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The results of a field experiment conducted for six years on laterite soil showed that single superphosphate
ammonium phosphate, nitrophosphate and rock phosphate had similar effects on the vield of nuts palm_i
yr . However, when percentage vield increase over pretreatment yield was computed, rock phosphate
proved best, followed by ammonium phosphate. Regression analysis revealed an optimum interaction
between soil available P and leaf P for rock phosphate. The soil available P increased with the increase in the

_levels of P applied. Nitrophosphate increased the soil available P to a maximum, followed by ammonium

phosphate, single superphosphate and rock phosphate. Fertilizer-P application generally reduced soil pH
which was most marked with ammonium phosphate. The treatments showed marginal mobility of P to the
subsoil which has been attributed to mechanical movement as a result of cultural operations in the coconut
basin. Higher levels of applied P influenced the leaf P values which were not reflected in the yield. Costs of
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fertilizer indicated that rock phosphate as a P-carrier is cheapest.
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Response of coconut to phosphate fertilization has
drawn the attention of many coconut researchers
(Eden et al.,, 1963; Pandalai and Krishna Marar,
1964; Barile and Azucena, 1972). The poor res-
ponse to applied P was mainly attributed to the
inherent nature of the soil and low P requirement of
the plant system (Sherman, 1971; Manciot et al.,
1979). In acid laterite soils the advantage of using a
particular carrier of P has been demonstrated with
other crops, viz. sorghum (McLean and Logan,
1970; Raj Prithivi et al,, 1975), rice, sugarcane,
finger millet and irrigated pearl millet (Shetty et al.,
1973) and potato (Mathen et al., 1977). Loganathan
and Nalliah (1977) compared the efficiency of
concentrated superphosphate and rock phosphate
on coconuts growing in the dry zone of Sri Lanka
and suggested that a mixture of the two would be an
ideal carrier of P for coconut. However, no informa-
tion is available so far on the usefulness of different
forms of P-carriers for coconut in India.

The results of six years of investigation presented
in this Paper analyse the comparative efficiency of
four different carriers of P — single superphosphate,
ammonium phosphate, nitrophosphate and rock
phosphate — in an attempt to find a suitable P-carrier
for acidic soils in coconut fertilization programmes.

Materials and methods

A field experiment was laid out in May 1975 on a
lateritic soil of gravelly sandy clay loam texture on
mature West Coast Tall palms. The soil was acidic
(pH 5.2-6.4); soil available P was between 18 and
56 ppm at 0-30 cm depth, with a trace in the subsoil
horizons. The experiment was laid out in a rando-
mized block design with three replications compris-
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ing five palms per plot. Single superphosphate
(0-16-0), ammonium phosphate (16-20-0), nit-
rophosphate (15-15-15) (Suphala) and powdered
rock phosphate (0-32-0) were applied for six years
at rates of 0, 160, 320 and 480 g P,O5 palm™ Y yr~!
over a basal dressing of 500 g N palm—1! as urea and
1200 g K;O palm™! as muriate of potash after
compensating for N and K added through the two
P-carriers. Two split dressings were applied, in May
and September, and were forked into the soil to a
depth of 30 cm after initially broadcasting at a radius
of 1.0-1.2 m from the palm.

Soil samples at three depths, 0-30, 30-60 and
60-90 cm, were collected from the basins every
year during the month of May and air-dried; sieved

" samples (2 mm) were analysed for available P

(Bray-1 extractant) and pH (1 : 2.5). The fractiona-
tion of soil inorganic P was carried out by the
procedure of Chang and Jackson (1957) as modified
by Peterson and Corey {1966). Leaf samples from
the 14th frond (Prevot and Bachy, 1962) were
collected from each treatment, washed with de-
ionized water, oven-dried and powdered (0.5 mm)
in a Wiley mill before analysis. P (vanadomolybdate)
and K (flame photometry) were analysed after
digestion in 1:2 perchloric : nitric acid mixture
(Jackson, 1967).

