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SUMMARY
Two field trials were conducted at Samaru (11° 11' N, 07° 38' E
and 686m above sea level) and Maigana (11° 10'N, 07° 37 E and
675m above sea level) in Northern Guinea Savannah ecological
zone of Nigeria during the 2016 wet season to determine the
effects of three concentration of aqueous Khaya seed extract
(KSE) (20%w!/v, 30%w/v and 40%w/v) on boll infestation, yield
and yield loss of cotton (SAMCOT 9) caused by bollworms.
Randomized complete block design was used with four spray
application at two weeks interval beginning from 9weeks after
sowing. The results showed that lower percentage boll
infestation was recorded in Lambda cyhalothrin (27.8%) and
40%w/v (33.3%) than 30%w/v (52.3%), 20%w/v (58.4%) and
untreated control (62.2%). Similarly, significantly high seed
cotton yield was obtained from Lambda cyhalothrin (1638.9Kg)
and 40%w/v (1396.8Kg) treated plots than 30%w/v (832.5Kg),
20%w/v (784.6Kg) and untreated control (779.6Kg). Percentage
yield losses recorded from Lambda cyhalothrin (17.8%) and
40%w/v (21.9%) treated plots were found to be significantly
lower than 30%w/v (43.8%), 20%w/v (44.3%) and untreated
control (45.6%) which recorded the highest yield loss. The result
of the boll stripping analysis showed that 50.6% of boll
infestation was due to Pink bollworm (Pectinophora gossypiella)
while American bollworm (Helicoverpa armigera), Red
bollworm (Diparopsis watersi), and Spiny bollworm (Earias spp.)
accounted for 25.0%, 13.7% and 10.9% of boll infestations
respectively. Therefore, application of KSE in this study at
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different rates especially at 40%w/v was found to be effective in
reducing yield loss and percentage boll infestation of caused by

bollworms on Samcot 9.
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COTTON production in Nigeria
dates back to 1903. At its peak in the
1990's the Nigeria textile industry
was the second largest in Africa with
over 200 vibrant textile factories
operating at more than 50% installed
capacity (7). In Nigeria, cotton is
adapted to most ecological zones and
is been cultivated in the northern,
eastern and southern cotton growing
zones with a total production of
58,990 metric  tonnes  (17).
Unfortunately, total  production
remains far below the national
requirements of the textile and the oil
mills (7). This is due to low average
yield recorded on farmers field (400-
500Kg/ha and 600-900Kg/ha) (30,
21) which is below the genetic yield
potential (4.1-4.4 tons/ha) of the
commercial varieties (16). This is
constrained by the prevalence of pests
particularly the bollworm complex
(33, 28, 10, 24) which causes 25-30%
yield loss (6) annually, and affects the
yield and fibre quality (15, 27)
leading to a down turn of the fortunes
of the textile industry.

The pest pressure particularly from
bollworms, due to which crop loss
becomes very high, drives growers to
adopt all tactics which may not be

really suited to the given situation and
would ensure failure of such efforts
(18). In intensive agriculture,
insecticides have been looked upon as
omnipotent weapons for modern pest
management, but excessive and
indiscriminate  use has led to
problems of pest resistance, pest
resurgence, accumulation of harmful
residues in the environment and
toxicity to non-target organisms and
man (25, 4, 24). Cotton receives more
pesticide protection per season than
any other crop (25) and accounts for
more than 25 percent of all
agricultural insecticides used
worldwide (32, 14). This has
prompted the necessity for the
development  of  non-synthetic
alternative that could be visible and
effective for insect pest management,
while also being compatible with the
environment (20). Hence a current
shift in the desire for biopesticides
from botanical sources rather than
synthetic chemicals using extract of
plants having pesticidal properties.
Botanical insecticides have more
advantages than synthetic one mainly
upon their quick degradation and lack
of persistence and bioaccumulation in
the ecosystem, which have been key
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problems in chemical pesticide usage
(35).

