INFLUENCE OF DIFFERENT DIENSITIES OF COCOA AND OIL PALM ON YIELD
PERFORMANCES OF COCOA'/
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Resumen

La presente investigacion enfocod tres sistemas especiales de cultivo mixtos o in-
tercalados de cacao v palma de aceite bloques segregados de los dos cudtivos (X}, filas
alternativas las de los dos (Y )y el arreglo del “evadro hueco™ (2} Entre los tres arre-
glos especiales, no se notaron diferencias significativas en los promedios de estableci-
miento, crecimiento y desanrollo de las plénteles de cacae Al principio, tampoco se
notaron diferencias significativas en los promedios de rendiniento  Sin embargo, con-
forme aqvanzado el tiempo, se abserrd que el arreglo 7 rindio bastante mds que el ¥ v
el Y{Z X=312Y=5])

Aungue el rendimiento del cacao en los tres arreglos mivtos es relativamente mas
bajo gue el de cacao sdlo, se compensa por el efecto sinérgico del rendimiento conjun-
to de la palma de aceite v el cacao

Las fufestaciones de Phylophthora ¥ los daiios af caceo causados por maniferos
mostrarcn frecuencias parecidas en los rres wrreglos espaciales En yesimen, se reco-
mienda a los agricidiores que quieren mezclar la siemibra de cacao con fa de la palma
de aceite utilizar el arreglo 2, ol “cuadro heco™

Introduction However, il still being encouraged in more orga-
nised Torms The main crop is often planted with
ixed cropping has pained popularity in Nigerian wider spacing. and the gaps can be used for

peasant agriculiure. It involves planting one ba- other crops (8} In Zaire and Malaysia, lor example,
& sic crop and two or more supplementary productive stands of cocoa established under oil and
“cateh” crops (1) Agronomists have observed the ten- coconut palms have given promising yields (8)
dency for peasant farmers to overcrop their lund and Lxperiments with mixed cropping in  Sumatra,
to combine incompuatible crops, and therefore they invalving cocon and coconut, revealed that mean girth
discourage mixed cropping of cocon increased lrom 34 4 ¢m 1o 367 em in the
single hedge and 33 9 em to 34 1 ¢m in double hedge
planting (2} In an experiment conducted by the Ins-
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(INEAC), various densities of oil palm interplanted
with coflee were compared with either palm or coffee
alone An interesting result of this experiment was
that the yield ol oil palms at the normal density of 60
palms per ha combined with 858 collee stands per ha
wits aboul & percent higher than the yield at the same
density, but without coffee (13)

Mixed cropping offers both benefits and draw-
backs. The benelits include: it serves as an insurance
against erop lailures, keeps the (urmer busy and
improves both land use efficiency and the income-

Turrialba Vol 36, No. 3, 1986, pp. 345-353



346 TURRIALBA: VOL 36, NUM 3

CTRIMESTRE JULIO SETIEMBRE 1986

earning capacity of the farmers (1) The major draw-
back is that yields are usually below expectations
The crops compete for light, water, and nutrients.
resulting in a compromise between the different
needs of the mixed crops (9. 13)

The present study considers the combination of
cocoa and oil palm in various plant densities It then
makes recommmendations o larmers interested in
combining these crops.

Methods

The cexperiments were located in Nigeria at the
Gambari Experimental Station (GES) in Oyo State,
the Onishere Farm Settlement in Ondo State and
Ikom in Cross River State. These places represent
three different ecological zones

GES is stituated i the transition zone between the
forest and the derived savannuh regions of Nigeri,
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where the annual rainfall is 1 168-1 270 mm and the
severe dry season lasts from October to March. The
soil type is the Iwo, Olorunda, Oba, lregun and Apo-
mu series (15)

Onishere is located in the forest zone, with heavy
annual rainfall ranging {rom 2 320-2 540 mm. The
soil type is the Calabar fasc (15).

Ikom is also in the forest zone. Annual rainfall
(3000 mm) is heavier than in Onishere, the dry
season is less marked, and the annual water deficit is
lower, about 150 mm.

A randomised block design was used for the exper-
iment, with three spacing arrangement replicated six
times at GES, seven at Ikom and eight at Onishere,
Details of the treatments are as follows:

X Pure stands of oil palm and cocoa side by side and
with a spacing of 9.1 m triangular for oil palm and
1 .6 m square for cocoa (control). The densities for
oil palm and cocoa were 83 and 1 595 trees per
ha.

