minimum disease score. Maximum disease score was observed in types G 1 15,5 , G I  

10.3 andG T 4.8

Incidence o f  VSD in GermplasmVl

The incidence and severity of VSD in Gennplasm VI of the project were periodically 

recorded. The study indicated that about 36 clones did not take up infection while others showed 

varying percentages of disease incidence and severity.

Similarly the observations on the incidence o f VSD in CYT I and CYT II of parental clones 

revealed varying percentages o f incidence and severity,

Reaction o f  cocoa hybrids to lf>D

Cocoa hybrids derived from promising and high yielding VSD tolerant clones were evaluated 

for their resistance to VSD. The hybrids were kept in rows in a net house provided with mist. 

Sufficient inoculum was provided by placing infected cocoa seedlings all around the hybrid seedlings. 

The results of the study obtained so far indicated that all the hybrids showed varying percentages of 

disease incidence and some o f the hybrids were comparatively tolerant to the disease. The hybrids 

which did not show the symptoms o f VSD were field planted for assessing their yield potential as well 

as VSD resistance,

18



tv. Studies on seedling blight of cocoa

Detailed investigations on the symptomatology, etiology and management o f seedling blight 

of cocoa were conducted. The causal agent o f this disease was identified as Phytophthora palmivora. 

It causes various symptoms on leaf and stem (Plate 15). Budded plants were more prone to the disease. 

Results on screening o f budded plants of 62 high yielding cocoa plants against the pathogen revealed 

that all cocoa types except two took up infection with varying intensities. Four experiments on the 

chemical control o f seedling blight were carried out. The result indicated that the fungicides like 

Foltaf, Acomin, Fytolan and Bordeaux Mixture were effective in checking the incidence.

v. Sensitivity of isolates of Phytophthora palmivora and Marasmiellus scandens to fungicides

This study was conducted to select a suitable fungicide against four isolates o f Phytophthora 

palmivora causing pod rot, seedling blight, seedling canker and twig blight o f cocoa and an isolate o f 

Marasmiellus scandens. Bordeaux Mixture, Fytolan, Acomin and Contaf were very effective against 

all isolates o f P. palmivora while Bordeaux Mixture and Fytolan were effective against Marasmiellus 

scandens.

vi. Screening of cocoa types against resistance to Phytophthora pod ro t disease

. The symptom o f the disease is given in Plate 16. Reaction of 69 cocoa types maintained in 

scion orchard and 166 cocoa types maintained in germplasm VI were evaluated for resistance to pod 

rot. For screening, detached pods o f same age o f maturity were artificially inoculated with mycelial 

disc o f P. palmivora and were incubated at room temperature in polybags with sufficient humidity. 

The percentage pod area infected were calculated for assessing the reaction o f the cocoa types. Studies 

revealed that none o f the cocoa types were immune to the disease. All the cocoa types showed varying 

degrees o f disease incidence, with five types recording moderately resistant reaction.
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9. Anther culture in cocoa (Theobroma cacao. L)- Sunil, K.P. 1992
10. Somatic embryogenesis in cocoa- Jolly A ntony-1993
11. Standardisation of selection criteria for cocoa hybrids- Raji Varghese- 1999
12. Estimation o f genetic parameters from specific crosses of cocoa ( Theobroma cacao L.) -  

1999
13. Vascular streak dieback o f cocoa and its management- Yogi Ajaykumar-1996
14. Infestation reactions and management o f Helopeltis theivora in cocoa clones- Beena Nair- 

1998
15. Optimum size o f plots in cocoa (Theobroma cacao L.) - a multivariate case- Sheela, M. A- 

1987
16. Optimum stratification for yield estimation in cocoa ( Theobroma cacao L.) - Sunil Kumar 

-2000
17. Standardization and acceptability o f dairy products with cocoa mass -  Sunitha Nair 2001

4.2.6 PRODUCTION AND DISTRIBUTION OF PLANTING MATERIALS

Under the central sector scheme on cocoa financed by the Directorate o f Cashew and cocoa 

development, budded plants o f cocoa were produced and distributed through the department o f  

Agriculture, Kerala, Karnataka and Tamil Nadu. Hybrid pods collected from poly clonal and biclonal



seed gardens were distributed to Cadbury India limited and farmers. The details o f distribution from 

1994-95 are furnished below.

