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The nutrient profile within an arecanut-cacao system on a laterite soil as attained 13 years after planting and
as influenced by spacing, supply and exhaustion of nutrients was examined. 100 g of N, 40 g of P,O; and 140 g
of K0 tree ! year ! were adequate for cacao; larger dressings gave no further benefit. A negative balance in
available K in the system suggests the higher requirement/uptake of K by both crops and its consequent
importance in the nutrition of the arecanut-cacao system. Inclusion of Zn in the fertilizer schedule, especially
if the crops are closely planted, is also desirable. In addition, the results showed the superiority of the
spacing, viz. arecanut (3.3 X 3.3 m) — cacao (3.3 X 3.3 m) over arecanut (2.7 X 2.7 m) - cacao (2.7 X 5.4 m).
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That a good system of agriculture should maintain
soil fertility without affecting its production potential
is. well known (Russell, 1973). Growing of inter-
crops within plantations of perennials such as
arecanut, coconut; efc. is likely to enrich the inter-
spaces with nutrients and increase the overall pro-
duction per unit area. According to Nelliat and lyer
(1977), intercropping as applied to plantation crops
refers to the growing of annuals or biennials in the
interspaces of the main crop and mixed cropping is
used to denote the growing of perennial crops in the
interspaces.

In a pure stand of arecanut (Areca catechu L..), some
7580 m* are available for growing other crops since
only a 2420 m? area is utilised by arecanut in one
hectare of land. This is based on the observation that
about 80% of arecanut roots are confined to within
75 cm from the trunk (Bhat and Leela, 1969).
Successful cultivation of crops such as turmeric,
black pepper, cardamom (Abraham, 1956), banana
(Bavappa, 1951; Bhat, 1974), yam, ginger, and
pineapple (Bhat, ibid.) in arecanut gardens is well
documented. Cacao (Theobroma cacao L., a
shade-loving crop, is ideally suited for growing with
arecanut (Bhat and Leela, 1968; Bhat, 1978). The
present Paper examines the nutrient profile within
an arecanut-cacao system, as attained 13 years after
planting, and as influenced by spacing, supply and
exhaustion of nutrients.

Materials and methods

The fertilizer-cum-spacing trial of arecanut-cacao at
the Central Plantation Crops Research Institute
Regional Station, Vittal (Karnataka State, 12.45°N;
75.10°E) formed the basis for the present investiga-
tion. The experiment was laid out in 1970 in a
confounded factorial design with six spacings, two
levels of fertilizers and four replications. Arecanut
(‘South Kanara’ cultivar) and cacao (Forastero varie-
ty), grown at two spacings, viz. arecanut (2.7 X 2.7
m) - cacao (2.7 X 5.4 m) and arecanut (3.3 X 3.3 m)
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— cacao (3.3 X 3.3 m), were selected for the present
study. Treatment details are given in Table 1.
Arecanut palms of an adjacent monocrop, consi-
dered for comparison, were planted at 2.7 X 2.7 m
spacing and were supplied with the same levels of
fertilizer and organic matter as the arecanut in the
mixed crop.

Soil samples were collected from arecanut basins,
cacao basins and the interspaces. In all cases
(arecanut-cacao mixed crop and arecanut mono-
crop) four cacao trees and/or four arecanut palms
were selected for sampling purpose. Soil samples
were collected from 0-25, 25-50 and 50-100 ¢m
depths, from arecanut basins 40 cm away from the
bole and from cacao basins 50 ¢cm away from the
trunk. For arecanut, leaf samples were collected
from the leaflets taken from both sides of the
mid-region of leaf number 3 (from the top). The
midrib, the basal and distal portions and the
marginal veins were discarded. Cacao leaf samples
were collected as suggested by Chapman (1975).
Soil and leaf samples were collected simultaneously
during May.

