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Abstract. The unique diversity of beneficial arthropods in (Eariasspp.), cotton stainerffysdercusspp.) and a few pests
South Africa can be regarded as an important natural resource of minor importance such as thrips, leafhoppers, whiteflies, and
agro-ecosystems as it plays an important role in the naturadphids. Red spider miteTé¢tranychus cinnabarinuBoisdu-
control of insect pests. Insecticide applications reduce theal)) is also a serious pest on cotton but is induced by
ability of these beneficials to regulate cotton pests. In thdndiscriminate insecticide application, probably as a result of
absence of insecticides, average daily predation rates of 37%he elimination of the natural enemies of red spider mites (Van
and 30% of bollworm eggs and larvae respectively were foundHamburg and Basson 1987).

in exclusion experiments. By minimizing the number of Cotton is extensively sprayed in South Africa, especially
pesticide applications the combination of the direct negativeagainst the African bollworm. Before 1975 farmers sprayed
effect of pesticide application on predator populations andmainly preventatively for up to 15 times per season which
secondary pesticide effects such as the stimulation of red spidesscalated production costs and increased the risk of bollworm
mite populations as a result of predator suppression, can b@sistance against insecticides (Whitlock 1973) and had nega-
avoided. This would open the option to fully utilize the full pest tive environmental effects such as the negative impact on the
control potential of the natural enemy complex. natural enemy complex with the resulting buildup of secondary
pests. In an effort to reduce the use of insecticides, research was
done to establish an economic threshold as a decision criterium
for spraying. Spraying according to a threshold of 0.5 bollworm

Anthropogenic stress is exerted on environments in many way§39 Per plant or more led to a reduction in the average number

and is generally widely researched. However, the impact of maff SPrays per season from 15 (preventative spraying) to 8.

on a particular natural resource, namely, the natural enemies giurther research on thg spraying criterium showed that spray-
ng, based on a larval index of 8 larvae per 12 plants led to a

our economic important insect pests is a matter of grea# e

importance which has received relatively low priority in 'Urther reduction in the average number of sprays to 2'_3 per

environmental research to date. This paper aims to highlight th§62son (Van Hamburg 1981; Van Hamburg and Kfir 1982; Kfir
d Van Hamburg 1983). Results from these studies on

importance of beneficial arthropods as a natural resource usi ) :
a cotton agro-ecosystem as an example. economic thresholds during 1981-1983 showed that although

Cotton in Africa is attacked by a complex of pests of which € average number of sprays was substantially reduced (from
the African bollworm,Helicoverpa armigergHiibner) (Lepi- 15 to 2.3 per season), no statistically significant decreage in
doptera: Noctuidae) is the key pest species throughout the Oijeld could be detected in plots sprayed on average 2.3 times
World and subtropics (Matthews 1989; Van Hamburg andcompared to plots sprayed 15 times. The following factors
Basson 1987). This insect is probably one of the most economfould possibly explain this:
cally important insect pests in South Africa and is highly . ) ) .
polyphagous (Pearson 1958). It attacks besides cotton, a wide the presence of biological regulating factors which could
range of crops such as maize, grain-sorghum, tobacco, citrus, POssibly regulate boliworm and red spider mite populations
sunflower, various vegetables etc. Cotton is especially vulner- N the absence or minimal use of insecticides, o
able to bollworm attack due to the long flowering period of 2. other possible negative side effects of extensive insecticide
cotton and the fact that. armigeraconcentrates its attack on  US€, counteracting the advantage of better bollworm control.
the flowers and fruiting parts of plants. ) ) o

The other components in the cotton pest complex are the refividence for the importance of natural enemies in the regula-

bollworm (Diparopsis castanealampson), spiny bollworms tion of pest populations is numerous (Croft 1990; Chambers
al. 1983; Edwardset al. 1979; Vickerman and Sunderland