Plant extracts also have the advantage
that they contain a mixture of
compounds which may significantly
reduce the chances of tolerance or
resistance build-up by insect pests
(38). These plant extracts have a wide
range of anti-insect properties
including insecticidal, repellent,
antifeedant, and insect growth
inhibitory activities (4, 11, 35). One
such plant is African mahogany
(Khaya senegalensis) a member of
the timber tree species of the family
Meliaceae with rich source of
limonoids (31), with no real
exploitation recognized regarding its
rich phytochemical constituents (34).
The limonoids have been found to
give effective control against cotton
bollworms (3, 1, 2). Hence, this study
was conducted to determine the effect
of different concentrations of KSE on
boll infestation and percentage yield
loss of cotton by bollworms on the
yield of SAMCOT 9 variety.

MATERIALS AND METHODS
Experimental sites, land
preparation and experimental lay-
out

The study took place during the 2016
wet season at two different locations
situated in Institute for Agricultural
Research (IAR) farm Samaru, (11° 11
N, 07° 38 E and 686m above sea
level) and Kaduna State Agricultural
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Development  Agency (KADA)
research farm in Maigana (11° 10" N,
07° 37 E and 675m above sea level)
both in the Northern Guinea
Savannah ecological zone of Nigeria.
The study area has a mean annual
rainfall of 1016mm and mean
maximum and minimum
temperatures of 32.2°C and 23.5°C
respectively. The fields for the
experiments were ploughed,
harrowed and ridged apart at 0.90 m
inter-row spacing using tractor-
mounted disc plough. The treatments
consisted of 3 concentrations of
Khaya seed extracts (KSE) of 20%
wiv, 30% w/v and 40% w/v (200g,
300g and 400g/L of water), an
insecticidal check (Lambda-
cyhalothrin  25g ai/litre EC) and
untreated control replicated 4 times in
a strip plot fitted into randomized
complete block design (RCBD) with
plot size of 4.5m x 4.5m (Gross plot
of 6 rows and 4.5m long) and 3.5m x
2.7m (Net plot of 4 rows and 3.5m
long). Plots within replication were
separated by a 1.5m alley while
replications were separated by a 2.0m
alley.

Seed material and sowing

The cotton variety used for the study
was SAMCOT 9 an erect, hairy and
medium staple cultivated commercial
variety adapted to the North-West
cotton growing zone of Nigeria under
rain-fed conditions which attain
maturity between 130-150 days with



Nigerian Journal of Plant Protection (NJPP) Vol. 33, No 1 June. 2019

a potential yield of 1500-2000Kg/ha.
The seeds were treated with Dress
Force 42WS (Imidacloprid 20% +
Metalaxyl M 20% + Tebuconazole
2%) 89g/Kg before sowing. Seed was
sown at 4 seeds per hole at a depth of
3cm, 90cm inter-row spacing and
45cm intra-row spacing on the ridges.
Emerged seedlings were later thinned
to two plants per stand 3WAS.

A mixture of Paraquat and Butachlor
as Pre-emergence at the rate of 1
litre/ha was applied to the
experimental plots. Supplementary
hoe weeding was done throughout
especially at critical growing periods
of weeds interference.

Fertilizer was applied at the
recommended rate of 60: 13: 25:
Kg/ha using NPK 15:15:15 at 3WAS
and Urea was used for top dressing at
8WAS.

Preparation of Khaya seed extract
Matured seeds of K. senegalensis
collected around IAR and Savanna
Forestry Research Station in Samaru,
Zaria were air-dried under shade. The
seeds were decorticated and pounded
with a wooden pestle and mortar and
pulverized. The pounded seeds were
weighed into lots of 200g, 300g and
400g separately and soaked in
1000ml of tap water inside a plastic
bucket each and allowed to stand for
48hrs, and continuously stirred at
24hrs interval. The content of each
bucket was filtered with 500ml of

water with the aid of a double-layer
muslin/cheese cloth, and 300ml of
5% wiv starch and flaked soap (509
each/1000ml of water) was added to
each crude extract.

