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Plants against American Bollworm, Helicoverpa armigera (Hubner)
(Noctuidae: Lepidoptera)
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Abstract : Argemone mexicana, Cipadessa baccifera, Clausena dentata, Dodonaea angustifolia
and Melia dubia are medicinal plants predominantly present in India. The individua and
synergistic effects of A. mexicana leaf powder with the other plants were investigated for their
insecticidal property against Helicoverpa armigera. The different treatments differed
significantly in their efficacy with 5 gm of A. mexicana + D. angustifolia and A. mexicana + M.
dubia being the most effective in curtailing the pupation followed by 10 gm of A. mexicana
alone. The pupal weight and length were low in the synergistic combination. Malformed moth
emergence was 89% in 5 gm of A. mexicana + C. dentata. The adult life span was least in A.
mexicana + C. baccifera. The fecundity and egg hatchability were also subsequently affected
due to the impact on the first generation larvae.
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I ntroduction

American bollworm, Helicoverpa
armigera, a polyphagous noctuid, draws
attention worl dwidebecause of itsmigration,
higher reproduction rateand widedigtribution.
It feedson 181 plant speciesof 39 families,
most affected being maize, sorghum, chick
pea, pigeon pea, cotton, tobacco, okra,
sunflower and groundnut (Reed and Pawar,
1982; Manjunath etal.,1989). Inindia, it
causesanannud lossof $300millioninpigeon
pea and chickpea alone (Jayarg et al.,
1990). The repetitive use of synthetic
chemicalsfor several decadesto managethis
pest resulted in resurgence and outbreak,
resistance to insecticides, elimination of
exiging naturd enemiesinadditiontopolluting
soil, water, air and food (Gunning et al.,

1992; Mehtaet al., 1992; Patel et al., 1992).
Hence, search for viable and sustainable
alternativesto synthetic pesticidesisgiven
priority (George and Seenivasagan, 1998;
Talekar et al., 1999). Among them, novel
natura substancesderived from higher plants
are preferred over others due to its
environmenta safety (Arnason et al., 1989).
Insecticidal activity of many plantsagainst
several insect pests has been demonstrated
(Jdilani and Su, 1983; Isman, 2000; Carlini and
Grossi-de-S4, 2002).

Argemone mexicana (Family:
Papaveraceae) is an erect prickly annual
plantwithyelow flower andlatex. Itisandive
of tropical America and now widely
naturalizedintropics. Theplantisavailable
along riverbanks and in Tamil Nadu, it is
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predominantly present at Yercaud (1400 m)
(Matthew, 1983). The plant isused mostly
for thetreatment of HIV (YuhChwenetal.,
2003). The plant contains many alkaloids
(Sangwan and Malik, 1998; YuhChwen, et
al., 2003) and wasfoundto possesslarvicida
and growth inhibiting activity against the
second instar larvae of Aedes aegypti
(Sakthivadivel and Thilagavathy, 2003).

Cipadessa baccifera Miq. (Family:
Meliaceae) isabushy shrub distributed in
North Circas, Deccan and Western Ghats.
It hasmultiple uses such asfudl, fodder and
fishpoison. Inaddition, itisused againgt piles,
diabetes, diarroheaand headache. Theactive
constituents isolated from the seeds of C.
baccifera include cipadesin, 17a, 20R-
dihydroxypregnan-3, 16-dione, 1,4-epoxy-
16-hydroxyheneicos- 1,3,12,14,18-
pentaene, etc (Luo et al., 2000).

Clausena dentata (Family: Rutaceae)
isasmdll treedistributed inWestern Ghatsin
Wayanad, Malabar, Anamalais, Pulneysand
Travancore at 3,000 to 5,000 ft and North
Circas, Hillsof Ganjam and Vizagapatanam
t05,000ft. Itisused against kidney pains
(Armando, 2003). Clausenawastoxictothe
grasshopper Zonocerus variegata
(Okunade and Olaifa, 1987) and the main
compoundsisolated are(¥-gtosterol (Prakash
etal., 1980), amides(Mingh et al., 1988)
and terpenoids (Ito et al., 2000).