Y One line in three of palms was omitted and cocoa
planted in the ensuing wide interlines (avenue
planting). There were 83 palms and 1 688 cocoa
trees per ha.

Z Palms were planted in a 9.1 m square with alter-
nate palms in alternate rows ommitted. Cocoa was
planted in the squares so formed (hollow square
planting) There was 100 and 1 600 oil palm and
cocoa trees per ha respectively.

The plot size was 0.4 ha shared between oil palm
and cocoa in all the treatments (Fig. 1} Eighteen
month-oid Extension Work oil palm seedlings (dura x
pisifera) and six mounth-old F3 Amazon cocoa seed-
lings were used for the experiment These were
planted in 1964 at Onishere and 5 dr GES and
Tkom. However, due to fire outbreak at Onishere
and the effect of the Nigerian Civil War at Ikom, the
cocoa stands were replanted in 1970 in these two
places Cocoa in all the treatments was thinned to
half the above density at four to five years after
planting to mgintain the recommended spacing of
27 x 27 m The cassava was planted at 31 x 3.1 m
to serve as nurse-shade for cocoa. Banana was planted
along the north-south boundaries to serve as a wind
break . Necessary care was taken to avoid the shading
of palms by either the tree cassava or the banana
Vacant stands of cocoa and oil palm were supplied
during the establishment stage.

General maintenance was regularly carried out in
all the plots. Records were kept for yields of dry

cocoa bean, black pod disease, infested pods and oil
palm FFB weight Yield of dry cocoa beans per ha
was obtained on the basis of 26 pods to one kg dry
cocoa {10}

Results
Growth and development of cocoa

When the three-year records for the Onishere Farm
settlement {1964-67) were compared with those of
the Gambari Experimental Station (GES 1965-1968),
there were marked differences (Table 1) Survival and
the canopy scores, for example, were better at
Onishere than at GES. The cocoa at GES jorquetted
earlier and had thicker sterns than that at Onishere.
The site differences in growth and development of
cocoa seedlings could only have been due to the
disparity between locations, i.e. soil and climatic fac-
tors Onishere offers better agroclimatological condi-
tions for the growth of cocoa than GES (7). Dif-
ferences among treatmernts were not observed. The
growth records for the lkom location are not avail-
able because the civil war taking place in that part of
the country prevented data collection.

Pod yield

Total annual yields for the three locations (GES,
Onishere and lkom) are shown in Fig. 2. The GES
vield data for 11 vears (1968-79) revealed consistent
high pod production in the hollow square planting
(), followed clasely by yields from avenue planting
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Fig 2 Potential yield in kg dry bean per hectare {26 pods
=} kg dry bean}
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Tabie 1. Threeyear growth/development perfonmance record of cocou seedlings at Onishere (1964-1967) and Gambari Experimental

Station {(£965-1968) in the CRIN-NIFOR Mixed Cropping Trial,

Hollow Avenue Control
Growth/Development Planting (Z) Planting (Y) Planting (X}
Parameters Gambari Onishere Gambari Onishere Gambari Onishere
Number planted 3736 5 184 4113 5472 3 825 5168
Survival (percent) 3870 96 51 61 59 97.75 68 65 98 12
Mean Canopy Score 377 4.90 3.92 997 403 4.09
Mean Height (cm) 121 14 109.80 124 472 129 09 129 34 124 91
Mean Stem Diameter 9.57 7.00 9132 792 831 7.95
Forquettes {(percent} 79 25 2259 51 86 29 37 5589 0o
Table 2. F-Ratios from results of analysis of potential pod yield,
Gambari Experimental Onishere CRIN tkom CRIN
Source of Station (GES) Substation Substation
Variations F-Ratios F-Ratios F-Ratios
Main Plots:
Between Blocks (B) 2 6ONS ERI A I .3INS
Between Variates (V) 16 d{)k* g1 34H%* 4 76%
Sub Plots:
Between Years {Y} 4G 37k 159 Q1#+* 369.76%%*
VY Interaction 30w 12 99%*# 3244
BY Interaction 205*+ 6 54%* -

NS Not Significant

* Significant at 5% tevel
* Significant at 1% level
Ak Significunt a1 0.1%

(Y) This same trend was observed for Onishere and
Ikom with 5-year yictd data. Yields were sharply dif-
ferentiated between treatments Z and X and Z and
Y.