Results and discussion

The distribution of Bray-1 extractable soil P in the
coconut basins varied from 18.0 to 56.0 ppm at
0-30 cm depth, traces to 3.3 ppm at 30-60 cm and
traces to 1.3 ppm at 60-90 cm during the pretreat-
ment period (Table 1). As a result of a 6 year
fertilizer application, the soil available P increased
considerably, regardless of the P-carrier used, and in
accordance with the level applied. Of the four
P-carriers employed, nitrophosphate was found to
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Table 1 Influence of P-carriers and levels of P on the available P (Bray-1) status in the coconut basins

Available P status (ppm) te
1975-76 (pretreatment) 1980-81
Levels
Carrier of P (g P2Os palm™ yr™!) 0-30 cm 30-60 cm 60-90 cm 0-30 cm 30-60 cm  60-90 cm
Single 0 43.4 1.3 0.7 129 2.6 1.5
superphosphate 160 50.0 0.7 tr® 549 9.8 14
320 34.7 3.3 1.3 132.8 3.7 3.1
480 273 2.7 tr 2119 8.1 23
Ammonium 0 46.7 tr tr 17.5 26 1.0
phosphate 160 46.0 tr tr 59.5 29 1.6
320 36.0 tr tr 152.7 3.5 3.1
480 36.0 tr tr 218.0 10.6 44
Nitrophosphate 0 37.3 3.3 tr 20.6 2.6 3.2
160 18.0 2.7 0.7 75.4 43 1.8
320 29.3 tr tr 148.1 5.8 1.3
480 26.0 tr tr 285.8 6.9 1.8
Rock phosphate 0 56.0 tr tr 19.6 25 1.4
160 50.7 tr tr 715 4.9 1.0
320 40.7 tr tr 91.1 35 2.7
480 39.3 tr tr 142.6 5.1 44
2tr, Traces

increase available P in the 0—-30 cm depth of profile
at the higher levels of application to a greater degree
than ammonium phosphate, single superphosphate
and rock phosphate. Where lower levels of P per
palm were applied (160g palm™) significantly
higher quantities of P remained in the 0-30 cm
depth with nitrophosphate and rock phosphate. A
slight mobility of P to lower depths was also
observed in the laterite soil. Hameed Khan et al.
(1983) observed considerable movement of P to
lower depths in a red sandy loam soil in the coconut
basins. P has been reported to move only by slow
diffusion in the soil (Barber, 1962). Because of the
gravelly nature of the subsoil horizons, the observed
slight mobility of P may be expected, if only from
mechanical movement of P-rich particles, reaction
products or of unreacted P fertilizer, along with
percolation water associated with the heavy rainfall
of the area (3500 mm yr™%). Nevertheless, regard-
less of the P-carrier, the mobility of P increased with
the increase in the level of P application (Table 1).
The basins of the palms receiving no P also
showed a slight mobility of native P to the subsoil
after six years of experimentation, an observation
which supports the view that mechanical movement
of P is a result of cultural practices associated with
fertilizer application in the existing situation. In no-P
basins, reduction of soil-available P in the surface
layer (0-30 cm) to the extent of 17-37 ppm was
recorded in a period of over six years. Kushwah et
al. (1973) demonstrated that > 80% of coconut
roots are seen below 30 cm depth, and as P moves
to the root mainly by diffusion (Barber, ibid.) it may
be suggested that a more rational approach to P
fertilization of tree crops such as coconut would be
by way of deeper placement for better utilization.
The reduction in soil P content observed over the
experimental period in control plots might be the
result of P transformation and uptake by the crop.
In general, the soil pH in the coconut basins was
found to decrease from an initial value of 5.2-6.4 to
4.2-4.4 over the six years as a result of fertilizer
application. A significant reduction in soil pH was
observed in the basins receiving ammonium phos-
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phate as one of the P-carriers (Table 2). Although
ammonium phosphate is a soluble P-carrier, con-
tinued use of it in a fertilizer programme for a
perennial crop such as coconut should be avoided
as it may lead to extreme acidic conditions in the
coconut basins.

