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ABSTRACT

Two terpenesg-pinene ands-caryophyllene were investigated for repelleimsecticidal, ovipositionaknd
egg hatching inhibitiorits activitiesagainst pulsebeetle,Callosobruchus chinensis (ColeopteBauchidae).
a-Pinene and pg-caryophyllene repelled bruchid adults in choiceipmsition assay a-Pinene andpg-
caryophyllenecaused both fumigant and contaokicity in C. chinensis adults in a concentration dependent
manner. These two terpenes reduced oviposition in C. chhiseadults significantly when treated with
sublethal concentrations by fumigation and conta&thod bothReduction in ovipositiomvas more when
terpenecompounds were applied by contact methimah fumigation method. Both terpenes significantly
reducedF; progeny emergencedamage and weight loss in grains in chronic toyi@ssay Reduction

in F, progeny emergencedamage and weight loss in graingas more pronounced in case gf
caryophyllene tharu-pinene. Application of these two terpenes showedffiect on germination of seeds.
Present study suggests thapinene angs-caryophyllenecan be useful as promising agent in insect pest
management programme.
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INTRODUCTION

Since the beginning of agricultural practices, ag@r of food grains as a safeguard against poor $tarve
and famine started and since then insect pests aragilag stored grains both quantitatively and
qualitatively. This damage amountd@®40%in countries depending on traditional storage teldgies.

In India, this approach&8% of total production at farm level [1,2This creates a major problem in
storing food grains leading to its wastage. Amongdrtgnt stored-product insect pests, pulse beetle
Callosobruchus chinensigOrder: Coleoptera, FamilyBruchidae)is a serious pest infesting gram,
cowpea, beans, lentil and other pulses. Under stoeagelition, C. chinensiscauses32-64% loss
especially during April to October [3Pnly grubs are infective stages. These make holgsaims and
consume inner part leaving emgtgrnel,and damaged grains become unpalatable for humaapiable

of producing sprout and lose its market value.

Application of different synthetitumigants, sprays and dusts are in practice folirthect pestnanagement
programmes, but some of them have been proved oessftil because of high migration rate of insestye
during transportation from field to godowns .[#xcessive and continuous uses of chemicals havelajesd
resistance in them causing loss of several bildotars each year [5-7Besides these, synthefitsecticides
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increase chances of ozone depletion, neurotoxiciéycinogenicity, teratogenicity and mutagenic efein
non-target animals and cross- and multi-resistantargets [8-11]These problems have diverted scientific
interest regarding human and environment safetypdautt products come into existence in stored-giasect
pest management programme since last two to tteeades. Different workers have used different phased
insecticidal agents especially essential oils [52-Essential oils being secondary metabolites produned
different plant partdiave strong odour, volatility and lowdensity [16] Due to their volatility, essential oils
are non persistent environmentally and ‘generaigognized as safe’ by United States Food and Drug
Administration [17] Essential oils are produced in different members families like Apiaceae,
Asteraceae, Cupressaceae, Myrtaceae, Lamiaceae, Lauraceae ,ragae, Poaceae, Rutaceaand
Zinziberaceae. The chemical constituents and thieiogical activities of essential oils vary witthapt parts
used for extraction, extractionethod,plant phenology, harvestirggasonplant age, soil and environmental
conditions of habitat [18,19]The biological activities of essential oils depend dre tmajor constituents
present. In the present studiwo terpenes viza-pinene andg-caryophyllenehave been evaluated for their
repellent insecticidal, antiovipositional and egatdhing inhibitory activities against puldeetle,C.
chinensis.

a-Pinene is a monoterpene containing a reactive-fi,embered ring. It is found as a important constituin
essential oils ofNepta racemosaFerulago spp., Syzygium aromaticumBiden pilosa Zingiber officinale
Eucalyptusspp., Citrus spp. andVicia dadianorum[20-29]. B-Caryophyllene, a bicyclic sesquiterpene having
cyclobutane ring, has been reportedPiiper cubeba Scutellaria pinnat Ferulago spp., Syzygium aromaticum
Biden pilosaEucalyptusspp.,Citrus spp. andPistacia lentiscugssential oils [21,22,24-26,29-32].

MATERIALS AND METHODS

Terpenes

Two pure terpenecompunds viz. monocyclic monotezpempinene(()-2-Pinene, 2, 6, 6 Trimethylbicyclo [3.1.1]
hept-2-eng and bicyclic sesquiterpen@;caryophyllene (4,11,11-trimethyl-8-methylene-bioy¢7.2.0] undec-4-
ene) were purchased from Sigma Chemicals, USA.

oy

H

(2)-2-Pinene,2,6,6 Trimethylbicyclo[3.1.1]hept-2-em 4,11,11-trimethyl-8-methylene-bicyclo[7.2.0Jundec-4ne

I nsect
Pulse beetle, Cchinensiswere used to investigate the biological activitedspure terpene compounds. The

insects were reared on cow pea seeds in laboraté@y2°C,75+5%RH and a photoperiod of 12:(12D)h.

