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clones under arecanut and coconut
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Cocoa as a commercial crop gained
importance in India from 1970 onwards and since
then Central Plantation Crops Research Institute
(CPCRI) was involved in germplasm introduction
and evaluation. Multipurpose trees like coconut
(Nelliat et al., 1974; Liyange, 1985; Bavappaet al .,
1986; Thomas et al., 2010) arecanut (Shama Bhat
and Bavappa, 1972; Abdul Khader et al., 1984;
Sujatha et al., 2011), rubber (Blencowe, 1971) and
oil palm are used as shade treesin Malaysia, India,
Papua New Guinea and Brazil for cocoa. Most of
the breeding trials in cocoa were initiated and
conducted under arecanut to test the adaptability,
stability and yielding potential of collected lines.
Though few experiments were conducted on single
and double hedge system of planting under coconut,
there was not much work on evaluation on suitable
cocoaclonesfor their comparative performance both
under arecanut and coconut. Cropping systems of
coconut with cocoaare common in several countries
(Daswir et al., 1988; Abbas and Dja'far, 1989; Osei
Bonsu et al., 2002).

In India, Andhra Pradesh ranks first in cocoa
areawith 16,969 ha (DCCD, 2011) whichismainly
under coconut and cocoa is grown as an intercrop
in Tamil Nadu as well. Total coconut and arecanut
areain Indiaas per 2008-2009 datais 1895 and 388
thousand hectares respectively and these gardens
offer sufficient interspaces and shade for cocoa
cultivation. To fulfill the requirement of Indian
chocolate industry and to increase the average
productivity from the present 380 kg per ha,
identification of high yielding cocoa lines with
quality beansisessential. Hence, an effort wastaken
to compare and assess the performance of selected
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cocoa lines both under arecanut and coconut
plantations.

Twenty five mixed cocoa lines of exotic
origin, Malaysian and Kew collections in two sets
were multiplied as clones and planted under
randomized block design during 1992 at CPCRI,
Regional Station, Vittal in Karnataka, under
2.7 m x 2.7 m spaced arecanut at a distance of
2.7 m x 5.4 m and at the then Research Centre,
Kannara, Thrissur in Kerdastate under 7.5mx 7.5 m
spaced coconut at a distance of 25 mx 7.5 m. The
treatments were replicated twice with six trees per
block and growth and yield observations were
recorded. Growth characters such as plant height,
girth, height at first branching and canopy volume
were compiled from 12 year old trees. The canopy
areawas calculated considering the canopy surface
as cone shaped and using the formula rtrl, where,
r = (EW+NS)/4 and | = \r? + h? and h = canopy
height. The podyield of individual treesin each clone
during each harvest was compiled and given as
average pod yield per tree per year for six years after
yield stabilization from ninth to fourteenth year. Pod
characterigtics such asindividua pod weight and bean
number per pod were measured from five pods of
each tree. Beans were fermented, dried, processed
and observed for single dry bean weight (SBW)
shelling percentage and dry bean yield (DBY) per
tree per year. Quality parameter intermsof fat content
of dry bean was estimated by petroleum ether
extraction method using Soxhlet apparatus and
expressed in percentage. The data were subjected to
satistical analysis using WINSTAT software.

All the exatic clones were observed for their
growth behavior under arecanut and coconut shades
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which exhibited considerable differences. Under
arecanut, none of the clones of set | recorded
significant results, whereas the clones of set 1l
showed significant difference in their growth habit
(Table 1). The height ranged from 2.76 to 4.65 m,
girth from 27.7 to 51 cm, height at first branching
1.30to 1.77 m and canopy areafrom 2.38 to 12.2 nv?
under arecanut. Whereas under coconut, height
ranged from 2.89 to 4.85 m, girth 28.8 to 46.8 cm,
height at first branching 0.74 to 1.70 m and canopy
area 3.04 to 23.4 m? in cocoa. In general, under
arecanut most of the cocoa clones showed vigorous
growth than under coconut except first branching
heights.

