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ABSTRACT

This study investigated the effects of Lambdacyhalothrin 5% KEC, insecticide, on three
aphidophagous coccinellid species, Cheilomenes lunata, C. sulphurea and C. propinguc in cotton
fields. The insecticide was tested on one 0.2 ha cotton field and an unsprayed contral field of the
same area. Lambdacyhalothrin 5% EC was sprayed at intervals of ten days with a total of six
sprays in a season. Sampling followed a standard procedure in which twenty plants at the middle
of the fields in each field were randomly selected and examined for coccinellids and aphids cne day
before and three days after each spray. Results show that Lambdacyhalothrin 5% KEC has an
impact on cocecinellid populations. Larvae populations of coccinellids were reduced by 24, 28 and
49% for C. lunata, C. sulphurea and C. propingua and 57, 50 and 39% in the first and second year,
respectively. There were no significant differences in aphid populations between sprayed and
unsprayed fields. These results suggest that coceinellids had a similar impact as Lambdacyhalothrin
5% EC in the reduction of aphid populations. The study concludes that Lamdacyhalothrin 5% EC
could continue to be used as a strategic intervention to manage cotton aphids during the last
sprays. If the insecticide 1s sprayed during the last sprays in the season, the coccinellids would have
already finished their task of reducing the aphid populations in a particular field.
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INTRODUCTION

Insect pests are major setbacks of increased cotton production in eastern Tanzania
{Kabissa, 1993). Average seed cotton yields obtained from sprayed and unsprayed cotton fields for
four consecutive years from 2004-2007 in eastern part of the country were found to be 1650 and
442 kg ha™, respectively (Mrosso and Temu, 2008). This difference in yield is approximately 73%
loss. The two most devastating insect pests of cotton in Tanzania are Helicoverpa armigera
{Hubner) (Lepidoptera: Noctuidae) and cotton  aphids (Aphis gossypit  Glover)
{(Homoptera: Aphididae) (Mrosso et al., 2008). The Helicoverpa armigera is a bollworm which causes
flared squares and dropping of fruiting bodies of the cotton plants. The Aphis gossypiiis a sucking
insect pest causing leaf curl and transmits diseases such as nematospora fungal disease resulting
in weakening of the cotton plants. Cotton aphids are known to contaminate lint of the cpened bolls
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by sugary excretions (thoneydew) which ferment into sooty substance that may cause clogging
problems during textile operations. The management of cotton aphids relies largely on the use of
synthetic insecticides. The recommended insecticides for the control of cotton aphids are systemic
insecticides such as organophosphates (Kabissa, 1993) and recently, Imidacloprid-based insecticides
have shown a high efficacy on the insect pest. However, due to escalated prices of insecticides,
farmers in the eastern zone of Tanzania prefer to use pyrethroid based insecticides mainly
Lambdacyhalothrin 5% KC. Lambdacyhalothrin 5% KC is comparatively cheaper than systemic
insecticides. Desgpite of pyrethroid based insecticides being less toxic to warm bloeded animals and
high knockdown effect on insects (Li and Harmsen, 1993; Wirtz et al., 2009; Carca, 2011), it affect
populations of natural enemies of several agricultural insect pests (Hoyt ef al., 1978; Zwick and
Fields, 1978; Chapman and Penman, 1979; Fournier et «al., 1985). The negative effect of
Lambdacyhalothrin 5% KEC on some natural enemies of cotton of aphids and environmental
concerns has increased the demand for alternative management options of cotton aphids which are
friendly to the environment. This may include conserving predatory coccinellids and if
Lambdacyhalothrin 5% EC should be used, it must be within an integrated aphid management
system. In the above scenario, Lambdacyhalothrin 5% EC can be used during the last one or two
sprays. The recommended number of sprays in the KECGA are six the first being at flowering,
which oecurs eight weeks after planting. The other sprays are carried out at intervals of 10 days
{(Kabissa, 1993; Mrosso ef al., 2006). This spray regime affects coceinellids and other predators
which are suppressing the population of cotton aphids. Coccinellids have been known for a very
long time as potential biocontrol agents for cotton aphids (Obryeki and Ering, 1998; Wells et al.,
2001; Rondon et al., 2005; Conway and Kring, 2010). Their effectiveness is due to the feeding
activity of the adults and the larvae; hoth consume cotton aphids. They have bright shining
coloration, some with spots and contrasting background which 1s a characteristic of many coceinellid
species (Joshi and Sharma, 2008). The body sizes (i.e., bady lengths) of the adults of the study
species are approximately 5.65, 5,51 and 4.22 mm (males) and 6.68, 6.75 and 5.01 mm (females)
for C. lunata, C. sulphurea and C. propinqua, respectively (F.P.M, unpublished data). They
consume aphids (prey) and other soft bodied insects (Veesar ef al., 2012). Aphids are tiny, usually
green, soft-bodied, pear-shaped insects injurious to vegetation (Capinera, 2009). They are
polyphagous (Kerns and Gaylor, 1993) and are found almost every place where cotton is cultivated.
These predatory coccinellids could be one of the potential candidates for use as aphid biocontrol
agents in the ECGA because they are native and freely available in most places where
cotton is grown in the area. Three most predatory coccinellids which are found in the ECGA
includes Chetlomenes propinqua, C. sulphurea and C. lunata. The survival of these coceinellids in
the KCGA 1s threatened by the intensive use of synthetic pyrethroids. Coceinellids are affected by
several insecticides including plant extract insecticide (Ofuya, 1997). However, if [IPM techniques
are followed, effect of insecticides to the cocecinellids would be reduced. Most of the ECGA cotton
farmers does not follow IPM techniques. The IPM strategy could be the most appropriate remedial
measure that would ensure survival of the bio-control agents. Before developing an IPM
programme it is necessary to evaluate the impact of Lambdacyhalothrin 5% EC on the three
coccinellid species in the ECGA. The objective of the current study was therefore, to establish the
effect of Lamhbdacyhalothrin 5% KC on populations of the three coceinellids, C. propingua,
C. sulphurea and C. lunata in cotton fields infested with A. gossypit.
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MATERIALS AND METHODS

