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ABSTRACT

Field experiments were conducted in 1985- 88 and in 1995- 97 in Nigeria to determine the effect of melon
and okra on the micro-environment and crop growth in mixtures with maize, cowpea and cassava. The
vegetables and arable crops were grown alone as well as in inter-crops and grown with or without nitrogen
fertilizer. Growing melon between maize rows reduced maximum and diurnal range of soil temperatures by
3-4°C and 4-6°C respectively, and increased soil moisture content in the top 10 cm layer by 4-6 %. Inclusion
of the vegetables with the arable crops provided durable ecological protection against weed development.
Though vegetative development in okra, cowpea and cassava increased with nitrogen application, this was
not accompanied by an increase in the yields of the crops in mixtures. The environment modification in the
mixtures was beneficial to melon when grown between widely spaced maize rows and to okra under
moderate soil fertility conditions. It is concluded that reasonable beneficial changes in growth environment

and good productivity of vegetables can be achieved through inter-cropping, as well as the usual benefit of
the companion arable crops.
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INTRODUCTION In ical Africa, the ecological value of these

vegmladependslugelyon ir relevance in the
control of weeds and modification of growth
environment. Any agronomic ice that adversely

Leaf and fruit vegetables abound in the tropics and :
affects these values, as well as the economic value,

their production in mixed cropping has been

practised for many years. The d t methods of will be et p e —
|:rodnci‘tileoqa \t’mc.!cr (t)l}ls system have tei;::l:;g fucted g bnze tl:'ew. S Slli:y‘d

farming systems ( lasanmnl%‘; and Rees on soil tem ﬁdmm%“m
1994). Tropical bles and their wild species are growth in mixtures with maize, cowpea and cassava.

grown widely in Africa for several purposes. They

make an im t contribution to raising nutritional MATERIALS AND METHODS
:tc‘:els b{‘ inF dpmtex?d:mmnl: and minerals to

starc iets of the people. These crops are The experiments were sited at lla-Orangun (8°0'N
also im t for income for farmers. Sea s : . :
v poﬂanﬁ lgenfralmg 5 e = 4°54 EE in the dried savannah belt, between 1085

and 1988 and at Abeokuta (7'6'N, 3"I7°E), semi-

mixed systems for many things besides the food and deciduous rain forest belt, between 1995 and 1997

income obtain. etimes there are several

wo-physl?ozgial reasons for including vegetables
in mixtures with arable crops. Unfortunately, this
aspect has not featured prominently in inter-
cropping studies.

Mclon and okra, because of their high leaf area
indices and im in the diets of most
Nigerians, are often found in mixtures with food
crops in most ecological zones of the country. They
are normally the first vegetables sown in mixtures
with yam, cassava and maize at the beginning of the
major (March-August) season. are also inter-
< with food le and arable crops
during the minor (August-November) season.
Shmfyaﬁadmv le crops are planted, they
very rapidly provide leaf cover over the soil surface.

seasons, southwestern Nigeria. The rainfall pattern
indwt\:rb:‘msggimd?ydll.wimp?ksin Jxlyand
Septem a short dry period in Au e
annual rainfall was about 1590 m%o mn
1985/86 and 1987/88 seasons, ively, at lla-

Omunmdﬂmmminl /96 season at
Abeokuta. The mean monu:Iy minlmumﬁ;l:nd
max mnmnfeu?nsovu' seasons
|9-?3?Cand 7-3 Cresgectiw:ly.a!l
Tndfrom22-25’Cand29- 7°C at'Abeokuta (Table
)

Expriment 1: Maize/melon inter-cropping

This experiment was sited at lla-Orangun in 1985
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and 1986. The soil of the experimental site, which
was an Oxic trapudalf, had 1.27 % organic matter,
0.14 total N, 6.8 meq kg available P and 19 mmol
kg exchangeable K and 2apHof 6.3.

Tabic 1. Moathly average rainfall and temperature (T) during the

cxperimental period from 1985 to 1988 of la-Orangun and

From 1995 to 1996 at Abcokuta.