P fractionation studies revealed that the forms of P
in the soil were related to the P-carrier (Table 3).
Application of single superphosphate, nitrophos-
phate and ammonium phosphate did not.alter the
occluded and Ca-P fractions, whereas considerable
increase in reductant soluble-P, Fe-P and Al-P
were seen. A similar trend was apparent with the
application of rock phosphate, except that there was
an appreciable increase in the Ca-P fraction.
Loganathan and Nalliah (1977) also indicated that
any P fertilizer applied is not likely to be transformed
into an occluded form. A considerable enrichment
of the Ca—P fraction indicated that most of the
applied rock phosphate remained in the soil as
apatite (Humphreys and Pritchett, 1971), as was also
observed by Loganathan and Nalliah (ibid.). The
coconut palm, with its very extensive feeding zone
and heavy mycorrhizal infection (Ramesh, Joshi and
Hameed Khan, 1983, unpublished work, Central
Plantation Crops Research Institute, Kasaragod) is
not expected to be selective towards any specific P
fraction to meet its P requirement. A P-carrier
enriching all the P fractions may, therefore, be ideal
for the crop. The results obtained reveal that rock

Table 2 Effect of six years’ continuous application of
P fertilizers on soil pH

Soil depth (cm)

Fertilizer 0-30 30-60 60-90
Without P fertilizer 54 5.0 4.6
Single superphosphate 4.7 45 45
Ammonium phosphate 4.6 42 4.4
Nitrophosphate 4.8 46 4.7
Rock phosphate 4.8 4.6 4.7
LSD, P = 0.05 0.17 017 -
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T
“Table 3 Distribution of P fractions (ppm) as influenced by P-carrier and levels of P
0-30 cm 30-60 cm
Levels -
Carrier of (g P,Os Saloid Al-P Fe-P Redn Occl. Ca-P Saloid Al-P Fe-P Redn Occl. Ca—P
P palm-lyr-1) P solP P P solP P
Single 0 13 799 1352 5685 256 273 01 79 348 409.1 22.7 94
superphosphate 160 1.6 156.6 181.1 6240 37.6 429 0.2 259 783 506.1 275 21.1
320 28 1179 2040 637.1 323 442 02 183 76.7 4160 304 13.7
480 51 2712 231.7 603.2 339 497 04 468 949 3952 30.1 254
Nitrophosphate 0 05 542 1273 5755 30.7 286 t* 7.0 332 3120 220 10.1
160 16 894 163.7 5408 282 296 0.1 202 372 409.1 253 8.1
320 29 151.8 2024 589.3 30.7 455 02 272 909 4437 272 20.1
480 8.7 3289 2649 651.7 402 624 04 177 988 4645 294 178
Ammonium 0 05 846 1634 7489 31.6 50.1 0.1 108 469 339.7 29.1 165
phosphate 160 1.7 1724 1975 6795 376 540 02 247 704 4298 335 169
320 52 260.8 253.1 6933 36.7 595 06 342 862 443.7 378 208
480 7.0 3645 458.6 658.7 364 458 1.1 29.1 885 2981 245 13.0
Rock phosphate 0 1.8 996 140.7 4923 376 397 02 11.1 490 4992 30.1 13.0
160 52 1320 1779 686.4 384 1609 05 196 783 5824 282 215
320 51 1526 1947 5616 342 2598 03 313 656 3675 23.1 494
480 11.2 253.8 229.3 721.1 484 431.7 02 89 53.0 3813 24.7 572
2tr, Traces
phosphate is such a carrier and may be best for indicated that these elements in all the palms were
fertilizing coconut. below critical levels (Fremond, 1966). A substantial
The pretreatment levels of N (1.29-1.40%), P increase over pretreatment levels was recorded as a

(0.087-0.100%), K (0.39-0.57%), Ca (0.32- result of fertilizer application with different carriers of
0.49%) and Mg (0.23-0.48%) in the diagnostic leaf P and blanket application for N and K; the increase
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1Fig.ll Influence of P-carriers and levels on the foliar P (14th leaf) of coconut. B3, Pretreatment levels; O, post-treatment
evels
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Table 4 Coefficient of determination (R?) for the simple and multiple regressions of leaf-P content (Y) on soil-P at

three soil depths (x)?