Experimental site: Studies were conducted for two consecutive years (2011 and 2012) during
February to August at Ilonga Agricultural Research Institute (IARI), (8 068°46" E 037°02") in Kilosa
District, Tanzania. Tests were carried out in two cotton fields measuring 0.2 ha each separated by
3 m apart to avaid drift of chemicals during spraying operations. The experiments conducted under
rain fed conditions.

Test insects: The study insects were three species of predatory cocecinellids, C. propinqua,
C. sulphurea and C. lunata naturally found in cotton fields in ECGA. The target pest was cotton
aphids which are preyed by cocecinellids.

Field management and data collection: The cotton variety Mkombozi which is commercially
cultivated in the whole of the KCGA of Tanzania was planted in the two experimental fields. The
agronomic practices, which are recommended for farmers in the ECGA, were followed. Cotton was
planted between 15-20 February at a spacing of 0.3 m within and 0.9 m between rows. The seed
rate used was 25 kg ha™ of fuzzy seed and thinning was done three weeks after planting. The
insecticide was sprayed during flowering stage. Lambdacyhalothrin 5% KC was sprayed at a rate
of 0.4 1 ha! using a knapsack sprayer (Matabi Super Green 18). This rate is the one recommended
for cotton in the KCGA. No fertilizer was applied. The method for determination of effect of
insecticide on biocontrol agents described by Tillman and Mulrooney (2000) was followed. During
sampling of coccinellids, twenty plants were selected randomly in each field, when they were
approximately 8 weeks old and tagged with coloured tape. Three leaves in the lower part, middle
and top of the plant were selected randomly for aphid sampling. Each leaf was tagged at the
peticle.

Data was collected at one day before and three days after spraying. The field was sprayed six
times in a season. A hand lens was used for easy identification and counting of the aphids. Aphids
were counted on the underside of every leaf and recorded. Adult and larvae of coccinellids were
counted on whole plants.