Year Hybrid pods Hybrid seedlings Budded plants

1994-95 1,485 1,315 26,682

1995-96 16,209 2,320 41,925

1996-97 23,347 1,095 56,140

1997-98 • 24,700 - 75,226

1998-99 23,481 264 88,931

1999-00 37,161 506 1,03,865

2000-01 33,426 915 63,248

2001-02 23, 640 350 15,211

TOTAL 1,83,449 6,765 4,71,228

4.2.7. INFRASTRUCTURE DEVELOPMENT

' The total area under experimental cocoa at present is 12 ha. The experimental area was 

brought under sprinkler irrigation. One electric pumpset (25 hp) was procured under the Central Sector 

Scheme on cocoa About 24 shade houses for production o f one lakh budded plants/ year were 

established utilizing the funds from the Directorate o f Cashewnut & Cocoa Development, Kochi. A 

quarantine house was constructed during the second term. Two poly clonal and one biclonal seed 

gardens have been established which can produce 10 lakh hybrid seeds per year. The Jeep was

purchased during the first phase of the programme.
The facilities developed by the project is being utilized for imparting practicals to both UG 

and PG students of the college. Seventeen M.Sc and three Ph. D students have completed their 

research programmes utilizing the facilities available at CCRP,

Most o f the important visitors to the University were taken to the farm and they were much 

impressed by the progress of work of the project. Training programmes on breeding, management and
t -

crop protection in cocoa are being conducted regularly.
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4.2.8. MAN POWER

Si. Post 

No.

Name of incumbent Date o f 

joining

Date o f 

leaving

a. Scitentists

1 Professor (Agronomy) Dr.R. Vikraman Nair 01-04-1987 25-2-99

Dr. C.George Thomas* 16.11.99 Continuing

2. Associate Professor (PI. Breed.) Dr. (Mrs) V.K. Mallika 17-06-87 Continuing

3. Associate Professor (Hort.) Eh. S.Prasannakumari Aroma 25-02-99 Continuing

4. Associate Professor ( Pl.Path.) Dr. Koshy Abraham up to 30.9.2001

b. Technical staff

1.. Farm Supervisor (Hr. Grade) Mr. C.B.Sugathan 06-06-98 Continuing

2. Farm Assistant (Sr. Grade) Mrs. R. Jayanthi 13-05-96 Continuing

3 Driver Mr. K.S.Jayen 1.7.2001 Continuing

c. Adminstrative & Supporting staff

1. Assistant Smt K.K.Valasa 1.6.2001 Continuing

Mr.A. Reghu 29-05-99 /Continuing

® Associate Professor working against the post

4.2.9 DETAILS OF EXPENDITURE AND RECEIPTS DURING THE SECOND TERM

Source 1st year 
(1997-98)

2nd year 
(1998-99)

3rd year 
(1999-00)

4th year 
(2000-01)

5th year 
(2001-02)

Total

Share of 
Cadbury India 
Ltd.

8.00 10.00 11.00 12.00 13.00 54.00

Share of KAU 8.00 8.50 9.00 9.50 10.00 45.00

Internal receipt 2.00 2.00 - 2.00 2.00 2.00 10.00

Total 18.00 20.50 22.50 23.50 25.00 109.00

Actual
expenditure

18.51 19.30 25.40 43.73 27.70* 134.64
*

Actual receipts 2.53 3.94 5.53 3.76 6.5* 22.26*

♦U p to 31.1.2002
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5. PROPOSAL FOR EXTENSION TO THE THIRD TERM

5.1 BACKGROUND

The Cadbury - KAU Co-operative Cocoa Research Project (CCRP) was started with effect 

from April 1987. The project was sanctioned initially for a period o f ten years. On successful 

completion of the project with substantial improvement in infrastructure and technical know how on 

cocoa, the project was extended for a further term o f five years. The project is to terminate on 

31.3.2002. The major areas where the project could make a breakthrough and the need for continued 

financial support from the collaborators are furnished below:

1. Systematic introduction of germplasm material from the Quarantine Station o f University of 
Reading is in progress and a minimum of two consignments o f clones are received through 
the National Bureau of Plant Genetic Resources. Tltis introduction is very important in the 
case o f cocoa which is a newly introduced crop and in which variability in the country is very 
limited. This part o f the programme is being supported by M/s Cadbury, U K also. The 
centre has assembled 515 valuable types in the germplasm collection, which is rated as the 

largest in the country. This work has to continue. .