1975). In Kenya natural enemies (mainly predators) and other
“unidentified factors” contributed up to 96% @thilo partellus
Correspondence td4. van Hamburg generation mortality (Oloo 1989; Oloo and Ogeda 1990).
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The natural enemies éfelicoverpa armigeran Africa were
reviewed by Van den Bergt al. (1988) based on published,
unpublished and museum sources. A large variety of natural
enemies are represented in almost 300 host records. Striking
differences were found in the reported parasitoid complexes
between East Africa and southern Africa (Van den Betrgl.
1988). Only three of 24 parasitoid species are important in both
areas. Egg parasitoids seem more important in southern Africa
but scarce in East Africa. Dipteran parasitoids are mores,
common in southern Africa with relatively low incidence of
Hymenopteran parasitoids, whereas in East Africa the Ichneu-
monid and Braconid parasitoids are much more common

H. van Hamburg and P. J. Guest

Reverartt, a sticky substance to keep all arthropods from climbing
on the plants and plants were pruned to isolate them from
neighboring plants. Thredd. armigera eggs, from laboratory
cultures were attached inside the squares or flower bracts with egg
albumin. The plants were scouted for four consecutive days and all
intact, missing or damaged eggs were noted. All the missing and
damaged eggs were replaced daily to ensure that three eggs were
available each day on all the treatment plants.

The same treatment as in 1, but without the sleeve.

The same treatment as in 1, but first instar larvae from laboratory
cultures were placed in the squares or flower bracts instead of eggs.
The plants were searched daily and their presence or absence was
noted. The missing larvae were replaced to keep the infestation at

Studies in Kenya on smallholder crops showed that the threelarvae perplantperday.

incidence of parasitism was generally low %) or absent 4. The same treatment as in 3, but without the sleeve.
(Van den Berget al. 1993), and that predators have a great
impact on the survival ofl. armigeraeggs and larvae (Van den .
Berg 1993). Parsons and Ullyett (1934) recognized the role o 994), four days before the artificial infestation, to ensure that these

Orius sp. in the control of. armigeraeggs on cotton. a5 were free of natural enemies. Predation rates were calculated
This paper aims to describe the abundance and diversity Gfom the data for all four treatments for the four treatment days.
the natural enemy complex &f. armigeraon cotton and its

vulnerability to the indiscriminate use of insecticide, and to
evaluate the influence of the natural enemy complex on th
survival of H. armigera eggs and first instar larvae from
exclusion experiments.

The plants in the sleeved treatments were treated with a contact
secticide (dichlorvos), with a persistence of less than one day (Tomlin

?nsecticide Application Experiments

The effect of a registered and generally used pesticide namely
Deltamethrift at the registered dose of 500 ml/ha, on cotton pests and
their natural enemies was determined, when applied according to two
threshold levels. First, a threshold level of 045 armigeraegg per
plant and, second, a threshold level of a larval index of 8 or more. The
During the 1985 to 1987 seasons three studies were carried out d@arval index was obtained as follows: 12 randomly selected plants were
cotton near Brits in the North West Province. The first study was aimedsearched weekly for bollworm larvae; larvae shorter than 4 mm were
at the evaluation of the types and abundance of natural enemies arf@t counted, those from 4 to 15 mm were each counted as one and those
pests in unsprayed cotton (1986-1987 season). In the second stuénger than 15 mm were each counted as three (Kfir and Van Hamburg
exclusion experiments were carried out in unsprayed cotton to detel983). The relative abundance of the two most important cotton pests
mine the influence of the natural enemy complex of cotton pests on th@amely the African bollworm, and the red spider mite, were recorded
survival of bollworm eggs and first instar larvae (1985-1987 seasonsjuring weekly surveys as part of this economic threshold experiment,
and in the third study an experimental protocol was used to evaluate th&imilar to those published by Van Hamburg and Kfir (1982) and Kfir
effect of pesticide application on the predator/bollworm relationship inand Van Hamburg (1983). The relative abundance of the pests and the

a cotton field at the same location (1985 season). predating stages of the more prominent predator species, consisting of
the mirids, anthocorids, coccinellids and chrysopids were determined

by the careful manual scouting of 16 random plants per week in
unsprayed control plots and in plots sprayed according to the threshold
decision criteria for spraying.