Differences in yield are expressed in the following
mean ratios: Z:X is 3:1 while Z:Y is 5:1 (Fig. 2)
Analysis of variance of the vield data showed a
nonsignificant (NS) yield difference between blocks
at GES and lkom and a low value of significance at

P = (0.0] for GES and Onishere and at P = 005 for
Ikom (Fig. 2, Table 2}. In other words, the effect of

treatment on yield was highly significant, as observed
at GES and Onishere

The yields of different treatments were found to
increase steadily as the years progressed (Fig. 2) The
increase in yield with vears is highly significant at
P =001 (Table 2), with positive correlation coeffi-
cients of r = 0.30, 0.98, and 0.98 for GES, Onishere
and Hkom respectively



KOLADL: INFLUENCE OF DIFFERENT DENSITIES OF COCOA AND OFL PALM 349

Black ped incidence

The resulis as shown in Fig. 3 revealed a nonsigni-
{ican{ difference in the incidence of black pod discase
in cocoa planted under oil palm at GES and lkom
However, diflerences in black pod incidence among
treatments al Onishere (Fig 3) were sipnificant at
P =005 (Table 4) Black pod incidence was partially
or completely absent during the initial stages of pod
bearing This trend was observed in all three locations
(GES, Onishere and Ikom). No black pod was record-
ed for GES in 196869 or Onishere in 1974.78, and
very few pockets of black pod were recorded for
fkont (Fig. 3} Subsequently, black pod incidence in-
creased with higher numbers of pods as the trees
attained economic maturity

Pod damage

The guantity of pods damaged by mammals such
as squirrels, rats, and rabbits is shown in Fig. 4 The
damage seems 1o be higher in the 7 treatments at
GES and Cnishere when compared with treaiments
X and Y. However, damaged pods expressed as a
percentage of healthy pods show no difTerences
among treatments (Fig. 5) Ikom recorded fewer
damaged pods than GES and Onishere (Figs 4, 5).

Discussion
Our results confirmed the normal growth and

development of cocoa under oil paim, in line with
reports of previous authors, who reported successful

Table 3. F.Ratios from results of analysis of healthy pods (HP).

establishment of cocea under mature coconut (2) and
oil palm (8). However, reported pirth differences
between single and double hedges of cocoa bushes
under coconut (2} are at variance with our resulis.
This disparity might reflect differences in methods
and the crops involved as well as dilferent environ-
ments

The yield increases over time in all the treatments
bore out our expectations as the pod-bearing capacity
of the trees increased with maturity. However, the
observed low correlation coefficient (r = 0.30) for
GES might be an indication of the fact that the soil is
poorer than those of Onishere and Ikom (7) Moreo-
ver, the experiment in GES is located in a marginal
rocky area

The yield levels in cocoa planted under oil palm as
reported here are better than those of cocoa alone
There were also reports of similar vield increases in
cocoa planted under the shade of either oil palm or
coconut (2, 8, 14} One of the causes of better yields
of cocoa under the shade of palms could have been
better growth conditions. It has been established (3,
15} that cocoa without fertilizer performs better
under shade (30 — 60 percent of fulf Hght). In other
words, cocos without shade definitely needs fertilizer
supplements for better yields VYield levels of cocoa
without shade have been improved considerably by
the application of fertifizer (3, 15). In this study, the
check (X} was without shade after the initial nurse-
shade of tree cassava was removed, and no fertilizer
was applied. This might have accounted for the iow

Gambari Experimental Onishere CRIN fkom CRIN
Source of Station (GES) Substation Substation
Variations I'-Ratios I -Ratios F-Ratios
Main Plots:
Between Blocks (B) 269 NS 376" 1 37 NS
Between Variates (V) 11 22%x T3 76%%* 5 14%
Sub Plois:
Between Years (Y} 576 36Fwe 5223 R4 4QHRE
VY Interaction $02NS T 49HEx Z47%
BY Interaction 4 fgAEE 2 58 —
NS Not Sienificant
# Signilicant at 5% level
i Significant at 19 level
ok Signiticant at 0 1%
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Table 4. F-Ratios trom results of anadysis of percentage incidence of black pod discase.