2. Breeding programme at Kerala Agricultural University is one o f the strongest in the world and 
the approximate number o f experimental hand pollinations made every year is about 10,000. 
Thousands o f hybrids were so far produced out o f which many have been carried forward to 
the stage o f field planting as four progeny trials. In the early years, yield improvement whs 
the only breeding objective. But since 1996, tolerance to VSD was added as yet another 
objective. These breeding programmes are to be continued utilising the variability introduced 

through the germplasm collections.

3. A long range programme o f inbreeding was started since 1988 and it has progressed upto S4. 
This unit o f KAU is perhaps the only unit in the world which has taken up the programme and 

this work is to be continued.

4. Systematic work on screening o f clones and hybrids for VSD tolerance has been taken up 

since 1996 and results from this work will have far reaching consequences in controlling the 

damage due to this disease. This disease is reported to have done substantial damage in 

countries like Malaysia and Papua New Guinea But the extent o f damage in India is 

comparatively low because o f the reasonable variability available in the cocoa population of 

the country. The studies could help to identify certain crosses as superior in producing 

tolerant hybrids. Among the parents identified as better for transferring resistance to the 

progeny, SCA-6 is characterised by small bean size, which is also heritable. Hence this could
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not be directly utilised for seed production. The other parents could be multiplied clonally and 

raised in a biclonal seed garden for direct production o f resistant hybrids. The study indicated 

that tolerance to VSD is heritable and the degree o f tolerance varied from hybrid to hybrid.

. There is scope for production of large number o f resistant seedlings by selection of parents 

and using them for hybridization.

From this trial, about 1500 VSD tolerant hybrids were field planted starting from 199B 

and these have just started yielding. Such a huge collection o f VSD tolerant hybrids is not 

available elsewhere. The evaluation and maintenance o f these hybrids and their improvement 

o f pod and bean characters through further back crosses is highly essential since most of the 

hybrids have SCA 6 as one o f the parents.

This part o f the work on identification o f clones resistant to this disease and evolution 

of hybrids combining disease tolerance and yielding ability is proposed to be continued.
t

5. Assessment of performance thousands of hybrids in the field which are at different stages o f

growth is to be done. Many hybrids are yet to attain steady yield. The observations are to be 

continued and the data are to be analysed statistically. There are a number of elite hybrids in 

different trials, which are to be systematically evaluated for yield and other desirable traits.

I

* 6, The poly and biclonal gardens established under the project are much valuable and their 

maintenance seem to be very essential to meet the demands of hybrid pods in the coming 

years.

7. The maintenance of scion orchards will be highly useful for supply o f bud wood to lire

' growers

8. The observations are to be continued in plants under different management trials and top 

working as these have not given confirmative results.

Hence, the present project is to be continued with the same manpower and 

infrastructure.

5.2 TECHNICAL PROGRAMME PROPOSED

1. Germplasm Qollection, evaluation and maintenance: The germplasm will be enriched through
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introduction from other cocoa growing countries. These clones will be evaluated for yield, pod and 

bean characters and resistance to diseases especially Vascular Streak Die back and pod rot. The

selected clones will be included in the breeding programme.

