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ABSTRACT

A study on the insect pests-predators interaction on cotton asso- ciaed
with common farming crops in Uganda was conducted at each of Namulonge
and Serere Agricultural and Animal Production Research Institutes in the two
successive cotton scasons 1994/95 and 1995/ 96, respectively. Cotton pest and
predator population densitics on cotton as well as the surrounding trap crops;
sorghum, maize, and beans were estimated weekly throughout the cotton
growing seasons. The growing seasons of all the trap crops used in this study are
relatively short compared to cotton, nevertheless they showed considerable
attractiveness to the major cotton pests mainly; the lygus bugs, Taylorilygus
vosselori Popp. and the stainers, Dysdercus spp. to sorghum as well as the
stainers to maize, and whiteflies and jassids to beans. On the contrary, trap crops
also showed no preferential attractiveness to bollworms; American boll-worm,
Helicoverpa armigera Hb. and spiny bollworms, Earias insulena Boisd. and E.
Piblaga Wik, At the same time, the population of predatory arthropod species
was constantly higher on cotton with trap crops (cotton/traps) than on cotion
(control) throughout the seasons. Seed cotton yields were also relatively higher
(20 - 25 %) in the cotton/traps. These results seem to suggest that there is
considerable contribution of the trap crops to integrated pest management of
cotton pests in smallholder farming system in Uganda.

INTRODUCTION

Cultural manipulation provides the essential structure for biologically
based alternatives for the management of pests. Cotton production worldwide
has several excellent examples of using cul-tural practices as the primary base
for IPM programs.

In the tropical countries, the use of monocultures is practiced only on
larger farms or estates, while the more traditional approa-ches to farming utilize
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polycultures. These polycultures include mixed-, row-, strip- and relay
intercropping (Andrews and Kassam, 1976).

A mixed or intercropping regime provides a greater total land
productivity as well as insurance against the failure or unstable market value of
any single crop. In addition, crops in intercrop-ping systems may improve soil
fertility and availability of alter-native source of nutritious products (Risch ef o,
1983) as well as reducing the incidence of insect pest attack (Tingey and
Lamont, 1988) and thereby maintaining lower pest control costs. Intercrop-ping
has been studied sufficiently for there is now a considerable body of evidence to
show that it can be used to reduce the inci-dence of pest insects (e.g. Theunissen
and Ouden, 1980, Tukahirwa and Coaker, 1982, Uvah and Coaker, 1984, and
Tingey and Lamont, 1988). Population densities of herbivorous insects are
frequently lower in vegetatively diverse habitats (Risch er al, 1983)
Herbivarous arthropods might be less abundant in the vegetatively diverse
habitat because their food resources are less concentrated and therefore more
difficult to find and easier to lose; because their natural enemies are more
abundant and cause great mortality; or both (Nyambo, 1988).

Traditionally, smallholder farmers in East Africa, particularly in
Uganda have adopted mixed, intercrops or relay cropping systems to ensure that
they will be able to harvest enough food. :

The use of trap crops in cotton based systems has gained considerable
momentum with the increasing emphasis on integrated pest management as a
strategy for production sustainability. Carefully selected trap crops used in
conjunction with other management practices may provide other benefits to the
production system (Guthrie, 1980),

In view of the efforts to mechanize cotton production in Uganda
through animal traction; the method described in this paper (strip cropping)
seems more appropriate as it allows mechanization of major operations like
weeding. This paper presents results of two years study of the pests - predators
interactions on cotton in association with some of the major crops in the cotton
based farm-ing system of Uganda. The study provides some imsight into the
possible role of trap crops in improving pest management in small-holder cotton
fields.

METHODS AND TECHNIQUES

One experimental plot (approximately 2.0 ha) was used at each of the
two Agricultural and Animal Production Research Institutes; Namulonge
(NAARI) during 1994/95 and Sercre (SAARI) during 1995/96 cotton seasons.
The field was divided into four sub-piots. Three sub-plots were surrounded with
8 - 10 rows of the following crops, sorghum, maize, and beans. The fourth sub-

‘plot was planted solely by cotton and served as control (cotton/controt). Maize
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and sorghum were in both seasons planted 3 - 4 weeks prior to the cotion sowing
dates. Beans on the other hand were planted 4 weeks after cotton emergence.
Replanting was done shortly after harvesting the first maize crop on same rows
to ensure the presence of this crop through the entire cotton season. Similarly, a
sorghum ratoon was allowed to grow and was used as late sorghum (Diagram 1).