Ua-Orangun Abenkuts

Rainfall, _RC Ralnfall, k. &

mm min. max. mm max.
Jan 1.1 217 e 0.0 25 58
Feb nse 1986 336 461 43 385
Mar §3.5 228 358 1080 245 50
Apr 1651 30 323 1836 b2 Y L2 )
Mas ua 34 30.9 1058 b2 8 ) s
Jun wra n2 198 1962 36 n3
Jul Pk | 3 %0 2018 ns 296
Aug 360 4 279 180.7 na 290
Sept 2913 L0 b K 2686 30 297
Oct 5.7 uns 33 o 33 3Le
Noa %.7 2.7 R ] Bl 109 32 a4
Dec 9 195 3Le LS 42 137

The treatments, replicated three times in a
randomized complete block design, consisted of sole
maize, sole melon and maize/melon inter-crop in
1:1, 1:2 and 2:2 (maize: melon) row versions. Size of
each plot was 5.4 x 4.8 m. Maize (TZESR-W) and
melon (Local variety) were planted on 13 April in
1985 and on 5 April in 1986. The maize was planted
at a spacing of 90 x 30 cm in pure stands and ata 90 x
60ansp.cmgmm1xcdstnndstonchnvc37000
plants ha”. ‘l'hemelonwasphnwdauspacmgof%
x 60 cm to obtain 19000 plants ha' mbolhputeand
mixed stands. All plots received 300 kg ha” 15:15:15
NPK compound fertilizer three weeks after planting
and all mixed and maize sole plots received an
additional 30 kg N ha' as Calcium ammonium
nitrate (26 % N) three weeks later. Weeding was
done manually, at 4, 8 and 12 weeks in sole maize,
but only at4 weeks in sole melon or inter-crops.
Diurnal variation in soil temperatures-at 5 and
10 cm depth was measured at four-hourly intervals
between 06.00 and 18.00 h with thermometers
installed at the centre of the plots. Soil samples were
collected at 10 cm depth adjacent to the
thermometers and oven-dried at 105°C for 24 h to
determine gravimetric soil moisture content. All
were measured on 28, 29 and 30 May and
22, 23 and 24 June in 1985 and on 20, 21 and 22 May
and 16, 17 and 18 June in 1986. Growth characters
were determined nine weeks after planting when all
vegetative development of both crops had peaked.
Maize grain and melon seed yields were determined.

Experiment 2: Cowpea/okra inter-cropping

The experiment was conducted in 1987 and 1988 at
lla-Orangun. The soil had a pH of 6.2, 2.18 %
organic matter, 0.12 % total N, 4.5 meq kg available
P and 9 mmol kg' exchangeable K. There were two
factors: Cropping system (sole cropping and inter-
cropping) and N-rates (0, 30 and 60 kg ha™). A split-
plot design with the cropping system as the main plot
and N-rates as the sub-plot treatments was fitted into
a randomized complete block with three
replications. One sole cowpea plot with no applied
nitrogen was randomized within each block as a
control.

In 1987, planting was on 22 June using okra (cv.
47-4) and cowpea (Ife Brown). The crops were sown
at a spacing of 90 x 30 cm in pure stands and at a 90 x
60 cm spacing in mixed stands, respectively, to
obtain 37000 and 18500 plants ha ' for each species.
Each plot measured 4.5 x 42 m. In the 1988
experiment, the seeds of okra (cv. 47-4) and cowpea
(cv. ITS84E-124) were sown on 25 July using the
same spacing as in 1987, Each treatment plot size

“was 4.5 x 3.6 m. In both years a basal dressing of 30

kg ha” each of K,O and P,0, as muriate of potash and
single super-phosphate, respectively, was applied to
all plots receiving nitrogen. The sub-plots selected
randomly were then supplied with either 0, 30 or 60
kg N ha' as sulphate of ammonia. Weeding was done
manually at 4 and 8 weeks in sole okra crop and only
at 4 weeks in inter-crop. Foliar and fruit insect pests
were controlled regularly before harvesting
commenced, with sprays of 600 ml ha" of Azodrin
60 (containing 600 g L' WSC) and 400 m! ha' of
Cymbush 10 EC (containing 100 g L

development at 8 weeks and okra fruits were
harvested regularly. Cowpea pods were picked, sun-
dried and threshed. All harvests were made from the
centre four rows.

