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Summary
The effects of combinations of several 
crops planted with chilli (Capsicum an-
nuum) on the population abundance 
of the aphid, Aphis gossypii Glover 
and coccinellids (Coccinella transver-
salis Fab. and Harmonia octomaculata 
Fab.) were assessed. Six crop combina-
tions (treatments) were tested, namely 
CCCCCCCC, MCMCMCMC, MCOM-
COMC, MCEMCEMC, MCOEMCOE 
and MCEOMCEO (M – maize, C – chilli, 
O – okra and E – eggplant). The numbers 
of alate and apterate A. gossypii were sig-
nificantly different (P <0.05) among treat-
ments. The CCCCCCCC treatment had a 
significantly higher (P <0.05) number of 
alate aphids than the other treatments ex-
cept the MCMCMCMC. However, there 
was no significant difference (P >0.05) 
in the number of apterate aphids in 
the CCCCCCCC with that of MCOM-
COMC and MCEMCEMC treatments. 
The lower canopy level of chilli had a 
significantly higher number (P <0.05) 
of apterate aphids when compared to 
the upper or middle canopy levels. The 
numbers of coccinellid eggs per chilli 
plant were not significantly different be-
tween treatments (P >0.05) but there was 
a significant difference between chilli 
canopy levels (P <0.05) with a higher 
number of coccinellid eggs found on 
the lower canopy level compared to the 
upper or middle canopy. However, the 
numbers of adult and larval coccinellids 
were significantly higher (P <0.05) in the 
CCCCCCCC treatment than in the other 
crop treatments with the exception of 
MCEMCEMC. In contrast to aphids, the 
numbers of adults and larval coccinellids 
were significantly higher (P <0.05) in the 
middle canopy of chilli plant of the 

reducing aphid infestation and enhancing 
the population of predatory coccinellids 
on chilli plants. 

Materials and methods
Study site
This study was conducted at MARDI 
(Malaysian Agriculture Research and 
Development Institute) Research Station 
Jalan Kebun, Klang, Selangor, Malaysia 
from 22 July to 18 December 2000. 

Treatments
The treatments tested against A. gos-
sypii and the predatory coccinellids 
were six crop combinations, namely the 
CCCCCCCC (8 rows of chilli (C)), MCM-
CMCMC (alternate rows of maize (M) (Zea 
mays L.) and chilli), MCOMCOMC (rows 
of maize, chilli and okra (O) (Abelmoschus 
esculentus (L.) Moench), and MCEMCEMC 
(rows of maize, chilli and egg plants (Sola-
num melongena L.). Each row was 8.4 m 
long. The varieties used were MC 11, the 
Taiwan Supersweet, MTe 1 and MKBe 1 
for chilli, maize, eggplant and okra re-
spectively. These crops were used because 
they are the most common fruit vegetables 
grown by farmers in Malaysia (Nik Fuad 
et al. 2000). The chilli and eggplant were 
planted on 8 August 2000 from seedlings 
sown in a greenhouse on 13 June; the okra 
and maize were sown directly into the ex-
perimental plots on 22 July. All crops were 
single rows on raised beds.

The treatments were arranged follow-
ing a randomized complete block design 
in an experimental area measuring 681.6 
m2 with three replicates per treatment 
(each replicate or plot is measured at 8.6 
m length and 6 m width, and separated 
from each other by 10.0 m buffer zone). 
In the CCCCCCCC treatment, there were 
a total of 120 chilli plants present. In the 
MCMCMCMC treatment, a row of maize 
was alternately planted with a row of 
chilli; consequently there were only 60 
chilli plants in this treatment. There were 
only 40 chilli plants in the MCOMCOMC 
and MCEMCEMC treatment where rows 
of maize, chilli and okra or eggplant were 
planted according to the order in their 
respective treatments. In the MCEOM-
CEO and MCOEMCOE treatments, rows 
of maize, chilli, eggplant and okra were 
planted following the order of the treat-
ments, allowing only a total of 30 chilli 
plants in each treatment.

The planting distance was 0.6 m be-
tween chilli or eggplant, 0.25 m between 
maize and 1.0 m between okra. The dis-
tance between beds was 1.0 m. No insecti-
cide was used in this study but fungicide 
was used as required. Weeding was done 
manually using a hoe. 