Cotton (varicties BPA 89 and SATU,85), for NAARI and SAARI,
respectively were planted in the middle area of each sub-plot and regular cultural
practices were carmed out. No insecticides were applied throughout the two
SCASONS.

Two weeks after seedling germination (WAG) 100 randomly selected
plants for each crop per sampling occasion were inspected and visual counts of
pests and their associated predators were recorded. Sampling followed the
stratified scouting technique (Garcia ef af, 1982) and continued at weekly
intervals until cotton harvesting. Crop infestation by aphids, whiteflies, jassids,
and thrips was determined as percentages by inspecting three leaves per plant,
one from each of the top, middle and lower sections of the plant, Visual counting
was also used for the major pests; lygus, boll-worms, American Boll Worm
(ABW), Spiny Boll Worm (SBW), and Pink Boli Worm (PBW), and stainers as
well as their associated pre<daceous immature and adult stages of common
predators (EL-Heneidy ef al,, 1996). Actual numbers were recorded.

At harvesting, cotton seeds from the experimental sub-plots were picked
separately and yields were determined.

RESULTS AND DISCUSSION

1- PESTS:
1.1, Sorghum:

Obtained data showed that lygus population was higher on early
sorghum than on any of the other crops. Peak inci- dence occurred at 123, 177
and 480, 482 bugs / 100 plants at NAARI and SAARI during the 3rd and 4th
months after germ-nation (MAG) in 1994/95 and 1995/96 seasons, respectively
(Table I). This period coincided with the flowering stage of sorghum and
squaring period of cotton. As shown in Table 2 the corresponding means on the
cotton with trap crops (cotton/iraps} were 8.0, 23.3 and 12, 51.3 bugs / 100
plants at NAARI and SAARI, respectively.

Sorghum ratoon (late sorghum) at SAARI also showed relative
attractiveness of lygus bugs from the 2nd MAG when 62 bugs / 100 plants were
recorded compared to 40 bugs on the cotton / traps. Lygus population continued
to build up in the 3rd MAG to reach 126 bugs / 100 plants compared with 40
bugs on the cotton/traps, then declined during the 4th and the 7th MAG on
sorghwm ratoon and cotton/traps, respectively. All the other pests of cotton,
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Table (1): Monthly means of cotton pest population per 100 plants
in the trap crops; sorghum, maize,and beans planted at
NARRT and SAARI during 19294/95 and 1995/96 seasons,
respectivel v,

MAJOR COTTON PESTS

CROP / MAG = oo o o o o o o e o e e e
1.Ygus RBW SBW STAINERS
HAARI SAARI NBAARI SAARRI NAARI SAARI NARARI BAARI

SORGHUM

Early 1lst 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2nd 98.0 1.5 0.6 0.3 0.0 0.0 0.0 0.0
3rd 123.0 480.0 g.0 0.0 0.0 0.0 0.0 0.0
4th 177.0 482.0 0.1 0.0 0.0 0.0 0.0 0.0

Late lst - 0.0 - 0.0 - c.0 - 0.0
2nd - 62.0 - 0.0 - 0.0 - 32.5
3rd - 126.0° - 0.0 - 0.0 - 36.7
4th - 10.0 - 0.0 - 0.0 - 52,0

MAIZE

Early 1st 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2nd 1.8 0.5 0.8 0.0 0.0 0.0 0.0 6.0
3rd 2.4 2.5 0.8 2.0 .90 0.0 0.0 0.0
ith 0.0 4.0 3.0 0.0 g.¢0 0.0 0.0 0.0

Late 1zt - 0.0 - 0.0 - 0.0 - 2.0
2nd - 1.3 - 0.0 - 0.0 47.3
3rd - 1.6 - ., 0.4 - 0.0 223.2
ith - 0.0 - 3.0 - 0.0 62.0

BEARNS

Early lst 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2nd 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ird 1.0 2.7 0.0 0.0 0.0 0.0 0.0 0.0
ith Q.0 19.0 0.0 0.0 0.0 0.0 0.0 0.0

MAG = Month After Germination

ABW = American Boll Worm 8BW = Spiny Boll Worm

Early = First planting {prior to cotton)

Late = B8econd planting (replant for maize and ratoon for sorghum}
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Table (2): Monthly means of pests populations on cotton/trap crops
and cotton/control at NAARI and SAARI during the 1994/95
and 1995/96 c¢otton seasons, respectively.

