
World Journal of Agricultural Sciences 8 (3): 280-285, 2012
ISSN 1817-3047
© IDOSI Publications, 2012

Corresponding Author: Mesfin Wondafrash, Department of Biology, Gent University, Ledeganckstraat 35, 9000,
Gent, Belgium, School of Plant Sciences, Haramaya University, P.O.Box 138, Dire Dawa, Ethiopia.

280

Survival and Feeding of African Bollworm, Helicoverpa armigera (Hubner)
(Lepidoptera: Noctuidae) Affected by Neem, Azadirachta indica (A. Juss) Extracts

Mesfin Wondafrash, Emana Getu and Geremew Terefe1 2 3

Department of Biology, Gent University, Ledeganckstraat 35, 9000, Gent, Belgium,1

School of Plant Sciences, Haramaya University, P.O.Box 138, Dire Dawa, Ethiopia
Faculty of Life Sciences, Zoological Sciences Program, Insect Sciences Stream,2

Addis Ababa University, P.O.Box 1176, Addis Ababa, Ethiopia
Ethiopian Institute of Agricultural Research, P.O.Box 2003, Addis Ababa, Ethiopia3

Abstract: The effects of neem oil (Nimbecidine 0.03% Aza) and water extracts of neem seed and leaf on African
bollworm, Helicoverpa armigera were studied each at three concentration levels (2.5%, 5% and 10%) under
laboratory condition. Square dip and larval immersion experiments were conducted using Completely
Randomized Design in three replications. In square dip experiment, high mortalities were statistically recorded
from larvae treated with all concentration levels of seed extract and the two lower concentration levels of leaf
extracts as compared to mortalities from control larvae. In larval immersion experiment, high mortalities were
obtained from larvae treated with high concentration levels of both seed and leaf extracts as compared to
control larvae. Three days after treatment application, significantly low numbers of squares were damaged by
the larvae treated with the three concentration levels of seed extracts as compared to the control. Significant
feeding reductions on artificial diet were also observed from larvae treated with various concentration levels
of Nimbecidine, seed and leaf extracts at 6 and 9 days after treatment application in larval immersion experiment.
Generally, neem extracts from the seed and leaf and neem oil (Nimbecidine) have significant negative effect on
the survival and feeding of Helicoverpa armigera larvae.
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INTRODUCTION synthetic pyrethroids some of which are highly toxic to

Survey results revealed that more than 68 species of Globally, synthetic pesticides have been in use for
insect and mite pests have been recorded on cotton in more than 50 years and have resulted in fast, economical
major cotton growing areas of Ethiopia [1]. Among these, and effective pest control although their excessive uses
the bollworms (Helicoverpa armigera, Pectinophora have resulted in adverse effects such as pesticide
gossypiella, Diparopsis watersi and Erias spp) caused resistance, resurgence of new  pests,  side  effects on
36-60% yield losses of which African bollworm, non-target organisms and other environmental risks [5].
Helicopverpa armigera (Hubner) is the dominant species The use of more biodegradable pest control materials with
[2, 3]. African bollworm is a polyphagous insect attacking greater selectivity might help to reduce the disadvantages
wide ranges of crops including beans, chickpea, peas, caused by synthetic pesticides [5].
sorghum, cotton, tomato, pepper, sunflower, safflower, Azadirachtin, a tetranotriterpenoid is the most
flax and Niger seed [2-4]. promising insecticidal compound found in neem,

For  the  last  few   decades,   wide   ranges of Azadirachta indica seeds and leaves [6, 7]. It has been
different  insecticides  and  acaricides  have   been  used reported by various scientists that neem products have
for  the  control  of  cotton  insect  and  mite  pests in several biological effects on insects including antifeedant,
general  and  African  bollworm  in  particular.  These insect growth regulator and repellency besides they are
include  pesticides  belonging  to  chlorinated less toxic to natural enemies in contrary to synthetic
hydrocarbons, organophosphates, carbamates and pesticides [8, 9].

the environment [2].
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The focuses of cotton insect pest management transferred to plastic pots embedded with soil. Pairs of
research programs in Ethiopia for the last three to four male and female emerged adults were placed in adult
decades were on insecticide screening activities along rearing cages made up of cheese cloth and they were
with some preliminary research on cultural and biological supplied with adult diet which was prepared from 5 g
control methods. However, research in the area of sugar and 200 ml water following the procedure of Terefe
botanical control methods targeting H. armigera remained and Surachate [11]. The adults were allowed to lay eggs
untouched, which in the future needs special focus in on the cheese close and later on the hatching larvae were
order to increase the number of component control collected and fed on artificial diet. Starting from second
methods that will be utilized in integrated management instar, the larvae were separated and reared individually
program of the pest. Hence, this study was executed to in small plastic cups supplied with artificial diet to avoid
evaluate the influences of neem seed and leaf extracts on cannibalism.
the survival and feeding of African bollworm.