A circular yellow pan trap (30 cm in 
diameter and 10 cm in depth) half filled 
with water and Glo® dishwashing liquid 
as a detergent (0.1 mL L-1 water) was 
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CCCCCCCC, MCEOMCEO and MCOM-
COMC treatments. This suggests that the 
effect of predatory coccinellids on aphids 
could not be separated from factors such 
as aphid density and crop mixtures.

Introduction
Chilli (Capsicum annuum L.) is a popular 
vegetable grown in Malaysia. However, 
chilli cultivation in Malaysia is threatened 
by various insect pests and diseases (Shu-
kor et al. 1989) especially the melon aphid, 
Aphis gossypii Glover. Besides causing di-
rect damage, A. gossypii can transmit more 
than 50 types of plant viruses including 
chilli veinal mottle potyvirus (CVMV) and 
cucumber mosaic cucumovirus (CMV), 
the two major virus diseases of chilli in 
Malaysia (Mohamad Roff and Ong 1992).

Generally A. gossypii is controlled 
through the use of chemical insecticides. 
However, this is not fully effective be-
cause A. gossypii can easily form resist-
ance towards insecticides when correct 
procedures are not followed (Devonshire 
1988, Krantz et al. 1978). Other alternative 
methods such as cultural and biological 
control had showed promise in overcom-
ing the problem (Idris 1995, Schuster et al. 
1976, Pimental and Wheeler 1973). 

The effect of various crops used in cul-
tural control on A. gossypii and its preda-
tory coccinellids (Coccinella transversalis 
Fab. and Harmonia octomaculata Fab.) on a 
chilli crop is not well understood. The im-
portance of coccinellids as predators of A. 
gossypii infesting cotton had been reported 
by Fang et al. (1992), Das (1994), Roy et al. 
(1998), Vuong et al. (2001) and Cho et al. 
(2002). Therefore, the objectives of this 
study were to identify the various combi-
nations of crops that are most effective in 
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placed in the middle of each plot to trap 
the alate aphids. The traps were supported 
with a wooden stake and adjusted to the 
level of the upper top of the chilli canopy 
from time to time. The water was changed 
on alternate days.

Data collection and analysis
Data were collected from 7 September to 
21 November 2000. Ten chilli plants were 
selected randomly in each replicate per 
treatment. Each plant was subdivided 
into three different strata or canopy levels 
(based on height of plant) namely upper, 
middle and lower canopies. The numbers 
of apterate aphids and coccinellids were 
counted visually on the same plants at 
weekly intervals between 0800 and 1030 
hours. The coccinellid count was separat-
ed into number of eggs, larvae and adults. 
The alate aphids caught in the pan traps 
were collected between 0730 and 0830 
hours each day from 5 September to 14 
November 2000.

Data were transformed using (1 + x) 
before performing ANOVA. Two-way 
ANOVA was used to analyse the interac-
tion between canopy levels and cropping 
treatments on the number of apterate 
aphids and coccinellids per chilli plant. 
When ANOVA was significant the means 
were separated by Tukey’s honestly sig-
nificant different test (HSD) at α = 0.05. 

Results 
Alate aphids
The mean number of alatae caught per 
pan trap was significantly different 
among treatments (F = 5.79; df = 5, 192; P = 
0.0001). Chilli planted as monoculture had 
significantly (P <0.05) higher number of 
alatae per chilli plant than the treatments 
MCOMCOMC, MCEMCEMC, MCOEM-
COE and MCEOMCEO (Figure 1). 

Apterate aphids
The mean number of apterae per chilli 
plant was found to be significantly differ-
ent among treatments (F = 2.39; df = 5, 192; 
P = 0.04) (Figure 2). Chilli monoculture 
had significantly (P <0.05) higher number 
of apterate aphids than chilli plants in 
MCMMCMCMC, MCOEMCOE and 
MCEOMCEO treatments. However, there 
was no significant difference (P >0.05) in 
the number of apterate aphids in the chilli 
monoculture compared with the tri-crop 
MCOMCOMC.

There was no significant interaction 
between treatments and chilli canopy 
levels (F = 0.46: df = 10, 576; P = 0.91) in 
influencing the number of apterate aphids 
per plant.

There was a significant difference (F = 
8.48; df = 2, 591; P = 0.0002) in the number 
of apterate found on the different canopy 
levels of the chilli plants. The highest 
number of apterate was recorded on the 
lower canopy level of the chilli plants in all 

treatments while the upper chilli canopy 
level had the lowest number of apterate 
(Figure 3). 