LYGUS ARW SEW STAINERS
NAARI SAARI NAARI SAARI NAARI SAARI NAARRI SAARI

COTTON / TRAP CROPS

1st 0.0 0.0 0.0 0.0 .0 - 0.0 0.0 0.0
2nd 5.5 0.0 2.5 0.0 2.5 g.0 0.0 0.0
3rd 8.0 12.0 4.8 0.3 2.8 0.1 2.0 0.0
4th 23.3 5L.3 7.3 2.3 5.8 1.3 13.8 2.3‘
5th 1%.3 4.8 10.8 1.2 6.5 2.7 i3.o 4.7
6th 13.0 19.9 7.5 1.7 3,3 1.6 182.8 16.5
Tth 16.0 29.9 23.3 1.7 1.3 1.3 177.3 170.4
COTTON / CONTROCL "
1st 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2nd 3.5 4.3 1.5 2.5 1.0 0.3 0.0 0.0
Ird 9.0 37.3 5.0 14.8 3.0 l.8 0.0 4.3
1th 16.0 69,8 11.0 5.8 5.0 2.3 4.0 l1.8
5th 128.0 36.5 39.0 1.3 25.0 2.3 72.0 12.0
6th 100.0 23.3 49.0 1.5 26.0 1.5 156.0 52.8
7th 64.0 15,7 31.0 1.7 11.0 0.7 876.0 111,0'°
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secondary and primary, with slight exception of stainers on the sorghum ratoou,
were higher on the cotton/traps than on the sorghum. This suggests that
sorghum can reduce lygus infestation to cotton plants in two periods. squaring
and bolls opening.

1.2. Maize:

In both locations, maize did not show direct prefer- ential attractiveness
10 bollworms (Table 1), ABW and SBW counts on maize were significantly
lower than those on cotton (Table 2). It is however noticeable from Table 2 that
in both locations, cotion/control suffered greater bollworm infesta- tions
compared to cotton with maize. Bollworm infestations were apparently more
severe at NAARI than at SAARI in both seasons.

Late planted maize at SAARI showed significant atiractive- ness to
stainers (Table 1). Stainer numbers on this maize were especially higher during
the 3rd MAG when 223.2 individuals / 100 plants were recorded. This was
significantly higher than 16.5 recorded on cotton/traps (Table 2). Late maize
showed higher population of ABW during 4th MAG and less stainers than the
cotton/traps. It is apparent therefore, that maize and sorghum as trap crops can
play a role in the reduction of stainers population at the terminal ¢nd of the
season which is the critical period of the cotton crop in terms of stainer damage.

1.3. Beans:

Bean plants showed no attractiveness to major cotton pests during their
growing season, thus the population of all the primary pests were higher on
colton/traps(Tables 1 and 2). However, data not presented here showed that
whiteflies and jassids populations were relatively higher on beans compared to
the cotton/traps in the two sites.

1.4. Cotton:

Comparative population densities of insect pests of cotton on both trap
crops and control are summarized in Table (2). Concerning secondary pests of
cotton; thrips population was relatively lower on cotton/traps than on the cotton /
control during the existence of the trap crops, particularly the beans, but it
increased and became higher on the cotton / traps after harvesting the beans as
well as the other crops. Apart of different aphid species on several crops used in
the study, aphids, whiteflies and jassids populations were higher on cotton/traps
than on the cotton/control throughout the growing scasons in the two areas.

Concerning the primary pests; lygus population was mostly higher on
the cotton/control, particularly at NAARI. At SAARI, with an exception of the
4th MAG, it continued relatively higher on the cotton/traps and after harvesting
the trap crops (early plantings), particularly the sorghum (Table 2). As shown
also in the table, ABW, SBW and stainers populations were mostly higher on
cotton/control than on the cotton/traps in the two sites. Stainers population
attractiveness affected positively with the late plantings of maize and sorghum.
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2- PREDATORS
2.1, Cotton:

In most cases. the population of predators was higher on the
cotton/traps than on the cotton/control (Figs. t and 2). As shown in the figures,
the two locations during the 1995/96 season, predator counts on cotton/traps
were about 25 and 20 % gver those recorded on cotton/control. Around mid
cofton season when the trap crops were harvested, the popula- tion of predators
increased drastically on the cotton/trap plots. Highest populations of predators.
162.8 and 153 at NAARI and 102.3 and 80.5 individuals/100 plants at SAAR].
on the cotton/traps and cotton/control, respectively were recor- ded during the

2.2, Sorghum;

A relatively high population of predators was recor- ded on sorghum
(Fig. 2). A gradual increase in the population of predators was detected towards
harvesting. A peak of 273 individuals / 100 plants during the 4th MAG was

recorded at SAARI and this trend maintained in the ratoon crop during the 1st

209.2 individuals/100 plants during the 3rd MAG (the 7th MAG on cotton).
Ants and earwigs were the most domi- nant predatory species (80 %) (Fig._ 5).

2.4. Beans:

Predators population on beans was the lowest among the trap crops
(Fig. 2). Their numbers increased towards the end of the beans growing season
to reach a peak of 56 individuals / 100 plants during the 3rd MAG. Ants and
true spiders were the highest groups of predators counted on beans (66.7 %)
(Fig. 5).

3- Seed Cotton Yield:

Significant differences in the yields of cotton seeds were obtained
between cotton/traps and cotton/control in the two locations. Overall, collon/trap
plots out yielded cotton/control plots by 20-25 Y% The yield diffefences were
relatively higher at SAARIT than at NAAR].
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Certainly, trap cropping alone has not been always sufficiently effective
in controlling key pests, but it may be grown to attract pests away from the target
crop and/or it may sufficiently change the environment to increase the role of
natural enemies. Alterna-tively a pesticide, preferably with a selective action,
may be applied to the trap crop to prevent populations of the pests migra-ting to
the cotton.

In Tanzania and Nigeria, damage to cotton has generally increa-sed
when farmers have increased sowings of maize rather than sor-ghum, natural
encmies often being very effective on sorghum (Matthews and Tunstall, 1994).
These findings are in agreement with the present results that maize compared to
sorghum has a limited direct influence on predator activity during much of the
cotton growing season. The most conspicuous effect of maize was its attraction
of stainers during the late season in a phenomenon not recorded in Uganda
before. In contrary to our results, EL-Zik ef al, (1989) reported that grain
sorghum generally does not harbor cotton pests. While in this investigation it
was found that it harbored lygus bugs during the season, and stai-ners in iate
season. We however concur with them that sorghum does harbor substantial
populations of natural enemies that attack aphids, spider mites. and
lepidopterous larvae. As sorghum matures, these natural enemies move into
cotton and are a good source for biological control of cotton pests. Planting
cotton mnext to grain sorghum is a good practice. The results on predator
abundance are in support of the natural enemics hypothesis which attributes
lower pest incidence in intercropped systems to a higher density of predators
(Root, 1973). The behavior of maize in respect of pest attraction,is probably
linked to the disruption theory.(Bach, 1980).

Coaker, 1990, correctly noted that in the near future it is unlikely that
intercrops will have a role within the framework of intensive crop production,
except perhaps in smaller scale farming enterprises and horticulture, and as a
result most intercrop studies will remain pertinent to situations in tropical
countries.

This study has been purely descriptive in nature but has ellu-cidated the
important role of mixed cropping, a practice that secms to be on the increase
among smallhoider farmers in Uganda. The present work will centainly require a
follow up by way of detailed ecological studies to allow the development of
appropriate predic-tive theories. Such theories are necessary to allow
extrapolation of our results to various other situations within the diverse cotton
based farming systems,

In conclusion, the use of trap crops, in conjunction with appropriate
cultural practices showed considerable benefit for managing insect pests in
cotton-based farming system of Uganda. It appears as one of the key domponents
of this strategy which may serve to reduce key pest population, to avoid
particularly carly season application of insecticides as well as to promote the

-~
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activity of natural enemies. In addition, from the socio-economical point of view,
it can also provide revenue to the farmers,

Clearly further studies are needed with this agro-ecosystem to determine
what alternative tactics could be superimposed on the trap crops or what can be
done to further encourage the natural ¢nemies. In the context of mechanizing
cotton production in Uganda through use animal traction equipment,
smallholder growers may have to refrain from the present traditional
intercropping.
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