Soil samples (2 mm fraction) were analysed for
organic C, available P and K, and pH by standard
procedures (Jackson, 1967). Available Cu, Zn, Mn
and Fe were extracted by the DTPA procedure of
Lindsay and Norvel (1969). Leaf samples were
washed with 0.1% Teepol followed by tap water
and distilled water, dried in an air-draught oven at
65 *+ 5°C and powdered in a Wiley mill with steel
blades. Total N in the leaf samples (0.5 mm fraction)
was estimated by micro-Kjeldahl method (Jackson,
ibid.). The powdered leaf samples were digested in a
1:2 perchloric-nitric acid mixture. P (vanado-
molybdate) and K {flame photometry) were esti-
mated following Piper (1966). Cu, Zn, Fe and Mn in
soil extracts and leaf digests were estimated using a
Varian Techtron atomic absorption spectrophoto-
meter. Bulk density of the soil samples was esti-
mated (Black, 1965) and was used to calculate the
nutrient contents of the soil on a volume basis.

Results and discussion

Results of soil pH and the available nutrients (0-100

Trop. Agric. (Trinidad) Vol 64 No. 1 January 1987 13



Nup‘ient’ profile in an arecanut-cacao system: P. Manikandan et al.

Table 1 Spacing and manurial schedule of the arecanut-

cacao treatments

Manurial schedule? g palm™! yr1

Treatment Crop Spacing (m) N P,0Os K>O
T, Arecanut® 27 x 2.7 100 40 140
Cacao 27x54 100 40 140

T, Arecanut® 2.7 %27 100 40 140
Cacao 27x54 200 80 280

T3 Arecanut® 3.3 % 3.3 100 40 140
Cacao 33 x 33 100 40 140

Ty Arecanut® 33x33 100 40 140
Cacao 33 x 33 200 80 280

?N as urea, P,O5 as single supe:
n addition, 12 kg green leaf a
September. Fertilizers are appli

nd 12 k
ed in two doses, half durin

cm), calculated on a volume basis, under different
freatments are given in Table 2. Soils were mod-
erately acidic with arecanut basins of the monocrop
recording significantly higher pH than the other
basins and the interspaces; the higher pH recorded
in the arecanut basins might be due to the applica-
tion of cattle manure. Cacao leaf-fall is not confined
to cacao basins but is fairly uniformly spread over
the entire area (Bhat, S.K., personal communica-
tion). Cacao leaf fall and its subsequent mineralisa-
tion must therefore have reduced the pH of the
arecanut basins in the mixed crop compared with
that of the monocrop. Cacao basins recorded lower
PH values due to the addition of inorganic fertilizers
alone. Doubling the dose of fertilizers applied to
cacao basins reduced the PH more than did the
single dose. Interspaces recorded generally a higher
pH than the cacao basins.

Basins of arecanut and cacao plants were found
to be rich in organic matter compared with the
interspaces. The cacao leaf-fall seems to have
influenced the organic matter status of the basins as
"~ well as of the interspace, especially in T, and T,
(Table 2). This is due to the higher fertilizer
application to cacao in these treatments which

Table 2 pH and available nutrient content (0-100 cm)

rphosphate and K,O as muriate of potash
g cattle manure are add

ed to the basin of every arecanut palm, each year in

g February and half during September )

y resulted in higher biomass which, in tﬁm,
arger quantities of leaf litter being added to

probabl
led to |
the soil

The available P status of both cacao and arecanut
basins was high, those of arecanut generally record-
ing higher values. The interspaces were generally
low in their available P status and the fertilization to
basins seems not to influence the interspace P
fertility, whereas the mixed cropping with cacao had
resulted in a general increase in available P of the
interspaces compared with the monocrop.

