The establishment and early yield of cocoa intercropped

with food crops in Ghana

K. OSEI-BONSU,F.M. AMOAH & F. K. OPPONG

Cocoa Research Institute of Ghana, P.O. Box 8, New Tafo-Akim, Ghana

SUMMARY

A cocoa-food crop intercropping trial was set up in 1988
at the Cocoa Research Institute of Ghana, Tafo. The
effects of plantain, cassava, and maize as intercrops with
cocoa only and in their various combinations on the
establishment, growth of the cocoa, and the profitability
of the food crops were studied in a randomized block
experiment with five replicates. Mixed hybrid cocoa
seedlings were planted at 3 m» 3 m and Glyricidia maculata
provided permanent shade in all plots. Three years after
planting, the sole cocoa with Glyricidia maculata was
inferior in growth to the cocoa interplanted with food
crops. Cocoa in treatments which included maize showed
superior growth and better precocity. Yield of each food
intercrop with cocoa only was higher than when combined
with other food crops. Sole cocoa gave less revenue
equivalent to the operational costs during the establish-
ment phase. The other food crop combinations with cocoa
gave net revenue gain in the first 2 years after planting.
The economic evaluation of the food crop combinations
indicated that freatments which included cassava were the
most profitable.

Original scientific paper. Received 7 May 96; revised 15
May 98.

Introduction
Traditionally, cocoa farmers in Ghana establish
their farms with food crops into which cocoa seed
is either sown directly at stake orseedlings planted
(Benneh, 1987; La Anyane, 1963). The temporary
shade provided by the food crops provides direct
shade to the cocoa seedlings. The farmer in turn
depends on the food crops as a staple for the
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household and for economic sustenance during
the growth period of the cocoa.

Food crop farms usually combine common
staples such as plantain, cocoyam, maize, yams,
cassava, and vegetables in various proportions
and with different spatial arrangements (Owusu-
Bempah, 1988; Wills, 1962). Scientifically, very
little interest has been shown in this complex
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farming system (Fordham, 1983) for failing to sat-
isfy the conventional requirements of treatment
standardization (Willey, 1985). However, the mer-
its of such intercropping systems have recently
been shown in cocoa-tree crop systems (Egbe &
Adenikinju, 1990; Oladokun, 1988; Kolade, 1986;
Alvim & Nair, 1986; Adegeye, 1985)and in cereals
combined with legumes (Francis, 1986; Ofori &
Stern, 1987). The adoption of any system of
agricultural production is usually influenced by
socio-economic factors including the risk factor
associated with a particular farming system. Thus,
in spite of the emphasis of research and develop-
ment on monocrop systems, intercropping remains
wide- spread (Fordham, 1983). The economics of
such intercropping practices and the biological
advantages to the soil must, therefore, be evalu-
ated as a whole (Willey, 1985). Such information
is lacking on the cocoa-food crop cropping system
in Ghana.

This study aimed to evaluate the effect and
profitability of some cropping systems on cocoa
establishment in Ghana.

Materials and methods

The experiment was set up at the Cocoa Research
Institute of Ghana, Tafo, between 1988 and 1990 on
land which had previously been under cocoa for
more than 20 years. The old stand of cocoa was
completely grubbed and the land cleared of debris
by localized (heap) burning, a practice referred to
as "controlled burning" (Webster & Wilson, 1969),
in preparation for the planting of the food crops.

A randomized block design with five replicates
was used. Plots measured 18 m x 18 m. The
treatments evaluated were as follows:

Sole cocoa (control)

Cocoa/plantain intercrop

Cocoa/cassava intercrop

Cocoa/maize intercrop

Cocoa/plantain/cassava intercrop

Cocoa/cassava/maize intercrop

Cocoa/plantain/maize intercrop

Cocoa/plantain/cassava/maize intercrop

Maize was planted at 1 m x 0.5 m, cassavaat 1
m? and plantain at 3 m x 3 m, with plant populations
020,000, 10,000,and 1,111 ha'', respectively. The
maize, cassava, and plantain in each plot were at
0.5,1,and 3m from cocoastands, respectively. Six