Experiment 3: Cassava/okra inter-cropping

The experiment was sited at Abeokuta on the Two
soil series, an Oxic paleudulf during 1995 to 1997.
The top soil of the i site had 2.09 %
organic carbon, 0.084 % total N, 4.8 meq kg’
available P and 4.6 and 29.2 mmol kg’ exchangeable
K and Ca, respectively, and a pH of 5.6.

The treatments, replicated three times in a split
plot design, consisted of two cropping systems (sole
cropping and mla-cmppmg)smemploumd
three nitrogen rates (0, 60 and 120 kg ha”) as the
sub-plot treatments. Nitrogen was applied as
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compound fertilizer (15:15:15 N, P,0., K,0) and
urea (45:0:0:). The compound fertilizer supplied 60
kg ha” each of N, P,O, and KO as a basal dressing
and urea supplied the remaining 60 kg N ha” for the
highest N-rate. The sub-plot treatments were
randomized within each block. The net sub-plot area
was 7 x5 m. Okra (cv. 47-4) was sown with one plant
per hill at an intrarow spacing of 30 cm in pure stands
and mid way between every cassava (Odongbo)
rows spaced 100 cm apart, with 50 cm between all
rows during the minor (August-November) season.
The cassava was planted at a spacing of 100 cm
within rows in both cropping systems. Nitrogen
fertilizer was drilled into furrows midway between
okra and cassava rows two weeks after planting. All

rapidly in height but took a longer period to develop
its canopy at a higher level. Thus, maize gave a
poorer soil cover than melon. Due to the geometry of
its canopy, maize allowed more light to penetrate to
lower levels and consequently the amount of radiant
energy actually reaching the soil surface was greater
than that of melon. However, increased soil
temperatures under sole maize during the afternoon
and evening periods did not persist into the following
morning, perhaps as a result of high night back-
radiation (Table 2). When compared with sole
melon, the soil temperature below sole maize in the
upper 10 cm was significantly reduced by about 1.3
Cat06:00 hand raised by 1.6,3 .8 and 1.5°C at 10:00,
14:00 and 18:00 h, respectively (Table 2).

Table 2. Average diurnal variation snd daily range (DR ) of sull temperature and soil moisture content ia maize/melon intercrop af s Orungan (mesn of

two yearsdata)
May June

Treatment Soil temperature, 'C Seil Soil temperature, 'C Sait

Maisture. mosture.

€ 10 14 15 DR “ & W U » DR *

Scm depth Scm depth
Sole maize 1 2% 3 28 15 U 4 » 1”2 -
Sole melon 3 U N ¥ 2 B N 3 ] -
I:1 row 2 M4 N 1w 2 23 N » 9 -
1:2 row 2 4 3B w1 - 2 B » » L) -
22 row SN B 3 2 B N » 9 -
LSD(0.05) 076 053 1S9 0sS - - 02 02 LI 0SS - -

10 cm depth 10cm depth
Sole maize 2 ¥ M DB S0 A M4 2 2% u ns
Sole melon 2 23 N % 123 2 2 » 31 3 136
121 row 2 3 N % 9 s 2 Y B 7 130
122 row 3 3 » 2% 7 ns 2 D 3 2 6 128
2:2row r - iy - LS LMY R | s 2 B » s 7 129
LSD(0.05) 0ss 02 12 02 - 2 042 0.7 1.9 L - ors
Hour otday

plots were manually weeded, thrice in sole cassava,
twice in sole okra, but only once in cassava/okra
inter-crop.

The vegetative characters of okra were
determined at 8-9 weeks and of cassava at 12 weeks.
The immature okra fruits were harvested every 3
days, starting from October. Cassava was harvested
fortuber yield in April 1997.

Analysis of variance was performed on growth
and vield data of crops in each experiment, based on
means were compared by the least significant
difference test at 5 % probability values.