In general, the available K levels were found to be
high in basins and interspaces, though the basins
recorded higher values; arecanut basins of the
monocrop recorded the highest value. The heavy
K-feeding nature of both cacao and arecanut
(Nelliat, 1978), probable luxury consumption and
the consequent immobilisation of considerable
quantities of K in the plants (von Uexkull, 1978), and
root competition in the mixed cropping could have
resulted in a lower available K status in the mixed
cropping compared with monocropping. The results
obtained are in ¢

in soil under different treatments

Available nutrients (gm™3)
Org. C
Treatment pH (kg m™3) P K Cu Zn Fe Mn
Monocrop areca basin 6.3 84 222 352.7 10.3 11.2 34.3 105.6
interspace 57 6.5 15 153.0 7.9 16 32.0 60.6
T; areca basin 6.1 9.1 47.6 200.2 14.2 53 78.8 1074
cacao basin 55 6.2 9.3 154.7 11.2 6.6 448 1085
interspace 57 59 55 170.4 54 0.8 309 65.4
T, areca basin 55 110 725 1519 185 2.8 62.4 88.2
cacao basin 49 89 97.9 293.0 15.0 29 88.8 1134
interspace 55 7.7 33 132.3 9.1 1.0 46.0 61.9
Ts areca basin 59 84 23.4 129.6 16.3 145 423 1144
cacao basin 54 7.3 17.2 88.8 143 85 594 143.6
interspace 55 6.1 16 98.4 114 1.8 37.7 94.8
Tq areca basin 59 153 81.3 259.1 325 309 121.1 2299
cacao basin 52 89 55.0 1796 21.7 9.8 81.6 152.9
interspace 5.7 7.8 55 120.2 13.7 35 498 775
LSD, areca basin 0.11 2.99 NS 58.3 10.1 12.3 26.8 78.2
P=1005 cacao basin 0.17 1.29 249 78.9 6.1 47 13.7 NS
interspace 0.09 1.08 22 39.2 3.3 1.1 51 85

NS, Not significant
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be able to supply K at such rates (plus the K
immobilised in the living tree) for long. Doubling the
fertilizer dose to cacao nearly doubled the available
K status of the cacao basins.

The available micronutrients in arecanut and
cacao basins were quite adequate, though the
interspaces had low available contents. Mixed crop-
ping of cacao and areganut had increased the
available Cu, Fe and Mn contents of the interspaces
as well as the arecanut basins, compared with
monocropping; the cacao leaf-fall and its subse-
quent mineralisation must have enriched the inter-
spaces with these nutrients. Interestingly, the avail-
able Zn in the interspaces in general and in the
arecanut basins of T; and Ty was low in comparison
with the monocrop. Though cacao leaf-fall would
have enriched the soil available Zn, the susceptibility
of this nutrient to leaching (Aubert and Pinta, 1977),
especially in this region where annual rainfall is =
3200 mm, could have led to depletion of the
available Zn in the soil. Leaching studies carried out
with the soil of this region (Anonymous, 1985) also
indicated a heavy leaching of Zn, followed by that of
Mn and Cu, due to NPK fertilization. However, Fe
was not leached at all. A decrease in the pH of the
system from mixed cropping would have resulted in
a further loss of Zn from leaching in comparison with
the monocrop. Closer planting of arecanut and
cacao, as in T; and Ty, would have further accentu-
ated the loss of soil Zn due to intensive mining and
exhaustion in addition to leaching losses.

Table 3 shows the leaf nutrient concentration of
arecanut and cacao in different treatments. The
monocrop of arecanut recorded the highest leaf
nutrient concentrations of N, P and K, and mixed
cropping cacao in arecanut lowered the leaf nutrient
concentration. The fact that the leaf nutrient concen-
tration of cacao was not significantly increased by
doubling the fertilizers level to cacao suggests that
cacao does not benefit from such excessive fertiliza-
tion. This corroborates the observations (Anony-
mous, 1983) that the application of a double dose of
fertilizers did not increase the cacao vield significant-
ly. It is interesting to note that none of the
treatments/fertilizer levels raised the leaf N, P, K
concentrations of cacao above suggested critical
levels (Haque and Aggrey, 1980). This indicates the
need for establishing the critical levels for foliar N, P
and K to suit Indian conditions. It is seen from the
Table that mixed cropping significantly affected the
leaf nutrient concentration of arecanut in compari-

son with the monocrop only for P and Cu.
Excepting Zn, the concentration of no other leaf
nutrient in cacao is affected significantly by the
treatments.