Coccinellids
There was no significant difference (F = 
0.89; df = 5, 192; P = 0.49) in the mean 
number of coccinellid eggs per chilli plant 
between treatments (Figure 4). There was 
no significant interaction (F = 0.53; df = 10, 
576; P = 0.87) between the treatments and 
different canopy levels of chilli plants in 
influencing the number of coccinellid eggs 
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Figure 2. Mean number of apterae aphids per treatment sampled from 
5 September to 14 November 2000 (C – chilli, M – maize, O – okra, E 
– eggplant). Bars with the same letters are not significantly different, as 
determined by Tukey’s HSD test, at P = 0.05.

Figure 1. Mean number of alate aphids per treatment sampled from 
5 September to 14 November 2000 (C – chilli, M – maize, O – okra, E 
– eggplant). Bars with the same letters are not significantly different, as 
determined by Tukey’s HSD test, at P = 0.05.

counted. However, numbers of the coc-
cinellid eggs per plant were significantly 
different (F = 6.43; df = 2, 591; P = 0.002) 
between canopy levels: the lower canopy 
was favoured by coccinellids except in the 
MCEMCEMC treatment (Figure 5). 

As for the adult and larval stages, the 
mean number of coccinellids per chilli 
plant was significantly different (F = 2.38; 
df = 5, 192; P = 0.0401) among treatments. 
The CCCCCCCC treatment recorded a 
significantly higher number of adults 
and larvae as compared to the tetra-crop 
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MCOEMCOE (Figure 6). There was no 
significant interaction (F = 1.36; df = 10, 
576; P = 0.19) between the treatments and 
different canopy levels in influencing the 
number of adult and larval coccinellids. 
However, a significant difference (F = 
5.51, df = 2, 591; P = 0.004) was recorded 
in the number of adult and larval coccine-
lids among canopy levels. The number 
of coccinellid larvae and adults was sig-
nificantly higher (P <0.05) at the middle 
canopy of the treatments CCCCCCCC and 
MCEOMCEO than at the lower canopy 
level (Figure 7).

Discussion
Alate aphids
Chilli planted as mono-crop (CCCCCCCC) 
and tetra-crop (MCOEMCOE) recorded the 
highest and lowest number of alate aphids 
caught per pan trap, respectively. This re-
sult is not really consistent with Root’s 
(1973) resource concentration hypothesis, 
as the MCMCMCMC was not statistically 
different (P <0.05) to the other mixed crop 
treatments. Higher concentration of food 
source (host plants) and a more uniform 
physical environment in a mono-crop 
planting system might have supported 
the development of aphid population. On 
the other hand, the increase in diversity of 
crop species in the multiple cropping or 
polyculture planting system can decrease 
the number of alate aphids. This is due to 
the aphid non-host crops exerting physical 
and chemical influence, which may nega-
tively affect the alate aphids development 
and landing rate in the plot (Risch 1981). 
For example, Wetzler and Risch (1984) 
found that different combinations of 
aphid host and non-host (maize) crops in 
a treatment plot reduced the colonization 
rate of aphids, Rhopalosiphum maidis Fitch. 
The maize plant which is taller than the 
other crops can provide a physical barrier 
that limited the alate aphids from landing 
on chilli plants as well as emigrating to 
another chilli plants (Idris and Mohamad 
Roff 2002, Idris and Mohamad Roff 1999, 
Mohamad Roff and Ho 1991). Although 
the okra and eggplant could not serve as 
a physical barrier to chilli crop from alate 
aphids as these crops have different plant 
architecture compared to maize, the leaves 
of okra and eggplant may emit olfactory 
cues that can influence the orientation of 
alate aphids (Schuster et al. 1976). Alate 
aphids also tend to quickly fly further 
once they have landed on crops that are 
non-hosts compared to its host crops (Har-
rewijn et al. 1991, Vottenberg and Erwin 
1992). Similar behaviour was reported 
for Plutella xylostella (L.) (Lepidoptera: 
Plutellidae) adults once they have landed 
on tomato plant (non-host) interplanted 
with cabbage (host) (Bach and Tabashnik 
1990). In addition, an environment with 
lower resource concentration, such as a 
polyculture system, can also suppress the 

Figure 3. Mean number of apterae aphids per chilli plant canopy level at 
each treatment sampled from 5 September to 14 November 2000 (C – chilli, 
M – maize, O – okra, E – eggplant).
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Figure 5. Mean number of coccinellid eggs per chilli crop canopy level at 
each treatment sampled from 5 September to 14 November 2000 (C – chilli, 
M – maize, O – okra, E – eggplant).