RESULTS AND DISCUSSION

Modification of soil temperature and moisture
content

Compared to melon, the maize crop grew more

The soil temperature and moisture content below the
maize/melon inter-crop and sole melon did not differ
significantly in either month. Soil moisture content
at 10 cm was always greater under sole melon or
inter-crops than under sole maize; the value below
the inter-crops was about 2-6 % greater than that
below sole maize four weeks after planting (Table 2).
Moreover, diumal range of soil temperature was
appreciably higher by 4-6" C under sole maize than
under sole melon or maize/melon inter-crop. These
results showed that shading by the leaf canopy of
melon reduced soil temperature and increased soil
moisture content. Melon can thus be used as an inter-
crop to reduce high diurnal soil and air temperatures,
and consequently fluctuations in temperatures and
evaporative water losses that have often been found
to affect crop growth in the tropics (Lal and
Greenland 1977), particularly at the beginning of
cropping season. Improved ground cover by melon
can also reduce run-off and increase water
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infiltration. Increased infiltration rate may also be
caused by increased earthworm activities as a result
of lower soil temperature (Hulugalle and Fzumah
1991).

Suppression of weeds

In this study, three weeding operations were carried
out in sole cropped maize and cassava and two in
sole cropped okra, but only one with maize/melon,
cowpea/okra or cassava/okra inter-crop during crop
associations. This shows that shading by the heavier
leaf canopy in inter-cropping considerably reduced
weed growth. The weeds which usually build up
before the sole maize and cassava crops were
effectively suppressed by the melon and okra inter-
crops. Consequently, light, water and nutrients
which might otherwise be wasted and/or used by
weeds before the maize and cassava formed full
canopy were largely utilized by the vegetables.
Growing broad-leaved or spreading type vegetables
between the rows of arable crops can thus be used to
provide durable ecological protection against weed
development and the spread of diseases, insect pests
and nematodes for which these weeds serve as host
plants. Zuofa et al. (1992) observed a considerable
reduction in weediness when melon was inter-
cropped with cassava and maize. Trenbath (1993)
reported that sole crop cowpea grown without
msecticide protection in northern Nigeria yielded
virtually nothing while cowpea inter-cropped with
arable and vegetable crops produced some
reasonable seed yield.

Modification of melon and maize growth

Growing maize between melon rows, irrespective of
pattern, modified both the growth and yield of the
melon crop. Inter-cropping significantly reduced the
number of branches, leaves and leaf area and
consequently shoot dry weight, number of fruits per
plant, seeds per fruit and seed yield of melon.
Nevertheless, the stems were longer in melon inter-
crop than in the sole crop but the weight per 100
seeds was similar in the two crops (Table 3).
However, the reduction in fruit and seed yield was
less when melon was grown between wider rows of
the maize crop. The reduction in seed yield was
mainly due to the reduction in number of fruits per
plant. It seems that melon seed yields largely depend
on the vegetative growth, which is reflected in the
stem length, branch number and leaf area. It would
appear from these results that the environment
modification by the top storey maize crop was more
beneficial to melon when it was grown between

Table s, WW“M.‘)&Hd-ﬂ-ﬂ
maize 3t lla-Oranges (mean of twe years' data)
Sole Row intercrop LS
(Maize:melon
Crop 1:1 12 22 (P=0.08)
Meloa Growth charscter
Ne. OF
branches plant” 25 14 1" 15 a1
Ne. OF
leaves plant” T 188 5 w2 e
Leafares
index 2 3 s 6 2
Stem
beight. m p Y i3 1 3s ae
Shoot dry weight,
gplant’ @ bay ) ne 2% 50
Yield
No. Of
frwies plant 15 15 22 L7 a3
Ne. Of
ceds fruit” 160 132 3 32 162
Weight of
100 sceds, g 156 153 149 132 o
Seced yield,
tha 12 os o oy L% )
Maize Tawselling
No. af days a2 5 &0 o 154
Yield character
Grain yleld, tha” is 3 4 30 [XY]

widely spaced maize rows than narrow spacing.
with melon did not influence the growth of the maize
crop, but the grain vield was reduced in the mixture
only when grown with melon in a 12 row
arrangement (Table 3). This is probably because of
the increased vegetative growth of the associated
melon and the conseguent competition between the
two crops. Inter-cropped maize tasselled earlier than
the sole crop, and this was due to an increase in soil
moisture and the consequent reduction in maximum
diumnal soil temperatures and evaporative water
losses from the soil surface (Table 2). This shows
that reduction in soil temperature and the consequent
increase in soil moisture under mixture, caused by
melon.mbencﬁciallotbcmizemp,panicuhﬂy
during early growth when the soil temperature in
pure maize crop was appreciably high and the maize
MONo-Crop was water stressed.