~month-old cocoa seedlings of uniform growth

were transplanted in June 1988 at3mx3m (1,111
plants ha'). Glyricidia maculata was planted in
all plots at a spacing of 6 m x 6 m and later thinned
to 12 m x 12 m to provide permanent shade for the
cocoa. Maize was planted in April and September
each year and harvested in July and December,
respectively. The first cassava crop planted in
April, 1988 was harvested in February 1989, and
subsequently recropped between March and Feb-
ruary of each year. Vacancies in the plantain were
filled every year. The last planting of food crops
was carried out in 1990 after which the closed
cocoa canopy did not permit further intercropping.
A basal dressing of 68 kg ha' sulphate of
ammoniaand 45 kg ha triple superphosphate was
applied annually to all treatments until the 3rd year
(1990) to augment the soil nutrients after the long
period that the area was under cocoa. In addition,
treatments which were planted with cassava re-
ceived 45 kg ha'! muriate of potash each year as
recommended (Nye & Stephens, 1962). Soil
samples from 0 to 30 cm depth were taken from the
experimental area and also from an adjacent fallow
plot infested mainly by Chromolaena odorata
before and after the experiment was planted.
Weed control, on treatment basis, was carried
outmanually or chemically with glyphosateat2.51
ha'!' as and when necessary. Data were collected
by man-day requirements for weeding, shade
adjustment, chupon removal, and harvesting on
treatment basis. Girth and height were measured
on 16 core cocoaseedlings at 3-monthly intervals
beginning at 6 months after transplanting. Insect
pest was control led as and when necessary using
Unden. Food crop yields were estimated from a
corearea of 12 m?per plotduring harvesting. Yield
of plantain was estimated on bunch fresh weight,
cassavaon fresh tuber weight, and maize on shelled
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grain weight ofabout 13 per centmoisture content.
The Ministry of Food and Agriculture prices pub-
lished monthly were used to compute the prices of
the food items on per hectare basis. The dis-
counted net benefit of each cropping system was
computed from the total production cost and the
grossrevenue (CIMMYT, 1988). Early flowering
and the number of healthy pods produced were
also used to evaluate the effects of different treat-
ments on the cocoa.

Results

Table | shows the soil characteristics of the study
area. The data do not, however, represent the
inherent nutrient status of the soil as the experi-
mental plots.were fertilized. The carbon contents
of the soils under the fallow (more than 10 years)
and mature cocoa were higher compared with
those from soil in the experimental areas. Except for
moderate to strongly acidic reaction in soils from
the cocoa/plantain treatment, the pH values of the
othersoils were similar. The base exchange capaci-
ties ofthe soils underthe different treatments were
similar in value but much lower than those under
the fallow.

Table 2 shows data on cocoa seedling growth.
There were no significant differences in the girth
of cocoa seedlings in treatments which included
maize; such seedlings being significantly bigger
(P<0.05) than the othertreatments in 1988/89. In
1989/90, cocoa from the maize intercrop produced
significantly bigger (P<0.05) stems than those
from the cassava/maize and plantain/maize sys-
tems. These were inturn biggerthanthose fromthe
other systems (P<0.05). Cocoainter-planted with
cassava, maize, cassava/maize, and plantain/maize
were significantly taller (P<0.05) than those from
the other treatments in 1988/89 and 1989/90.

Table 3 shows the yields of food crops inter-
cropped with cocoa. Generally, food crop yields
tended to be higher when intercropped with cocoa
only than when combined with other food crops
and cocoa. However, whether planted solely or in
mixture, food crop yields were higher during the
2nd year of cropping. Yields dropped drastically
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inthe 3rd year despite the application of fertilizers.
Similarly, maize planted in September gave poorer
yields than those of April each year.

Cocoa intercropped with maize showed a sig-
nificantly higher (P<0.05) proportion of flowered
plants after 2 years than in all other treatments
whilst the sole cocoa treatment gave the least
number of flowered plants (Table 4). Three years
after planting, there were no differences in pod
production from cocoa intercropped with cassava,
maize, cassava/maize, and plantain/maize, butthese
treatments gave higher (< 0.05) pod yields than
sole cocoa, cocoa intercropped with plantain, cas-
sava /plantain, and plantain/cassava/maize. Sole
cocoa and cocoa intercropped with plantain gave
similar yields which were significantly higher (P<
0.05) than cocoa intercropped with plantain/cas-
sava or plantain/cassava/maize (Table 4).