Dodonaea angustifolia (Family:
Sapindaceae) isaperennia shrub distributed
in Pacchaimalai, Kalli hills, Servarayans,
Yercaud, Ulundurpettai, Chitteris, Oomathi
and in Western Ghats (Gamble, 1987,
Matthew, 1983). It is used for fencing,
thatching apart from curing open wounds,
snakebite, rheumatism, etc. (Subashini etal .,
2004). It contains essential oil, flavonoids,
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terpenoids, phenols, coumarins, sterolsand
unidentified alcohols (Sachdev and
Kulshreshtha, 1986; Van et al., 2000;
Abdelmogibetal., 2001). D. viscosa caused
growth inhibition in Spodoptera littoralis
(Abdelaziz and Omer, 1995), H. armigera
(Subashini et al., 2004) and human pathogens
namely Bacillus sp. Salmonella sp.
Corynebacterium diphtheriae, etc.
(Sukkawalaand Desai, 1962).

Médiadubia (Cav.) (Family: Meliaceae)
isalargedeciduoustree/shrub distributedin
North Circas, Ganjam, Nallamaa Hillsand
Western Ghats. Itstimber ismainly used for
furniture and agricultural implements
(Amarasekara, 1995). Tetranorterpenoids
(Porushothaman et al., 1984) and
monoterpenes (Nagalakshmi et al., 2001)
areitsmajor constituentsand reported to be
toxicto S lituraand H. armigera (Opender
et al., 2000).

Though the effect of A. mexicana has
been studied earlier on few insects, an in-
depth study using A. mexicanaindividually
aswell asin combination with lessexplored
traditional plants such as C. baccifera, C.
dentata, D. angustifolia and M. dubia
against H. armigera has not been done
elsawhere.

Synergistic effect of plants on H.
armigera

Methanolic leaf extracts of Persea
indicaand Aglaia (Gonzalez Colomaet al .,
1996), Annona squamosa and Azadirachta
indica (Das et al., 2000) and seed kernel
extract (BoreddyYeras and Chitra, 2001)
tested on H. armigera showed high larval
mortality. Synergistic effect of Lantana
camera, L. veerbenaceae and Schinusmolle
Sp. resulted in reduced egg hatchability inH.
armigera (Lannacone and Lamas, 2003).
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Petroleum ether extracts of A. mexicana,
Jatropha curcus, Pergularia extensa and
Wthania somnifera showed larva and pupal
mortality, larval-pupal intermediates, half
ecdysed organisms, and prolonged larval and
pupal duration (Karmegam et al., 1997).
Similarly, water extractsfrom 10weed species
inhibited feeding of Soodoptera frugiperda
(Smith, 1995).

Materials and Methods

I nsect sour ce

H. armigeralarvaewerecollected from
thelady'sfinger, red gram and cotton fields
of Dindigul District, Tamil Nadu, India. The
larvae collected from the fields were
maintained inthelaboratory at 22 + 2°C and
70 - 75 % RH. The larvae were reared on
semi-syntheticdietinindividua containersto
prevent cannibalism and contamination.

Plant material source

Leaves of A. mexicana was collected
from different partsof Thirukazhukundram
and Kumbakonam, whilethat of C. dentata,
C. baccifera, D. angustifoliaand M. dubia
werecollected fromKaolli Hills, Tamil Nadu.

Bioassay of host plants

Ground leaf powder (individual)

Larvae

Theleavesof A. mexicanawere shade
dried and powdered. Thethirdinstar larvae
of H. armigera were bioassayed using
normd diet with different concentrations (1.5,
3,5, 10, and 15gm) of ground leaf powder
for 100 gm of diet. Untreated normal diet
served as control. Percent pupation, pupal
weight, pupal size and percent moth
emergencewererecorded.

