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Abstract: The aim of the study was to test the effect of three flavonoids on growth and survival of
Helicoverpa armigera (Hiib) and Spodoptera litura (Fab.). A set of experiments were carried out with
varying concentrations of three flavonoids namely chlorogenic acid, quercetin and rutin at 23+1°C on
growth, development and mortality of larvae of pod borer Helicoverpa armigera and tobacco caterpillar
Spodoptera litura in artificial diets. Rutin caused significant effect on the inhibition of H. armigera larvae
in higher concentrations, where a proportion of larvae spent between 30-51 days in excess time in larval
stage 111-V instar which had negative impact on growth because of cessation of feeding by the larvae. H.
armigera larvae formed cocoons of their diets and lay still inside the cocooned diet. Healthy H. armigera
moth emergence was common in chlorogenic acid and quercetin, but the moths did not produce any
progeny. In case of S. litura, rutin alone had a significant effect on arrested larval development, pupal
mortality and malformed adults compared to artificial diets with quercetin and chlorogenic acid. The
increase in concentrations of rutin did not show proportionate increase in mortality of the larvae. The
average excess days at all concentrations of quercetin and chlorogenic acid ranged between 40-55 days.
These results indicate a delay in development and suggests that rutin interferes in with physiological
processes in both insects at the time of molting.
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INTRODUCTION

Durable resistance to insects is mainly due to
chemical constituents (allelochemicals) present in the
host plants such as alkaloids, flavonoids, terpenoids,
sterols, etc., Plant phenolics are a large group of
secondary metabolites in plants that affect herbivores
larval growth and development either by feeding
inhibition, or in post-ingestive phenomena (Treutter,
2006). Among them, flavonoid compounds quercetin,
chlorogenic acid and rutin are ubiquitous among
diverse crop species and contribute as dietary
constituents (Isman and Duffey, 1983) and serve as
bases of resistance in several crop plants (Campbell and
Duffey, 1979; Elliger et al., 1980, 1981; Kennedy,
2003). A complete photochemistry of two flavonoids is
provided by Sisa et al. (2010). A recent review on
flavonoids in plant resistance has been provided by
Treutter (2006). They also showed antibiotic and or
antifeedant effect by reducing the growth and extending
developmental cycle and decreasing survivorship of
many herbivorous insects (Shaver and Lukefahr, 1969;

Harborne, 1979; Duffey et al., 1986; Barbosa, 1988;
Stamp, 1990; Stamp and Horwath, 1992) such as
Manduca sexta; Heliothis virescens; Trichoplusia ni
(Hoffman-Campo et al, 2001); and S. litura
(Mallikarjuna et al., 2004a). In insects, phytochemicals
including the flavonoids interefere with molting,
reproduction, feeding behaviour (Reyes-Chilpa et al.,
1995; Musayimana et al., 2001; Diaz Napal et al.,
2010). In addition, their effects also influence the
insects in recognizing their host plants.

Economically important pests include the pod
borer, Helicoverpa armigera (Hubner) on pigeonpea
[Cajanus cajan (L.)] chickpea (Cicer arietinum L.) and
cotton (Gossypium hirsutum L.); and the tobacco
caterpillar [Spodoptera litura (Fab.)] on groundnut
(Arachis hygogaea L.) and cotton in Asian-African
countries (Sharma et al., 2001). Majority of the farmers
still heavily rely on synthetic chemicals to control these
pests. This has led to increased environmental pollution
and alternatively there is an increasing need to
introgress resistance present in the wild relatives of
pigeonpea as cultivated germplasm lacks the desired
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levels of resistance. Wild relatives of pigeonpea,
chickpea and groundnut are valuable sources of
germplasm with the presence of many desirable traits
including resistance to many insect pests and efforts are
being made to increase the levels of resistance. In such
a scenario it would be desirable to know what causes
resistance to insect pests. Studies in groundnut have
shown that presence of flavonoids namely chlorogeneic
acid, quercetin and rutin confer resistance to
Spodoptera litura (Stevenson et al., 1993) and it was
possibleto introgressthis resistance through interspecific
hybridization (Mallikarjuna et al., 2004 a, b).

There is evidence that flavonoids chlorogenic acid,
quercetin and rutin are present in wild Cajanus species
(Mallikarjuna N, unpublished data). The objective of
the present investigation was to assess the effect of
quercetin, rutin and chlorogenic acid on growth and
development in diet-based bioassays of the pod borer,
H. armigera and tobacco caterpillar, S. litura made to
increase the levels of resistance.