Figure 4. Mean number of coccinellid eggs per chilli plant per treatment 
sampled from 5 September to 14 November 2000 (C – chilli, M – maize, O – 
okra, E – eggplant). Bars with the same letters are not significantly different, 
as determined by Tukey’s HSD test, at P = 0.05.
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reproductive behaviour of R. maidis result-
ing in lower numbers of progeny (Risch 
1981, Olsen et al. 2000).

Apterate aphids
Chilli monoculture treatment recorded a 
significantly higher number of apterate 
aphids than the tetra-crop treatments 
(MCOEMCOE or MCEOMCEO). This 
indicates that the population develop-
ment of apterous aphids limited by crop 
diversity as reported by Risch et al. (1983); 
this resulted in a low number of aphid 
per plant counted in the mixed crops 
treatment plots. However, the number of 

apterous aphids in the chilli mono-crop 
(CCCCCCCC) was not significantly dif-
ferent (P <0.05) to the tri-crop (MCEM-
CEMC and MCOMCOMC) treatment. 
This was because eggplant and okra are 
the host-plants of A. gossypii even though 
both are less preferred compared to chilli 
plant (Idris and Mohamad Roff 1999, 
Krantz et al. 1978). The eggplants and 
chilli are of the Solanaceae family and 
this explained the similarity in number 
of apterate aphids between CCCCCCCC 
and MCEMCEMC treatments. At the same 
time, in the tri- and tetra-crop treatments, 
the presence of more plant species may 

have influenced the nutrient status of the 
chilli plants in the plots due to interspe-
cific competition that occurs between the 
different plant species in the treatments 
(Hussein and Abd Samad 1993). Conse-
quently, the possible low nutrient content 
of chilli grown in polyculture systems 
may not provide sufficient food to the 
aphids. Thus, a high population of aphids 
cannot be maintained (House 1969, Hus-
sein and Abd Samad 1993). Interestingly, 
intercropping chilli with eggplant or chilli 
with okra in this study seemed to have 
no detrimental effect on the yield of chilli 
(Idris and Mohamad Roff, unpublished 
data). Hussein and Abd Samad (1993) 
revealed that chilli yield production was 
relatively higher when chilli intercropped 
with eggplant (brinjal) or maize. In fact, 
the yield obtained per plant basis from 
the three crops (chilli, eggplant and okra) 
in our intercropping system was compa-
rable to the national yield recorded by the 
vegetable farmers in Malaysia (Melor and 
Ramli 1997). Mead and Willey (1980) also 
reported that the intercropping of two 
or more crops together on the same area 
often produce higher yield than that of 
monocrop.

In all treatments, the lower canopy level 
recorded the highest number of apterate 
aphids. This indicates that the lower cano-
py provided a more suitable microhabitat 
for the aphids. More optimal microhabitat 
is basically determined by the leaf posi-
tion, shading effect, light intensity rich-
ness and humidity levels within canopy 
(Klingauf 1987). The erect and open shape 
canopy of chilli variety MC 11 (Idris and 
Mohamad Roff 2002) could provide rela-
tively less shading, higher light intensity 
richness and lower humidity for upper 
and middle canopies compared to lower 
canopy of chilli plants. The selection of 
leaves on lower canopy might also be in-
fluenced by the nutrients status of mature 
leaves of the lower canopy. The leaves of 
a lower canopy may have higher levels of 
nutrients compared to those leaves on the 
upper and middle canopies of the chilli 
plants in each treatment, as reported for 
green peach aphids, Myzus persicae Sulzer 
on potatoes (Jansson and Smilowitz 1985). 
This could also be the main factor influenc-
ing and supporting the colony formation 
of apterate aphids on the lower canopy 
level of chilli plants in both monoculture 
and interplanted with other crops. 

Coccinellids
Agro-ecosystem diversity is known to 
increase diversity of the natural enemies 
including the predatory insects (Risch et 
al. 1993). However, no significant differ-
ence was found for the mean number of 
coccinellid eggs between treatments. This 
indicates that although the mixed-crop-
ping treatments are able to attract a higher 
number of fauna (predatory) species they 

Figure 7. Mean total number of adult and larvae coccinellids per chilli 
canopy level at each treatment sampled from 5 September to 14 November 
2000 (C – chilli, M – maize, O – okra, E – eggplant).