Repellency assay

In a plastic box (10 cm diameter and 13 cm heighp transparent glass vials ( 3 cm diameter ana b0
height) with screw cap interconnected horizontéllya plastic tube (2 cm long and 1.5 cm diametech®
above the base were taken. One vial of the pairsupposed as treated while other as untreatedteh fiaper
disc (2.5 cm diameter) treated with 0.5 ml aliqobtsolution (prepared by dissolving 5, 10, 15 afdp2 of
pure terpene compound in acetone) was pasted uheerover of vial (treated). In the untreated aélthe
box, filter paper treated with acetone only wasligglpas in the treated. Solvent was allowed to evafe from
filter paper disc for 5 minutes. Neck of the viaswblocked by a piece of plastic mesh. In each 2akowpea
seeds were taken and introduced 0-24 h old 10 sadfilimixed sex into it. After 96h, the number ofyedaid
on cow pea seeds wasunted in treated and untreated vial of the ot each concentration of compound,
six replicates were setercent Repellency (PR) was measureddyparingthe number of eggs laid on
cowpea seeds in treated vial against the humbeggs &id on cow pea seeds in untreated using the
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formula:

0¥ — Nr
PR=— x100
O + Nr

Nutr = Number of eggs in untreated vial, and NNumber of eggs in treated vial

Toxicity assays

Fumigant Toxicity assay:Fumigant toxicity ofu-pinene ang@-caryophyllenevas determined against 2-4 days
old bruchid adults using glass vial8 cm diameter and 10 cm heiyhwith screw cap. Test solutions of
different concentrations were prepared by diluttegpene compounds with acetone. Faemigation, filter
paperstrip (2.5 cm diameter) impregnatedth 100ul aliquot of test solution was pasted be inner side of
cap and solvent was allowed to evaporate for 5 iatk of vial was blocked with a piece of plastiesh to
avoid the contact effect of test solution. Twenbwpea seeds were taken in each vial and into itathrits
were introduced. Open end of vial was closed bywctap so that compound treated filter paper reethin
inside vial. All the vials were kept in conditiongintained for insect culture. Mortality in adultas recorded
after 24h, 48h, 72h and 96 h of treatmentcdntrol, filter paper impregnated with solvent only was udeair
each compound, four different concentrations amdcefrh concentration of terpene compound and clositto
replicates were set.

Contact toxicity assay:Contact toxicity ofa-pinene ang-caryophyllenewas determinedgainst2-4 days old
bruchid adults usinglass vials(3 cm diameter and 10 cm hei}jltith screw cap. Test solutions of different
concentrations were prepared by diluting pure camps with acetone. A 2 ml aliquot of test solutwas
applied on whole inner surface of vials and undefaxe of screw cap by rolling it. The treated wials kept
open for 5 min to evaporate solvent. Twenty cowpeads were taken in each vial and into it ten aduére
introduced. Vials were closed and kept in cond#ignaintained for insect culture. Mortality in adulvas
recorded after 24h, 48h, 72h and 96h of treatmantontrol, filter paper impregnated with solvent only was
used. For each compound, four different concemtnatiand for each concentration compound and cosixol
replicates were set.

Oviposition inhibition assay

By fumigation method: In this assay, ten 0-24h old bruchid adults wermifiated with two sublethal
concentrationg40% of 96h-LG, and 40% of 96h-LG, determined infumigation toxicity assay) of terpene
compound solutions agas done in fumigation toxicity assay. After 96hfafigation, number of eggs laid
over thecowpea seeds was counted. For each concentratitermefne compound as well as control group, Six
replicates were seln control group only solvent was used.

By contact method:In this assay, ten 0-24h old bruchid adults weeattrd with two sublethal concentrations (40
and 80% of 96h-L¢&; determined in contact toxicity assay) of terpeampound solutions as was done in contact
toxicity assay.After 96h of treatment, number of eggs laid ovee towpea seeds was counted. For each
concentration of terpene compound as well as cbgtoup, six replicates were sét. control group only solvent
was used.

