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Abstract: The effects of various concentration levels of neem oil (Nimbecidine 0.03% Aza) and water extracts
of neem seed and leaf on growth and development of African bollworm, Helicoverpa armigera were studied
under laboratory condition. Square dip and larval immersion experiments were conducted in three replications
in a Completely Randomized Design. In square dip experiment, all tested concentration levels (2.5%, 5% and
10%) of neem seed and leaf extracts at 3, 6 and 9 days after treatment application resulted in significantly lower
larval weight. In larval immersion experiment, only 10% neem seed extract and 10% neem leaf extract resulted
in significantly lower larval weight at 3 days after treatment. In the same experiment, all tested concentration
levels (2.5%, 5% and 10%) of neem seed extracts significantly reduced the weight of larvae at 6 days after
treatment application. However, at 9 days after treatment application, only 5% and 10% neem seed extracts were
found effective in reducing the larval weight. Only the two higher concentration levels (5% and 10%) of neem
seed extract significantly reduced the weight of pupae. Generally, the result of this study indicated the potential
of neem extracts for the integrated management of H. armigera.
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INTRODUCTION Globally, synthetic pesticides have been in use for

Survey results revealed that more than 68 species of and effective pest control although their excessive uses
insect and mite pests have been recorded on cotton in have resulted in adverse effects such as pesticide
major cotton growing areas of Ethiopia [1]. Among these, resistance, resurgence of new pests,  side  effects on
the bollworms (Helicoverpa armigera, Pectinophora non-target organisms and other environmental risks [5].
gossypiella, Diparopsis watersi and Erias spp) caused The use of more biodegradable pest control materials with
36-60% yield losses of which African bollworm, greater selectivity might help to reduce the disadvantages
Helicopverpa armigera (Hubner) is the dominant species caused by synthetic pesticides [5].
[2, 3]. African bollworm is a polyphagous insect attacking Azadirachtin, a tetrano triterpenoid is the most
wide ranges of crops including beans, chickpea, peas, promising insecticidal compound found in neem,
sorghum, cotton, tomato, pepper, sunflower, safflower, Azadirachta indica seeds and leaves [6, 7]. It has been
flax and Niger seed [2-4]. reported by various scientists that neem products have

For las few decades, wide ranges of different several biological effects on insects including antifeedant,
insecticides and acaricides have been used for the control insect growth regulator and repellency besides they are
of cotton insect and mite pests in general and African less toxic to natural enemies in contrary to synthetic
bollworm in particular. These include pesticides belonging pesticides [8, 9].
to chlorinated hydrocarbons, organophosphates, The focuses of cotton insect pest management
carbamates and synthetic pyrethroids some of which are research programs in Ethiopia for the last three to four
highly toxic to the environment [2]. decades  were  on   insecticide  screening activities  along

more than 50 years and have resulted in fast, economical
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with some preliminary research on cultural and biological Treatment Preparation: Undamaged ripe berries and
control methods. However, research in the area of fresh leaves of neem were gathered from neem trees at
botanical control methods targeting H. armigera remained Middle Awash, Ethiopia. The outer layer of the pulp was
untouched, which in the future needs special focus in removed from the seeds. After cleaning, the seeds and
order to increase the number of component control leaves were spread out separately under shade on cloth
methods that will be utilized in integrated management to dry for few days. Grinding of dried neem seeds and
program of the pest. Hence, this study was executed to leaves was done using electric grinder and the resulting
evaluate the effects of neem seed and leaf extracts on the powder was sieved using sieves in order to remove coarse
growth and development of H. armigera. particles. Then three different concentration levels (2.5, 5

MATERIALS AND METHODS prepared separately. Three different (manufacturer’s and

Description of the Study Area: The study was conducted were prepared. The manufacturer’s rate solution was
in Werer Agricultural Research Center (WARC) prepared in a ratio of 1:1000 of Nimbecidine (ml) to tap
laboratory, which is located 278 km to the East of Addis water (ml). Whereas, the first (NH ) and the second (NH )
Ababa, Ethiopia at an altitude of 750 meters above sea higher rate solutions of  Nimbecidine  were  prepared  in
level (m.a.s.l), 9°16’N and 40°9’E. The study area has a a  ratio   of    1.25:1000  and    1.50:1000,   respectively.
mean annual rainfall of 540 mm and mean maximum and The synthetic insecticide, Endosulfan 35% EC was used
minimum temperatures of 34.4°c and 19.6°c, respectively. as a standard control.