Syner gistic effect

Larvae

Theground leaf powder of A. mexicana
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wasmixed with theleaf powdersof the other
test plants viz., C. baccifera, C. dentata,
D. angustifolia and M. dubia at 5, 10 and
15gm (1:1 ratio) respectively for 100 gm of
diet againg thirdingar larvaeof H. armigera.
Percent pupation, pupa weight, pupal size
and percent moth emergence wererecorded.

Adult longevity, fecundity and egg
hatchability of H. armigera

Theresultant mothsof thepreviousstudy,
if any, weretested for longevity, fecundity and
hatchability. For those moths emerged from
thelarvaetreated with theground leaf powder
of A. mexicana, honey solution mixed with
the petroleum ether extractin 9:1 ratiowas
fedandfor thoseemerged fromthesynergistic
treatments, honey solution mixed with the
petroleum ether extractsof A. mexicanaand
theother test plantsin 1:1 ratio werefed.

Results and Discussions

Efficacy of A. mexicana ground leaf
powder (individual and synergistic)

The pedticidd activity of thelegf extract
of A. mexicana (individually) and its
synergistic effect with C. baccifera, C.
dentata, D. angustifolia and M. dubia were
tested against third instar larvae of H.
armigera. The parameters checked for the
pesticidal activity were percent pupation,
pupa weight, pupa sze and moth emergence
(hedlthy and maformed).

Among the different doses of A.
mexicana tested (individua effect), reduced
pupation (56 %) was observed in 10 gm
followed by 73.3 % in 15 gm. However, the
synergistic effect of A. mexicana + D.
angustifolia and A. mexicana + M. dubia
at 5.0 gm dose resulted in 50 % pupation,
followed by 63.3 % in the same dose of A.
mexicana + C. dentata which was better
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than others (Table 1). The overal effect of
A. mexicana doneaswell asits synergy with
other plants revealed less pupation at
moderate doses, when applied alone,
wheressits efficacy was more at |lower dose
when applied in combination with D.
angustifolia, M. dubia and C. dentata.
Similar results were recorded in H.
armigera with the Eucalyptus ground | eaf
powder (2 %) with significant reductionin

pupation (12 %) and mean larval weight
(Kaushik, 2001). The root extract of
Tagetes erecta proved more toxic to the
lesser grain borer and red flour beetle than
malathion (Morallo Reesus and Decena,
1982). Similarly, the root extract when
incorporated into the semi-synthetic diet
caused gerility and growth inhibitionin corn
borer (Morallo Rejesus, 1982).

Table 1 : Individual and synergistic effect of A. mexicana leaf powder on H. armigera

(larvae 1st generation)

Characters*
Treatment Wt. Larval Development Moth emergence %
gm. Pupation | Pupal Wt. [Pupal Size | Healthy [Malformed/
% (mg) (cm) Dead
A. mexicana 5 933 229 1.73 214 785
Individua 10 56.6 222 1.70 52.9 47.0
15 733 220 1.80 40.9 59.1
A. mexicana + 5 90.0 220 1.46 40.0 60.0
C. baccifera 10 83.0 250 154 36.0 64.0
15 80.0 250 1.60 29.0 1.0
A. mexicana + 5 63.3 120 1.40 105 89.5
C. dentata 10 83.3 140 151 28.0 720
15 86.6 140 153 26.9 73.1
A. mexicana + 5 50.0 220 1.60 53.3 46.6
D. angustifolia 10 63.0 230 155 47.3 52.6
15 56.0 250 155 54.9 47.6
A. mexicana + 5 50.0 233 158 48.6 63.3
M. dubia 10 73.3 180 1.59 66.6 333
15 66.6 213 1.62 40.0 60.0
Untreated 100.0 240 2.00 100.0 0.0
CD (P=0.05) 23.58 58.24 0.16 18.71 10.70

*Mean of triplicate
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In addition to the larval mortality,
reduced feeding, duggishness and moulting
disruption was observed in both individual
(A. mexicana done) and its combined effect

(A. mexicana + D. angustifolia and
A. mexicana + M. dubia at 5.0 gm). This
led to increased larva-pupd intermediates as
against normal development in untreated
larvae (Plate 1). This coincided with
synergistic effect of seed extracts of neem,
Pongamia and Vitex negundo in which
delayed metamorphosis coupled with larval-

\(
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pupa intermediates was observed (Babu et
al., 2000).