PercenOviposition Deterrence Index (%0DI) was calculatsd

C-T

%O0ODI = x 100

C+T
C = Number of eggs in control, and T = Number ofsiggtest
Ovicidal assay

In ovicidal assay, 25 eggs were fumigated with seditions prepared by diluting terpene compounitis acetone.
A 100 pl aliquot of test solution was applied oltefi paper strip (2.5 cm diameter) and solvent akswved to
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evaporate for 5 min. The filter paper was pastednder surface of screw cap of vi8l €m diameter and 10 cm
heigh). Cap of vial was screwed and incubated for 96nhconditions maintained for insect culture. After
fumigation, eggs were allowed to hatch and numlbeagg hatched was recorded after 14 days of treatrr@ur
different concentrations of each terpene were wsetfor each concentration and control six replisavere set.
Percent Hatching Inhibition Rate (% HIR) was cadted! as:

Cn-Tn

%HIR = x 100

Cn
Cn= Number of adults in control, and Tn= Numbeadiilts in test

Chronic toxicity assay: In chronic toxicity assay, 100 gm of cowpea seeds vaken into a plastic box (7 cm
diameter and 11 cm height), and mixed well with Ratiquot of test solution prepared by diluting puerpene
compounds in acetone. Twenty 0-24 h old bruchiditaduere introduced into the box. Number qf progeny
emerged was counted after 24 days of initiatiothef experiment and removed.The counting and remofv&}
progeny emerged was continued for 5 days more.pbhency of the terpene compounds was estimate@érasmt
protection (PP) using formula:

Mr - Nr
PP=——— x100
N

Nut= Number of kr progeny in untreated, and- ¥ Number of I progeny in treated

After 90 days, weight loss in the seeds was estidhand represented as percent weight loss. Thegdahrend
undamaged cowpea seeds were counted and repreasrgertent grain damage.

Seed germination

Hundred cowpea seeds used in the chronic were taikhre end of the chronic toxicity experiment gutaced on
the moistened filter paper and allowed to germin@tee number of cowpea germinated seeds was retdodeéen
days. For each concentration of terpene compouddantrol, sex replication was made.

Data analysis
Median lethal concentration (ls§} was calculated by POLO programme [33] and one w@alysis of variance
(ANOVA) was performed to test significancy of d§dd].

RESULTS

Repellency assay

a-Pinene andp-caryophyllene inhibit oviposition in repellency say in concentration dependent manner.
Oviposition was reduced to 70.85, 60.25, 46.27 20d5%; and 79.15, 56.56, 44.18 and 25.18% at 007142,
0.213 and 0.284ilcm™® concentration ofi-pinene and3-caryophyllene respectively (Figure 1). This reértin
oviposition was estimated in terms of percent depely (PR). PR was found 17.19, 24.70, 36.47 and7/54nd
18.93, 27.62, 39.71 and 60.21 at 0.071, 0.142,30.84d 0.284ulcm™ concentration ofo-pinene andp-
caryophyllene respectively (Figure 1).

Toxicity assay

a-Pinene and3-caryophyllene caused both fumigant and contacicityxin C. chinensisadults. In fumigation
toxicity assay, median lethal concentrations 4)@vere determined 0.688, 0.459, 0.427 and 0.316mrhir; and
0.885, 0.629, 0.587 and 0.505 pltair for o-pinene andg-caryophyllene after 24, 48, 72 and 96 hours respy
(Figure 2). In contact toxicity assay, median letfuncentrations (L&) were determined 2.73, 2.38, 1.94 and 1.29;
and 0.184, 0.138, 0.124 and 0.081 ul“for a-pinene andp-caryophyllene after 24, 48, 72 and 96 hours
respectively (Figure 3).In fumigant toxicity assaypinene showed higher toxicity than thafe¢aryophyllene. On
other hand, in contact toxicity assg¢caryophyllene showed higher toxicity than thatespinene. Regression
analysis showed concentration dependent correlatidarpene compounds and mortality in bruchid esd(Table

1).
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Table 1. Regression parameters of toxicity assays study the effects ofi-pinene andg-caryophyllene againstC. chinensis adults

Compound Toxicity | Exposure period Intercept Slgpe egission equatior)  Regression coefficignt
24h -7.79 1.28 Y =-7.79+ 1.28X 0.979
. 48h -5.72 1.96 Y =-5.72+ 1.96X 0.981
Fumigant 72h 2100 | 218 | Y=-10.0+2.18X 0.953
-Pinene 96h -9.59 2.99 Y =-9.59+ 2.99X 0.959
@ 24h -8.90 1.68 Y =-8.90+ 1.68X 0.955
Contact 48h -8.24 1.89 Y =-8.24+ 1.89X 0.975
72h -9.55 2.33 Y =-9.55+ 2.33X 0.960
96h -10.82 | 3.69 | Y=-10.82+3.69 X 0.934
24h -7.03 0.97 Y =-7.03+ 0.97X 0.969
Fumigant 48h -7.08 1.24 Y =-7.08+ 1.24X 0.976
9 72h -9.84 | 151 | Y=-9.84+151X 0.947
B-Caryophyllene 96h -10.76 | 1.89 | Y =-10.76+ 1.89X 0.960
yopny 24h -10.09 | 2429 Y = - 10.09+ 24.29X 0.968
Contact 48h -7.12 | 3142 Y=-7.12+31.42X 0.979
72h -11.86 | 40.29 | Y =-11.86+ 40.29X 0.946
96h -11.69 59.87 | Y =-11.69+ 59.87X 0.898
2 90
c
2 80
g
o 70
<
2 60
2
2 %0
>
© 40
E
3) 30
()
a 20
10
0 - .
a-Pinene p-Caryophyllene a-Pinene p-Caryophyllene
Percent oviposition Percent repellency
m0.071 70.85 79.15 17.19 18.93
0.142 60.25 56.56 24.7 27.62
=0.213 46.27 44.18 36.47 39.71
m(.284 29.15 25.18 54.17 60.21