Establishment of African Bollworm Culture: Fifth instar Bioassay:  Laboratory  experiments  were  conducted
larvae were collected from unsprayed cotton production using   the   square   dip   and   larval  immersion
field at Middle Awash, Ethiopia and reared on artificial techniques  [11].  In  a  square  dip  technique,  cotton
diet prepared following the procedure developed by [10]. squares   were   dipped   into   individual treatments  for
Pupae were collected each morning and transferred to 20  seconds  before they were supplied to the larvae.
plastic pots embedded with soil. Pairs of male and female Whereas  in  the  larval   immersion   experiment,   the
emerged adults were placed in adult rearing cages made larvae were dipped into individual treatments for 20
up of cheese cloth and they were supplied with adult diet seconds and then supplied with artificial diet. Third instar
which was prepared from 5 g sugar and 200 ml water larvae of second generation were used in both
following the procedure of [11]. The adults were allowed experiments.
to lay eggs on cheese close and later on the hatching The purpose of square dip experiment was to
larvae were collected and fed on artificial diet. Starting contaminate the fruiting bodies (squares) of cotton plant
from second instar, the larvae were separated and reared with extracts of neem and thereby evaluate the effects on
individually in small plastic cups supplied with artificial African bollworm which may be through repellency,
diet to avoid cannibalism. stomach   poisoning     and     physiological    interference.

and 10%) of water extracts of neem seed and leaf were

two higher) rates of Nimbecidine (0.03% Azadirachtin)

1 2

Table 1: List of treatments 

SN Treatments Description

1 2.5% NSE 2.5% water extract of neem seed

2 5% NSE 5% water extract of neem seed

3 10% NSE 10% water extract of neem seed

4 2.5% NLE 2.5% water extract of neem leaf

5 5% NLE 5% water extract of neem leaf

6 10% NLE 10% water extract of neem leaf

7 NM Manufacturers’ rate Nimbecidine solution

8 NH Nimbecidine solution at 25% more than manufactures’ rate1

9 NH Nimbecidine solution at 50% more than manufactures’ rate2

10 UC Untreated control (a control treated only with tap water)

11 SC A control treated with the standard synthetic insecticide Endosulfan 35%EC at field rate 
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There were three replications where a total of 30 larvae RESULTS
(ten in each replication) were tested per treatment.
Medium sized cotton squares were collected from Effect on the Weight of Larvae: In square dip experiment
unsprayed cotton fields and a total  of  30  equal  sized there were highly significant differences  (P<0.0001)
squares were dipped into  each  treatment  for 20 among the effects of the treatments on mean weight of H.
seconds. After 60 minutes of drying, a single square was armigera larva at 3, 6 and 9 days after treatment
placed into a plastic cup together with a  weighed 3 application (DAT). Statistically lower larval weight wasrd

instar larva. After 72 h, the survived larvae were recorded from all tested concentration levels of both neem
transferred to artificial diet and the dead ones counted seed extract (NSE) and neem leaf extract (NLE) at 3, 6 & 9
and discarded. DAT. In contrary, significantly higher weight was

The   purpose    of    larval    immersion   experiment recorded from larvae treated with water. The weight of
was  to  evaluate  contact  effects  of  extracts  of neem. larvae treated with various concentration levels of
Like  in  the  square  dip  experiment, a total of 30 larvae Nimbecidine was not statistically different from weight of
(ten  in  each  replication)  were  tested   per  treatment. those larvae treated with water, except for NH  at 3 DAT.
The  larvae  were  immersed  into  respective  treatments Neem seed extracts at various concentration levels better
for  20  seconds. Thereafter, each larva was transferred reduced the weight of larvae as compared to leaf extracts
into separate plastic cups containing weighed artificial and Nimbecidine (Table 2).
diet. The resulting pupae and larvae were reared following Similarly, in larval immersion experiment there were
[11] method, while the dead ones were counted and highly significant differences (P<0.0001) among mean
discarded. weight of the larvae at 3, 6 & 9 DAT. At 3 DAT, 10% NSE

Data Collected: Each larva was weighed prior to its compared to the control. At 6 DAT, all concentration
exposure to treatments both in square dip and larval levels of seed extracts have resulted in significantly lower
immersion experiments. The larvae were supplied with mean weight of the larvae. At 9 DAT, 5% NSE & 10% NSE
squares of cotton in square dip experiment whereas with have resulted in significantly  lower  weight  of  larvae.
artificial diet in larval immersion experiment. Weight of The percentage weight losses were relatively higher in
larvae at 3, 6 & 9 days after treatment application was larvae treated with seed extract as compared to those
recorded both in square dip and larval immersion treated with leaf extracts (Table 3).
experiment using sensitive balance. The weight of pupae
on the date of pupation was also recorded in the same Effect on the Weight of Pupae: In square dip experiment
way. significantly lower percentage pupal weight losses were