2. Hand pollination, screening hybrids for disease resistance, field planting o f tolerant hybrids and

their evaluation
3. Continuing individual plant observations on yield and other desirable traits in CYT I, II, III, IV, 

Progeny Trials PI, 11, ill, & IV ; Series Hybrids S1,S11,S111 and SIV and VSD triaL

4. Attempting back cross breeding in VSD tolerant hybrids with poor bean size

5. Maintenance of scion orchards and supply o f bud wood to die growers

6. Maintenance o f poly and biclonal seed gardens, production and distribution o f hybrid pods

7. Continuing individual plant observations in Top Working trial and

8. Estimation o f genetic parameters in different hybrids

53  ADDITIONAL INFRASTRUCTURE REQUIRED

The farm house maintained by the unit, needs remodelling for which a lumpsum provision o f 

Rs 0.5 lakhs is proposed. The power tiller o f the project is very old necessitating repair at very 

frequent intervals. Hence provision has been made for the purchase o f a new one.

5.4 PERIOD OF COLLABORATION

The proposed period of collaboration is five years.

5.5 SUGGESTED COLLABORATORS

The research programme was funded by Cadbury India Ltd. The funding was total during the 

first six years and limited to Rs. 6 lakhs for the next four years. The share o f the collaborators during 

the second term was Rs. 55 lakhs. It is suggested that there may be 50% funding by the collaborators 

during the third phase as per the budget enclosed.

5.6 MONITORING & EVALUATION

These are at present being done by officials of collaborators, M/s Cadbury India Ltd. and the 

technical committee constituted for the purpose by the University.
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;gaonjô £2o<si 0) <soi(fijsnsaeotb e ^ R S p p ® 3© . •



* 1 •

(g8®^aJD0CD(g(/3(ffl1(aii^®6o <SM>£©fflflG)eJ <9>0&J3OJ(irlflffl e^OSlaTaJ-  

<s>i<2Mi scaoffl* ©ooanT* <9>os ^(roTiuaj^s rotam cM iflm ao UJ<s®a<9> gsaixfo

o®{n)^(fii1 62>6U£jaJi5)S<9i&o* ^ejfflAOfO oaJau^efiiTaiieisaJio 

(rasnuiaoai mT&wmctfcala) Gi'tfMi&eoc&p) (n<gfUcaiED aJGu(u®fte><b e i& J a to a f l l -  

aTaJlffl4«9><a)io 6>aJ<su6Jio. cinjoffULDOcn (flftistoaabd’ g to & 'ta s  ta ja i^ T a J o i  

drtflioltnf m rf to / ta a b o  (§30)2061) trxsnidiCT (njtbniAfiJotfiaaj

la] <§<©£* lai3U)0C0io (PeJ&io .

WoGf&coTaJaJ a m ^ - a o o ®  geTaJODessB^Ao cnipxnTejruocuoj40 s ie m io ila ^ -

(OSftlcaiB1) aJf t̂Dtofl&db (IDCbniA&JDUBOGJ CDSaJaJiflld)-

(nil,0 0 .( 8 9 ^ .  ®j s ^ gb1 niTralaj e^ is^ m lA g T ^ m T m jo  ajcndu^aao 

ge'eQoa'loToJ' © o a s  aJoaui®  in<snjrffl®aJG°u)©1<9>d> aacnpG'teinJOf^

ge<SG oa1® im j.

l i  A l l  I n d i a  C o - o r d i n a t e d  R e s e a r c h  p r o j e c t  o n  P o s t  H a r v e s t  
T e c h n o lo g y  o f  H o r t i c u l t u r a l  C r o p s  -  V e l l a n i k k a r a .

2 .  C e n t r e  f o r  R e s e a r c h  o n  L a t e r i t e  S o i l s  -  p i l i c o d e .
3 .  A g r i b u s i n e s s  C o n s u l t a n c y  C o n s o r t i u m  -  D i r e c t o r a t e  o f  R e s e a r c h .
4 .  E l e p h a n t  S t u d y  C e n t r e ,  M a n n u th y .

g)®1 n>apJ40 ff>ffl (njofltfmsm ( f lfu te z d io  (umflMoaio ^aJaTajp mloi'lu)

(n<gnjc23® ftJGU)®H(9)§4o, 61o0*<nj1.< )̂*£33OCb • aJGtU®1flJ4ff)S

(ftjtplsb 4 0  tnenjtfflg*) aJtfuXCA&^Ao a]A®)A©WJ1 ift(oT<SaJir)aJs1®i^Si.