Application of Khaya seed extract
The crude seed extracts were applied
at the rate of 1200ml/L of water (10%
v/v) per plot while the insecticidal
check (Lambda cyhalothrin 2.5EC)
was applied at the rate of 10ml/L of
water (1%v/v) with  Knapsack
sprayer. Application commenced 9
WAS which corresponded to period
of formation of First Square to the
detection of first flower. Four
applications were carried out at
2weeks interval at the different
phenological stages of the crop.

Data collection and analysis

Five plants were randomly selected
from the net plot and observations
were recorded on infestation of
bollworms in fruiting bodies (flowers,
squares, matured green bolls,
mummified bolls and split bolls)
through boll stripping analysis and
this was carried out in the laboratory
2weeks after the final spray
application, and percent  boll
infestation/damage was calculated.
Seed cotton yield was obtained
through pickings at an interval of 15-
20 days and seed cotton from each
treatment was weighed separately and
yield in Kg/ha and percent yield loss
in Kg/ha were worked out. Percent’s
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boll infestation and yield loss were
arcsine transformed, and the data
were subjected to analysis of variance
(ANOVA) using Statistical Analysis
System (SAS) software (version 9.0).
Mean differences among treatments
were separated using Students
Newman’s Keul test (SNK) at
P=0.05.

RESULTS

Effect of Khaya seed extract on
fruiting body infestation by
bollworms at Samaru and Maigana
in 2016 wet season.

Application of different rates of KSE
in Samaru and Maigana resulted in
significant difference in percentage
infestation of fruiting bodies at
17WAS (Table 1). In Samaru, there
was a significant difference (P<0.05)
in percentage infestation of the
fruiting bodies by bollworms from
KSE treatments, Lambda cyhalothrin
and the untreated control. Lambda
cyhalothrin and 40%w/v had similar
(P>0.05) percentage infestation of
fruiting  bodies  which  were
significantly (P<0.05) lower than the
other KSE and the untreated control.
However, 30%w/v  was also
significantly (P<0.05) lower than
20%w/v and the untreated control.
Similarly, the 20%w/v recorded
significantly (P<0.05) lower
percentage fruiting bodies infestation
than untreated control which recorded
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higher percentage infestation of the
fruiting bodies. In Maigana, Lambda
cyhalothrin  recorded significantly
(P<0.05) lower percentage infestation
of fruiting bodies than all the KSE
and the untreated control
respectively. The percentage
infestation of fruiting bodies recorded
on 40%w/v was also significantly
(P<0.05) lower than the other KSE
and the untreated control. Likewise,
plants treated with 30%w/v also
recorded significantly (P<0.05) lower
percentage fruiting bodies infestation
than those treated with 20%w/v and
the untreated control, both of which
that were similar (P>0.05) in
percentage fruiting bodies infestation.
The combined results of the two
locations showed that Lambda
cyhalothrin had significantly
(P<0.05) lower infestation of the
fruiting bodies than all the KSE and
the untreated control. Also, the
40%w/v resulted in a significantly
(P<0.05) lower percentage fruiting
bodies infestation than the other KSE
and the untreated control. Likewise,
percentage fruiting bodies infestation
from 30%w/v was significantly
(P<0.05) lower than those from
20%w/v and the untreated control.
The 20%w/v was also found to be
significantly  (P<0.05) lower in
percentage fruiting bodies infestation
than the untreated control which had
the highest infestation.
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Table 1: Effect of aqueous Khaya seed extract on percentage infestation of fruiting

bodies in Samaru and Maigana.

Mean percentage infestation of Bollworms in fruiting bodies at 17 WAS

Treatment Samaru Maigana Combined
KSE (% wiv)

20 62.8b 54.1a 58.4b
30 54.2¢c 50.4b 52.3c
40 35.2d 31.3c 33.3d
Lambda 32.9d 22.6d 27.8e
cyhalothrin

Untreated control 67.3a 57.1a 62.2a
SE+ 1.404 1.549 1.036
Significance * * *

*= (P<0.05). Means followed by same letter(s) within the same column are not
different statistically at P=0.05 using SNK. KSE = Khaya seed extract; WAS =

Weeks after sowing

Incidence of different types of
bollworm in fruiting bodies at
Samaru and Maigana in 2016 wet
season.