Figure 1. Effect ofa-Pinene andp-Caryophyllene at different concentration of compoud (0.071, 0.142, 0.213 and 0.284 ul &jron
percent oviposition and percent repellency o€. chinensis adults in repellency assay

Oviposition inhibition assay

a-Pinene ang@-caryophyllene significantly (P<0.05) reduced owipion potency of bruchid adults when exposed to
a-pinene ang-caryophyllene. In fumigation oviposition inhibitimssay, mean numbers of eggs laid per insect was
16.23 and 10.83; and 15.83 and 11.68 when brudidtsawere fumigated with 40 and 80% of 96hsb.©f a-
pinene and3-caryophyllene respectively as compared to 19.8% éaid per insect in control (Figure 4). In comtac
oviposition inhibition assay, mean numbers of elgig per insect was 12.55 and 8.17; and 11.96 aR8 when
bruchid adults were fumigated with 40 and 80% oh-2€s, of o-pinene andB-caryophyllene respectively as
compared to 19.88 eggs laid per insect in conEgure 4). Similarly, %0ODI was calculated 10.10 &859; and
11.34 and 25.98 when adults were fumigated witha#@d 80% of 96h-L& a-pinene andp-caryophyllene
respectively (Figure 5). The %0ODI was calculateds@2and 45.31; and 29.16 and 46.56 when adults treated
with 40 and 80% of 96h-Lg of a-pinene ang-caryophyllene respectively (Figure 5).
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Figure 2. Median lethal concentrations (LGg) of a-Pinene andp-Caryophyllene againstC. chinensis adults at different exposure periods

24h

48h

72h

96h

H g-Pinene

0.688

0.459

0.427

0.316

B-Caryophyllene

0.885

0.629

0.587

0.505

(24, 48, 72 and 96 h) in fumigant toxicity assay

£ 3

>

-

= 2.5

[2]

<

i)

© 2

1=

[T

[8)

£ S 15

o

S 1

o

g 0.5

2

[}

= 0

24h 48h 72h 96h
H g-Pinene 2.73 2.38 1.94 1.29
B-Caryophyllene 0.184 0.138 0.124 0.081

Figure 3. Median lethal concentrations (LGg) of a-Pinene andp-Caryophyllene againstC. chinensis adults at different exposure periods
(24, 48, 72 and 96 h) in contact toxicity assay

Ovicidal assay

a-Pinene ang-caryophyllene significantly (P<0.01) reduced haighrate inC. chinensiseggs when fumigated.
Mean number of eggs hatched per 25 eggs was redo@@i16, 17.83, 12.83 and 9.5; and 19.33, 15,664 and
8.0 when fumigated with 0.28, 0.42, 0.56 and 0.T@nif air of a-pinene and3-caryophyllene respectively as
compared to 22.16 eggs hatched in control (Figyrdngrease in %HIR was 9.72, 20.15, 42.54 and 57atd
13.43, 29.87, 48.59 and 64.17 when fumigated wi8,00.42, 0.56 and 0.70 pl&mair of a-pinene andp-
caryophyllene respectively (Figure 6).

Chronic toxicity assay

a-Pinene ang-caryophyllene significantly (P<0.01) reduced grdamage, weight loss and progeny production
during chronic exposure @. chinensisadults in comparison to untreated group. WRerchinensisadults were
exposed tar-pinene andg3-caryophyllene at concentration of 0.1, 0.2, 0.4 @r6 pl gritin chronic toxicity assay,
grain damage was reduced to 14.13%, 10.83%, 8.9806.23%; and 11.72%, 9.81%, 7.03% and 4.0% reispéct
in comparison to the untreated where grain dameaage reported 18.46% (Figure 7). In the chronic tibxiassay,
weight loss in the treated cowpea seeds was red@d2%, 5.86%, 4.52% and 3.43%; and 5.4%, 2.97%,%
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and 0.46% wheg. chinensisdults were exposed tepinene ang-caryophyllene at concentration of 0.1, 0.2, 0.4
and 0.6 pul gii(Figure 7). This grain damage and weight loss endbw pea seeds were due to the reduction in the
F1 progeny. The Fprogeny represented in terms of percent proteetias reduced to 14.85%, 26.09%, 33.55% and
52.2%; and 27.75%, 58.05%, 87.51% and 95.99% wberchinensisadults were exposed t@-pinene ands-
caryophyllene at concentration of 0.1, 0.2, 0.4 @udul gt (Figure 8).