Statistical Analysis: Data from both experiments (square untreated check (Table 4). In larval immersion experiment,
dip and larval immersion) were subjected to Analysis of there were highly significant differences (P<0.0001) among
Variance with General Linear Model (GLM) procedures percentage pupal weight losses of H. armigera dipped in
using the SAS software [12] and significant means were different treatments. Statistically higher percentage pupal
separated using Tukey’s Studentized Range (HSD) test at weight losses were recorded from 5% NSE & 10% NSE as
P  0.05. compared to the control (Table 4).

2

& 10% NLE have resulted in significantly lower weight as

obtained from 5% NSE & 10% NSE as compared to the

Table 2: Mean weight (mg) of Helicoverpa armigera larvae in square dip experiment
Treatments Initial Weight Weight at 3 DAT Weight at 6 DAT Weight at 9 DAT
2.5% NSE 7.33±1.75a 8.31±2.24c 25.02±4.28b 72.11±14.07b
5% NSE 6.05±1.18a 6.09±0.90c 16.28±4.24b 26.60±6.35b
10% NSE 6.65±0.88a 5.88±1.11c 12.16±2.84b 18.72±5.17b
2.5% NLE 5.01±0.46a 13.81± 2.61c 39.28±9.49b 112.16±4.06b
5% NLE 4.41±0.15a 11.85±0.44c 26.82±3.57b 68.29±18.64b
10% NLE 5.28±0.27a 10.59±1.97c 28.77±10.61b 67.31±18.06b
NM 4.79±0.43a 29.62±2.97ab 103.16±10.26a 255.66±6.39a
NH 3.98±0.13a 30.12±3.02ab 119.48±17.55a 311.38±5.71a1

NH 4.88±0.56a 23.32±1.15b 87.70±5.16a 222.46±7.65a2

UC 5.18±0.13a 33.67±1.31a 125.95±4.70a 286.69±2.43a
Means  followed  by the  same  letter  within a column are not significantly different from each other at P<0.05, Tukey’s Studentized Range (HSD) Test.
DAT = days after treatment application. 
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Table 3: Mean weight (mg) of Helicoverpa armigera larvae in larval immersion experiment

Treatments Initial Weight Weight at 3 DAT Weight at 6 DAT Weight at 9 DAT

2.5% NSE 7.42±0.26b 30.24±1.22cde 92.71±8.65bcd 262.86±0.22ab
5% NSE 7.43±0.48b 30.51± 2.95cde 74.62±15.07cd 198.81 ±41.48bc
10% NSE 9.86±0.54ab 27.88±2.80de 59.68±10.03d 125.61±16.70c
2.5% NLE 7.30±1.17b 51.22±6.18ab 191.31±9.10ab 368.09±18.71a
5% NLE 10.71± 0.42a 66.88±7.82a 202.00±26.72a 344.34±23.84a
10% NLE 7.80±0.49ab 10.87±2.02e 112.82±6.67abcd 286.61±28.66ab
NM 8.56±0.65ab 44.61±3.21bcd 171.84±15.15abc 350.74±17.78a
NH 6.91±0.69b 31.09±1.54bcde 141.08±6.67abcd 374.30±29.74a1

NH 8.84±0.18ab 29.80±3.66cde 146.17±12.71abcd 373.63±30.87a2

UC 8.16±0.37ab 49.51±2.12abc 208.08±14.80a 334.11±16.49a

Means followed by the same letter within a column are not significantly different from each other at P<0.05, Tukey’s Studentized Range (HSD) Test.
DAT=days after treatment application. 

Table 4: Mean weight of Helicoverpa armigera pupa (mg) on the date of pupation in square dip and larval immersion experiments

Treatments Square dip experiment Weight loss (%) Larval immersion experiment Weight loss (%)

2.5% NSE 238.52±2.20ab 7.78 220.69±6.69bcd 11.85
5% NSE 197.50±3.12b 23.64 209.22±7.01cd 16.43
10% NSE 196.67±2.85b 23.96 194.97±10.36d 22.12
2.5% NLE 244.78±8.74ab 5.36 252.42±3.30ab -0.82
5% NLE 238.44±39.38ab 7.81 238.24±6.87abc 4.84
10% NLE 220.46±10.16ab 14.76 225.89±3.95bcd 9.77
NM 262.11±3.21a -1.34 247.00±5.92ab 1.34
NH 266.84±17.31a -3.17 263.70±5.96a -5.331

NH 261.34±5.27a -1.04 261.49±8.54a -4.442

UC 258.64±5.59a 250.36±6.91ab

Means followed by the same letter within a column are not significantly different from each other at P<0.05, Tukey’s Studentized Range (HSD) Test. 