MATERIALS AND METHODS

All the experiments were carried out in the
Department of Botany, Dr Babasaheb Ambedkar
Marathwada University, Aurangabad, Maharashtra
State, India, during 2008-2009, to study the effect of
quercetin, chlorogenic acid and rutin on the survival,
growth and development of two key pests viz., H.
armigera and S. litura.

Insect rearing: H. armigera: Larvae of H. armigera
were collected (approx.200), during the rainy season of
2008-2009, from an unsprayed weed, Lagascea mollis
usually grown in uncultivated farmers fields. They were
reared individually in 7.5 mL cells of 12-well tissue
culture plates (Linbro, ICN Flow Ltd.), on chickpea-
based artificial diet (Armes et al, 1992). After
pupation, they were transferred to small round plastic
cups (4.5 cm). Adults were transferred to cylindrical
cages, wherein 10% honey-soaked cotton swabs was
provided for feeding; and eggs were collected on a
nappy liner placed inside the wall of the cylindrical
cage.

S. litura: Egg-masses of S. litura were collected
from unsprayed groundnut crop during the post-rainy
season. In each egg-mass, there were approximately
200-300 eggs and were pinned on the artificial
sorghum-based diet (Armes et al., 1997; Taneja and
Leuschner, 1985) to enable the neonates on hatching, to
feed. On pupation, they were separated from the diet
and kept for adult emergence, which were fed with 10%
honey solution in a cylindrical cage. Egg-masses laid
on a thick blotting paper were collected from these
cages.
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Fig. 1: Larval survival of H. armigera on artificial diet based
bioassays with quercetin

Insect bioassays: Three flavonoids (quercetin,
chlorogenic acid and rutin) were obtained from Sigma
Chemicals, New York. Bioassays of these compounds
were conducted, at four concentrations (0.125, 0.250,
0.500 and 1.0 ug/mL) by thoroughly mixing them in
the artificial diets separately for H . armigera and
S. litura and poured in rearing containers. Controls
were solely based on chickpea-based and sorghum-
based diets. Soon after hatching, 24 neonate larvae
were tested for each concentration in 25 mL plastic
cups containing test diets. Data were recorded on the
weights, survival and duration of larvae and weight,
duration and mortality of pupae for both these insect
species. These bioassays were carried out at 25+2°C,
60+£10% RH and 14:10 (L: D) in a Samsung incubator.
The survival of larvae was monitored at 3-day
intervals, expressed in percentage, feeding and
development time were recorded and expressed in
days; and the pupae were weighed two days after
pupation and the duration in days and mortality
expressed in percentage. In addition, the emergence of
healthy and malformed adults was also recorded.

Statistical analysis: The data collected for individual
larvae were considered as replicates. Data was
subjected to Analysis of Variance (ANOVA) with a
separation of means following LSD (0.05).

RESULTS

Larval survival: Survival of larvae of H. armigera was
in general higher on quercetin-based diet as compared
to chlorogenic acid and rutin based diets. Among the
concentrations of quercetin, the survival was low on 1.0
ug/mL diet. While the survival was relatively high
showing gradual decrease proportionate to the increase
in concentrations (Fig. 1). In chlorogenic acid-diet
based bioassays, a similar trend of larval survival was
observed in terms of higher survival at low
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bioassays with chlorogenic acid
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concentrations and with a gradual decrease in survival
at higher concentrations. Further, the decrease in
survival of larvae was observed up to a period of
day2nd remained status quo at further observation
intervals (Fig. 2). Whereas, the larval survival on rutin-
based diets displayed greater mortality of larvae at
0.250 ug/mL with a proportionate increase in larval
mortality at higher concentrations (0.500 and 1.000
ug/mL). Moreover, the mortality was observed with a
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gradual increase at all the observations upto a period of
day-21 (Fig. 3).

With respect to S. litura, the quercetin-based
bioassay showed greater mortality of larvae at higher
concentration (1.0 ug/mL) as compared to lower
concentrations (0.500, 0.250 and 125 ug/mL) (Fig. 4).
Whereas the chlorogenic diet-based assay recorded
greater survival at lesser concentrations associated with
a gradual increase at higher concentrations (Fig. 5).
However, the rutin-diet displayed greater percent
survival of larvae at all the concentrations tested
(Fig. 6). In general, it has been noticed that larval
survival was greater on rutin-based diet for S. litura
contrary to those for H. armigera.