In order to understand the extent to which the
interspace in arecanut is exploited/enriched due to
mixed cropping with cacao, the available nutrient
contents were calculated for one hectare-metre
separately for each of arecanut basin, cacao basin
and interspace. This calculation is based on the
observation that arecanut roots are confined mainly
within a circle of 75 cm radius from its trunk (Bhat
and Leela, 1969) and those of cacao within 100 cm
radius from its trunk (Bhat and Bavappa, 1972).
Subsequently, the net gain/loss in the available
nutrient contents of the system over monocrop was
worked out (Table 4}, taking into account the
existing nutrient status of different treatments, the
actual nutrient input in all the treatments including
monocrop during a year, but excluding the nutrient
contribution from the fallen leaves and the added
organic matter. This gives an idea of the relative
nutrient -status of the system as influenced by
different treatments and their effects. It is seen that
the mixed cropping resulted in the gain of nutrients
such as P, Cu, Fe and Mn. A negative balance in
available K in all treatments indicates the higher
requirement/uptake of K by both crops and its
consequent importance in the arecanut-cacao sys-
tem. While there is a loss of Zn in the system in T,
and Ty, there is a net gain in treatments T3 and T4
This might be due to the larger number of plants in
T, and Ty (2056 plants ha~!) compared with T5 and
T, (1836 plants ha™!) and the consequent increased
uptake by the crops. The highly leached acidic
nature of the soils, which are deficient in Zn {(Aubert
and Pinta, 1977; Anonymous, 1985), coupled with
the exhaustion of Zn by the system components,
probably indicates the necessity of including Zn in
the fertilizer schedule of such a mixed cropping
system, especially when the crops are closely
planted as in T; and To. From Table 4, it is seen that
treatments T3 and T4 showed a net gain for most of
the nutrients compared with T; and T,. This
indicates the superiority of the spacing, arecanut
(3.3 x 3.3 m) — cacao (3.3 X 3.3 m) over arecanut
27 x 27 m) — cacao (2.7 X 54 m) and
corroborates reports that the combined yield of
arecanut and cacao was maximal when both crops
were spaced at 3.3 X 3.3 m (Sannamarappa and
Muralidharan, 1982). Balasimha and Subramonian

Table 3 Leaf nutrient concentration of arecanut and cacao in different treatments

N P K Fe Zn Mn Cu
Treatment i
% ppm

Arecanut (monocrop) 2.25 0.20 1.59 170.7 32.8 85.5 11.3

Arecanut T; 2.14 0.18 143 2164 321 98.6 21.3

Arecanut T, 2.26 0.18 1.40 163.3 25.2 110.6 16.1

Arecanut T3 2.01 0.17 1.28 205.7 33.1 1229 27.7

Arecanut T, 2.16 0.18 141 166.7 313 89.5 325
LSD, P = 0.05 NS 0.011 NS NS NS NS 11.41

Cacao T; 1.30 0.12 1.63 134.7 143.0 881.5 19.6

Cacao T, 1.46 0.10 1.53 120.8 72.1 542.5 28.0

Cacao Ts 1.36 0.10 1.40 152.1 88.6 595.5 18.3

Cacao Ta 1.42 0.13 1.20 109.7 96.3 619.1 19.3

LSD, P = 0.05 NS NS NS NS 475 NS NS

NS, Not significant
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Table 4 Net gain (+) or loss (—) in the system over monocropping in 1 ha, 1 m depth of arecanut due to mixed
cropping with cacao
Available nutrients (kg ha™! m™))
Treatment Organic C P K Cu Zn Fe Mn
T, -1715 +72.7 -367.0 +14 -79 +129.3 +1335
T, +17819 +284.2 —488.8 +40.1 —-20.7 +266.3 +78.4
T3 +5055 +12.8 -1071.4 +43.8 +18.6 +121.5 +405.5
Ty +30169 +200.3 -608.4 +104.2 +58.4 +379.8 +523.6

(1984) reported that the mid-day light profile
revealed a maximum PAR in the system where both
arecanut and cacao were spaced at 3.3 x 3.3 m.
They attributed this observed higher PAR and NR
activity partially to explain the higher vields
obtained in this system.
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