Material and Methods

Natural Enemy Diversity and Abundance

The number oH. armigeraeggs and larvae and their natural enemies

were determined on weekly samples of 90 random plants by careful
scouting of the plants. The predators found were collected andR€SUltS
identified as far as possible and tHearmigeraeggs and larvae were
collected and reared through in the laboratory on a chick péze(
arientinun) based artificial medium (Van Hamburg 1976) in order to
isolate the parasitoids and to determine percentage parasitism.

Natural Enemy Diversity

A large variety of predators was found on cotton. The feeding

stages of the more prominent predator groups and the total
number of predators in each group observed during weekly
surveys of 90 cotton plants during the 1986-1987 season are
summarized in Table 1. The predators listed are observed or
Within a 10-hectare high potentiql,_irrigqted cotton field, an eXperime”‘potentiaI predators dfl. armigera

tal plot of about 5 hectare was d|V|deq into 6 plots (3583 rows).. The mirids were the dominant predators and were repre-
Four plants were selected randomly in each plot and covered with Qented by a number of unidentified species feeding on bollworm

transparent plastic rain shelter, held by three poles, to eliminate thé e | hich al dated d spid
possible mortality of eggs and larvae as a result of rain and irrigatione(“](-'“]S an ampylommap., which alSo predated on red spider

(Mabbett and Nachapong 1983: Nuesstyal. 1991). The four plantsin ~ Mites. The next most abundant predator group was the Anthoco-
each plot received one of the following treatments: ridae (Hemiptera) which was representeddiyus thripoborus
and anOrius sp. followed by a variety of spiders, coccinellids
1. The plants were covered with organdy sleeves which were heldmainly Scymnus moreletti, Hippodamia varigata, Cheilomenes
open by a wire frame. The base of the plants were treated wittpropinqua, Exochomus flavipes, Lioadalea flavomacjlat#s,

Exclusion Experiments
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Table 1. Total number of feeding stages of predators observed in «
weekly surveys of 90 plants per week in an unsprayed cotton field near 400 * Eggs RN
Brits during the 1986/87 season -% -+ Larvae :'l K «
Predator group Total number observed 'g. % Predators J \
' 1
Miridae 2088 2 300 < '
Anthocoridae 475 S g \
Spiders 414 § ®_ 1 L
Coccinellidae 167 5 200 DN \
Formicidae 37 s ! e
Chrysopidae 28 o L/
Staphilinidae 17 ; 100
TOTAL 3226 2
0 a ey
Dec l Jan ! Feb ! Mar
Tab_le 2. Egg parasitoids oHelicoverpa armigerafound on cotton 1986/87 Season
during the 1986/87 season
Fig. 1. Total number of eggs, and larvae of, and predators counted on
Sample . 90 cotton plants during weekly surveys in a cotton field near Brits,
size  Number . Total % 1986-1987 season
(eggs) parasitized Parasitoid parasitism Range
315 38 Trichogrammatoidea luteal2.1 0-24.6 )
Trichogrammatidae Table 4. Total number of predators (predating stages) found on sleeved
17 Telenomusp. 5.4 0—12.2 and unsleeved cotton plants counted during surveys on four consecu-
Scelionidae tive days
315 55 Total % 17.5 0-26.1 Predator group Sleeved plants Unsleeved plants
Miridae 7 145
Anthocoridae 4 45
Table 3. Larval parasitoids oHelicoverpa armigerdound on cotton ~ Coccinellidae 0 2
during the 1986/87 season Chrysopidae 1 6
Spiders 0 26
Sample
size Number Average % 1ot 12 224
(larvae) parasitized Parasitoid Parasitism
218 6 Tachinidae spp. 2.8
Apanteles diparopsidis during the 1986—1987 season, and seasonal rates of parasitism,
4 (Braconidae) _ 1.8 are presented in Table 3.
7 Pristomerussp. (Ichneumonidae) 3.3 Larval parasitism was generally low on cotton9%) and
1 Meteorissp. (Ichneumonidae) 0.5 contributed little to bollworm mortality. Although a greater
1 Metopiussp. (Ichneumonidae) 0.5

diversity of parasitoids has been reported on cotton in South
218 19 Total % 8.9 Africa, few were found during these trials.