The incidence of different types of
bollworm in fruiting bodies (squares,
flower, matured green bolls and split
bolls) at 17WAS is presented in Table
2. In Samaru, there was a high to mild
preponderance of different types of
bollworm  with  Pink  bollworm
(Pectinophora gossypiella) being the
most highly (64.0%) encountered of
the bollworms and was followed by
Red bollworm (Diparopsis watersi)
(14.4%), American bollworm
(Helicoverpa armigera) (12.8%) with
the least encountered being the Spiny
bollworm (Earias spp.) (8.8%).

However, in Maigana, the most
encountered bollworms were the
American bollworm (H. armigera)
(37.1%) and the Pink bollworm (P.
gossypiella) (37.1%) while the Red
bollworm (D. watersi) (12.9%) and
the Spiny bollworm (Earias spp.)
(12.9%) were mildly encountered.
When the two locations were
combined, the incidence and
percentage showed that the Pink
bollworm (P. gossypiella) (50.6%)
was the most frequently encountered
bollworm and was followed by
American bollworm (H. armigera)
(25.0%) while the Red bollworm (D.
watersi) (13.7%) and the Spiny
bollworm (Earias spp.) (10.9%) were
mildly encountered.
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Table 2: Preponderance of different types of bollworm 17WAS in Samaru and
Maigana

Incidence and Percentage of Different types of Bollworm in Fruiting bodies (%)

Samaru Maigana Combined
Red bollworm
(D. watersi) 14.4 12.9 13.7
Spiny bollworm
(Earias spp.) 8.8 12.9 10.9
American bollworm
(H. armigera) 12.8 37.1 25.0
Pink bollworm
(P. gossypiella) 64.0 37.1 50.6
Total 100.0 100.0 100.0

Effect of Khaya seed extract on yield of seed cotton at Samaru and Maigana in
2016 wet season.

Spray application of different rates of KSE in Samaru and Maigana resulted in a
significant difference on the yield of seed cotton (Table 3). In Samaru, Lambda
cyhalothrin (2460.3Kg) gave the highest yield of seed cotton and this was
significantly (P<0.05) higher than 40%w/v (1918.9Kg), 30%w/v (1181.7Kg),
20%w/v (1175.5Kg) and the untreated control (1171.1Kg). Similarly, the seed
cotton yield of 40%w/v was also significantly (P<0.05) higher than the other KSE
and the untreated control. However, the seed cotton yield obtained from the other
KSE rates and the untreated control were found to be similar (P>0.05). In Maigana,
both the 40%w/v (874.8Kg) and Lambda cyhalothrin (817.5Kg) recorded similar
(P>0.05) higher seed cotton yield that were significantly (P<0.05) higher than the
30%w/v (483.2Kg), 20%w/v (394.2Kg) and the untreated control (388.0Kg)
respectively. However, 30%w/v, 20%w/v and the untreated control were found to
be similar (P>0.05) in their seed cotton yield. The result for the two location
combined showed that Lambda cyhalothrin (1638.9Kg) had significantly (P<0.05)
higher yield than the 40%w/v (1396.8Kg), 30%w/v (832.5Kg), 20%w/v (784.6Kg)
and untreated control (779.6Kg). Similarly, 40%w/v also recorded significantly
(P<0.05) higher seed cotton yield than the other KSE and the untreated control,
which were similar (P>0.05) in their seed cotton yield.
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Table 3: Effect of aqueous Khaya seed extract on the yield of seed cotton 21WAS

in Samaru and Maigana.

