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Abstract

A field experiment to study the influence of fertigation through drip and micro sprinkler of N, P and K fertilizers on pod characters of
cocoa (Theobroma cacao L.) was conducted at Coimbatore, India during January 2010 to December 2011. The experiment was laid
out with thirteen treatments replicated three times in a randomized block design. The study revealed that, fertigation with 125 per cent
RDF (Recommended Dose of Fertilizer) as water soluble fertilizer by drip irrigation (T,) recorded the highest pod length (17.72 cm),
pod girth (28.69 cm), pod weight (541.88 g), husk weight (387.83 g), pod volume (610.55 cc) and number of pods per tree per year
(59.49) as against 12.98, 12.76, 31.69, 29.51, 34.66 and 21.05 % increase over the control (T,), respectively. The same treatment (T,)
recorded the lowest number of cherelle’s per tree (9.59) and pod value (16.11).
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Introduction

Cocoa (Theobroma cacao L.) the ‘Food of Gods’ is one of
the most important plantation crops consumed worldwide and
around 40-50 million people depend on cocoa for their livelihood
(World Cocoa Foundation, 2011). Cocoa is cultivated mainly
in Africa, Asia, Central America and South America. Major
cocoa producing countries are Ivory Coast, Ghana, Indonesia,
Nigeria, Cameroon, Brazil, Ecuador and Malaysia. The annual
production is around 3 million tonnes with an estimated value of
$ 5.1 billion (World Cocoa Foundation, 2010). Ivory Coast leads
in production occupying 38 % of total world cocoa production
followed by Ghana (21 %), Indonesia (13 %), Nigeria (5 %),
Cameroon (5 %), Brazil (4 %), Ecuador (3 %), Malaysia (1 %)
and others (10 %). West Africa alone contributes nearly 70 % of
the world cocoa production.

Cocoa is a viable intercrop in coconut as well as arecanut
plantation in India. Remunerative price, better market intervention
and support given to the crop have brought fruitful results in
area expansion under the crop. In India, four states viz., Kerala,
Andhra Pradesh, Tamil Nadu and Karnataka share the major
cocoa production. The current area is estimated to be 46,318 ha
with the production of 12,954 MT (metric tonnes). The average
national productivity is 550 kg dry beans per ha. Kerala leads the
production with an area of 11,044 hectares contributing 6344 MT
of cocoa beans with a productivity of 592 kg per hectare. Tamil
Nadu occupies third in cocoa cultivation and the area reported
under this crop is 15,000 ha with an annual production of 350 MT
(Directorate of Cashewnut and Cocoa Development, 2011).

Cocoa is cauliflorous and flowering cycle follows certain seasonal
patterns. Flowering and fruit set are the most critical periods
occurring after the establishment of a crop (Nainanayake ef al.,
2008). Fertigation at proper time and dose will increase the pod
yield constantly.

More than 80 % of active roots in cocoa are located within the
radius of 30-60 cm. The surface applications of the required
fertilizers are to be applied between 30-60 cm distances from the
main trunk under conventional system of irrigation. Such a spot
application of fertilizers often mismatch with meeting the nutrient
requirement of the crop. The physical processes such as leaching,
runoff, volatilization efc. leads to loss of applied nutrients besides
affecting the environment. Fertigation has come in handy for this
purpose. Fertigation not only supplies nutrients precisely and
timely, but also provides monetary gain and ecological safety by
avoiding pollution of ground water resources (Patel and Rajput,
2000).

In Tamil Nadu, a dose of 100:40:140 g NPK tree' year! is
generally recommended (Anon, 2004) for cocoa. The tap roots
(1.2 m deep) in cocoa acts as physical support and only lateral
roots (20 - 30 cm) absorb the moisture and nutrients. As cocoa
is very sensitive to moisture stress and water logging, irrigation
should be given to optimum level for the better growth. Hence,
the present study was aimed to evaluate the fertigation system
involving drip, sprinkler irrigation methods; comparing the
farmers practice (surface irrigation + soil application of RDF)
and various level of fertilizer application on pod characters of
cocoa.

Materials and methods

Field experiments were conducted at Department of Spices
and Plantation Crops, Tamil Nadu Agricultural University,
Coimbatore, India during January 2010 to December 2011 to find
out the effect of fertigation on pod characteristics of cocoa. The
age of cocoa trees was six years which were intercropped with
coconut of 30 years old. Cocoa was spaced at 3 x 3 m between
the two rows of coconut. Besides, one cocoa plant was planted
in between two coconut trees within the coconut row (Fig.1).
The population of cocoa trees maintained was @ 500 plants
per hectare. Flowering in cocoa was throughout the year and
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Fig. 1. Lay out of drip and micro sprinkler in cocoa

two peak harvest seasons viz., March to May and September to
November were observed. Among these two seasons, March-
April (flowering) to July (pod harvest) season is considered as
lean cropping period (1% season) while September (flowering) to
December (pod harvest) season is considered as peak cropping
period (2™ season).