The Relative Abundance dfarmigeraand its Predators
chrysopids, and staphilinids. Relatively few ants were found orPn Cotton
the plants and consisted mainly bbrylus and Pheidolespp.
The Staphilinidae was represented ®Yichota fageli (Wil- The total number oH.armigeraeggs and larvae as well as the
liams). Very few predators were able to survive in sprayednumber of predators in weekly samples of 90 plants in an
cotton fields with the exception @. fageli which were found  unsprayed cotton field during the 1986-1987 season is shown in
in large numbers feeding on the emerging red spider mitd-igure 1.
populations. These predators seem to have developed a resis-
tance to the pesticides, as did the red spider mites. The egg
parasitoids that were reared frdfnarmigeraeggs, and rates of The Predation Rate of the Natural Enemy Complexion
parasitism, are shown in Table 2. armigeraEgg and First Instar Larval Populations in Cotton

The rate of egg parasitism was relatively low (up to 26%)

compared to rates of up to 64% on cotton in South Africa (VanThe results of the exclusion trial are summarized in Tables 4 to
Hamburg 1981)Trichogrammatoidea luteélrichogrammati- 8. The efficiency of the exclusion measure was tested and
dae: Hymenoptera) was the dominant egg parasitoid with ratescouting results of four consecutive days for predators on the
of parasitism up to 24.5% and a seasonal parasitism rate afleeved and unsleeved plants are given in Table 4.
12%, followed byTelenomus ullyett{Scelionidae: Hymenop- A total of 224 predators were counted on the 72 unsleeved
tera) with parasitism of up to 12% and a seasonal rate of 5.4%plants of which most were mirids and anthocorids. Only 12
The larval parasitoids that were reared frelmarmigeralarvae  predators were found on the 72 sleeved plants. The sleeves were
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Table 5. The survival ofHelicoverpa armigerseggs on sleeved and 100
unsleeved cotton plants during four consecutive days B siceved plants
No. eggs No. eggs No. eggs No. eggs 80 7/ unsleeved plants
Treatment placed intact lost damaged
Sleeved 72 60 (83%) 5 (7%) 7 (10%)
Unsleeved 72 33 (46%) 4 (6%) 35 (49%) = 60
>
t
=
(72
Table 6. Daily predation rate oflelicoverpa armigera&ggs on sleeved ® 40 R
and unsleeved cotton plants calculated for four consecutive days
Day Sleeved Unsleeved Predation rate 20 o S
1 0.13 0.56 0.43 f
2 0.06 0.44 0.38 7
3 0.33 0.56 0.23 o / I
4 0.17 0.61 0.44 Eggs Larvae Eggs  Larvae
Mean 0.17 0.54 0.37 1985/86 1986/87

Fig. 2. The percentage survival bfelicoverpa armigeraggs and first
instar larvae on sleeved and unsleeved cotton plants in two predator
Table 7. The survival ofHelicoverpa armigerdarvae on sleeved and ~ €xclusion experiments
unsleeved cotton plants

No. larvae  No.larvae No.larvae No. larvae

Treatment  placed Intact lost damaged daily predation rate was calculated for each trial day in the same
Sleeved 72 58 (82%) 8 (11%) 6 (8%) way as for the calculation of egg predation rates (Table 8).
Unsleeved 72 37(51%)  31(43%)  4(6%) The mean predation rate of first instar larvae on unsleeved

plants was statistical significantly higher than on sleeved plants

(t = 2.7913, P= 0.0315). A similar exclusion trial was carried
Table 8. Daily predation rate ofHelicoverpa armigeralarvae on  out earlier during the 1985/86 season. The total survival of eggs
sleeved and unsleeved cotton plants and first instar larvae for these two exclusion trials are
summarized in Figure 2.