Statistical analysis: The counts of the larvae and beetles that were obtained from the sprayed
and unsprayed fields were subjected to T-test (Graphpad.com/ quickcalesfttest2/) to know the effect
of the insecticide on the coceinellid. In order to know which coceinellid was most affected by the
insecticide in the sprayved field, the mean percentage difference between sprayed and unsprayed
fields were calculated. The calculated percentage differences were compared between species using
T-test. (Graphpad.com/quickcales/ttest2/). Average counts of coceinellid larvae, beetles and that of
aphid in ten days interval were subjected to bar graphs using Microspft Excel Programme 2007,

RESULTS
Abundances of predatory coccinellids, Cheilomenes Ilunata, C. sulphureaand
C. prapingua: Colonization of the fields by the predatory coccinellids occurred from mid to late
May in both years of the study and continued up to the end of June. The highest populations of
coccinellid larvae were recorded between late May to early June in 2011 and 2012 (Fig. 1a, b).
Same trend was observed for the beetles in 2011 and 2012 (Fig. 2a, b). At any given spraying
interval the populations of the predatory coccinellids in the sprayed field were lower than the
populations in the unsprayed field (Fig. 1a, b for larvae and adults, respectively) during 2011 and
2012,
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Abundance of Chetlomenes lunata (CL), C. sulphurea (CS) and C. propinqua (CP)
larvae at ten days interval during peak reproductive stage of cotton plants in cotton
fields with or without Lambdacyhalothrin 5% EC insecticide treatment (N = 20) in,
(a) 2011 and (b) 2012

Effect of Lambdacyhalothrin 5% EC on the predatory coccinellids: The mean number of
larvae and adult populations of predatery coccinellids, C. lunata, C. sulphurea and C. propinqua
in the sprayed field were significantly (p<0.05) lower than the mean numbers obtained in the
unsprayed field in 2011 (Table 1). Similar trend was obtained in 2012 (Table 1). The results
suggests that Lambdacyhalothrin 5% KC had negative effects on the tested coccinellids in both
vears of the study.

Comparisons of effect of insecticide on predatory coccinellid species and which
coccinellid mostly affected by the insecticide: The effect of Lambdacyhalothrin 5% EC on the
coccinellid larvae of different species in the 2011 spray season is shown in Fig. 3a. There were no
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Fig. 2(a-b): Abundance of Cheilomenes lunata (CL), C. sulphurea (C3) and C. propingua (CP)
beetles at ten days interval during peak reproductive stage of cotton plants in cotton
fields with or without Lambdacyhalothrin 5% EC insecticide treatment (N = 20) in,
(a) 2011 and (b) 2012

significant differences (p>0.05) on their effects on larvae of different species of coceinellids during
the 2011 season. Similar results were obtained during the 2012 season (Fig. 3b). These results
suggest that larva populations are uniformly affected by Lambdacyhalothrin 5% EC irrespective
of species.

However, for the adult beetles the mean percentage differences were significantly higher
(p<0.05) for C. propinqua when compared to the mean percentages of the other two species
(Fig. 4a). There were no significant mean percentage differences (p>0.05) between C. lunata and
C. sulphurea beetles (Fig. 4a).

310



oJ. Entomol., 11 (6): 306-318, 2014

Table 1: Effect of lambdacyhalothrin 5% KEC on larvae and adult predatory coccinellids in 2011 and 2012 (Mean=SE), N = 20 plants

(sampled six times)

Mean larvae/plant® Mean beetles/plant?

Coccinellid Sprazed Unsprazed P t Sprazed Unsprazed P t
Results obtained in 2011

C. lunata 0.68+0.21 0.90+0.20 0.009 4.09 0.44+0.06 0.55+0.08 0.039 2.76
C. sulphurea 0.66+0.24 0.92+0.21 0.028 3.03 0.44+0.05 0.55+0.07 0.030 2.81
C. propingqua 0.22+0.00 0.43+£0.19 0.043 2.68 0.32+£0.08 0.45+0.09 0.009 4.12
Results obtained in 2012

C. lunaia 0.22+0.00 051+£0.11 0.046 2.63 0.33+0.04 0.50+£0.07 0.020 3.30
C. sulphurea 0.38+0.15 0.69+0.66 0.025 3.16 0.32+0.03 0.43+0.04 0.011 3.88
C. propingqua 0.40+0.11 0.65+£0.10 0.050 2.50 0.29+0.03 0.41+0.05 0.019 3.41