Table 1. Growth performance of exotic cocoa clones under arecanut
(A) and coconut (C)

S.  Clone Height
No. (m)
A C

402 357
417 404
347 427
387 279
383 392
386 353
365 294
397 341
388 297
355 424
353 419

044 026
NS 058

465 400
393 319
320 321
378 371
276 289
369 4.06
351 390
288 411
279 322
327 367
374 420
393 339
378 485
355 39

Girth
(cm)
A C

452 370
503 396
433 403
517 312
515 341
4.7 399
43 343
475 348
518 343
440 337
470 363

629 336
NS 748

414 352
414 391
341 353
510 349
320 291
375 468
384 411
325 416
217 288
341 472
392 417
414 382
509 454
402 398

HAFB Canopy area
(m) (m?)
A C

115 1.2
1.05 223
0.88 17.3
118 109
0.94 14.7
115 158
112 10.3
0.80 136
0.98 104
0.95 146
1.08 195

0.50 322
NS 717

130 121
142 9.56
116 4.99
161 6.39
142 3.04
173 121
154 8.40
133 10.6
133 351
150 6.18
177 8.12
142 6.24
161 234
162 110

SEd 022 063 392 79 019 027 123 380
CD(5%) 048 136 842 1705 NS 058 265 815

*observationsin 12 yrs old trees. HAFB: Height at first branching

C

131
127
117
124
137
161
151
1.60
117
157
0.95

032
NS

110
122
136
150
144
141
156
117
110
165
170
154
0.82
0.74

A

16.3
215
155
165
16.9
16.3
14.2
184
16.8
150
156

423
NS

122
7.66
547
711
2.38
6.34
5.68
361
290
4.28
5.88
8.68
711
5.40

VTLC1
VTLC2
VTLC3
VTLC4
VTLC5
VTLC 6
VTLC7
VTLC8
VTLC9
VTLC 10
VTLC 11

SEd

CD (5%)
VTLC 68
VTLC 61
VTLC 62
VTLC 66
VTLC 67
VTLC 57
VTLC 65
VTLC 63
VTLC 64
VTLC 59
VTLC 58
VTLC 56
VTLC 70
VTLC 75

2 OO0 NOoO O WwN -

BB

12
13
14
15
16
17
18
19
20
21
22
23
24
25

The pod yields were compiled after yield
stabilization and presented for six years from ninth
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to fourteenth year of tree growth (Table 2). Among
the set | clones the mean yield ranged from 23.5 to
51.3 pods per tree per year under arecanut whereas,
it ranged from 30.0 to 71.2 pods per tree per year
under coconut. Among set 11 clones, theyield ranged
from 25.9t0 55.3, under arecanut whereas, it ranged
from 18.2 to 61.0 pods per tree per year under
coconut (Table 3). In general, the pod yields were
the highest under coconut, though the morphological
vigour is comparatively lesser than arecanut. The
shade and light transmission pattern in coconut
gardens might have favoured more flowering and
fruit set. Similar results were obtained at cocoa and
coconut research institute of Papua New Guinea
(Efronetal., 2003). Their study showed that planting
small clones at higher density was economically
beneficia than the big and medium clones. Themean
data showed that the clones, VTLC-56, VTLC-57,
VTLC-1, VTLC-6, recorded an average of 55.3,
55.4, 51.3, 50.4, pods per tree per year respectively
under arecanut and under coconut, the clones,
VTLC-66, VTLC-1, VTLC-57, VTLC-59, VTLC-
65 and VTLC-6 were found to be good with yield
efficiency of 61.0, 57.6, 56.1, 54.3, 54.3 and 52.4
pods per tree per year respectively. Among al the
exotic clones, VTLC-1, VTLC-6, VTLC-8 and
VTLC-57 recorded high and stable pod yields per
tree per year under both the canopies.

Twenty five exotic clones were compared for
their yield contributing characters and their mean
values are given in Table 4. Among them, the pod
weight ranged from 199 to 570 g and number of
beans per pod ranged from 30 to 45 under arecanut,
whereas both pod weight and number of beanswere
the lowest under coconut, which ranged from 250.6
t0520.2 g with 30to 43 beans. But most of the clones
had >350 g single pod weights. Lachenaud (2003)
suggested that individual pod weights mainly
contributed to the total pod weight, harvest
efficiency and bean filling. There were reports on
difference in the number of beans among cocoa
groupsand populations (Allen, 1988) and the studies
on Forastero, Trinitario and Amelonado types by
Lachenaud et al. (1998) showed that the average
number of beans per pod was between 33.3t0 42.1
and most of the clonesin this study also showed the
same trend. More than 40 number of beans were
observed in 13 clones under arecanut and 9 clones
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Table 2. Pod yield performance (no. of podstree? yr?) of exotic cocoa clones set | under arecanut (A) and coconut (C)