Reduced pupal weight (120 and 140
mg) was observed in A. mexicana + C.
dentata at 5.0 and 10.0 gm doses. The
development of larvae to the pupal stage,
with amarkedly low pupa weight has been
studied earlier (Gurusubramanian and
Krishna, 1996). The pupal size was reduced
(2.4 cm) in 5.0 gm of A. mexicana + C.
dentata as against the highest in 2.0 cmin
the untreated control (Plate 2).

LPI N LPI

—C—

Plate 1 : Incomplete metamor phosis due to individual and synergistic effects of A.

mexicana

a: A. mexicana; b: A. mexicana + D. angustifolia; ¢ A. mexicana + M. dubia
N: normal pupa; LPI: larval pupal intermediate

@aé

N RP N

Plate 2 : Impact of disrupted moulting

¢

—C—

RP N RP

a: A. mexicana + C. dentata; b: A. mexicana + D. angustifolia; c: A. mexicana + M. dubia

N: normal pupa; RP: reduced pupa
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L east moth emergence was observed
(20.5 %) in 5.0 gm of A. mexicana + C.
dentata followed by 21.4 % in 5.0 gm of
A. mexicana alone. Overall effect showed
aconsderable reduction in the heathy moth
emergence both individually and in
combination. Untreated larvae recorded 100
% healthy moth emergence. Though the
pupation was not much affected due to A.
mexicana + C. baccifera, the resultant moth
emergence was dragticdly affected indicating
the slow effect of botanicals. Reduced
healthy moth emergence was noticed in
extracts of Catharanthus roseus against H.
armigera (Deshpande et al., 1988).

Efficacy of crude extracts against
first-generation adults

Reduced adult longevity (5 days) was
seen in 5.0 gm of A. mexicana + C.
baccifera followed by 6.0 daysin 15.0 gm

Fig. 1:
adults of H. armigera

of A. mexicana + C. baccifera, 6.3 days
in 5.0 gm of A. mexicana alone and 10.0
gm of A. mexicana + C. baccifera.
Fecundity response was more or lesssimilar
between the treatments except A. mexicana
+ D. angustifolia (51 and 83 eggsin 7 and
6.8 days of life span at 5 and 10 gm),
whereas eggs were not laid in 5.0, 10.0 and
15.0 gm of Argemone alone and A.
mexicana + C. baccifera, A. mexicana +
C. dentata and A. mexicana + M. dubia.
Hatchability was zero in many treatments
except for 5.0, 10.0 gm of A. mexicana +
D. angustifolia (39.2 and 30.1 %) as
againgt 89.0 % in untreated control (Fig 1).
The impairment of gonotrophic cycle of
adults might have prevented the eggs from
hatching, as reported in cabbage diamond
back moth (Dilawari et al., 1994), Earias
vitella (Shukla et al., 1997) and H.
armigera (Jeyakumar and Gupta, 1999).

Efficacy of A. mexicana (individual and synergistic) against first-generation

12a

Adult longevity (Days)
[e2]
a2
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1200 «

600 +

Total eggslaid (No)

100 «

50 <

Egg hatchability (%)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Treatment

1-3: A. mexicana 5gm, 10 gm and 15 gm; 4-6: A. mexicana + C. baccifera -5 gm, 10
gm and 15 gm; 7-9: A. mexicana + C. dentata - 5 gm, 10 gm and 15 gm; 10-12: A.
mexicana + D. angustifolia -5 gm, 10 gm and 15 gm; 13-15: A. mexicana + M. dubia -
5 gm, 10 gm and 15 gm; 16: untreated contr ol

85



Malarvannan S et al. (2008) Asian J. Exp. <., 22(1); 79-88

Acknowledgement

The authors acknowledge the tribal
women of Kalli Hillsfor their knowledge on
this traditional plants, especially Mrs.
Pedariammal of Arippal apatty, Thevanoor
Nadu, without her intimation regarding the
plants the study would not have come up and
Sir Dorabji Tata Trust, Mumbai for the
financia support.