Mean yield of seed cotton in Kgha™*

Treatments Samaru Maigana Combined
KSE (%wi/v)

20 1175.5¢ 394.2b 784.6¢
30 1181.7c 483.2b 832.5¢
40 1918.9b 874.8a 1396.8b
Lambda 2460.3a 817.5a 1638.9a
cyhalothrin

Untreated control 1171.1c 388.2b 779.6¢
SE+ 168.91 33.21 92.81
Significance * * *

*= (P<0.05). Means followed by same letter(s) within the same column are not

different statistically at P=0.05 using SNK.

Effect of Khaya seed extract on
percentage yield loss of seed cotton
at Samaru and Maigana in 2016
wet season.

Application of different rates of KSE
in Samaru and Maigana significantly
affected the percentage yield loss of
seed cotton (Table 4). In Samaru,
Lambda cyhalothrin (21.9%) and
40%wl/v (23.5%) KSE had similar
(P>0.05) percentage yield loss which
were significantly (P<0.05) lower
than 30%w/v (45.8%), the 20%w/v
(46.5%) and the untreated control
(46.8%) treatments respectively.
However, 30%w/v, 20%w/v and the
untreated control had similar
(P>0.05) yield loss of seed cotton. In
Maigana, Lambda  cyhalothrin

(13.7%)  recorded  significantly
(P<0.05) lower percentage yield loss
than 40%w/v (20.2%), 30%w/v
(41.8%), 20%w/v (42.0%) and the
untreated control (44.4%). Likewise,
the 40%w/v also had significantly
(P<0.05) lower percentage yield loss
of seed cotton than the other KSE and
the untreated control. However, the
30%w/v, the 20%w/v and the
untreated control were similar
(P>0.05) in their percentage yield
losses in the same period. The
combined result for the two locations
showed significant difference in
percentage yield loss of seed cotton
with Lambda cyhalothrin (17.8%)
having significantly (P<0.05) lower
percentage yield loss than the
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40%w/v (21.9%), 30%w/v (43.8%),
20%w/v (44.3%) and the untreated
control (45.6%) during the period.

Table 4: Effect of aqueous Khaya seed extract on percentage yield loss of seed

cotton 21WAS in Samaru and Maigana.

Mean percentage yield loss of seed cotton ha* (%)

Treatments Samaru Maigana Combined
KSE (%w/v)

20 46.5a 42.0a 44.3a
30 45.8a 41.8a 43.8a
40 23.5b 20.2b 21.9b
Lambda 21.9b 13.7¢c 17.8c
cyhalothrin

Untreated control 46.8a 44.4a 45.6a
SE+ 1.082 2.679 1.647
Significance * * *

*= (P<0.05). Means followed by the same letter(s) within the same column are not

different statistically at P=0.05 using SNK.

DISCUSSION

Applications of different rates of
KSE significantly reduced the
percentage of fruiting bodies infested
by bollworms and this varies with
locations. When the two locations
were combined, it indicated similar
trends of increasing effects of KSE
from 20%w/v to 40%w/v in reducing
the percentage of the fruiting bodies
infested by bollworms which were
better than the untreated plots.
Among the different rates of KSE,
none was comparable to Lambda
cyhalothrin but 40%w/v KSE exert
better effect than the other two rates
of KSE in reducing the percentage of
fruiting infested by bollworms. The
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effectiveness of various rates of KSE
applied in reducing the percentage
boll infestation from this study is an
indication of efficacy of the plant
material particularly 40%w/v which
has shown to be effective as the
synthetic insecticide wused. This
observation is in line with the finding
of (19) who reported that application
of water extract of Neem seed on
cotton resulted in  significant
reduction in percent fruiting bodies
infestation by spotted bollworm and
pink bollworm which was dose
dependent, and (12) reported that
application of some botanical
preparations on tomato significantly
reduced percent fruit damage by
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African bollworm. Also (22) reported
that high concentration of plant
extract such as NSKE as high as
(10%) resulted in lowering the
percentage of pod damaged by
Helicoverpa armigera by (3.9%) on
chick pea. According to (36) who
investigated the effect of extracts of
different botanicals (Neem seed,
Turmeric, Henge and Garlic) on
tomato fruit worm (H. armigera)
observed lower percentage fruit
infestation on tomato treated with
NSKE which performed significantly
better than the other botanicals.