Fora-Pinene: F = 24.56 (Fumigation method), 60.49 (Gontnethod)
For B-Caryophyllene: F = 21.01 (Fumigation method), @§Contact

method)
25
3
g2
g 15
S
8 10
2]
S
)
0
o-Pinene Caryophyllene ow-Pinene Caryophyllene
Fumigation method Contact method
u Control 19.88 19.88 19.88 19.88
40% of 96h-LC5( 16.23 15.83 12.55 11.96
m 80% of 96h-LC5( 10.8 11.68 8.17 7.28

Figure 4. Effect of treatment with 40% and 80% of ®h-LCs, of a-Pinene andp-Caryophyllene for 96 h by fumigation and contact
method on eggs laid per insect whe@. chinensisadults

Seed germination
No adverse effect was observed on the seed geiorinahen cowpea seeds were treated withinene ands-
caryophyllene in chronic toxicity assay. Percemridsgermination was observed 99.5%, 99.66%, 98.66%98.5%;
and 98.66%, 99.33%, 98.66% and 99% at concemradid, 0.2, 0.4 and 0.6 pl gwf o-pinene andp-
caryophyllene respectively in comparison to 99.8%he untreated cowpea seeds (Figure 9).

x

5]
©
£ 50
3 45 —
& 40 —]
o 35 -
S .
c N ]
o
= (@] -
S 20
_8_ 15 —
> ]
s
= ]
o 0
S 40% of 80% of 40% of 80% of
o 96h-LC50 96h-LC50 96h-LC50 96h-LC50
Fumigation method Contact method
H g-Pinene 10.1 29.59 22.6 45.31
B-Caryophyllene 11.34 25.98 29.16 46.56

Figure 5. Effect ofa-Pinene andp-Caryophyllene on oviposition deterrence index (%OM) when C. chinensis adults
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g Fora-Pinene: F = 84.90

S -0 For p-Caryophyllene: F = 149.53
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Figure 6. Effect of fumigation ofa-Pinene andg-Caryophyllene on hatching rate ofC. chinensis egg

Fora-Pinene: F = 29.46 (Percent grain damage), 63.96¢Reweight loss)
For B-Caryophyllene: F = 144.17 (Percent grain damaze),67 (Percent
weight loss)

20

Perent grain damage/weight loss

a-Pinene B-Caryophyllene a-Pinene B-Caryophyllene
Percent grain damage Percent weight loss
m Control 18.46 18.46 8.25 8.25
0.1 14.13 11.72 6.72 5.4
m0.2 10.83 9.81 5.86 2.97
m0.4 8.98 7.03 4.52 1.57
u0.6 6.23 4 3.43 0.46

Figure 7. Effect ofa-Pinene andp-Caryophyllene on grain damage and weight loss imgvpea during chronic exposure of. chinensis
adults at concentrations 0.1, 0.2, 0.4 and 0.6 ping*
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Fora-Pinene: F = 19.67
For B-Caryophyllene: F = 277.81

120
_5 100
o
o 80 —
o
L 60 .
c
3
= 40 _—
o
o 1l
Control 0.1 0.2 0.4
H g-Pinene 14.85 26.09 33.55 52.2
B-Caryophyllene 27.75 58.05 87.51 95.99

Figure 8. Effect ofa-Pinene andp-Caryophyllene on percent protection during chronicexposure ofC. chinensis adults at concentrations
0.1,0.2,0.4 and 0.6 pl gih

99.8
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98 - —

97.8 -

0.1 0.2 0.4 0.6
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O

[e0)

(o]
1

Percent seed germinat

Concentration (ul gnr?)
Figure 9. Effect ofa-Pinene andg-Caryophyllene on germination of cowpea seed treadeduring chronic toxicity assay
DISCUSSION