Day Sleeved Unsleeved Predation rate

1 0.23 0.72 0.49

2 0.22 0.33 0.11

3 0.11 0.50 0.39

4 0.17 0.30 0.22 Negative Effects of Insecticide Application
Mean 0.18 0.46 0.30 Against Cotton Pests

Direct Effects: Unfortunately most predators are vulnerable to
insecticides (Ehleet al. 1973; Eveleen®t al. 1973; Jepson

theref latively efficient i luding th dat | 1989; Croft and Brown 1975) and the impact of bollworm
eretore refalively eflicient In exciuding the predator CompieX. opemical control on the incidence of the predator complex in

The percentage of eggs which survived on sleeved and Un: iton was therefore investigated.

leev lant well as th rcent m nd missin . !
deges Z(rjepg?:/efl %STaSIea'lSS e percentage damaged and miss he negative effects of chemical bollworm control can be
' demonstrated from data that was collected as part of an

Total egg mortality (presumably mainly due to predation) for . . .
the four days, on unsleeved plants was 54% compared to 174conomic threshold trial during the 1984/85 season. The total

mortality (due to unknown factors and some predation from dUmper of prominent predator species found in weekly surveys
few undetected predators) on sleeved plants. A mean dail§f 16 randomly selected cotton plants in each of the two
predation rate was calculated for each daily replication from thdhreshold treatments (0.5 eggs per plant and a larval index of 8)
fraction of eggs surviving and adjusted for the mortality rates ofveére counted and compared with predator counts in unsprayed
eggs on the sleeved plants (Table 6). plots. The data are shown in Figure 3.

The mean predation rate of eggs on unsleeved plants was Treatments sprayed according to the 0.5 eggs per plant
statistical significantly higher than on the sleeved plants (t threshold, received three deltamethrin applications and the
5.4678, P= 0.0016). The percentage of first instar larvae whichlarval index of 8 threshold only one. These applications are
survived on sleeved and unsleeved plants as well as thigdicated in Figure 3 with arrows. A significant decline in
percentage lost and dead larvae are given in Table 7. predator numbers with the commencement of insecticides is

The total first instar larval mortality (presumably mainly due obvious from Figure 3. This reduction in predator populations
to predation) for the four days, on unsleeved plants was 49%oincides with the boll development stage of cotton. Predator
compared to 18% mortality (due to unknown factors and somaumbers remained low in plots which received three spray
predation from a few undetected predators) on sleeved plants. Applications with a slight recovery at the end of the season. The
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120 top 20% of cotton plants in plots sprayed according to the 0.5
' A 2 Control egg per plant and a larval index of 8 threshold, was determined
100 I{ ‘\4 —+ 0.5 eggs/plant at the beginning of April as part of the economic threshold trial

, v | > Larval index of 8 mentioned above. The data are summarized in Figure 4. The
stimulating effect of the deltamethrin applications on red spider
mite populations is clearly shown in Figure 4.

80
60

40 Conclusions and Discussion
It is obvious that the natural enemy complex in cotton can be
regarded as an important natural resource in the regulation and
control of cotton phytophagous insects. A wide variety of
Jan Feb Mar Apr May predators were fqund in cotton (Tab!es 1_ to 3)_Which, as a
complex of mortality factors, can provide high daily predation
rates of bollworm eggs and larvae if pesticides are minimized or
Fig. 3. Total number of predators found during weekly samples on 16eliminated (Tables 5 to 8). However, seasonal parasitism was
plants in unsprayed cotton plots and in cotton plots sprayed accordingenerally low at less than 9% larval parasitism and less than
to two threshold strategies. Solid arrows indicate insecticide applicaqgoy, egg parasitism. This corresponds with results found in
tions applied on the plots sprayed according to the 0.5 egg per planke s (van den Bergt al. 1993). The possible augmentation
_threshold, open arrows indicate applications on plots sprayed accor 6f especially the larval parasitoids ¢f. armigera should
ing to a larval index of 8 . . ! o
therefore be investigated in future research. The composition of
predators differed significantly from the composition found in