The drip line was laid out as per the spacing of cocoa trees i.e.
3 x 3 m. In case of drip irrigation for each tree, two drippers
were installed @ 8 Lph (litres per hour) dripper’. Two half sub
circle micro sprinklers were installed per tree @ 60 Lph micro
sprinkler! to cover the entire basin. The half sub circle micro
sprinkler type with a height of 30 cm and it sprinkled an area of
60 cm. A venturi assembly was used for mixing fertilizer with
irrigation water.

The experiment was laid out in Randomized Block Design (RBD)

and micro sprinkler irrigation system

(fertigation) at weekly intervals and the irrigation was resorted
once in a day (20 litres tree” day™').

The observations on pod characters were recorded as per standard
procedures and analyzed statistically. The cherelle is referred
to the elongation of immature pods from the pod set. The pod
length was measured from stalk to apex and girth was measured
at the centre of the pods by using thread. Volume of the pod was
recorded in cubic centimetre by the water displacement method
and pod value can be defined as the number of pods required to
produce one kg of dry beans.

Results and discussion

The impact of fertigation could be clearly observed from the
increased pod characters as compared to conventional fertilizer
application. Fertigation using water soluble fertilizers at 125 and
100 per cent recommended levels, significantly and consistently



Effect of fertigation through drip and micro sprinkler on pod characters in cocoa (Theobroma cacao L.) 119

proved better for these parameters. Though fertigation using
straight fertilizers at 125 per cent level improved these parameters,
fertigation using water soluble fertilizers proved to be still
better.

Pod set is an important factor which decides the productivity
in cocoa. In the present study, the highest pod set per cent was
observed by application of 75 per cent RDF as WSF through
fertigation by drip irrigation. It was higher than the 100 per cent
RDF conventional method of fertilizer application (Table 1). This
might be due to increased uptake of nutrients which resulted in
enhanced synthesis of hormones like auxins and gibberellins.
High pollen output, increased pollen germination are other factors
contributing to increased set. Water applied through drip irrigation
nearer to the root zone always maintains soil moisture in field
capacity range and no moisture stress occur during the flowering
and pod development stage and thereby the flower or premature
pod drop was minimized. This might have resulted in higher per
cent of pod set as evident from the lower percentage of cherelle
in fertigated treatments (Table 2).

The plants which received 125 per cent RDF as WSF through
fertigation by drip irrigation (T,) recorded the maximum pod length
(17.72 cm) and pod girth (28.69 cm) (Table 3 and 4). This increase

Table 1. Effect of drip and micro sprinkler fertigation on percentage of
pod set at various seasons
Treatments 2010 2011
I 2" Mean I 20 Mean
season  season season  season

Pooled

T, 14 19 16 14 18 16 16
T, 13 19 16 15 20 18 17
T, 13 18 15 13 18 15 15
T, L1 18 15 13 19 16 L5
T, 14 18 16 15 19 17 17
T, 14 20 17 16 19 17 17
T, 14 19 17 14 19 17 17
T, 09 14 12 09 13 L1 12
T, 09 13 11 08 12 10 11

T, 08 13 11 10 12 L1 Ll

T, 12 14 13 09 12 1Ll 12
T, 09 14 12 09 13 L1 11

T, 10 15 13 08 14 Ll 12
CD (0.05) 0.05  0.07 0.06  0.07 0.06
CD (0.01) 0.07  0.09 0.08  0.10 0.09

Table 2. Effect of drip and micro sprinkler fertigation on total number
of cherelle’s tree™ at various seasons

Treatments 2010 2011

1 2@ Total I 2 Total
season__season season__season

Pooled

T, 414 374 788 343 302 644 716
T, 8.3 8.8 17.1 8.0 7.4 154  16.2
T, 6.9 6.7 13.6 6.1 5.5 11.6  12.6
T, 53 5.1 10.4 4.7 4.1 8.8 9.6
T, 10.1 10.0  20.1 10.1 102 202 202
T, 9.4 9.1 18.5 8.5 8.0 16.5 175
T, 9.2 9.0 18.2 9.0 8.2 173 178
T, 201 239 440 203 187 389 415
T, 19.3 11.4 307 11.3 102 215 262
T, 11.8 273  39.1 159 113 272 331
T, 249 236 485 19.0 215 405 445
T, 169 123 292 13,6 184 320 306
T, 157 106 263 100 146 246 254
CD (0.05) 1.81 1.81 147  1.39 3.13
CD (0.01) 2.46  2.46 2.00 1.89 4.27

in length and girth could well be attributed to the increased rate
of photosynthesis which could have further led to the better
partitioning of assimilates. Many characters of the pods like cell
size, laticiferous canals, inter cellular spaces in different tissues
of the pod contribute to the increase in length and girth of pod
(Singh et al., 2008).
Table 3. Effect of drip and micro sprinkler fertigation on pod length
(cm) at various seasons
Treatments 2010 2011