Depth Single Ammonium Rock
Model {cm) superphosphate  Nitrophosphate ~ phosphate phosphate
(A) Y=a+ bx 0-30 0.18 0.37 0.22 0.82°

30-60 0.19 0.23 0.11 0.54°

60-90 0.13 0.24 0.10 NS
(B) Y=a+ bix; + boxs + bsxs - 0.28 0.64¢ 0.29 0.84°

°x and x;, %, and x3 are the soil-available P levels at various depths with respect to models A and B, respectively;

NS, not significant

bp=10.01

‘P =0.05
was more conspicuous for N and K, even in the first
year, than for P following fertilizer application.
Fertilizer application with different carriers and
levels of P for five years could increase the foliar P
levels gradually, but neither the carriers nor the
levels of P could bring leaf P contents near or above
the critical levels. This suggests that building up of P
in the coconut system could be effected only over a
period of time. The four sources tried were equally
effective in increasing the P levels (Fig. 1). The plant
P level was found to be influenced by levels of P
applied and consequent increase in soil available P.
The increase in leaf P was found to be dependent on
the initial leaf P status. The levels of 160 and 320 g
P,0s palm™! yr~! were not as effective as 480 g
P,Os in increasing the leaf P levels, possibly
because a rich P environment (at 480 g P,Og level)
aids greater diffusion of P to the roots.

The linear regression of leaf P on soil available P
indicated that for rock phosphate the regression
coefficients for soil values of 0-30 cm and 30-
60 cm depths were significant {Table 4). For nitro-
phosphate the correlation was significant only at the
0-30 cm depth, whereas no such relationship was
observed with other P-carriers. The significance of
available P at both depths when rock phosphate was
used as a P-carrier indicated optimum interaction of
available P on leaf P.

A significant relationship was obtained between

soil-available P and leaf P, but leaf P values were not
found to be related to vield, even though the leaf P
values increased with the increase in levels of P
applied.

Yield data (Table 5) did not reveal any significant
differences due to P-carriers or levels of P applied
over the years, but an increase over the pretreat-
ment yield was obtained. When the percentage
increases in yield over pretreatment yields are
compared, ammonium phosphate and rock phos-
phate at higher levels (320 and 480 g palm™! yr™!)
showed appreciable increases, indicating the super-
iority of these carriers as P fertilizers for coconut.
The odd behaviour of vield during the fifth year of
fertilizer application may be ascribable to high
statistical variation obtained. The increase in vields,
even in control plots where no P was applied,
suggests that supplemental P may not be of great
importance in the nutrition of adult coconut palms
when a particular available-P status of the soil is
reached.

The cost of fertilizer applied per palm was least
(Rs 5.81) with rock phosphate, followed by super-
phosphate (Rs 6.10), ammonium phosphate (Rs
6.51) and nitrophosphate (Rs 6.55).
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Table 5 Influence of P-carriers and P levels on the yield of coconut palms over six years

Pre- Yield of nuts % Increase in yield after
Levels treatment
(g P,Os vield Ist 2nd 3rd 4th 5th  Two Three Four Five
P-carrier palm-1 yr-1 (nuts) yr yr yr yr yr yrs yrs yrs yrs
Single 0 31.6 433 471 413 376 303 429 389 340 263
superphosphate 160 34.6 40.1 481 629 40.7 400 274 454 384 338
320 285 343 462 469 347 300 471 498 424 349
480 35.2 363 482 506 410 533 200 279 252 304
Ammonium 0 32.0 377 450 505 405 287 293 389 358 266
phosphate 160 329 345 361 49.7 328 237 74 223 160 7.1
320 26.2 399 449 599 371 327 620 843 756 163
480 21.8 396 421 529 341 320 871 1054 931 188
Nitrophosphate 0 28.0 324 305 487 365 300 123 329 322 271
160 30.9 365 337 501 375 310 136 408 342 280
320 26.4 387 441 497 465 347 568 673 316 159
480 30.7 373 377 579 355 300 223 449 623 272
Rock phosphate 0 35.5 482 451 588 403 363 373 427 354 314
160 36.0 366 443 377 360 250 124 101 246 5.0
320 25.0 363 465 603 429 357 656 908 8.0 77.1
480 23.6 403 514 595 486 463 944 113.7 1119 1089
Mean - 30.7 383 432 529 389 341 - - - -
SE/plot - 7.8 107 107 140 97 152 - - - -
CV% - 23.6 278 244 266 250 448 - - - -
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" A total of 40 Large White growing pigs were fed diets containing either 0, 5 10, 15 or 20% dried coffee pulp.
" Each treatment had eight pigs in two replicate lots of four. After a 12 week feeding trial, during whith both
feed and water were available ad libitum, half of the pigs (males) on each treatment were slaughtered.
Average daily feed intake and weight gain, feed conversion efficiency and the various carcass traits measured
were not significantly influenced by the inclusion of up to 20% DCP in the diet. It was concluded that up to