Larval duration: Larval duration for H. armigera was
between 18-21 days in all the concentraions except in
rutin at 1.0 ug/mL which was of 32 days which is
significantly different from the control. The larval
duration in S. litura to become pupae was
exceedinglyhigh in rutin compared t chlorogenic acid
and quercetin, at all concentrations in the assayed diet

(Fig. 7).



Asian J. Agric. Sci., 4(4): 298-307, 2012

o2}
o

77 M H. armigera
@ S. litura

(&
o
1

cd

o
o
1

N
o
1

Larval duration (days)
w
2

=
o
1

o
o
]

Quercetin Chlorogenic acid

Fi

g. 7: Larval duration of H. armigera and S. litura with
different concentrations of quercetin, chlorogenic acid
and rutin in ug ml " diet based bioassays

Larval weight: Larval weights for H. armigera on
flavonoid compound-based diet were terminated at day-

18. Rutin-based diet had a significant effect on the
larval weights at all the concentrations tested. W hereas,
chlorogenic acid showed an intermediate response in
terms of larval weights with a proportionate decline at
higher concentrations. On the other hand, quercetin-
based diet bioassay displayed greater increase in larval
weights at lesser concentrations as compared to higher
concentrations. This trend changed completely from
day-12 to day-18 with a sudden increase in larval
weights on the diet containing chlorogenic acid in
relation to quercetin, while more than than 80% of the
larvae had pupated in the control (Table 1).

Diet-based bioassays of S. litura larvae with
flavonoid compounds showed a slow increase in larval
weights on day-3, 6, 9 and 12 and a significant increase
at 3-day intervals, from day 15-24to day. however, the
rutin-based diet had a significant effect in displaying
low larval weights as compared to the diets comprising
quercetin and chlorogenic acid. In general, there was a
significant trend with low larval weights at higher larval

Table 1:Larval weights of H. armigera measured at three day intervals when reared on artificial insect diet with different concentrations of

chlorogenic acid, rutin and quercetin

Larval weights (mg)

Days After Infestation (DAI)

Chemical
constituents 3 6 9 12 15 18 21
Chlorogenic acid (ug/mL diet)
0.125 4.09+0.42c 29.28+1.83de 133.07+3.61a 258.70+3.80a 363.10+3.81a 442.21+8.50a 454+3.55a
0.250 3.51+0.19cd 24.87+2.61ef 122.57+2.25abc 225.81+5.61ab 338.82+8.10ab 405.72+8.00ab 412+2.69ab
0.500 3.00+0.25cde 19.63+2.73fg 115.69+6.01abc 212.90+6.45abc 293.32+10.72bc 313.82+11.22de 318+6.51bc
1.000 2.36+0.33ef 11.44+2.35gh 105.04+.81bc 181.42+4.52bcd 258.50+7.9cd 275.27+15.82¢f 283+3.26¢
Rutin (ug/mL diet)
0.125 2.49+0.58def 14.17+3.69gh 30.05+5.98d 77.11+12.61e 163.59+16.34ef 270.31+17.11ef 281+2.75a
0.250 1.85+0.27fg 8.29+1.38gh 23.35+4.71d 46.99+8.78ef 108.19+12.47fg 245.81+18.07f 265+3.13a
0.500 1.48+0.19fg 4.64+3.05h 22.01+3.05d 44.58+4.35¢f 113.7+8.81g 193.82+9.31g 213+5.73ab
1.000 1.160.31g 4.13+2.21h 20.62+4.05d 33.0446.16f 75.93+7.969 145.85+11.12g 151+6.11b
Quercetin (ug/mL diet)
0.125 6.56+0.38a 55.26+2.78a 111.42+6.58abc 190.11+9.62bcd 261.61+12.31bc 345.71+15.6¢d 361+3.15a
0.250 5.31+0.67 b 43.95+4.98bc 108.66+11.75abc 173.12+14.31cd 255.15+12.91cd 318.33+7.51de 332+5.24ab
0.500 4.00+0.46¢ 35.89+2.75bcd 101.01+7.19bc 164.81+6.32d 248.71+10.73cd 302.41+8.91de 319+3.18b
1.000 3.65+0.35¢ 34.32+2.37cde 98.61+4.73c 156.32+5.72d 228.31+8.22de 251.91+14.75f 276+1.76b
Control 6.86+0.34a 44.87+6.11b 125.59+8.99 ab 217.39+9.21abc 294.65+9.11bc 369.1949.42bc .
> than 50% larvae had pupated on day 18 in the controls; Letters followed by the same letter are not significantly different at <0.05%