Table S shows the expected revenue computed
by annual sale of the food crops. Among the three
food crops, cassava gave the highest gross rev-
enue, followed by plantain and maize. The cas-
sava/plantain/maize intercrop gave the highest
gross revenue over the 3-year period, followed by
cassava/plantain and cassava/maize. Intercrop-
ping cocoa with maize alone gave the lowest gross
revenue. A discounted net benefit analysis on the
gross revenue receipts and the total operational
cost (Table 6) showed that sole cocoa gave net
revenue deficit equivalent to the operational costs
on yearly basis. All food crop combinations with
cocoayielded net revenue gain in 1988 and 1989.
However, in 1990, net revenue loss was recorded
in the cocoa/cassava and cocoa/maize treatments
although the cumulative incomes from the other
two previous years seem to indicate that the sys-
tem is profitable. For profitability ofthe systems,
cocoa/plantain/cassava, cocoa/cassava/maize,
and cocoa/plantain /cassava/maize were superior
to the other treatments.

Discussion
Much of the success of intercrops in cocoa estab-
lishment depends on understanding the role each
component plays in the system. From indigenous
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TABLE 2

Effect of Intercropping Food Crops on the Growth of Cocoa Seedlings

Mean girth increment (mm) Mean height increment (cm)

Treatment 1 year after 2 years after 1 year after 2 years afler
planting planting planting planting
Sole cocoa- 8.31b 14.52¢ 37.2b 65.7d
Cocoa/Plantain 8.39b 16.62d 36.2b 69.5d
Cocoa/Cassava 9.07b 18.28¢ 47.1a 95.0a
Cocoa/Maize 10.40a 22.69a 51.9a 90.1a
Cocoa/Plantain/Cassava 8.05b 13.77¢ 37.3b 75.6¢
Cocoa/Cassava/Maize 10.14a 19.62b 46.2a 96.9a
Cocoa/Plantain/Maize 10.11a 19.94b 49.1a 95.2a
Cocoa/Plantain/Cassava/Maize 9.30ab 15.38¢ 52.4a 87.7b

Means in columns carrying same letter are not significantly different at P < 0.05

TABLE 3
Yield (kg/ha) of Food Crops in Mixtures with Cocoa

Plantain Cassava Maize
Treatment 1988 1989 1990 1988 1989 1990 1988 1989 1990
Cocoa - - - - - - - - -
Cocoa/Plantain 6125 7089 3728 - - - - - -
Cocoa/Cassava - - - 14373 12426 2402 - - -
Cocoa/Maize - - - - - - 2970 3482 445
3204* 3018* -
Cocoa/Plantain/Cassava 3211 5934 2584 12829 11497 2722 - - -
Cocoa/Cassava/Maize - - - 16061 13804 4319 1943 4012 436
Cocoa/Plantain/Maize 4728 4834 3306 - - - 2247 1534 210

815* 766* -
Cocoa/Plantain/Cassava/Maize 1453 5467 2056 13762 11183 3136 2072 + 398

*Minor se¢ason crop

+Crop failure

TABLE 4

Effect of Food Crops Intercropping on Flowering and Pod Production of Cocoa

Number of flowered plants ha’ Usable cocoa pods ha'!
Treatment 2 years after planting 3 years after planting
Sole cocoa 125¢ 712b
Cocoa/Plantain 236d 798b
Cocoa/Cassava 416¢ 1094a
Cocoa/Maize 666a 1150a
Cocoa/Plantain/Cassava 194ed 356¢
Cocoa/Cassava/Maize 500b 1235a
Cocoa/Plantain/Maize 555b 1249a
Cocoa/Plantain/Cassava/Maize 197ed 458¢

Means in column carrying same letter arc not significantly different at P < 0.05
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knowledge acquired over the years, peasant cocoa
farmers have identified the shade requirement of
cocoa. Apart from the selective forest tree shade
left for the mature cocoa, fast-growing annual food
crops are planted to provide shade for the cocoa
seedlings and also as subsistence to the farmer. In
this way, farmers obtain the protection and growth
of a tree crop underplanted in the food crops by
direct regular brushing and indirect shade pro-
vided by the food crops. Benneh (1987) and
Owusu-Bempah (1988) have elaborated on the
roles played by both culture and gender to help
achieve success in this land-use system where
men would rather be concerned with the tree crop
while women take care ofthe food crops. The food
derived from this system provides for the immedi-
ate energy needs of the farming household while
the excess is usually sold to generate income for
other needs of the family (Benneh, 1987).

The financial returns from the food crops ap-
pear to determine the choice of the crop types
cultivated by the farmer (Owusu-Bempah, 1988).
This confirms the assessment of Bonaparte &
Toseafa (1977) that cash flow constraints during
the growth period of cocoa is a very important
hindrance to rehabilitating cocoa farms. More-
over, the results of Bonaparte & Toseafa (1977)
that cocoa growth was not adversely affected
when intercropped with maize, vindicates the peas-
ant farmer practices. This finding has been con-
firmed in this study, and also with cassava and
plantain which are always intercropped with cocoa
by farmers.