20% DCP could be fed to growing pigs.

Keywords: Coffee pulp; Growing pigs; Diet; Food value

Dried coffee pulp (DCP) is obtained as a by-product
during the wet- or dry-processing of coffee berries. It
is generally considered to be a pollutant, but limited
amounts are used for cottage soap manufacture and
as fertilizer in coffee plantations in Ghana and
elsewhere. According to Bressani et al. (1972) it
contains 11.2% crude protein, 21% crude fibre,
8.3% ash and 2.5% ether extract; it has a better
amino-acid pattern than most cereal proteins and
the lysine content is similar to the level found in soya
bean meal. Most feeding trials involving the use of
DCP were done in Central America, and the results
obtained have been summarized by Braham and
Bressani (1979). However, only a few of these
experiments were carried out with pigs (Jarquin et
al., 1974; Jarquin and Bressani, 1976, 1977; Jar-
quin et al., 1977). Jarquin (1979) concluded that the
limited research data available would tend to
suggest that DCP levels up to 16% of the diet could
be fed to pigs without deleterious effects on
performance. . ] :

. The objective of this experiment was to provide
more information on the feeding value of DCP for
swine by including levels of DCP varying from 0 to
20% in the diets of growing swine.

Materials and methods

Forty Large White growing pigs were allotted, in a
completely randomized design, to five dietary treat-
ments on the basis of sex and weight such that there
were four entire males and four females on each
dietary treatment. There were two replications (two
males and two females) of each treatment and
individual replicates were housed in 3.5 X 3.2 m
concrete-floored pens with concrete feed and water
troughs (1.8 x 0.3 X 0.3 m) in a well-ventilated
swine barn.

The compositions of the five diets fed during the
experiment are shown in Table 1. Diets were
balanced for crude protein content and fresh feed
was mixed every two weeks. The varying levels of
DCP constituted 0 (Do), 5 (D,), 10 (Dy), 15 (D3) and
20% (D4) of the diets as a direct replacement for
corresponding quantities of the dried brewers’ spent
grains in the control (Dg) diet. Both feed and water
were made available to the pigs ad libitum during
the 12 week feeding trial.

Weekly feed intake and liveweight changes were
recorded; from these, average daily feed intake,
weight gains and feed conversion efficiency (feed :

Table 1 Ingredient and percentage composition of diets T
Diets "
Ingredients Do Dl D2 D3 D4

Maize 56 55 52 50 49
Dried brewers’ spent grains 25 20 15 10 5
Dried coffee pulp - 5 10 15 20
Fish meal 10 11 12 13 14
Copra cake 7 7 9 10 10
Dicalcium phosphate 1 1 1 1 1
Common salt 0.5 0.5 0.5 05 05
Vitamin-trace mineral premix 05 05 0.5 0.5 05
Analysed composition (%)
Crude protein 18.2 18.0 17.9 175 179
Crude fibre 7.2 7.4 7.6 8.2 8.6
Ether extract 3.2 29 1.2 1.2 1.2
Ash 7.4 6.1 7.0 7.6 8.2
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