Table 2: Larval weights of S.litura measured at three day intervals when reared on artificial insect diet with concentrations of chlorogenic acid, rutin and quercetin
Larval weights (mg)

Days after infestation (DAI)

Flavonoid
compound 3 6 9 12 15 18 21 24
Quercetin (ug/mL diet)
0.125 2.66+0.07bc 7.27+0.15bc 18.24+0.18b 89.63+1.62bc 342.87+4.10b 761.29+8.68ab 902.98+7.98b 1444.27+9.57ab
0.250 2.37+0.08def 6.50+0.12bcde 16.08+0.09bc 61.39+0.92bc  282.93+6.16bc 728.93+3.06bc 882.83+2.16b 1356.29+3.45ab
0.500 1.59+0.07ef 5.63+0.14bcde 11.19+0.15hc 52.52+1.69bc 259.98+5.52bcd 717.20+10.50bcd 716.47+4.58b 1245.35+4.50ab
1.000 1.3240.07g 4.2840.16e 9.18+0.16bc 41.53+2.20bc 221.19+3.80ef 617.87+7.41d 888.11:+4.86¢ 1165.62+3.34abc
Chlorogenic acid (ug/mL diet)
0.125 2.76+0.07bcd 7.15+0.16b 17.76x0.12b 79.54+1.52b 387.21+2.74hcd 919.38+7.61bcd 1343.84+7.58¢ 1672.54+3.56ab
0.250 2.14+0.04cde 5.44+0.08bcd 12.10+0.13bc 69.77+0.67hc 374.96+5.01bcde 835.85+7.03bcd 1260.96+3.04c 1565.45+4.55abc
0.500 2.09+0.37fg 5.16+0.13bcde 10.65+0.09bc 57.79+0.81bc 342.44+4.57de 810.14+7.69bcd 1187.18+4.74cd 1481.11+7.02abc
1.000 1.28+0.06g 3.61+0.08de 9.15+0.10bc 39.52+1.03bc 226.03+4.84efg 671.55+8.54d 904.95+12.30cde 1299.83+12.01c
Rutin (ug/mL diet)
0.125 2.92+0.07b 4.43+0.17bcde 11.00+0.23bc 44.51+0.83bc 213.68+4.33efg 404.85+9.16e 675.61+6.39de 882.47+8.27d
0.250 2.43+0.06bcde 4.87+0.17cde 10.24+0.45bc 39.41+0.61bc 117.09+0.16fgh 346.36+0.48e 600.04+2.19% 872.23+4.32d
0.500 2.28+0.05cde 3.46+0.17e 9.65+0.19bc 31.34+0.15bc 110.92+0.11gh 316.70+0.69¢ 572.97+18.45¢ 775.05+8.74d
1.000 1.85+0.08efg 2.99+0.19 8.17+0.18c 29.41+0.88¢c 92.84+0.62h 258.15+3.55e 332.15+6.94f 449.72+10.19e
Control 5.32+0.31a 20.87+0.29a 65.90+1.22a 396.53+3.62a 801.45+5.52a 1070.16+8.33a 1578.65+19.12a 1688.17+1.81a

Note: > than 75% larvae had pupated after 21 days in the controls
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weight till day 24 and more than 75% of the larvae had
pupated (Table 2).

Extended larval duration:

Differences were observed on the extended larval
duration of H. armigera and S. litura bioassayed in
flavonoid compound based -diets. In S. litura, all the

concentrations over lesser concentrations for all the
flavonoid compounds tested in the diet-based bioassays
In comparison to diets with flavonoids, the control
without flavonoids showed continuous increase in three
acids (quercetin, chlorogenic acid and rutin) caused
extended larval duration of more than 40 days causing
mortalities in all the concentrations (0.125,0.250, 0.500
and 1.000 mg/mL). Where as in H. armigera extended
larval duration was observed on the diet with rutin
alone between 27- 52 days in all the four concentrations
causing mortality (Fig. 8).

Pupal weight: With respect of pupal weight, significant
differences were observed on the weight of pupae of
both H. armigera and S. litura. Among the flavonoid
compounds, in H. armigera, rutin alone significantly
decreased the pupal weight at higher concentrations
(0.250, 0.500 and 1.000 ug/mL) but not at lower
concentration (0.125 mg/mL), while the chlorogenic
acid and quercetin-based diets showed moderate
increase in pupal weight while in S. litura. Rutin
concentration of 0.125 ug/mL was comparable to the
control although slightly higher in H. armigera and
S. litura (Fig. 9).