Gambari Experimental Onishere CRIN lkom CRIN
Source of Station (GES} Substation Substation
Variatians F-Ratios F.Ratios F-Ratios
Main Plots:
Between Blocks {B) 275 NS 069 NS 0.40 NS
Between Variates (V) 3117 NS 4 62* 099 NS
Sub Plots:
Between Years 15 934 125 044+ 36 94 Fx=
VY interaction 028 NS ToLawEw 347

BY Interaction - -

BVY Interaction — " _

NS Not Signiticant
* Significant at 3% level
ek Significant at 1% level

ek Signiticant at 0 1% level thighly Signiticant)
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yields in the check compared with cocoa in freat-
ments Y and Z, where cocoa was under oil palm
shade

The vield levels in all the treatments are generally
low, averaging 160-180 kg of dry cocoa per ha in
treatment Z, and far less in treatments X and Y The
yield trends, however, indicated that the optimum
ievel has not been reached due to competition be-
tween crops for light, soil water, and nutrients {9,
i3)

Although the yield levels ol vil pahm have not been
made availzble, it is hoped that oil palm also stands to
benefit from its combination with cocos Sparnaaij
{13} has reported an incregse in vield of up to §
percent for oil palm under-planted with coflee

Similarly. the yield from oil palm in the present
study . would surely compensate the twrmer (or the
low vield level in cocon Overall, the synaigistic re-
sults of vields from the two crops are expected to
be higher than either cocou ar oil palm planted alone

The partial or complete sbsence of black pod inci-
dence during the initizl stages of pod bearing as
reperted here confirms the views of Okaisabor {11)
Pivrophthora-infected pods which are left 1o rot
away in trees and on the ground enhance future in-
cidence of pod rot in the cocoa plantation Obviously,
the subsequent increase in pod rot as the trees ad-
vanced in age was due to the accumulation of pod rot
imocufum in the soil and on the trees of the planta-
tion This has been the basis of the age-long recom-
mendation that cocoa farmers rid their plantations
of infested pods regularly Djiekpor and Amefia (6)
recommended  that  Phyrophthora-infested  pods
sheuld be collected from 47 to 50 times a year. On
each occasion, infested pods should be buried outside
the plantation.

One would have expected significant differences in
black pod incidence in cocea plots under ail paim be-
cause of the low temperature and high humidity con-
ditions created in the canopy as a result of the oif
paim  According to some authors (4, 5, 11, 12, 15},
these two conditions influence the development of
biack pod disease Black pod incidence in this study
was cbserved to be higher in cocoa under oil palm,
but the differences between trealments were not
significant at GES and Ikom This could be due to the
regitlar pruning of palm fronds during harvesting of
bunches However, Onishere recorded significance at
a low level of 5 percent Apart from other factors at
Onishere that might have motivated this result, the
number of pods produced has also been implicated
by Djiekpor {6} as one of the contributing factors
influencing the appearance and spread ol hlack pod

discase Our results in this respect confirm Djiekpor’s
(0 views

The low mammal pod damage recorded for Ikom
compared with GES and Onishere might be due to
one or a combination of the following Tuctors:

1) high maintenance level adopted in Hcom plots;

23 mammals” preference {or fruits (including paim
fruits) over cocoa pods;

3) the presence of only lew of the species of mam-
muals thuat prefer cocoa pods

From the loregoing. the hoflow square combina-
tion of cocoa and oit palm gave the best yield perfor-
mance, with the cocoa suffering lew adverse effects
from the ol palm in terms of growth and develop-
ment, yield, incidence of black pod disease and pod
damage by mammals. The average yield of 160-180
kg of dry cocoa per ha recorded for the hollow square
planting falls below the national average of 287 kg
dry cocoa per ha (6). 1t is, however, assumed that the
farmer would be compensated for the depression in
cocoa yield by the oil palm produce (palm oil,
kernely On the basis of this study, the hollow square
plaitting is recommended to farmers wishing to grow
the two crops together.

Summary

Bifferent ways of growing cocoa and oil palm
together in a mixed cropping system were studied,
piving consideration to three different densities of
cocoa and oil palm: sole Blocks of cocoa and oil palm
(X). alternate strips of the two crops (YY), and the
hallow square arrangement (Z). No significant dif-
ferences were found within treatments in the rates of
establishment growth. and development of cocoa
seedlings Initially, o significant differences in vield
between treatments were observed Thereafter, re-
markable dilferences were noticed when treatment 7
outyielded treatments X and Y with mean ratios of
31 for Z X and 5.1 for Z:Y. The observed depres-
sion in yield of cecos is offset by the synergistic yield
effect of the two crops Infestations of Phyropiithora
and pod damage by mammals were similar in all
spatial treatments The hellow square planting (Z) is
recommended to farmers wishing to underplant oil
paim with cocoa
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