References

Abddaziz S. and Omer E. A. (1995): Bio-evauation
of Dodonaea viscosa L. Jacg. extracts on the
cotton leaf worm, Spodoptera littoralis
(Boisd.) asindicated by life table parameters.
Ann. Agri. . Cairo, 40, 891-900.

Abdelmogib M., Basaif SA., Asiri A. M., Sobahi
T.R. and Batterjee S.M. (2001): New
clerodane diterpenoid and flavonol-3-methyl
ethers from Dodonaea viscosa. Pharmazie,
56, 830-831.

Amarasekara H.S. (1995): Alternative timber
species-A review of their properties and
uses. In: Forestry and Environment
Symposium, Department of Forestry and
Environmental Science, University of Sri
Jayawardenpura, Sri Lanka. @www.tripod.
com/forest/95sympo/9501 amar.htm

Armando R. (2003): Fruit treesand plants. In: Fruits
from warm climates. (ed. Julia F. Morton),
@www.geocities.com/Athens

Arnason J.T., Philogene B.J.R. and Morand P.
(1989): Insecticides of plants origin. American
Chemical Society Symposum SeriesVol. 387.
Washington.

Babu R., Murugan K., Kavitha R. and
Sivaramakrishnan S. (2000): Synergistic
effects of extract from Azadirachta indica,
Pongamia pinnata and Vitex negundo on
feeding, survival and fecundity of
Helicoverpa armigera Hubner (L epidoptera:
Noctuidae). Ind. J. Environ. Toxicol, 10, 42-
24

BoreddyYeras and ChitraK.C. (2001): Efficacy of
Annona squamosa L. seed extract alone and
in combination with monocrotophos, neem

86

seed kernel extract and Bacillus
thuringiensis against Spodoptera litura
(Fab.) Pest Management and Economic
Zoology, 9, 79-82.

Carlini C.R. and Grossi-de Sa M.F. (2002): Plant
toxic proteins with insecticidal properties. A
review on their potentialities as
bioinsecticides. Toxicon, 40, 1515-1539.

DasN. D., Sankar G R. M. and BiswasK. K. (2000):
Field evaluation of botanical and
biopesticides against pod borer, Helicoverpa
armigera on pigeonpea. Ann. Pl. Protect.
i, 8, 233-234.

Deshpande S.G., Joseph M. and Sharma R.N.
(1988): Insect growth and development
inhibition properties of Cathranthus roseus.
International Journal of Tropical
Agriculture, 6, 287-290.

Dilawari V. K., Singh K. and Dhaiwal G S. (1994):
Effects of Melia azedarach L. on oviposition
and feeding of Plutella xylostella L. Insect
Sci. Appl, 15, 203-205.

Gamble J. S. (1987): Flora of the Presidency of
Madras. Vol.1. pp. 253.

George P.J.E. and Seenivasagan R. (1998):
Predatory efficiency of Rhynochoris
marginatus (Fabricius) (Heteroptera:
Reduviidae) on Helicoverpa armigera
(HUbner) and Spodoptera litura (Fabricius).
J. Biol. Control, 12, 25-29.

Gonzalezcoloma A., Terrero D., Perales A.,
Escoubas P. and Fraga B. M. (1996): Insect
antifeedant ryanodane diterpenes from
Persea indica, J. Agric. Food Chem, 4, 296-
300

Gunning R. V., Bdfe M. E. and Eagton C. S. (1992):
Carbamate resistance in Helicoverpa
armigera (Hubner) (Lepidoptera: Noctuidae)
inAustralia. J. Aust. Entomol.Soc, 31, 97-103.