20

Total no. of predators/16 plants

1984/85 Season

300 Kenya (Van den Bergt al. 1993). Miridae species and to a
Sprayed at 0.5 eggs lesser extend the anthocorids were the dominant predators
® per plant which differs from surveys in Kenya where the ants and
5 250 o , ) anthocorids were the dominant predators.
2 Spmye:&t larval index Atypical predator-prey relationship is evident from Figure 1,
2 200 showing a build up oH. armigeraeggs and larvae followed by
g [l VUnsprayed a large increase in predator numbers which coincided with a
£ 150 decrease in bollworm eggs and larvae. It seems therefore as if
2 the natural enemy complex, and especially the predators
2 constitute an important controlling factor iAl. armigera
E 100 populations although not enough to prevent spraying altogether
g as indicated by the insecticide applications that were necessary
Z 5 ] during the economic threshold experiments. The natural enemy
U complex provided a variety of controlling agents with build in
. V /{ 0) redundancy to ensure a total positive controlling effect. How-

ever, the predator population build up came too late to prevent
Fig. 4. Mean number of red spider mites per leaf in the top 20% ofthe peak of bollworm larvae during the vulnerable flowering
unsprayed cotton plants, plants sprayed according to the 0.5 egg pstage of cotton in January .
plant threshold, and plants sprayed at larval index of 8. The figures in It is clear from data in Tables 6 and 8 that predators had an
paranthese( ) indicate the number of insecticide applications appliedimportant impact on the egg and larval survivalkbrmigera
populations during the exclusion trials and daily predation rates
varied around an average of 37% (range 23—-44%) for eggs and
larval index of 8 threshold treatment received only one sprayB0% (range 11-49%) for larvae.The daily predation rates varied
application and application commenced two weeks later thamonsiderably which could be expected since environmental
the 0.5 egg per plant threshold treatment. This ensured aonditions would have effected the activity of predators. The
relatively high predator population up to the beginning of predation rates may also change over time during the season.
March and a slightly better recovery of predator populationsThis variability is demonstrated in Figure 2, which could have
towards the end of the season. been influenced by unknown factors such as plant condition
(Van den Berg 1993). However, the relative importance of these
Secondary EffectsWith the indiscriminate use of broad spec- predators is still most significant and constitutes a natural
trum insecticides, secondary phytophagous insects, normally aesource which should be protected and augmented. The long
no or little importance, emerge as serious pests (Eveleesls  term seasonal evaluation of predation should be further investi-
1973; Croft 1990). In cotton fields the commencement ofgated.
application of synthetic pyrethrins insecticides coincides with Van Hamburg and Kfir (1982) and Kfir and Van Hamburg
an enormous build up of red spider mites (Van Hamburg and1983) showed in economic threshold trials that an increase in
Basson 1987). This red spider mite population explosion isnsecticide applications did not correlate with an increase in
probably a direct result of the elimination of the natural enemyyield. In fact there was a tendency of decreasing yield with
complex. The mean number of red spider mites per leaf in theveekly applications. The combination of the direct negative
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effect of pesticide application on predator populations (FigureEhler LE, Eveleens KG, van Den Bosch R (1973) An evaluation of
3) and secondary pesticide effects such as the stimulation of red some natural enemies of cabbage looper on cotton in California.
spider mite populations as a result of predator suppression Environ Entomol 2:1009-1015
(Figure 4), would have a negative effect on the efficiency of the=Veleens KG, van Den Bosch R, Ehler LE (1973) Secondary outbreak
chemical control programs and on cotton production. A study ~nduction of beet armyworm by experimental insecticide applica-