The results of the boll stripping
analysis revealed that large number of
the fruiting bodies were infested by
the Pink bollworm (P. gossypiella)
which may be the species responsible
for high percentage of the infested
bolls than the other bollworms in both
Samaru and Maigana. The incidence
and infestation of the fruiting bodies
for the two locations showed that of
all the bollworm types, Pink
bollworm (P. gossypiella) has higher
occurrence,  while  the  other
bollworms had lower occurrence.
This observation is supported by (33)
who identified the bollworms as the
most important group of insects
attacking cotton in Nigeria, and the
species of five genera that attack
cotton in Nigeria in order of
importance are D. watersi (Red
bollworm), H. armigera (American
bollworm), P. gossypiella (Pink

bollworm), Earias spp. (Spiny
bollworms) and C. leucotreta (False
codling moth). According to (24) who
reported that African bollworm (H.
armigera), red bollworm (D.
castanea), spiny bollworms (E.
insulana and E. biplaga) and pink
bollworm (P. gossypiella) causes the
greatest yield loss on cotton annually.
Among the different pests attacking
cotton, they account for 25-30% yield
loss (Ahuja et al., 2008). It has also
been reported that the most critical
period of cotton development takes
place during a period of about 10
weeks after the first flower buds have
formed which is period of rapid
growth when there is an increasing
number of buds and bolls which
attract several different insect pests,
particularly the bollworms (25). It has
also been observed that bollworm
complex numbers were high at 14 and
15 weeks after planting which is the
period of cotton boll - setting when
more bolls are still young, and low at
20 and 21 weeks after planting when
most of the cotton bolls have burst
(23).

The result on seed cotton vyield
indicated significant increase with
applications of different rates of KSE
and this varies with locations. In
Samaru, KSE at 40%w/v significantly
produced more seed cotton than the
other two KSE with their yield found
to be similar with the untreated plot,
although highest seed cotton was
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obtained from Lambda cyhalothrin
which was significantly different
from the three KSE and the untreated
plots. However, at Maigana, seed
cotton yield obtained from the plot
treated with 40%w/v KSE and
Lambda cyhalothrin were similar and
better than the other KSE rates and
the untreated plots which were similar
in yield. The results of the two
locations combined indicated that
among the different rates of KSE,
40%w/v KSE produced higher seed
cotton yield than the other two KSE
which were found to be similar with
the untreated plots, although the
highest yield of seed cotton was
obtained from Lambda cyhalothrin
which was significantly different
from the three KSE and the untreated
plots. This observation could be
attributed to the efficacy of the
bioactive compounds present in KSE
particularly at the high rate of
40%w/v which could have high
concentration  of  the  active
compounds that deter the bollworms
from causing serious damage on the
bolls. It has been reported that yields
of seed cotton have been increased
significantly since application of
modern chemical techniques (26).
However, simplistic approaches to
the use of insecticides have led to
their over-use and selection of
resistant pest populations with
subsequent crop failures in certain
areas (23). This study indicates that
both Lambda cyhalothrin  and
94