Gurusubramanian G. and Krishna S.S. (1996): The
effects of exposing eggs of four cotton
insects pests to volatiles of Allium sativum
(Liliaceae). Bull. Entomol. Res, 86, 29.

Isman M.B. (2000): Plant essentia oils for pest
diseases management. Crop Prot, 19, 603-
608.



Leaf powder of few medicinal plants against American bollworm, Helicoverpa armigera

Ito C., Katsuno S., Itoigawa M., Ruangrungsi N.,
Mukainaka T., Okuda M., Kitagawa Y.,
Tokuda H., Nishino H. and Furukawa H.
(2000). New carbazole alkaloids from
Clausena anisata with antitumor promoting
activity. J. Nat. Prod, 63, 125-128.

Jayaraj S., Rangarajan A. V., Gopalan M.,
Ramakrishnan C., Manoharan T. and
Thangargju D. (1990): Biology and bionomics
of Heliothis armigera Hubner and pest
surveillance -A retrospect. In: Heliothis
Management, Proc. Natl. Workshop, (Eds.
Jayargj, S., Uthamasamy, S., Gopalan, M and
Rabindra, R.J.) Tamil Nadu Agri. Univ.,
Coimbatore pp-36 - 44.

Jeyakumar P. and Gupta G. P. (1999): Effect of
Neem Seed Kernel Extract (NSKE) on
Helicoverpa armigera. Pesticide Res. J, 11,
32-36.

Jilani G. and Su H.C.F. (1983): Laboratory studies
on several plant materials as insect repellent
for protection of cereal grains. J. Econ.
Entomoal. 76, 154-157.

Karmegam N., Sakthivadivel M., AnuradhaV. and
Thilagavathy D. (1997): Indigenous-plant
extracts as larvicidal agents against Culex
quinquefasciatus Say. Bioresource
Technology, 59, 137-140.

Kaushik N. (2001): Pesticiddl activity of Eucalyptus
leaf extracts against Helicoverpa armigera
larvae. In: 88th Session of Indian Science
Congress, Women and Science Forum, 3-7
January 2001. IARAI, New Delhi, India.

Lannacone O.J. and Lamas M.G. (2003):
Toxicological effects of extracts of Peruvian
pepper tree (Schimes molle) and lantana on
Chrysoperla externa, Trichogramma pintoi
and Copidonoma koenleri in Peru.
Agricultura Tenica, 163, 347-360.

Luo X.D.,WuS. H., MaY. B. and Wu D. G (2000):
Components of Cipadessa baccifera.
Phytochemistry, 55, 867-872.

Manjunath T. M., Bhatnagar V. S., Pawar C. S. and
Sithanantham S. (1989): Economic importance
of Heliothis spp. In India and assessment of
their natural enemies and host plants. In: Proc.
of the Workshop on Biological Control of

87

Heliothis: Increasing the effectiveness of
natural enemies for eastern regional research
office, U.S. Department of Agriculture (Eds.
King, E.G and Jackson, R.D.) New Ddhi, Indig,
pp.197-228.

Matthew K. M. (1983): The Flora of the Tamil
Nadu Carnatic, Vol. 3. The Diocesan Press,
Chennai. pp- 289.

MehtaD. M., Patel J. R, Patel C. C. and JungjaR.
P. (1992): Resistance of Helicoverpa
armigera to insecticides in Kheda district of
Gujarat. Indian J. Pl. Prot, 20, 234-236.

Mingh H. Y., ChenY.Y. and Liang H. (1988): Three
novel cyclic amides from Clausena lansium.
Phytochemistry, 27, 445-450.

Morallo-Rejesus B. (1982): Insecticidal activity of
marigold. Phillip. Ent, 7, 24-25.

Morallo-Rejesus B. and Decena A. (1982): The
activity, isolation, purification and
identification of the insecticidal principles
from Tagetes. Phillip. J. Crop i, 7, 31-36.