. : tions in cotton in California. Environ Entomol 2:497-503
by Roaqh and Hopkins (1981). showed that When.syr.'the“%epson PC (1989) Pesticides and non-target invertebrates. Intercept
pyrethroids (such as deltamethrin) were used ag&leibthis Ltd, Winborne
in cotton fields, most predator species were eliminated. It can bRfir R, ian Hamburg H (1983) Further tests of threshold levels for the
assumed that with preventative spraying programs of up to 13  control of cotton bollworms (mainliieliothis armiger).J Entomol
applications per season in South Africa, few if any of the natural ~ Soc Southern Africa 46(1):49-58
enemies species will survive. The only predator populationMabbet TH, Nachapong M (1983) Some aspects of oviposition by
which increased with pesticide applications was the staphilinid  Heliothis armigerapertinent to cotton pest management in Thai-
O. fageli This beetle was found to feed on red spider mites and _ !and. Trop Pest Manage 29:159-165

seems to be resistant against the pesticide treatments. THYéattC;‘:‘éSmS:‘Sg::t?icCL‘J)EO” insect pests and their management.
predator was not |n_cluded n the predator coun_ts shpwn IrMumford JD, Van Hamburg H (1986) A descriptive analysis of cotton
Figure 3. The drastic reduction of natural enemies with the

. L . pest management in South Africa. Unpublished report. Plant
commencement of pesticide applications reduce the capacity of pqtaction Research Institute. Pretoria

the natural enemies to regulate the resurgence of bollwornyuessly GS, Hartsack AW, Witz JA, Sterling WL (1991) Dislodgement

populations and the effect of population explosions of red  of Heliothis zea(Lepidoptera: Noctuidae), in Western Tanzania.

spider mites populations would to some extend counteract the Crop Prot 7:161-167

advantage of improved bollworm control. Oloo GW (1989) The role of local natural enemies in population
The economic implication of these results for farmers in  dynamics ofChilo partellus (Swinhoe)(Pyralidae) under subsis-

South Africa and especially for subsistence farmers is consider- ieoQgi_éifsmizr‘sglsyStemS in Kenya. Insect Sci and Its Applications

able. Some cotton farmers spray as often as 13 times per seas eI o . .

with serious financial consequences. It has been calculate%‘z’ofw’l.c?gedas(hlggo) T.T)e |nC|d(?nce®h|II0 partellus(Swinh.) ;

(Mumford and Van Hamburg 1986) that under marginal dry (Pyralidae) and the contribution of natural enemies to its mortality

. . J - o under intercropping system in Kenya. Trop Pest Manage 36(3):244—
land conditions, one insecticide application could cost the 4g PPIng sy y P 92 36(3)

farmer up to 10% of his gross margin. Preventative cottonparsons FS, Ullyett GC (1934) Investigations on the control of the
spraying is therefore not only ecologically unwise but also very  American and red bollworms of cotton in South Africa. Bull
costly. In temporary agro-ecosystems the best way of reducing Entomol Res 25:349-381

the use of insecticides is by developing accurate damag@gearson EO (1958) The insect pests of cotton in tropical Africa. Empire
threshold levels and reducing the number of insecticide applica- Cotton Growing Corporation and Commonwealth Institute of
tions and extend their time of commencement as far as possible. Entomology, London o

The optimal use and protection of the wide diversity of naturalR0ach SH, Hopkins AR (1981) Reduction in arthropod predator
enemies of insect pests as a natural resource is essential for populations in cotton fields treated with insecticidesHaliothis

. L . . spp. control. J Econ Entomol 74:454-457
profitable cotton farming in South Africa and recommendatlonsrom”?]pc (1994) Pesticide manual. The Bath Press, Bath

for chemlcal control especially for the growing numbgr Of Van den Berg H (1993) Natural control éfelicoverpa armigeran
subsistence farmers should only be based on good scientific smallholder crops in East Africa. PhD. Thesis. Wageningen
research. Van den Berg H, Cock MJW, Oduor GI, Onsongo EK (1993) Incidence
of Helicoverpa armigera (Lepidoptera: Noctuidae) and its natural
enemies on smallholder crops in Kenya. Bull Entomol Res
Acknowledgments. Most of the experimental work for this paper was 83:321-328
done at the Plant Protection Research Institute, Agricultural ResearcMan den Berg H, Waage JK, Cock MJW (1988) Natural enemies of
Council, Pretoria, and the extensive field work described in this paper  Helicoverpa armigerdn Africa—A review. C.A.B. International
would not have been possible without the assistance of Mrs D Naude  Institute of Biological Control, Ascot, UK
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