(ni(bm<S)ej3033&]6U4ff)S nilni'lu) (Peni^ffQ <ga>(iHGGB03£A6)s a , &o » AOoaJCRJA- 
<9>@461S 6U&0 gfi|(bffl) gBJunJ3GCD<Sb«aJ<a® <g(DSlsi<9lSifflp)®1a) g®<9>4® aJGU)®fl&to

0)SftJaJ0SBi(n)®3® . © <S®35)S3aTnJo *

i n t e n s i v e  i n t e g r a t e d ,  i r r i g a t e d  p r e c i s i o n  f a r m i n g ,  

p r o t e c t e d  c u l t i v a t i o n ,  P e r i - u r b a n  C o m m e r c ia l  
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5.7 FINANCIAL STATEMENT

SI.
No

Category Scale o f 
pay

No.
of

post
s

Period Total

I Yr. |I1 Yr. 
(2002- (2003- 
OS) i04)

III Yr. 
(2004
05)

IV Yr JVYr 
(2005- 1.(2006- 
06). j07)

Salaries .
1 Professor( Pi. 

Breed.)
16400
22400

lj 3.20 3.30
i

3.40| 3.50
__

3.60 17.00

2 Assoc. Pro£( Hort. & 
Agron.)

12000
18300

2I 5.10 5.30 5.50 5.70 5.90 27.50

3 Farm Supervisor Gr.I 7200-11400 ' 1 1.31 .1.32 1.33 1.34 1.35 6.65
4 Farm Assistant( Sel 

Gr.)
5800-9425 1 1.14 1.15 1.17 1.19 V21

V •
5.86

5 Assistant Sel. Gr • 5800-9425 1 1.11 1.13 1.15 1.17 1,19 5.75
6 Asst. Gr.I 4600-7125 1 0.99 1.01 1.03 1.05 1.07 5.15

7 Driver 3350-5275 1 0.63 0.65 0.66 0.681 0.69 *, 3.31
TOTAL(l) 8 13.48 13.86 1424 14.63 15.01 t 71-22

■ Travel expenses (2) 0.10 0.10 0.10 0.10 0.10 0.50
Nftn-rccurrins contingencies . _
Remodelling farm house 0.50 1 0.50

Power Tiller with trailer 1.00 t 1.00

Total(3) 1.50 1 1.50
llffiirrinp  contingencies ' ■ —
Farm Ooerations 10.50 10.60 10.70 10.80 10.90 53.50

Rese
Fuel
powt

arch materials ' 1.00 1.20 1.40 1.60 1.80 7.00

charges and maintenance o f vehicle, 
ar tiller & Diesel pumpset

0.60 0.70 0.80 0.90 1.00 4.00

Miscellaneous expenditure 1.00 1.20 1.40 1.60 1.80 7.00

Total{4) 13.10 13.70 14.30 14.90 15.50 71.50

G. TotaUl+2+3+4) 28.18 27.66 28.64 29.63 30.61 144.72

. Receipts anticipated 3.00 3.20 3.40 3.60 3.8 14.00

ABSTRACT OF FINANCIAL ESTIMATE ( Rs. in lakhs)

Source . Is1 year 
(2002- 
OS)

2nd year 
(2003-04)

3rd year 
(2004-05)

4th year 
(2005
06)

5,h year 
(2006
07)

Total

Salaries 13.48 13.86 14.24 14.63 15.01 71.22

TA 0.10 , 0.10 0.10 0.10 0.10 0.50

-Recurring contingencies „ 1.50 1.50

Recurring contingencies " 13.10 13.70 14.30 14.90 15.50 71.50

Total 28.18 27.66 28.64 29.63 30.61 144.72

Receipts anticipated 3.00 3.20 3.40 3.60 3.8 14.00
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TREES AND PODS OF SOME 
RELEASED CLONES

SOME HIGH YIELDING HYBRIDS

TWO SUPERIOR CLONES 
UNDER EVALUATION

STEM FORKING IN S, INBREDS4
BEAN PIGMENTATION IN INBREDS



SCREENING FOR RESISTANCE TO VSD
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Seedling blight Black pod Top worked tree
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