MATERIALS AND METHODS fresh leaves of neem were gathered from neem trees at

Description of the Study Area: The study was conducted removed from the seeds. After cleaning, the seeds and
in Werer Agricultural Research Center (WARC) leaves were spread out separately under shade on cloth
laboratory, which is located 278 km to the East of Addis for few days to allow drying. Grinding of dried neem seeds
Ababa, Ethiopia at an altitude of 750 meters above sea and leaves was done using electric grinder and the
level (m.a.s.l), 9°16’N and 40°9’E. The study area has a resulting powder was sieved using sieves in order to
mean annual rainfall of 540 mm and  mean  maximum  and remove coarse particles. Three different concentration
minimum temperatures of 34.4°c and 19.6°C, respectively. levels (2.5, 5 and 10%) of water extracts of neem seed

Establishment of African Bollworm Culture: Fifth instar socking neem (seed and leaf) powder in a bucket of tap
larvae were collected from unsprayed cotton production water and allowing it to stay for twenty four hours. After
field at Middle Awash and reared on artificial diet twenty four hours, the extract was repeatedly filtered
prepared following the procedure developed by Taekel through  cheese  cloth  to  remove coarser particles
and Jenson [10]. Pupae were collected each morning and (Figure 1).  Three   different   (one  manufacturer’s  and

Treatment Preparation: Undamaged ripe berries and

Middle Awash, Ethiopia. The outer layer of the pulp was

(NSE) and neem leaf (NLE) were prepared separately by

Fig. 1: Preparation of water extracts of neem seed and leaf (A) Crude extract of neem seed (B) Filtering crude extract of
neem seed (C) Crude extract of neem leaf (D) Filtering crude extract of neem leaf. 
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Fig. 2: Partial view of square dip and larval immersion experiments (A) Dipped squares drying on paper sheets (B)
H.armigera larvae crawling on paper sheets after being immersed in extracts. 

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

two  higher)   rates   of   Nimbecidine   were  prepared.
The  manufacturer’s  rate  solution  was  prepared  in a
ratio of 1:1000 of Nimbecidine (mL) to tap water (mL)
based  on  the manufacturer’s recommendation and the
first (NH ) and the second (NH ) high rate solutions of1 2

Nimbecidine were prepared in a ratio of 1.25:1,000 and
1.50:1,000, respectively of  Nimbecidine  (mL)  to  tap
water  (mL). Tap water and the  synthetic  insecticide
(Endosulfan  35%  EC) were used as untreated control
(UC) and standard control (SC) treatments, respectively
(Table 1). The formulated neem product (Nimbecidine)
was included in this study in order to compare and
contrast the influences of crude extracts and formulated
products of neem on the target pest. Endosulfan 35% EC
which is the most effective and commonly used
insecticide for the control H.armigera was used as
standard control in order to compare modes of actions
and effects of botanical insecticides with synthetic
chemical insecticides.

Bioassay:  Laboratory  experiments  were conducted
using the square dip and larval immersion techniques [11].
In a square dip technique, medium sized fruiting bodies of

cotton plants (squares) were collected from unsprayed
cotton fields and a total of 30 equal sized squares were
dipped into each treatment suspension for 20 seconds.
After 60 minutes of drying on paper sheet, a single square
was placed into a plastic cup together with a weighed 3rd

instar larva. After 72 h, the survived larvae were
transferred to artificial diet and the dead ones were
counted and discarded. The purpose of this square dip
experiment was to simulate an insecticide sprayed cotton
field in which the squares and other parts cotton plant are
contaminated with spray suspension. Then based on this
simulation, the influences of neem extracts on H.armigera
was assessed under laboratory conditions after allowing
the larvae to feed on squares dipped in neem extracts
(Figure 2A). The influence may be due to repellency,
stomach poisoning and/or interference of the active
ingredient of neem with the normal physiological
processes.

Whereas in larval immersion experiment, a total of 30
larvae were immersed into the respective treatment
suspensions for 20 seconds. Thereafter, the larvae were
removed from the suspension and placed on paper sheets
on a table and allowed to stay there until they start to
crawl. The sooner they start to crawl; each larva was
transferred into separate plastic cup containing weighed
amount of artificial diet 

(Figure 2B). The surviving larvae were further reared,
while the  dead  ones  were   counted   and  discarded.
The purpose of larval immersion experiment was to
evaluate contact effects of extracts of neem were tested
per treatment in both experiments. Third instar larvae of
second generation were used in both in square dip and
larval immersion experiments. There were three
replications where a total of 30 larvae (ten in each
replication).
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Data Collected: Each larva was weighed prior to its
exposure to treatments both in square dip and larval
immersion experiments. In square dip experiment, data on
the number of damaged squares was recorded in 24, 48 &
72 h after treatment application. In larval immersion
experiment data on the weight of supplied artificial diet
and the amount consumed within 3, 6 and 9 days after
treatment application were recorded. After three days the
larvae were supplied with fresh diet as per their
requirements. Weight of larvae at 3, 6 & 9 days after
treatment application was recorded both in square dip and
larval immersion experiments using sensitive balance and
survival of the larvae was assed every day.