“Transformed data: SQRT (X + 0.05)
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Fig. 3(a-b); Comparisons of the effect of Lambdacyhalothrin 5% KC on different species of
coceinellid larvae in (a) 2011 and (b) 2012, (N = 20 plants/field)
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Fig. 4(a-b); Comparisons of the effect of Lambdacyhalothrin 5% EC on different species coceinellid
adult beetle in, (a) 2011 and (b) 2012. (N = 20 plants/field)

These results show that C. propinqua adults are most affected by the insecticide compared to
C. sulphurea and C. lunate adults. During the 2012 season, the mean percentage differences in
population size did not differ significantly between the predatory species which indicates that the
beetles were equally affected by the Lambdacyhalthrin 5% EC (Fig. 4b).

Effect of Lambdacyhalothrin 5% EC on A, gossypii population: The Aphis gossypii colonized
cotton plants in early May and continued to infest the crop throughout the season. The highest,

C. lunata vs. C. sulphureq
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CL
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312

CS

CP

C. sulphurea vs.
C. propingua



oJ. Entomol., 11 (6): 306-318, 2014

O Sprayed
O Unsprayed —
60 p=0.39
t=0.95
df=10 I

= 504
E
< E———
=
o}
E
£ 404
=
g
Q
E
H~ 30 4
8
3
204

) ’_ﬂ

0 T 1
9 May 19 May 29 May 8 Jun 18 Jun 28 Jun
Sampling date

80 a0

70 4 —

60
K|
=
ES {p=0.61
5 =054
E df=s
g SE difference = 5
s 401
&
gz 304
3%
~i

20

10 4 ‘

0 T 1
9 May 16 May 26 May 5 Jun 15 Jun 25 Jun
Sampling date

Fig. 5(a-b): Populations of 4. gossypit at ten days interval during peak reproductive stage in fields
with or without Lambdacyhalothrin 5% KEC treatment in (a) 2011 and (b) 2012

aphid populations were recorded between mid May and early June 2011 (Fig. ba). At any one

spraying interval, the populations of aphids were similar in both spraying conditions with slight
increase of aphids in the sprayed field during 19 May, 29 May, 8 June and 28 June (Fig. Ba), did
not differ significantly (p>0.05). However, the mean number of aphids in the sprayed field in early
May 2011 was shghtly lower than the mean cbtained from the unsprayed field (Fig. ba) although
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not significant. In the 2012 season (Fig. 5b) the general population trend of mean number of aphid
records was similar to that obtained in the 2011 season. The mean aphid population records of
9 May and 16 May from the sprayed field were slightly lower than the mean obtained from the
unsprayed field. But after mid-May, three records of aphid population towards the end of the
season 1n sprayed field were higher than the populations recorded from the unsprayed field but
were not, significantly different (Fig. 5b).

DISCUSSION

The results from this study show clearly that predatory coceinellids are vulnerable to synthetic
Lambdacyhalothrin 5% EC insecticide. The chemical is commonly used for the control of insect and
mites pests of cotton in eastern Tanzania. Generally, it had reduced the populations of all tested
predatory coccinellids to a significant extent. These results suggest that there is no relative
advantage of using any of the three species over the other i.e., C. lunata, C. sulphurea and
C. propingua in aphid management programs (IPM). However, the insecticide did not entirely
exclude the cocecinellids which supports the results cbtained by House ef al. (1985). The slight
susceptibility of C. propingua beetles to a sprayed insecticide over the other two species suggest
that it would not be the most suitable for aphid control when compared to the rest in
programs that would need to use pyrethroids in IPM. Its susceptibility could probably be caused by
its small size compared to C. lunata and C. sulphurea. The observed non-significant impact of
lambdacyhalothrin 5% EC to A. gossypii populations suggests two kinds of effects. One was that
the insecticide used could have some impact in reducing aphid populations but in the unsprayed
field the coceinellids together with other natural enemies had a greater impact on A. gossypit than
the insecticide in the sprayed field. The other is that Lambdacyhalothrin 5% EC has a low impact,
in reducing populations of A. gossypii due to development of resistance in this insect pest. Several
authors including Sun ef al. (1994) and Amad ef al. (2003) attributed lower control of aphids than
expected due to development of resistance. The unsprayed field had higher mean number of aphids
than the sprayed field early in the season although it was not significantly different. When the
coceinellids and probably the other natural enemies started to colonize the field and inereased in
numbers, during mid-May, the unsprayed field had lower mean number of aphids compared to the
sprayed field. This observation suggests that the coccinellids suppressed the aphids in the
unsprayed field at higher extent than the Lambdacyhalothrin 5% KC.