Use of natural products especially plant volatdesl its various components as pesticides is gainipgrtance in
integrated pest management programmes becauseesgnitisecticides have created major environmeateal
health hazard [13,14,35-41]. The volatile composaitessential oils can be classified into fournmgtioups viz.
terpenes, benzene derivatives, hydrocarbons ard otiscellaneous compounds [42]. Terpenes andrteige are
the most representative molecules constituting @%e essential oils and allow a great varietgtofictures with
diverse functions. Many of the volatile componesitvarious chemical groups have also been evaluatetheir
role in insect pest management programme. Don-P&t886) has studied effect of citrus peel oils atsd
components against. maculatus[43]. Several compounds including the major congeanof citrus peel oils,
limonene has been found to be insecticidal [43fofbined study has established that in artificiedtanes, several
pure components of citrus peel oil potentiate thedividual fumigant activity [43]. Linalool has ba demonstrated
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to act on the nervous system affecting ion trarispod the release of acetylcholinesterase in indddf. Carvone
and menthol are effective as fumigant while 1,80le exhibits both contact and fumigant toxicityaiagt
Tribolium castaneunand C. maculatus[45]. I-Carvone has been reported to cause more fumigaitity than its
contact toxicity toRhizopertha domenid&6]. Transanethole, thymol, 1,8-cineole, carvacrol, terplrega linalool
have been evaluated as fumigants agdinstastaneuntut only compound to show significant effect agtaihss
insect species is trans-anethole [46]. A compagatitudy has been conducted to assess contact andaht
toxicities of monoterpenes viz. camphene, camphkaryone, 1-8-cineole, cuminaldehyde, fenchone, niela
limonene, linalool, menthol and myrcene $itophilus oryzaeandT. castaneumIn fumigant toxicity assays, 1-8-
cineole has found most effective agaiSsbryzaeand T. castaneum Structure-toxicity investigations reveal that
carvone has the highest contact toxicityvitro inhibition studies of acetylcholine esterase framles of Soryzae
show that cuminaldehyde inhibits enzyme activity smeffectively followed by 1-8-cineole, limonenendca
fenchone. 1-8-Cineole is the most potent inhibitdr acetylcholinesterase activity from. castaneumlarvae
followed by carvone and limonene [47].

Earlier attempts to explore the toxicity of essantils againsC. chinensishave been made by several scientific
groups. Essential oils can affect insects by amdidat activity, repellent activity, oviposition ibftory activities,
ovicidal activities, by inhibiting Fprogeny production and by disrupting metabolichpatys [19,48-52]. In the
present studyg-pinene ang-Caryophyllene significantly repelled the bruchidulis at very low concentration as
the oviposition capacity decreased in choice ovifmrs assay. Both these terpenes caused fumigahtcantact
toxicity in bruchid adults in a concentration degent manner. In fumigant toxicity assaypinene showed higher
toxicity than that off-caryophyllene. On other hand, in contact toxiassay,p-caryophyllene showed higher
toxicity than that ofu-pinene.o-Pinene an@-Caryophyllene reduced egg laying capacityCinchinensisadults in
oviposition inhibition assay performed either bynigation or contact method. Antiovipositional aitas of both
terpenes were more pronounced when bruchid adelts teated by contact methedpinene ang-Caryophyllene
reduced hatching rate @. chinensi®ggs when fumigated. Elhag (2000) have shown oitipnsnhibition activity

of several essential oils agairGt maculatufs3]. The essential oil ofrtemisia annughas been shown for toxic,
repellent, and ovicidal towards. maculatusand T. castaneuni54]. Vapour of tridecanone affects the number of
eggs laid, egg hatching and adult emergence [bBg exposure of the cowpea seeds to the vapoudetanone is
very effective to control their infestation Y. maculatessince adult emergence was reduced as compared to
untreated seeds [55]. The number of eggs laid ecahfdity ofC. maculate®n seeds of chickpea has been reduced
when fumigated with garlic essential oils [56].

In chronic toxicity assay, numbers of frogenies emerged was reduced from seeds wheedreih o-pinene and
B-caryophyllene. Reduction in progeny productiotéetle was inhibited maximally in chickpea seedemtieated
with B-Caryophyllene. In general, higher the concentratibterpene compounds, the lower the progeny eanesy
and the higher the reduction in adult emergencthénchronic toxicity assay. The reduction in aderttergence
could either be due to the reduction in egg hatgihate or death of larva. Larvae hatched must pateethe seeds
to ensure survival. However, the larvae are unttbtio so unless the eggs are firmly attached te¢ees [57]. The
amount of seed damage and grain weight lossesadyge. chinensisvas reduced in chronic toxicity assay when
exposed tou-pinene and3-caryophyllene as compared to the untreated grdtp. minimum seed damage was
observed wittg-caryophyllene. This grain damage and weight Ingbé cow pea seeds were due to the reduction in
the R progeny. Similarly, tridecanone exhibits fumigaaxitity and its efficacy in protecting the cowpezeds
againstC. maculatuswvhich is mainly due to its ovicidal activity. Sem@dult emergence is based on the proportion
of hatched eggs that develop into adults insidesttels, the results suggest that tridecanone vajaoucross the
seed coat and therefore, interfere with the ladeeelopment [56]. There were no significant diégfeces among
treatments in seed germination. Similarly, treatihdrchickpea seeds with plant products did notwwshay adverse
effect on germination of seeds [58-60].