Pupal duration: Similar trend of significant
differences in the duration of pupae of H. armigera and
S. litura was observed. However, quercetin showed
significant differences in extending the duration of
pupae of H. armigera and S. litura at high
concentration of (1.000 ug/mL) followed by lower
concentrations. While the chlorogenic acid and rutin-
based diets showed intermediate duration of pupae of
15-17 days (Table 3 and 4).

Adult emergence: Significant differences were
observed on healthy and malformed adult emergence of
H. armigera. Among the flavonoid compounds tested.
The emergence of healthy and malformed adults was
significantly greater at lower concentrations as
compared to higher concentrations of quercetin,
chlorogenic acid and rutin-based bioassays. However,
rutin had a detrimental effect on emergence of healthy

Table 3: Pupal duration of Helicoverpa armigera at different concentrations of chlorogenic acid, quercetin and rutin in the artificial diet

Pupal duration (days)

Chemical Concentrations (ug/mL diet)
constituents
(ug/mL diet) 0.125 0.125 0.500 1.000
Quercetin Mean£SE 17.38+0.16 a 17.38+0.16a 14.76+0.40b 18.47+0.46a
Range (16-18) (16-18) (13-17) (14-21)
Chlorogenic acid Mean+SE 15.79+0.42a 15.79+0.42a 15.79+0.58a 14.75+0.45b
Range (13-20) (13-20) (13-22) (12-17)
Rutin MeanSE 16.00+2.00a 16.00+2.00a 21.50+1.45a 18.0+00a
Range (14-18) (14-18) (17-29) (18.00+00)
Controls Mean+SE 12.90+0.34b 12.90+0.34b
Range (10-16) (10-16)

Letters followed by the same letter are not significantly different at <0.05%
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Table 4: Pupal duration of Spodoptera litura at different concentrations of chlorogenic acid, quercetin and rutin in the artificial diet

Pupal duration (days)

Chemical
constituent

Concentrations (ug/mL diet)

(ug/mL diet) 0.125 0.250 0.500 1.000
Chlorogenic acid Mean£SE 13.44+0.51a 15.75+0.16a 16.33+0.19a 16.09+0.21a
Range (11-18) (15-17) (15-17) (15-17)
Quercetin Mean+SE 15.13+0.29a 16.83+ 0.32a 17.18+0.18a 16.92+0.36a
Range (14-18) (10-13) (16-18) (14-18)
Rutin Mean£SE 16.50+0.50a 15.26+0.5a 16.71+0.61a 18.0+00a
Range (16-17) (11-14) (9-14) (17-19)
Controls Mean£SE 11.41+0.33b
Range (8-13)

Letters followed by the same letter are not significantly different at <0.05%

adults compared to chlorogenic acid and quercetin-
based diets.

Adult emergence of S. litura also showed
differences for healthy and malformed adults. Among
the flavonoid compounds tested, rutin had a significant
effect for emergence of healthy adults over malformed
adults. Whereas quercetin-based bioassay showed
moderate effect and chlorogenic acid had a significant
effect on healthy adult emergence. In general, the rutin
had a significant effect. While the malformed adult
emergence was significantly higher on chlorogenic acid
diet followed by quercetin and rutin-based bioassays.

DISCUSSION

One of the interesting research studies of this
experiment is that rutin has significant effect on the
inhibition of larval growth by H. armigera. A
considerable proportion of the larvae in the increasing
concentrations of 0.500 and 1.000 ug/mL of diet spent
between 30-51 days of excess time in larval stage in the
higher/late instar period which had a negative impact on
the growth because of cessation of feeding by the
larvae. The individual larvae had formed a cocoon of
the diet and were passive for longer period without
feeding, which ultimately resulted in their mortality.
Though there were larval mortalities in the 0.125 and
0.250 ug/mL diets, the mean time spent in cessation
period was 27-32 days. Rutin tended to prolong the
non-feeding period and the stadium duration and onset
of molting. These results indicate that rutin did not
affect the larval weight at 0.125 and 0.500 ug/mL, but
had considerably lesser weight gain at 0.250 and 1.000
ug/mL. Earlier studies have indicated poor growth of
larvae of H. zea and S. exigua when rutin was
incorporated into the artificial diet (Isman and Duffey,
1981, 1982; Duffey and Bloem, 1986; Kennedy, 2003).
In contrast, rutin has a greater impact in the process of
moulting by interfering with the prothoracicotrophic
hormone and ecdysteroid action causing mortality
(Nijhout and Williams, 1974; Curtis et al., 1984;
Riddiford, 1985; Sehnal, 1985).