Statistical Analysis: Data  from  both  experiments
(square dip and larval immersion) were subjected to
Analysis of Variance with General Linear Model (GLM)
procedures using the SAS software [12] and significant
means were separated using Tukey’s Studentized Range
(HSD) test at P 0.05.

RESULTS

Effect on the Survival of Larvae: In square dip experiment,
highly significant differences (P<0.0001) were observed
between mean larval mortality of all concentration levels
of water extracts of neem seed and leaf (except 10% NLE)
and the untreated check. Hundred percent mean mortality
was recorded from endosulfan 35%EC, followed by 5, 2.5
& 10% NSE with mean mortalities of 8, 7 & 7 larvae out of
10, respectively. Among seed extracts, 5% NSE caused
comparable mortality to endosulfan 35% EC. Recorded
mean mortality for Nimbecidine ranged from 0.67 to 2.00
(Table 2).

Similarly, in larval immersion experiment highly
significant differences (P<0.0001) were recorded between
mean larval mortalities of larvae treated with 10% NSE &
10% NLE and the untreated check. Endosulfan 35% EC
has resulted in 100% larval mortality, while both 10% NSE
and 10% NLE caused 60% mortality. Mean mortalities
from Nimbecidine were very low and ranged from 1.00-3.30
and is comparable to untreated check (Table 2).

Effect on the Feeding of Larvae: At 24 h after treatment
(HAT), all concentration levels of neem seed and leaf
extracts & Nimbecidine at manufacturer’s rate (NM)
resulted in significantly lower damaged squares as
compared to the untreated check. At 48 HAT, only 5%
NSE resulted in significantly lower damage. However, at
72 HAT all concentration levels of neem seed extract have
resulted in significantly lower number of damaged squares

Table 2: Mean mortality (number) of Helicoverpa armigera larvae in square
dip and larval immersion experiments

Mortality

Treatments Square dip experiment Larval immersion experiment
2.5% NSE 7.00±2.00ab 2.67±0.58bc
5% NSE 8.00±1.15ab 3.67±0.67bc
10% NSE 7.00±0.00 ab 6.00±1.00ab
2.5% NLE 6.67±1.45ab 0.00±0.00c
5% NLE 6.00±0.58abc 1.00±0.58c
10% NLE 4.67±0.58bcd 6.00±1.73ab
NM 1.00±0.58d 1.00±0.58c
NH 0.67±0.67d 1.33±0.67c1

NH 2.00±0.58cd 3.33±0.88cd2

UC 0.33±0.33d 1.00±0.58dc
SC 10.00±0.00a 10.00±0.00a
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.

Table 3: Mean number of Helicoverpa armigera damaged squares in square
dip experiment

No. squares consumed
----------------------------------------------------------------------

Treatments 24 HAT 48 HAT 72 HAT
2.5% NSE 1.00±0.58b 3.67±0.67ab 4.67±0.67b
5% NSE 1.33±0.88b 3.33±1.33b 3.67±1.20b
10% NSE 1.67±0.88b 4.00±1.00ab 4.33±0.88b
2.5% NLE 1.67±0.88b 4.87±1.33ab 6.33±0.67ab
5% NLE 1.67±0.88b 5.00±1.00ab 7.33±0.88ab
10% NLE 1.33±0.67b 4.00±0.58ab 6.33±0.33ab
NM 3.33±0.88b 5.00±1.15ab 7.00±0.00ab
NH 4.67±0.88ab 6.00±1.53ab 6.67±0.67ab1

NH 4.33±0.33ab 6.67±0.33ab 7.33±1.20ab2

UC 7.33±0.33a 9.00±0.58a 10.00±0.00a
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.
HAT= hour after treatment. Note: Mean number of squares supplied = 10

Table 4: Mean weight of artificial diet consumed per Helicoverpa armigera
larva in larval immersion experiment

Weight of diet (g) consumed within
----------------------------------------------------------------------

Treatments 3 DAT 6 DAT 9 DAT
2.5% NSE 0.24±0.03a 0.85±0.19ab 3.06±0.20a
5% NSE 0.18±0.02ab 0.20±0.05 c 0.78±0.13dc
10% NSE 0.11±0.01b 0.18±0.06c 0.43±0.13d
2.5% NLE 0.22±0.02ab 0.68±0.03b 2.30±0.14abcd
5% NLE 0.28±0.03a 0.86±0.01ab 2.37±0.10ab
10% NLE 0.21±0.00a 0.72±0.09ab 2.36±0.42abc
NM 0.21±0.06ab 1.00±0.08ab 3.18±0.41a
NH 0.25±0.02a 0.63±0.08bc 3.00±0.17ab1