The mode of action of essential oil constituents hat yet been known but it may be due to suffocatind
inhibition of various biosynthetic processes of theect [43]. The toxicity of menthol, methoneniemdnene,o-
pipene B-pipene and linalool againSt oryzaes proved to its exert on acetylcholinesterase erezgctivity [61]. It
must be kept in mind that essential oils/constitsieshould be toxic to target insects and but ndttto non-target
organisms such as other beneficial insects and atfimals such as fish, birds and humans. Therseueral other
factors that must be considered during the evalnaif insecticides like risk associated to usersgdenof exposure,
degradation in the environment and chronic toxiditybe used effective for control of stored-prodirect
populations.
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CONCLUSION

Present study indicates that essential oil corstigi can be considered as an alternative in thefriecally
management of stored-grain insects.

REFERENCES

[1] E. Shaaya, M. Kstjukovski, J. Eilberg, C. Suldgarn,J Stored Prod1997, 33, 7-15.

[2] LAL, S., National Press. Madras IndE988 246-248.

[3] D.K. Weaver, T.W. Phillips, F.V. Dunke L, T. \deer, R.T. Grubb, E.L. Nancé Chem Ecql1995 21, 127-
142.

[4] G.P. Pandey, S. Shankar, P.C. Gupta| Grain Tech1983 21, 160-162.

[5] G. Elzen, D.D. Harde003 Pest Manag S¢b9,770-776.

[6] H. Benhalima, M.Q. Chaudhary, K.A. Mills, N.Rrice,J Stored Prod2004 40, 241-249.

[7]1 M.S. Islam, F.A. Talukdar] Plant Disease Pro2005 112, 594-601.

[8] WMO, 1991, Report No 25,

[9] F.C. Lu,Reg Tox Pharpl995 21, 351-364.

[10] UNEP, 2000 The Montreal Protocol on substances that depleeozone layer Nairobi (Kenya): United
Nations Environment Programme.

[11] H. Beckel, I. Lorini, S.M.N. LazzarR002, 44.

[12] Z.L. Liu, S.S. Chu, G.H. Jian&ec Nat Prod2011, 5, 74-81.

[13] N. Stefanzzi, S. Teodoro, A. FerreRest Manag ScP011, 67, 639-646.

[14] M.K. ChaubeyWorld J Zoo] 2011, 6, 22-25.

[15] M.K. ChaubeyEcologia Balkanica2012 4, 53-62.

[16] F. Bakkali, S. Averbeck, D. Averbeck, M. IdaaR,Food Chem Toxi@008 46, 446-475.

[17] A.K. Tripathi, S. Upadhyay, M. Bhuiyan, P.Rh&tacharya) Pharm Phytother2009 1, 52-63.

[18] A. Angioni, A. Barra, V. Coroneo, S. Dessi,®abras,) Agric Food Cher2006 54, 64-70.

[19] R. Islam, R.I. Khan, S.M. Al-Reza, Y.T. Jeor@gH. Song, M. Khalequzzama,Sci Food Agri2009 89,
1241-1246.

[20] M. Dabiri, F. SefidkonFlav Frag J2003 18, 157-158.

[21] F. Khalighi-Sigaroodi, A. Hadjikhoondi, A.R.h8hverdi, V. Mozzafarian, A. ShafiffDARU, 2005 13, 100-
104.

[22] M.H. Alma, M. Erats, S. Nitz, H. Kollamannsiger, BioResource2007, 2, 265-269.

[23] A. Koroch, L. Ranarivelo, O. Behro, H.R. JuliaJ.E. Simon, New Crops and New Us2307, 338-341.

[24] F. Deba, T.D. Xuan, M. Yasuda, S. Taw#&eapd Contro) 2008 19, 346—-352.

[25] S.S. Cheng, C.G. Huang, Y.J. Chen, J.J. YU, When, S.T. Changjores Tecl2009 100, 452—-456.

[26] M.V. Maciel, S.M. Morais, C.M.L. Bevilaqua, R. Silva, R.S. Barros, R.N. Sousa, L.C. Sousa, Br&.O,
M.A. Souza-NetoVet Parasito] 201Q 167, 1-7.

[27] I. Sasidharan, A.N. Menoimt J Curr Pharmacol Re201Q 2, 40-43.