40%w/v KSE treated plots produced
similar cotton seed yield that amount
to more than one tonne/ha which
suggests that the yield obtained from
this study is more than the average
yield of 621Kg/ha for the country
(Nigeria) ten vyears back (17),
although the genetic potential yield of
the seed cotton in the commercial
varieties is estimated to be 2.5-3
tonnes/ha (30). It has been reported
that seed cotton yield of above 2
tonnes/ha was obtained with the
attack of cotton plant by leafhoppers
and bollworm complex (23). These
levels of yield are common under
small-scale cotton production
systems (13). Application of Decis
and Mospilan  (two  synthetic
insecticides) has also been reported to
give similar seed cotton yields when
compare with tobacco and garlic
extracts for the control of leafhoppers
and bollworm complex on cotton
(23). The mean yield of seed cotton
obtained from this study corroborate
these findings and that of several
other workers who proved the
efficacy of several pesticidal plants
including Khaya in controlling
several insect pests and improving
crop yield. For instance, (19)
investigated the effect of water
extract of NSKE on insect pests of
cotton and observed that higher
concentration  of the  extract
significantly increased the yield of the
treated plots compared with the
control. The efficacy of NSKE for the
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control of African bollworm on
chickpea was tested, and (22)
reported a highest mean yield from
the plots treated with NSKE than the
control plots. Significantly higher
tomato yield was also recorded from
biopesticides treated plots than those
obtained from the control plots (12).
The observed difference in seed
cotton yield from the two locations
suggests  variation in  weather
conditions especially rainfall, which
commences late and ceases early
through September at Maigana. This
finding is in agreement with the
finding of (23) who observed that
sudden changes in the environmental
conditions such as cool and cloudy
weather could result to drop in seed
cotton yield in a season. Report also
showed that there was a difference in
seed cotton yield when grown under
the same agronomic practices in
different locations which  was
attributed to early ending of rainy
season in September (21). It is
important to note that cotton requires
a minimum temperature of 16°C to
grow and sunlight is necessary for the
plant’s photosynthesis (9), and the
yield is also directly proportional to
the amount of water consumed by the
cotton (8).

In Samaru, the effect of spray
application of 40%w/v KSE was
found to be similar with Lambda
cyhalothrin ~ in  reducing the
percentage yield loss of seed cotton

which were better than the other two
KSE and the untreated plots. The
effects of the other two KSE were
also similar with the untreated plots.
However, at Maigana, the effect of
40%w/v KSE significantly reduced
percentage yield loss of the seed
cotton which was better than the other
two KSE and the untreated plots
which were the same. Similarly, the
results of the two locations combined
indicated that 40%w/v  KSE
significantly  reduced percentage
yield loss (21.9%) of seed cotton
which was found to be better than the
other two KSE and the untreated plots
which were similar, but different
from Lambda cyhalothrin (17.8%)
which recorded lowest percentage
yield loss. This observation indicated
that the higher the concentration of
the bioactive compounds the more the
efficacy, which suggests that KSE at
high rate possess more of the active
compounds than those at the lower
rate. These results aligned with the
finding of (19) who reported
significantly lower percentage yield
loss from high concentration of
NSKE treated plots due to infestation
by spotted bollworm and pink
bollworm on cotton. Reduction in
yield of seed cotton below 500Kg/ha
has been attributed to infestations by
red bollworm and  American
bollworm together with cotton stainer
(26). Report from Pakistan as shown
that bollworm and sucking pest
complex causes about 20-40% yield
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losses (5). Yield loss of 15-30% by H.
armigera has also been reported on
sorghum in Botswana (29). When
evaluating the efficacy of botanical
extract and synthetic pesticide against
tomato fruit worm (H. armigera),
(36) reported about 10.1% vyield loss
as a result of using NSKE. Significant
reduction of about 3.9% in yield loss
of chickpea from NSKE treated plot
against H. armigera and about 22.2%
yield loss when NSKE was not
applied has been reported (22).
Similar observation was reported for
NSKE against insect pests (Earias
insulana, Amrasca devastans and
Oxycaremus loetus) of Okra which
resulted in lower percentage vyield
loss when 2.5% NSKE concentration
was applied (37).
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CONCLUSION

Application of aqueous KSE
(40%w/v) significantly reduce boll
infestation and percentage yield loss
by bollworms, leading to yield
increase, and was as good as the
synthetic insecticidal check. This
further suggests that farmers that
could not use higher concentration of
40% can opt for lower rates of
between 20-30% which proved to
have a better yield than no treatment
at all. The effectiveness exhibited by
the material indicates its potential as
being a good alternative for managing
bollworms infestation on cotton. And
incorporating this technology into the
farming systems of resource-poor
cotton farmers may help in reducing
the cost of pest control, thereby
maximizing yields and profit.
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