NH 0.22±0.03ab 0.63±0.05bc 1.41±0.25bcd2

UC 0.22±0.02ab 1.14±0.04a 3.06±0.36ab
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, Note: Mean number of squares
supplied = 10
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as compared to the untreated check. As the exposure time The antifeedant effect of neem seed extract was greater
of treated cotton squares to larvae increased, only NSE at than the neem leaf extract and that of the neem leaf extract
all tested concentration levels (2.5, 5 & 10%) were found was greater than Nimbecidine.
effective in reducing the number of damaged squares Our result is in agreement with the findings of Barnby
(Table 3). and Klocke [16] on Heliothis virescens (Fabricius).

Six days after treatment application (DAT); 5% NSE, According to Barnby and Klocke [16] in H. virescens
10% NSE, 2.5% NLE, NH  & NH have significantly azadirachtin-rich diets lead to decreased feeding and1 2

lowered  the  amount   of   artificial   diet   consumed  by weight gain, as well as biomass conversion rates.
H. armigera larvae as compared to the untreated check. Antifeedant effects on stem borers have also been
However, nine DAT, only 5% NSE & 10% NSE were reported by Arnason [17] and Juan and Sans [18] for
found effective in reducing the food consumption rate of Ostrinia nubilalis (Hubner).
the larvae. As concentration of NSE increased percent According to Aldhous [19], within the azadirachtin
feeding decreased (Table 4). molecule, the hydroxy furan fragment causes andifeedant

DISCUSSIONS and Ascher, Klein and Meisner [21] defined primary and

Larval mortality was very high in square dip effects include the process of chemoreception by the
experiment than  in  the  larval  immersion  experiment. organism (e.g. sensory organs on mouthparts that
This could be due to repeated intake of treated squares stimulate the organism to begin feeding) whereas
and the subsequent effects. Among the different secondary processes are effects such as gut motility
concentrations of neem seed & leaf extracts tested, seed disorders.
extracts showed higher efficacy, which could be due to a Purthi [22] reported the repellent action of neem
relatively high concentration level of azadirachtin in the leaves and cake against insect pests of stored wheat.
seeds. According  to  Jotwani  and  Sircat  [23],  neem  seed

The low mean mortality recorded in larval immersion powder  mixed  with  wheat  grain  provided  protection
experiment (0-6) could be due to low cuticular penetration from insect pests for 9-12 months. A study by Jilani and
of  the  active  ingredient  and  the  short  exposure time Malik [24] revealed that water and ethanol extracts of
(20 seconds) of the larvae to the extracts, which might not leaves and seeds of neem repelled the red flower beetles,
be enough to allow the absorption of sufficient amount of Tribolium castaneum; the khpra beetle, Trogoderma
the active ingredient of neem that ultimately leads to the granarium and the lesser grain borer, Rhyzopertha
death of larvae. Thus, it seems very important to increase dominica.
exposure time of the larvae to the extracts and/ or repeat
spray applications to get maximum effect of neem extracts. CONCLUSIONS

Generally, this study indicated that neem extracts
have larvicidal activity. The high survival rate observed Though the degree of the effect varied between
in both studies in the control treatment was in agreement extracts from different plant parts (seeds and leaves),
with the findings of Anani et al. [13], which state that neem has demonstrated its potential against Helicoverpa
survival is significantly higher in the control than in the armigera by negatively influencing both the survival and
neem treatment for Sesamia calamistis and Eldana feeding of the larvae. Therefore, before further
saccharina. Attri and Prasad [14] have also reported popularization of neem extracts as suitable control option
larvicidal effect of neem on mosquito. Mortality of larvae against H. armigera, it seems of paramount importance to
and pupae of Musca autumnalis after treatment with neem execute detailed studies on the methods of spray solution
extracts was also reported by Gaaboub and Hayes [15]. preparation (formulation), the composition of the spray

Similarly, [8] have reported increased larval mortality solution and the time of application which will help in
in Colorado Potato Beetle (CPB) larvae after being treated improving the persistence of the active ingredients of
with the extracts of neem seed kernel. neem under field condition. It also sounds more

Our study on the effect of neem extracts on the appropriate to develop techniques of active ingredient
feeding of H. armigera larvae clearly demonstrated the extraction, stabilization and storage as it is more
antifeedant effect of neem extracts except for Nimbecidine. vulnerable to environmental changes.

effects widely among the target species. Schmutterer [20]

secondary antifeedant effects of azadirachtin. Primary
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