[28] N. Kahriman, B. Yay, M. Yucel, S.A. KaraoglN, Yayl, Rec Nat Prod2012 6, 49-56.

[29] G.M. KamalL, F. Anwar, A.l. Hussain, N. SarriM,Y. Ashraf,Int Food Res J2011, 18, 1275-1282.

[30] J. Lawless1995 ISBN 1852307218.

[31] A. Ghannadi, I. MehregaZeitschriftfir Naturforschung003 58, 316-318.

[32] B.O. Burham, H.H. ElI-Kamali, A.A. EI-Egami,Chem Pharmacol Re2011, 3, 478-482.

[33] R.M. Russel, J.L. Robertson, A. SavBull Entomol Red977, 23, 209-213.

[34] R.R. Sokal, F.J. ROHLF, W.H. Freeman and G Brancisco, CA, USA,973 185-207.

[35] K.K. Agrawal, A.K. Tripathi, V. Prajapati, umar,Insect Sci Appl2001, 21, 155-160.

[36] A.K. Tripathi, V. Prajapati, S.P.S. Khanuja,K&mar ,J Econ Entomgl2003 96, 990-995.

[37] M.K. ChaubeyAfr J Agri Res2007, 2, 596-600.

[38] J. Shukla, S.P. Tripathi, M.K. Chaub&}ec J Envir Agri Food Chen2008 7, 3059-3064.

[39] E. Abdel-Satta, A.A. Zaitoun, M.A. Farag, S@ayed, F.M. Harraz\lat Prod Res201Q 24, 226-235.

[40] A. Ayaz, O. Sagdic, S. Karaborklu, I. Oztudkinsect S¢i2010, 13, 10-21.

[41] N. Zapatan, G. Smagghedus Crop Prot201Q 32, 405-410.

[42] S.P. Ngoh, L.E.W. Choo, F.Y. Pang, Y. HuangRMKini, S.H. HoPest Sgi1998 54, 261-268.

[43] K.M. Don-PerdoPesticide S¢i1996 46, 79-84.

60
http://www.easletters.com/issues.html



Mukesh Kumar Chaubey Entomol. Appl. Sci. Lett.,2015, 2 (1):50-61

[44] L. Re, S. Barocci, S. Sonnino, A. Mencardli, Vivani, G. Paolucci, A. Scarpantonio, L. Rinaldi Mosca,
Pharmacol Re200Q 42, 177-181.

[45] A.K. Tripathi, V. Prajapati, S.P.S. Khanuja,K&mar,J Econ Entomol2001, 94, 979-983.

[46] O. Koul, G. Singh, R. Singh, J. Sindippest Int2007, 3, 126-137.

[47] S.A. Abdelgaleil, M.l. Mohamed, M.E. BadawyAS El-Arami,J Chem Ecql2009 35, 518-525.

[48] S.M. Keita, C. Vincent, J. Schmit, J.T. Arnas@. Belanger, Stored Prod Re2001, 37, 339-349.

[49] L.A. Tapondjou, C. Asler, H. Bouda, D.A. Fomtel Stored Prod Re2002 38, 395-402.

[50] M.K. Chaubey, Oleo Sci2008 57, 171-179.

[51] K. Krishnappa, S. Laksmanan, K. Elumalai, &akumar)nt J Curr Agri Scj 2011, 1, 10-14.

[52] C.H. Jiang, Q.Z. Liu, S.S. Du, Z.W. Deng, ZUliu, J Med Plants Re2012 6, 3464-3469.

[53] E.A. Elhag,Int J Pest Manag200Q 46, 109-113.

[54] A.K. Tripathi, V. Prajapati, K.K. Aggrawal, B.S. Khanuja, S. Kumal,Econ Entomgi200Q 93, 43-47.

[55] Y.F.B. Braga, T.B. Grangeiro, E.A. Freire, Hllopes, J.N.S. Bezerra, Mamnais da Academia Brasileira de
Ciéncias 2007, 79, 35-39.

[56] L.F. Douiri, A. Boughdad, O. Assobhei, M. MoanimJ Environ Sci Toxicol Food Tech013 3, 30-36

[57] G. Jiangi, R.C. Saxenkmt Rice Res Inst Mani|d.988 28.

[58] H.C. Gupta, J.P. Verma, S.S. Bareth, B.N. Matind J Entomql1989 50, 147-150.

[59] M.K. ChaubeyPak J BiolScR013 16, 11, 517-523.

[60] S. TIGEST, M.Sc., thesis, Alemaya Universighiopia,2004 43.

[61] B.H. Lee, W.S. Choi, S.E. Lee, B.S. Patkop Prot 2001, 20, 317-320.

61

http://www.easletters.com/issues.html