It is important to note that a single predatory coccinellid may consume more than 300 aphids
in a day (Chimoga, 2002). The predatory coccinellid populations were reduced in numbers in the
sprayed field and most likely, the threshold population of predators required to suppress the aphid
population was low and therefore resulting into greater numbers of the pest than in the unsprayed
field. Tillman and Mulrooney (2000) reported similar results.

The larval abundance of the predatory coccinellids species were changing at each sampling
occasions both in the sprayed and unsprayed condition, most certainly through a natural increase
by reproduction. After the colonization of cotton by the coccinellids, the population increased
steadily and achieved a peak during May to mid-June after which it dropped in both fields. It is
important to note that the coceinellids lay an average of 250-750 eggs per female in the KCGA
depending on prey populations in the field and favourable conditions, especially temperature
{(F.P.M., unpublished data). In the KECGA temperature starts dropping in early June which 1s
associated with lower populations of coceinellids.

The lower mean populations of coccinellids in the sprayed field at any of the sampling occasions
suggest that Lambdacyhalothrin 5% EC has adverse effects on the coccinellids whenever it was
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applied in the cotton growing cycle. This was also implied in the second season of the study. The
observed reduction of the adult predatory coccinellid populations in the sprayed field at each
sampling occasion during the 2011 and 2012 seasons suggest that the insecticide had the same
effect on both the adult and larval coccinellids. The significant effect of Lambdacyhalothrin 5% EC
on individual species during 2011 and 2012 indicates that the insecticide might lead to very low
populations of predatory coceinellid that would colonize the field in subsequent seasons. This
might lead to disruption of the predator-prey ecosystem. It is obvious that the mean number of
C. propingua and C. sulphurea larvae were reduced to approximately 50%.

The toxic effect of Lambdacyhalothrin on coccinellids has been reported by several authors
(USDA, 1989; Tillman and Mulrooney, 2000), Studies by Tillman and Mulrooney (2000) indicated
that Lmbdacyhalothrin had highest toxicity on two coccinellids, Hippodamia convergens and
Coleomegille maculata. These studies show that cotton fields which would be sprayed with
Lambdacyhalothrin 5% EC without following Integrated Pest Management approach (IPM)
might significantly lose the coccinellid populations. However, Lambdacyhalothrin 5% EC will
probably continue to be sprayed on cotton for a long time because of its high knockdown efficacy
(Wirtz et al., 2009; Carca, 2011), especially on the lepidopteran insect pests, low human toxicity
{Carca, 2011) compared to other cotton insecticides and low cost. However, if it 1s used wisely
following an IPM approeach, it could be applied without much harm on predators in cotton
ecosystems. This might be achieved by developing spray windows. In this case, three spraying
windows are formed whereby for the case of ECGA, the first window would begin one week just
before flowering, a second window at the third week after flowering and the third window during
last sprays. In this scenario, the pyrethroid-based insecticide would be used during the last sprays
when the predatory coccinellids are no longer needed during that particular season. The reduced
predatory coccinellid population during the last sprays would re-establish during the off season in
weed and wild plants waiting for the next cotton eropping season. This ohservation was also pointed
out. by Elliott ef ql. (1978) that the pyrethroids are used to contrel late season pests. Insecticides
that are not too harmful to the coceinellids shall be used in the first and second spray windows.
Some insecticides which are less toxic to coceinellids including Emamectin 5% SG (Jasmine and
Kuttalam, 2011) and Fenvalerate have been indicated to be suitable for the conservation of
coccinellids (Poehling, 1988) but cthers like Kaakeh et af. (1996) found them to be toxic. Some other
insecticides {e.g., Acephate) have been indicated to have the lowest toxicity to predacious
coceinellids (Obrycki and Ering, 1998). Fortunately, several newer insecticides are more judicious
and selective than the earlier generations (Wood, 1988), enabling [PM programs to be conducted
more smoothly.