Nagalakshmi M. A. H., Thangadurai D., Anuradha
T. and Pullaiah T. (2001): Essential oil
constituents of Melia dubia, a wild relative
of Azadirachta indica growing in the
Eastern Ghats of Peninsular India. Flavour
and Fragrance Journal, 16, 241-244.

OkunadeA. L. and OlaifaJ. I. (1987): Estragole; an
acute toxic principle from the volatile oil of
the leaves of Clausena anisata. J. Nat.
Prod, 50, 990-991.

Opender K., Jain M. P. and Sharma V. K. (2000):
Growth inhibitory and antifeedant activity of
extracts from Melia dubia to Spodoptera
litura and Helicoverpa armigera larvae.
Indian J. Exp. Biol, 38, 63-68.

Patel C. C., MehtaD. M., Patel J. R. and Patel N.
M. (1992): Resistance of gram pod borer
Helicoverpa armigera (Hubner) to
insecticidesin Gujarat. Indian J. Agric. Sci,
62, 421-423.

Porushothaman K. K., Kalyani D. and Joseph C.
D. (1984): Tetranortriterpenoids from Melia
dubia. Phytochemistry, 23,135-138.

Prakash D., Rg K., Kapil R. S. and Popli S. P, (1980):
Chemical constituents of Clausena lansium:



Malarvannan S et al. (2008) Asian J. Exp. <., 22(1); 79-88

Part I-Structure of Lansamide-l and Lansine.
Indian J. Chem. Sect.B, 19, 1075-1076.

Reed W. and Pawar C. S. (1982): Hdliothis: aglobal
problem. In: Proc. of the International
Workshop on Heliothis Management, (Eds.
Reed, W. and Kumble, V.), ICRISAT,
Patancheru, Indiapp. 9-14.

Sachdev K. and Kulshreshtha D. K. (1986):
Viscosol, a C-3' prenylated flavonoid from
Dodonaea viscosa. Phytochemistry, 25,
1967-1960.

Sakthivadivel M. and Thilagavathy D. (2003):
Larvicidal and chemosterilants activity of the
acetone fraction of petroleum ether extract
from Argemone mexicana L. seed.
Bioresource Technology, 89, 213-216.

Sangwan N.K. and Malik M.S. (1998): A long-chain
alcohol from Argemone mexicana.
Phytochemistry, 49, 755 - 756.

ShuklaA., Pathak S. C. and Agarwal R. K. (1997):
Effect of some plant odours in the breeding
environment on fecundity and hatching of
okra shoot and fruit borer, Earias vitella Fab.
under laboratory conditions. Crop Res.
Hisar, 13, 157-161.

88

Smith J.E., Sabillon A. and Bustamante M. (1995):
Evaluation of agueous extracts of weeds for
the control of Spodoptera frugiperda,
CEIBA, 36, 197-205.

Subashini H. D., Maarvannan S. and Renjith R.
Pillai. (2004): Dodonaea angustifolia - a
potential biopesticide against Helicoverpa
armigera. Curr. i, 86, 26-28.

Sukkawala V. M. and Desai V. B. (1962):
Physiological activity of the leaves of
Dodonaea viscosa Linn. J. ci. and Ind. Res,
21, 349.

Taekar N. S, Hau T. B. H. and Chang W. C. (1999):
Solanum viarum, atrap crop for Helicoverpa
armigera. Insect Environ, 5, 142.

VanH. F. R, Viljoen A. M. and Wyk B. E. (2000):
The major flavonoid of Dodonaea
angustifolia. Fitoterapia, 71, 602-604.

YuChwen C., Hseth PW., Chang FR., Wu R.R,,
Liaw C.C., LeeK.H. and Wu Y.C. (2003): Two
new protopines argemexicaines A and B and
the anti HIV alkaloid 6
acetonyldihydrochel erythrine from Formosan
Argemone mexicana. Planta Medica, 69,
148-152.