I 2nd Mean I 2nd Mean

season__season season__season

Pooled

T, 154 158 156 155 149 152 154
T, 166 164 165 176 166 17.1 168
T, 172 174 173 174 171 172 173
T, 176 179 178 179 174 177 177
T, 168 166 167 164 169 167 16.7
T, 170 164 167 169 160 165 16.6
T, 170 173 171 170 167 169 17.0
T, 168 163 166 164 159 161 164
T, 161 170 166 169 166 168 16.7
T, 167 159 164 159 163 162 163
T, 157 163 159 159 159 159 159
T, 159 161 161 168 164 166 163
T, 169 159 164 161 168 165 165
CD (0.05) 055  0.55 0.56  0.54 0.55
CD (0.01) 0.75  0.75 077 0.74 0.75

Table 4. Effect of drip and micro sprinkler fertigation on pod girth (cm)
at various seasons
Treatments 2010 2011

1t 2nd Mean I 2nd Mean
season  season season  season

Pooled

T, 258 249 253 257 237 247 250
T, 271 261 266 273 268 271 268
T, 271 273 272 289 299 294 286
T, 288 276 277 293 299 297 287
T, 267 263 265 272 260 266 266
T, 267 259 263 278 272 275 269
T, 274 261 267 280 277 278 273
T, 259 255 257 262 268 265 26.1
T, 261 264 263 281 272 277 269
T, 267 268 268 274 283 279 273
T, 259 251 255 271 251 261 258
T, 259 253 256 269 269 269 262
T, 268 259 264 269 279 275 269
CD (0.05) 0.88  0.86 092 0.5 0.89
CD(0.01) 120 118 125 1.29 1.22

Pooled mean values of pod weight and husk weight showed that
125 per cent RDF as WSF through fertigation by drip irrigation
(T,) registered the highest pod weight (541.88 g), husk weight
(387.83 g) and pod volume (610.55 cc) (Table 5, 6 and 7). Many
physiological activities like increased uptake of water and
nutrients, photosynthetic rate contribute to more protoplasm, cell
division and cell enlargement complementing vigorous growth
(Veeranna ef al., 2000). This in turn increased the biometric traits
like pod weight, husk weight and pod volume.

The treatment combination of 125 per cent RDF as WSF through
fertigation by drip irrigation (T,) recorded the highest number
of pods per tree (23.50 and 34.17, 25.95 and 35.36) during first
and second season of 2010 and 2011, respectively (Table 8). The
minimum number of pods per tree was reported by the control
(100 per cent RDF as surface application) might be due to the
poor availability of nutrients, resulting in lower efficiency of
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Table 5. Effect of drip and micro sprinkler fertigation on pod weight (g)
at various seasons

Treatments 2010 2011

& 2nd Mean 1 2nd Mean
season  season season  season

3664 3993 3828 3414 373.6 3575 3702
4813 4850 4832 4837 4604 4720 477.6
5206 5132 5169 5140 5358 5249 5204
5340 5466 5403 5413 5456 5434 5419
473.0 4769 4750 4715 4832 4774 4762
487.6 509.8 4987 4938 4841 4889 4938
5062 4976 5019 5042 5193 511.8 5069
4345 4588 4467 4418 4451 4434 4451
4441 4915 4678 4654 4955 4805 4741
492.6 4857 489.1 500.1 5063 5032 496.2
4352 4517 4435 4213 4449 4331 4383
469.1 4752 4722 4258 4682 4470 459.6
; 4864 4849 4857 4826 4935 4881 4869
CD (0.05) 1724 1699 17.77  17.61 17.29
CD(0.01) 2349 23.17 2421 2399 23.56

Pooled
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Table 6. Effect of drip and micro sprinkler fertigation on husk weight
(g) at various seasons
Treatments 2010 2011