DISCUSSIONS subsequently act on the secretion of juvenile hormone

The results of our study generally indicated that adverse effects during metamorphosis such as reduction
water extracts of neem seed and leaf have significantly in size and weight of larvae and pupae, extended life span,
reduced the growth and development of H. armigera slow larval movement, pupae with withered and fractured
larvae and pupae as compared to the control and this was head and body.
clearly manifested by the significantly reduced larval and Orientation and settling, feeding, metabolism of
pupal weight recorded from treated larvae. The anti- ingested food, growth, survival, fecundity, oviposition
feedant/repellent action of neem on H. armigera larvae and hatching of eggs are the most important response
from feeding on dipped cotton squares  and  artificial  diet categories of insects that determine their successful
coupled with its delaying effect on metamorphosis might invasion and utilization of host plants [17,18]. The
have resulted in reduced rate of growth and development. establishment  of  insects  and  their  consequential
This is supported by [13], who reported a significant damage  on  the  host  plant  may  be  reduced  or affected
reduction of food intake and growth for Spodoptera by disruption of one or more of these important
litura after being treated with Azadirachtin, the active responses. Dried neem leaves and seed cakes were used
ingredient in neem. They also found that carbohydrate for long time in India to protect crops from pests [9].
and nitrogen consumption and utilization and the activity Previous  studies  [9,  19]  reported  natural  plant
of midgut enzymes (protease, phosphatase, amylase and products  which   possess   multitudes   of   effects  such
invertase) were significantly reduced. Koul  [14],  reported as repellence, feeding deterrence, growth and
that the normal growth and development of early third development inhibitory and other effects have some
instar larvae of Spodoptera littoralis was inhibited by potential for the management of pests. Also [20] reported
Neem oil (2%). This inhibition is possible by delaying the the growth inhibitory and ovipositional deterrent
synthesis and release of neurosecretions which properties of neem products.

and moulting hormones [15, 16] and this leads to several



Acad. J. Entomol., 5 (1): 22-27, 2012

26

Anani et al. [21] reported larval weight decrease of Agricultural Research (EIAR) and Addis Ababa
26–48% for both Pink Maize Borer (Sesamia calamistis)
and Sugar-Cane Borer Moth (Eldana saccharina) after
being treated with neem products. Lower weight gain
rates due to neem were also reported by [22-25] for
Tobacco Hornworm (Manduca sexata), the Gypsy Moth
(Lymantria dispar), the European Corn Borer (Ostrinia
nubilalis), Mediterranean Corn Borer (Sesamia
nonagroides) and several noctuids, respectively. A
reduction in weight gain of larvae of a Coleopterous pest,
Diaprepes abbreviatus was reported by [26] after treating
the neonates with the neem based insecticide, Neemix.

A study by [27] indicated that Neemazal which is a
neem based insecticide resulted in reduced pupal weight
of Plutella xylostella and this may be due to reduced
consumption and utilization of food by treated larvae.
This is strongly supported by the results of the
experiment on the consumption and utilization of food
which showed that statistically less food was consumed
by the larvae on the cauliflower treated with neem
insecticides than on the control plants [27]. Perera et al.
[28] also reported reduced feeding for P. xylostella
allowed to feed on cabbage treated with neem preparation.
Martinez and van Emden [29] from their study on
Spodoptera littoralis reported that this post ingestive
action of Azadirachtin which extends to the pupal stages
could be related to the reduction of food intake and to the
ability of converting food into biomass. Adel and Zaki
[30] have reported that the neem based insecticide
(Suneem oil) affected the pupal weight of S. littoralis.

CONCLUSIONS

Water extracts of neem seed and leaf have significant
weight reduction effect on the larvae and pupae of
Helicoverpa armigera. These effects on the growth and
development of the larvae and pupae coupled with other
effects on different developmental stages will make neem
the most appropriate botanical pesticide that should get
due attention in the process of the development of
Integrated African bollworm Management for cotton and
other crops, especially vegetable crops for it is safer to
the user and doesn’t leave hazardous residues on the
products and the environment.
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