Figure 6. Mean number of adult and larvae coccinellids per chilli plant at 
each treatment sampled from 5 September to 14 November 2000 (C – chilli, 
M – maize, O – okra, E – eggplant). Bars with the same letters are not 
significantly different, as determined by Tukey’s HSD test, at P = 0.05.
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in turn may be predatory on the coccinel-
lids eggs (Nordlund et al. 1984, Idris and 
Mohamad Roff 1999). However, a signifi-
cance difference (P <0.05) in the number 
of coccinellid eggs was found between 
canopy levels per treatment; the lower 
canopy had higher numbers of coccinel-
lid eggs than at the other canopies except 
in the MCEMCEMC treatment (Figure 5). 
The abundance of aphid population on 
the lower canopy might have attracted 
high number of predatory coccinellids to 
lay more eggs here than on the middle 
and upper canopy (Figures 3 and 5) (Well-
ings and Dixon 1987). Nevertheless, there 
was no significant (P >0.05) interaction 
between the treatments and the different 
canopy levels that influence the numbers 
of coccinellids recorded.

There was a significant difference 
(P <0.05) in the mean number of adults 
plus larval coccinellids among treatments 
(Figure 6). The number of adult plus larva 
coccinellids might be influenced by the 
number of aphids per treatments as in-
dicated by higher number of aphids and 
coccinellids in chilli mono-crop than in 
chilli mixed-cropping except with that of 
MCEMCEMC treatment (Figures 1, 2 and 
6). This indicates that the present of coc-
cinellids can suppress aphid populations 
(Elliot et al. 2002, Gurney and Hussey 
1970). Furthermore, the adult coccinellids 
need the aphids to increase their fecun-
dity (Idris and Mohamad Roff 1999). The 
results are consistent with the resource 
concentration hypothesis by Root (1973). 

There was no significant interaction 
(P <0.05) between the treatments and 
different canopy levels in influencing the 
number of adult and larval coccinellids 
recorded. But a significant difference was 
found in the number of adult and larval 
coccinellids among different canopy levels 
in each treatment (Figure 7). Unlike their 
eggs, more adult and larval coccinellids 
were found in the middle canopy than the 
other canopy levels in the CCCCCCCC 
and MCECMCOE treatments (Figures 5 
and 7). This may be due to the fact that 
after preying on aphids or laying eggs 
that were highly abundant in the lower 
canopy, the gorged coccinellids are inac-
tive and spend a lot of their time resting 
on the middle and upper canopy. Frazer 
and Gilbert (1976) also found that 90% of 
Coccinella undecimpunctata L. population is 
stay inactive on the upper strata of the pea 
plant in the field after predation activities 
on pea aphid, Acyrthosiphon pisum Harris 
(Frazer and Gilbert 1976). It is intriguing to 
note that the mean number of adults and 
larval coccinellid did not show a similar 
trend as the number of apterae aphid dis-
tribution among canopy (Figures 3 and 7), 
indicating that their distribution within 
the canopy is somewhat random. 

Conclusion
This study showed that the combinations 
of maize, chilli, okra and eggplant in the 
tetra-crops MCOEMCOE and MCEOM-
CEO were the best cropping mix in less-
ening the population of alate and apterate 
aphids. Generally, the population of alate 
aphids studied was seen to be in accord-
ance with the resource concentration 
hypothesis. Nevertheless, the apterate 
aphid populations did not adhere fully to 
the hypothesis. This is clearly seen in the 
data obtained where the highest number 
of apterate aphids was recorded on the 
chilli mono-crop followed by the MCEM-
CEMC, MCOMCOMC, MCMCMCMC, 
MCEOMCEO and MCOEMCOE treat-
ments. As such, there may be other factors 
that influenced the population abundance 
and distribution pattern of A. gossypii, es-
pecially of the apterae. These factors may 
include the selection of host plants (crops), 
host foraging behaviour and the complex 
interaction between its natural enemies.

In general, the increase of crop diversity 
will prevent a build-up of aphid popula-
tion due to a lower resource concentration 
(i.e. chilli), possibly low plant quality and 
action of natural enemies. However, the 
MCMCMCMC treatment is probably the 
most economic crop mixture combination 
for farmers intending to specialize only in 
the cultivation of chilli.
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