This study suggests that there is no relative advantage of using one species of coccinellids over
the other among three larvae species (C. lunata, C. sulphurea and C. propingua) with regard to
the magnitude of effect caused by the Lambdacyhalothrin 5% KC on them in the 2011 and 2012
seasons. The highest magnitude of the effect of Lambdacyhalothrin on adult C. propinguae was in
the 2011 season which therefore suggests this species may not be the best choice as biocontrol
agents in IPM programmes intending to use pyrethroid insecticides. The 2012 season results were
similar to the 2011 season. Although these effects appeared higher for C. propingua, but they were
not significant. These results indicated almost similar effects of Lambdacyhalothrin on the three
coccinellids. Some coceinellids respond differently when exposed to a certain insecticide. For
example, Tillman and Mulrooney (2000) found that Lambdacyhalothrin residuals on cotton leaves
had some effects on Coleomegilla maculata but not on Hippodamia convergens.
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The Aphis gossypii started colonizing cotton fields in early May 2011 season and increased to
a maximum between mid-May and early June. However, the population decreased sharply later
in June. This period 1s also the peried when the cotton in the Kastern Tanzania is at peak
reproductive stage. Although populations numbers of 4. gossypii were not statistically different.
between the sprayed and unsprayed fields, the recorded numbers during 9 May in the sprayed field
indicated slightly lower mean number than in the unsprayed field. Thereafter during mid May, the
population of aphids in the sprayed fields were slightly higher than the population from the
unsprayed field although did not differ significantly. These results suggest that Lambdacyhalothrin
5% KC had httle effect on the aphids compared to the coccinellids effect. The effect of
lambdacyhalothrin on aphids was masked by the activity of the predatory coccinellids. It is
important to note that coccinellids colonized the fields in mid-May, which is the period when the
number of aphids started to decrease in the unsprayed field. The reascon for the slightly higher
number of aphids observed in the sprayed field was probably due to the fact that predatory
coccinellids were killed by the synthetic insecticide applied and the effect of the insecticide was not,
enough to suppress the aphids as the coceinellids could do in the unsprayed field. This implied that
activity of the insecticide used could not mask the activity of the cocecinellids and probably other
predatory fauna in that field. Studies by Hoyt ef al. (1978), Zwick and Fields (1978), Hall (1979)
and Li and Harmsen (1993) have indicated resurgence of mites because of predator exclusion
caused by the application of pyrethreoids. Probably Lambdacyhalothrin had the same effect in the
current. study on the populations of the coceinellids, consequently causing increase of aphid
populations. During early May, the predatory coccinellids and probably other aphidophaghous bio-
control agents were yet to colonize the fields. At that time, the activity of the Lambdacyhalothrin
5% EC was clearly noted.

It can be concluded that Lambdacyahlothrin 5% EC has a negative impact on the populations
of both larvae and adult coceinellids. However, it 1s likely that it will continue to be used for an
extended period because it 1s cheap; it has a high knockdown effect and low toxicity to mammals.
It 1s further concluded that Lambdacyhalothrin 5% KC has lower activity on cotton aphids than the
activity of coceinellids and other bio-control agents during the peak reproductive stage of cotton in
eastern Tanzania. It 1s however important to note that due to difficulties involved in synchronizing
various natural enemies in order to reduce several insect pests which might be present within the
season, it is unlikely that bio-control agents will replace synthetic insecticides in the near future.

Instead, integration of the two 1s vatal.

CONCLUSION AND RECOMMENDATION

Since the effect of the insecticide was determined in copen fields in this study, the reduction of
the aphid pepulations was not necessary due to coccinellids alone. Some other natural enemies
might have contributed in the reduction of aphid population in the unsprayed field. Therefore,
further studies are needed to determine the individual roles of coccinellids and other bic-control

agents 1n suppressing aphid populations in the field.
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