Modification of okra and cowpea growth

Growing cowpea between okra rows did not affect
leaf production, days to first harvest and fruit weight
of the okra crop, but its height, branch number, fruit
production and yield were affected significantly
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(Table 4). Sole crop okra grew taller and had more
branches and fruits and a greater fruit yield than the
inter-crop across different N-rates. This shows that
inter-cropping led to reduction in branch production
in the okra crop which largely determines fruit
production. The replacement series techniques
employed to formulate mixture population may also
have contributed to the reduction in fruit yield of
okra per hectare.

Increasing N-fertilizer rates increased
vegetative development of the okra crop, but
application of 60 and 30 kg N ha’ in sole and inter-
cropping, respectively, gave maximum fruit yield
(Table 4). The cropping X N interaction was
significant in pod yield, indicating that yield
response of okra to nitrogen fertilization differed
between the two cropping systems. These results
showed that complementary effect of cowpea/okra
inter-cropping on the okra crop was evident only at
low soil fertility, and cannot be demonstrated under
high soil fertility. This was mainly due to improved
ground cover provided by the cowpea crop which
contributed to reduced soil erosion and hence better
retention of soil moisture and fertility, especially
nitrogen, for the use of the associated okra crop. The
growth environment encountered by okra when
grown with cowpea was therefore strikingly
beneficial and different from that in monoculture.

When cowpea and okra were inter-cropped
without applied nitrogen the growth of the cowpea
crop was not affected, but the dry pod weight and
grain yields were affected significantly (Table 5). At
higher nitrogen rates, cowpea inter-crop grew taller,
had more branches and leaves, and produced less
pods and seed yield than in the sole crop. The
reduction in pod and seed yields was however less
with application of 30 than 60 kg N ha’, mainly
because of competition enhancement of okra plants
Table 4. Vegetative and yleld characters of okra in sole cropping and iater-

cropping with cowpes at  different nitrogen fertilizer raiey
(mean of two years' data).

Nitrogen Plant HRranches Leaves Days  Fruits Weight Fruit

rate. beight, plant” plant’ 1 plant’ fruit’, yield,
kgha' om harvest g tha'
Solecrup okra

0 b ] 22 L] 00 s 15 44
30 % 23 n 61 w L4}
o0 103 26 b1 6l n o« 56
Mean S0 4 n ] w 50
Okra intercrop

o 74 15 1) s 5 " pA |
30 L4 (K] i od 9 15 s
ol L] 1 7 o4 | 22
Mesn L LS i} o4 § 15 3
LSIXP=0.0%5)

Cropping 460 03 NS NS 0IS NS 0
N rate 616 037 187 NS BSS NS 07
Croppings N NS NS NS NS * NS ®

¢

~ Not significant * Cropping t N was significant at P=0.08

Table 5. Vegetative characters and dry pod and seed yiclds of
cowpes as affected by inter-cropping with okrs at
different nitrogen fertilizer rates at lla-Orangun (mean of

two yeary' data)
Nitrogen  Plant Branches Leaves  Drypod Seed
rate, height,  plaat’ plant  yield, yield,
kgha' cm tha' tha'
Solecrop 149 46 54 29 21
Inter-crop
0 154 53 2 13 LI
30 168 52 58 1.6 13
60 152 56 64 12 06
Mean 168 4 S8 14 11

LSD(0.05) 1245 s 503 035 o2

that received 60 kg N ha" (see Table 4). The okra
plant has a stronger upright stem, produces broader
leaves ad develops its canopy higher up in space than
the cowpea plant. The yield response of cowpea to
cropping and N fertilizer treatments differed from
that of its vegetative growth. The difference in the
stages of development in cowpea and also in the
associated okra in relation to resource requirements
may have contributed to this.

Modification of okra and cassava growth

Growing cassava between the rows of okra did not
influence the growth of the okra crop with or without
N fertilization, but the fruit weight and yield were
reduced only when nitrogen fertilizer was not
applied (Table 6).