Clones

Year after yield stabilization

4 5 6 Mean

A C A C A C

A C A C A C A C

VTLC1 46.6 519 455 89.0 50.3 54.8
VTLC2 153 40.6 16.8 64.5 276 829
VTLC3 252 414 24.3 355 347 409
VTLC 4 187 749 20.2 417 16.4 287
VTLC5 283 215 240 36.2 313 261
VTLC6 373 515 320 475 451 755
VTLC7 183 328 124 57.8 208 301
VTLC8 24.2 75.7 293 839 396  106.1
VTLC9 387 32.7 320 375 373 36.2
VTLC10 163 159 17.0 36.4 232 222
VTLC 11 210 325 290 36.5 378 306

488 423 602 485 567 595 513 576
369 608 557 408 452 445 329 556
688 338 826 412 476 368 472 383
253 345 3715 376 393 339 263 419
492 311 633 388 427 406 398 334
497 553 726 481 660 368 505 524
247 316 289 369 39 368 235 376
471 636 562 440 502 540 426 712
527 259 435 35 557 371 433 346
230 349 3%4 413 330 295 247 300
538 381 463 395 509 362 398 356

SEd 2172 0.04 333 0.27 2.63 0.75
CD (5%) 463 0.10 5.67 0.60 4.48 166

191 225 240 262 281 255
326 501 409 584 478 569

Table 3. Pod yield performance (no. of podstree? yr) of exotic cocoa clonesset |1 under arecanut (A) and coconut (C)

Clones

Year after yield stabilization

4 5 6 Mean

A C A C A C

A C A C A C A C

VTLC 68 248 15.7 183 140 26.0 235
VTLC 61 248 339 26.3 73.0 29.2 52.3
VTLC 62 26.2 38.1 26.9 40.5 305 240
VTLC 66 26.7 76.3 134 85.1 218 69.3
VTLC 67 28.1 28.6 29.9 50.5 40.3 25.8
VTLC 57 34.2 51.0 484 56.5 53.6 55.9
VTLC 65 290.7 54.8 249 69.5 35.8 83.8
VTLC 63 28.2 20.9 147 179 26.1 25.8
VTLC 64 259 146 189 40.0 30.7 56.8
VTLC 59 439 46.2 243 53.9 38.8 81.0
VTLC 58 39.7 158 26.8 78.9 343 65.8
VTLC 56 39.6 250 259 59.9 26.0 515
VTLC 70 149 42.6 147 434 259 87.5
VTLC 75 282 322 24.7 93.5 40.0 55.8

438 136 467 136 548 286 357 182
364 400 432 299 307 259 3L7 425
498 342 466 166 672 314 412 308
342 381 215 4717 328 547 251 610
564 278 520 325 581 237 441 315
610 589 602 56.0 633 582 534 561
5.0 537 634 338 369 304 416 543
280 185 3HB9 179 25 219 269 238
4.7 3719 211 226 337 2659 295 329
536 800 402 388 647 261 442 543
478 556 488 498 425 581 400 540

1123 453 708 274 571 238 553 388

215 %96 362 395 419 424 269 525
354 343 527 288 205 B4 3B6 467

SEd 450 126 263 212 194 173
CD(5%) 964 270 564 454 415 371

532 132 220 220 275 313

1142 283 473 472 590  6.72

under coconut. More than one gram single dry bean
weight was observed in 10 clones under arecanut
and 14 clones under coconut. The dry bean weights
were comparable with each other among 20 clones
both under arecanut and coconut which contributed
much to the total dry bean yield per tree per year.
Not much difference was observed with pod index
which is the approximate number of pods required
to produce 1 kg dry beans. More than fifteen clones
exhibited favorable pod index under both canopies.
Four clones had less pod index under arecanut and
another five clones had less pod index under
coconut. It is reported that farmers of major cocoa

producing countries prefers low pod index because
lesswork isinvolved in harvesting and pod breaking
(Eskes and Lanaud, 2001).