However, contrary tothe findings of Bonaparte
& Toseafa(1979), cassavadid notaffectthe growth
of cocoa when planted alone or in combination
with other food crops, probably because all the
cassava plots in the study were fertilized. The
cocoa/plantain system now recommended (Manu
& Tetteh, 1988) was not superior to the other
treatments for cocoa growth, and the plantain/
maize and plantain/cassava/maize intercrops en-
hanced better cocoa girth development than plan-
tain alone. This may point to the need for a fast-
growing shade plant such as cassava or maize to
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provide early good shade for cocoa rather than
plantain which takes about 6 months to form a
canopy.

Furthermore, the long dry season and the wind-
storms in March/April usually devastate the plan-
tains so that effective shade is not actually pro-
vided to the cocoa in the latter part of the dry
season when the shade is needed most. The poor
performance ofthe sole cocoatreatmentmay have
been due to poor shade provided by the Glyricidia
maculata, initially owing to its slow establishment
and later by its propensity to flower in the dry
season when shade is most needed. This factor
encouraged severe weed competition in the treat-
ment which would also have slowed down the
cocoa seedling growth (Bonaparte & Toseafa,
1977).

When compared with sole cocoa treatment, the
shade provided by the food crops reduced weed
growth considerably. Similar observations on
weed competition in exposed plots have been
made by Adenikinju, Esam & Adeyemi(1989)and
Oladokun (1988). In shade efficiency studies of
some temporary species, Hall (1962) noted that
less weed infestation occurred in banana plots
than in those with plantain, tree cassava or tree
cassava/plantain mixtures, owing to the better
shade provided by the banana. Cocoa seedling
height was not depressed by intercropping with
cassava, maize or plantain probably because seed-
ling girth may be the more sensitive measure of
growththan height (Glending, 1960).

On pro rata basis, treatments producing bulky
starch crops such as cassava and plantain gave
the highest net revenue. Such treatments might
have improved the efficiency of light interception
and conversion in this system (Fordham, 1983).
This is advantageous to farmers in the interim
period as they wait forthe proceeds from the cocoa
crop. The net revenue loss in 1990 from cocoa/
cassava and cocoa/maize intercrops may be ex-
plained by the poor growth and subsequent lower
yield of the food crops owing to the well-devel-
oped cocoa and Giyricidia canopies. However,
the revenue from the first 2 years of intercropping
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with these food crops makes the system economi-
cally profitable over the sole cocoa system.

Indigenous knowledge also vindicates the
farmer for intercropping several food crop species
to guard against failure ofthe enterprise. This was
noted in the negative netrevenue returns of cocoa/
cassava and cocoa/maize systems in the 3rd year
ofcropping. Cassava must, however, beused with
caution as it is reputed to impoverish the soil in
intensive cultivation. Cassava may also be asso-
ciated with white thread disease, Fomes lignosus
(Doku, 1969). No such effects were, however,
recorded in this study.

Itmust be pointed outthat fertilizers which were
applied in the study are not routinely used by
farmers. However, the spatial arrangewents of the
food crops weresimilar towhat isrecommended for
monoculture regimens compared to what is prac-
tised by farmers. There was, therefore, the need to
augment soil fertility with chemical fertilizers to
obtain the true potential of the system. Addition-
ally, as the land had been cropped with cocoa for
several years, the application of the fertilizer prob-
ably enhanced the establishment of the cocoa
component.

In the traditional system which uses no fertiliz-
ers, and food crops are planted at low densities, the
system appears to be self-sustaining within the
first 3 years of intercropping (La Anyane, 1963).
Such a system will not be harmful to the cocoa.
There were no clear differences in the fertility level
of the soils from the different treatments due to the
application ofthe fertilizer. This implies that while
the land is under perennial crops such as cocoa,
soil nutrients may be depleted whether or not food
crops are incorporated in the system. However, if
high densities of the food crops are to be planted
with the cocoa, then chemical fertilizer supplement
may be required so that the development of the
cocoa seedlings is not adversely affected.

Conclusion
Intercroping food crops with cocoa enhances
growth and precosity ofthe cocoa. Italso provides
food for the household and cash to defray part of

the initial capital outlay required for establishing
cocoa farms. A basaldressing of chemical fertilizer
may be necessary when intercropping cocoa at
high food crop densities on soils which had previ-
ously been cropped with cocoa.
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