The reduction of okra fruit yield in the
unfertilized mixtures may be due to rapid depletion
of soil nutrients, particularly nitrogen, as the root
density and canopy development would be much
greater in an additive mixture than in monoculture.
lncmmgN-fuﬂlwm:fmmOto&otlZOng
ha" significantly increased vegetative development,
enhanced earliness to fruit harvest, increased fruit
formation and fruit yield. The cropping system x N
intcraction was significant for fruit yield. The
difference in the cropping system x N interaction
between vegetative growth and fruit yield showed
that yield response of okra to N application depended
more on the cropping system, compared to
vegetative growth response to the N-fertilizer
treatment.

Inter-cropping cassava with okra did not affect
the growth and root yield of the cassava crop
(averaged over the N rates). However, mixing the
two crops without nitrogen fertilization resulted in a
significant decrease of 25 % in the tuber yield of the
cassava crop, compared with the corresponding sole
plants with no nitrogen applied. Although the
cassava inter-crop produced a greater number of
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b&c\W“MM&‘Mh*M.‘M

With cassava atdifferent nitrogen fertilizer rates at Abeokuta,

wmmmump Fruits Weight Frait
Rate, height, plant’ )h-l‘;u.n plant’ fruit', yield,
cm

kgha' harvest 5 tha'
Sole crop
0 55 Lo 0 L 20 S s n 3
ol sl 14 n 1050 o4 7T M i3
120 [ ] 33 13 1210 &1 2 M 46
Mean (4] s n 1048 o4 7 D 34
Inter<rop
0 5 (B ] L] WS o8 3 9 12
o0 3 15 10 1001 68 7 0 30
120 [ 36 1] 163 61 s 12 42
Mesn 62 6 10 1124 65 7 10 b3
LSD(0.05)
Cropping NS NS NS NS NS NS .08 0.5
N rate 453 0ss L$6 1277 7% 2 = L6
Cropping
=N NS NS NS e NS 4 ® .

NS~ Not significant * Cropping 1 N was significant ai P~ 0,05

tubers than the sole crop in the unfertilized plots, the
weight of tubers in inter-crop was smaller than that in
the sole crop (Table 7). This shows that increased tubes
number did not compensate for the reduction in tuber
weight, as suggested by significant interaction between
cropping x N interaction. In the unfertilized mixed plots,
nutrient availability may be reduced rapidly because of
the more rapid development of root density and leaf
area, and hence the higher nutrient use (Morris and
Garrity 1993). When 60 kg N ha' was applied, inter-
cropped cassava recovered rapidly from the growth
impairment encountered during crop association and
consequently gave some reasonable root vield (28 tha)
Table 7. Vegetative and root yield charactersof cassava in sole cropping

mm«mm-tnumwm
rates at Abeokuts.

Nitrogen Plant Leaves  Tubers  Weight
rate, beight, Plant’ Plant'  Tuber’, Yield’,
kgha' m £ tha'
Sole crop

0 0s 70 28 g2 20
60 1.0 78 42 m 31
120 12 87 35 999 33
Mean Lo - s S04 28
Inter-crup

0 1o 7 32 580 15
] 12 50 34 782 28
120 13 85 337 887 3
Mean 12 k) 34 T 25
Cl‘f:(:hg NS NS NS 559 25
Nrate ols 6.6 04 ne 6.0
Cropping x N NS NS - . .

NS.=Notsignificant * Cropping t N was significant af P=0.05

similar to that obtained when it was grown alone
(30 t ha”). Doubling the nitrogen rate, however.
did not result in further significant increase in
root yield (31 tha™). This may be due to the effect
of nitrogen fertilization which persisted for a
long time for the use of cassava after associated
okra was harvested. Also, part of the nutrients.
particularly nitrogen, removed by okra during
crop association would be released to the soil by
decomposition of okra residues after fruit
harvest, for the use of the cassava crop.

This study thus indicates that increased
nitrogen fertilizer does not necessarily result in
good crop yields in mixed systems, particularly
with legumes. It also shows that inclusion of
vegetables, particularly the broad-leaved and
spreading types, with arable crops can reduce
maximum and diurnal range of soil temperatures
and increase soil moisture content within the root
zone. Such systems can also protect the soil
against surface runoff, suppress weeds and
increase water infilteration rate. Based on the
results of this study, it is concluded that in the
tropics where vegetables are often found in
mixtures with arable crops, reasonable beneficial
changes in growth environment and good
productivity of vegetables can be achieved, in
addition to the usual yield benefits of the arable
crops.
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