Thedry beanyield, whichisthe combination
and product of number of pods, number of beans
and single dry bean weight, ranged from 0.70 to
2.48 kg under arecanut and 0.43 to 2.78 kg under
coconut. 17 clones under arecanut and 22 clones
under coconut recorded more than 1 kg dry bean
yield per tree per year and 3 clones under arecanut
and 6 clones under coconut recorded more than
2 kg dry beanyields. The shell content ranged from
12.9 to 29.2 per cent under arecanut and under
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Table 4. Compar ative performance of main yield components of exotic cocoa clones under arecanut (A) and coconut (C)

Set  Clones Meanno.  Singlepod Mean no. of Singledry Pod index Drybeanyield  Shell Fat
of pods weight (g) beanspod®  bean weight (g) (kg'treetyear?) content (%)
treelyear? (%)
A C A C A C A C A C A C A C A C
Setl VTLC1 513 576 3760 3660 420 400 115 110 216 226 248 254 130 110 505 525
VTLC2 329 556 4680 3525 412 312 090 09 297 281 122 167 200 150 410 421
VTLC3 472 383 3760 3665 358 320 081 106 314 312 137 130 255 120 449 492
VTLC4 262 419 5680 3200 430 308 115 100 251 249 130 129 129 150 500 507
VTLC5 398 334 3940 3760 398 333 093 094 291 284 147 104 212 130 493 521
VTLC6 504 524 4500 3415 430 363 098 110 243 236 212 209 187 150 505 520
VILC7 234 376 4100 3735 380 355 091 09 299 280 081 120 250 200 490 46.6
VTLC8 427 712 5700 3260 368 358 090 109 275 281 141 278 253 160 480 530
VTLC9 432 346 4000 4415 400 351 109 103 251 252 18 125 147 130 500 550
VTLC10 247 300 4450 3735 450 344 09 098 268 275 100 101 190 180 470 489
VTLC11 397 356 5080 4080 426 331 09 120 245 266 162 141 166 140 420 522
Setll VTLC68 357 182 1990 2506 340 340 110 070 420 267 133 043 167 250 518 434
VTLC61 317 425 3730 3505 340 420 065 106 225 453 070 189 263 150 405 518
VTLC62 412 308 3840 385 326 330 071 073 415 432 09 074 247 210 414 414
VTLC66 251 610 3520 3754 328 340 050 080 368 610 041 166 292 250 455 420
VTLC67 441 315 2760 3005 330 430 065 110 211 466 095 149 247 140 452 529
VTLC57 534 561 4830 4002 420 400 127 115 217 188 28 258 150 150 540 525
VTLC65 416 543 4170 3902 410 400 114 117 214 214 195 254 136 150 510 509
VTLC63 259 238 2695 3502 350 380 08 08 329 336 077 072 225 250 349 354
VTLC64 295 329 3205 3702 404 400 076 076 329 326 091 100 180 250 408 458
VTLC59 442 543 4940 4105 420 350 100 106 278 238 18 202 152 150 510 510
VTLC58 400 540 4610 4006 412 300 08 083 402 286 140 134 174 200 486 406
VTLC56 553 388 5420 5005 300 410 071 078 313 470 118 124 163 150 492 462
VILC70 269 525 5520 5202 326 412 083 08 279 370 073 18 174 164 313 426
VILC75 336 467 320 3606 404 400 098 093 269 253 133 174 180 161 493 455
coconut it was 11 to 25 per cent. The fat content References

mostly corresponds to the size of the beans which
ranged from 31.3 to 54.7 per cent under arecanut
and 35.4 to 56.7 per cent. In general, 10-15 per
cent shell and >50 per cent fat is considered as
favourablefor industrial quality. In our experiment,
14 clones had less shell and high fat contents under
coconut.

With optimal canopy, high pod yield
throughout the growing period, less pod index,
more number of beans, high single dry bean
weight and dry bean yield, required shell and fat
contents, the clones VTLC-1, VTLC-57 and
VTLC-6 were the best for both arecanut and
coconut canopies. These clones can be utilized
effectively in the area expansion programs in
states of Kerala, Karnataka, Tamil Nadu, Andhra
Pradesh, Maharashtra, Goa, Assam and West
Bengal with favourable environment and available
space with the main crops of arecanut and
coconut.
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