It 2nd Mean It 2nd Mean
season  season season  season

Pooled

T, 279.0 2946 2868 2466 2734 2599 2734
T, 3622 351.8 3569 3547 3397 3472 3521
T, 3669 3744 3701 3635 3743 3689 3695
T, 371.8 4040 3879 3792 3963 387.7 3878
T, 346.7 3479 3474 3301 3562 3432 3453
T, 3487 3769 3628 3668 3454 3561 359.5
T, 3702 3659 3680 3564 3785 3675 3677
T, 3347 3409 3378 3415 3347 3381 3379
T, 3251 3665 3458 337.0 3729 3549 3504
T, 3583 3658 3621 3604 3720 3662 3642
T, 336.6 3402 3384 321.8 3252 3235 3309
T, 3489 3359 3424 3024 3593 3309 336.6
T, 3542 3561 3551 3474 3558 3516 3534
CD(0.05) 12.13 1256 1274 1271 12.39
CD(0.01) 1653 17.12 1736 1733 16.89

photosynthesis accumulation of assimilates and less dry matter
production. Similar results were also reported by Oliveira et al.
(2006) in cashew.

The pod value contributes the realizable produce for the farmer
and lower pod value contributes to higher bean yield. In the
present study, these parameters were directly influenced by the
fertigation treatments. The minimum pod value (16.29 and 15.58,
16.66 and 15.87 during first and second season in 2010 and 2011)
was recorded in T, (Table 9). Fertigation with higher nutrient
level (125 per cent) resulted in higher availability of required
nutrients in soil which obviously led to increased growth, leaf
area; higher uptake of nutrients, better photo assimilation and
better translocation of assimilates from source to sink which in
turn increased the pod yield.

Studies taken up in fertigation with cocoa indicated that a dosage of
125 per cent RDF as water soluble fertilizer through fertigation
by drip irrigation (T,) remarkably improved the pod characters.

Table 7. Effect of drip and micro sprinkler fertigation on pod volume
(cc) at various seasons

Treatments 2010 2011
I 2nd - Mean I 2nd - Mean
season season season season

399.2  420.2 409.7 3758 4003 388.1 398.9
519.0 499.7 5093 5404 523.7 532.0 520.7
600.4 6053 6029 560.8 5845 572.7 5878
623.2 609.4 6163 5992 6103 6048 610.6
550.2 5323 5412 483.1 541.6 5124 5268
5347 561.8 5482 544.1 4929 518.6 5334
571.1 5683 569.7 5813 563.0 5722 570.9
495.4 4873 4913 4735 4577 465.6 4785
531.9 500.8 5163 498.6 5003 499.5 507.9
592.0 538.6 5653 541.6 5222 5319 548.6
448.6 4785 463.6 4443 4974 470.8 467.2
496.4 5073 501.9 500.7 488.3 4945 498.2
5229 544.6 533.7 518.7 540.7 529.7 531.7
CD (0.05) 20.26 19.55 20.08 19.21 19.51
CD (0.01) 27.61 26.64 2736 26.17 26.59

Pooled
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Table 8. Effect of drip and micro sprinkler fertigation on number of pods
per tree at various seasons

Treatments 2010 2011

1 2nd Total 1 2nd Total
season season season season

Pooled

T, 193 286 479 197 264 461 469
T, 227 337 564 241 332 574 569
T, 233 340 573 243 337 579 576
T, 235 342 577 259 354 613 595
T, 222 309 532 238 308 546 539
T, 220 332 552 237 314 551 551
T, 229 335 564 252 339 591 577
T, 194 299 493 223 281 504 498
T, 239 307 546 220 321 541 544
T, 217 327 544 251 312 563 554
T, 208 292 500 203 28.0 483 49.1
T, 210 297 508 213 312 524 516
T, 222 311 533 204 325 529 531
CD (0.05) 077 112 082 115 1.90
CD(0.01) 1.04 152 112 1.57 2.59

Table 9. Effect of drip and micro sprinkler fertigation on pod value at
various seasons
Treatments 2010 2011
I 2" Mean I 20 Mean
season__season season__season

Pooled

T, 325 314 319 285 283 284 302
T, 2156 220 218 203 1901 197 208
T, 171 166 169 167 168 168 168
T, 163 156 159 167 159 163 16.1
T, 244 227 236 218 218 218 227
T, 183 200 191 202 198 199 19.6
T, 179 177 179 181 17.7 179 179
T, 243 234 238 222 223 223 231
T, 213 204 209 224 239 232 220
T, 183 185 184 199 186 193 188
T, 269 236 252 246 214 230 241
T, 208 209 209 213 218 216 212
T, 202 206 204 207 190 199 20.1
CD (0.05) 1.04 097 0.88  0.88 0.93
CD (0.01) 142 132 120 1.19 1.26
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