In the present study, the finding that rutin induced
an increase in the proportion of time spent by H.
armigera in the non-feeding period is consistent with
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other studies (Stamp and Horwath, 1992, 1993;
Hoffman-Campo et al. 2001) found that rutin
negatively affected the survival of cabbage looper
Trichoplusia ni larvae at higher and lower
concentrations of 0.25 and 0.5% and decreased their
pupal weights considerably. It may be the negative
effect of rutin on growth in these studies and reflects
prolongation of growth period including the extension
of molt period or vice versa. Presently, we are unable to
explain the mechanism by which rutin exerts these
oxidizing effects on molting delay.

However, the other two flavonoids used in this
experiment chlorogenic acid and quercetin did not
cause growth inhibition in the larvae of H. armigera.
However, Ali et al. (1999) did not find any correlation
of larval weights of H. virescens raised on artificial diet
with various concentrations of chlorogenic acid derived
from tobacco foliage. Isman and Duffey (1983)
working with chlorogenic acid and rutin demonstrated
the uptake of these plant phenolics into the
haemolymph of 5" instar Heliothis zea (Boddie) larvae
by oral administration within 1 hr amounting to 5% or
less of the ingested dose. They also fed these phenolics
through artifical diet to H. zea larvae and results
indicated through thin layer chromatorgraphy that either
through chronic or by acute feeding 90% of the
ingested phenolic was excreted by the larvae. Though
healthy looking adult emergence was quite common
amongst all the concentrations of chlorogenic acid and
quercetin, the moths could not produce any progeny.
There was some percentage of moths with malformed
emergence. Beninger et al. (2004) found significantly
reduced growth of cabbage looper Trichoplusia ni and
gypsy moth Lymantria dispar larvae when chlorogenic
acid was added to the artificial diet at both 100 and
1000 ppm and reduced pupal weights of Trichoplusia
ni. Chlorogenic acid levels correlate with resistance to
carrot fly Psila rosae F. (Ellis, 1999) and are a major
factor in the resistance of corn to both fall armyworm,
Spodoptera frugiperda and corn earworm, Helicoverpa
zea (Gueldner et al., 1992). Kranthi et al. (2003)
reported that semilooper Anomis flava Fab., feeding on
in vivo plants induced an increased concentration of
quercetin, which caused growth inhibition of the larvae
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of H. armigera. While laboratory bioassays with
tobacco budworm, H. virescens indicated that 0.2 and
0.063% concentration of quercetin showed greater
mortality (Shaver and Lukefahr, 1969) and 75% weight
inhibition of the larvae, respectively (Jenkins et al.,
1983). On the other hand, higher concentration of rutin
and chlorogenic acid in the trichomes of tomato leaves
are reported to be toxic to corn earworm, H. zea (Bi et
al., 1997). Simmonds and Stevenson (2001) and
Simmonds (2001) reported that chlorogenic acid tested
in combination with other isoflavonoids at 50 ppm
induced an antifeedant response by larvae of
H. armigera. Similarly, rutin also deters feeding by H.
zea and H. armigera at concentrations in excess of 107
(Blaney and Simmonds, 1983). Kimmins et al. (1995)
observed significant retardation of H.armigera larvae
and increased days to pupation at 9 mM with
chlorogenic acid in the artificial diet. Onyilagha et al.
(2004) observed that dihydroquercetin in Brassica
napus reduced both the larval weight as well as well as
larval and pupal development time in Mamestra
configurata Walker. Similarly (Guerra et al. (1990)
observed high larval mortality and increased the time
required for the larvae to reach pupation and reduced
rate of larval development with catechol phenolics
supplemented in the artificial diet against H. zea. Larval
weights were not correlated with the level of
chlorogenic acid in tobacco foliage (Ali et al., 1999).
Bernays et al. (2000) studied behavioral aspects of
H. virescens and H. subflexa and demonstrated that
higher concentrations of chlorogenic acid caused post-
ingestive effects in H. virescens, but deterred feeding
by H. subflexa on first contact. This was attributed to
the differences in tradeoffs involved in different diet
breadths by H. virescens and H. subflexa.

In case of S. litura, rutin alone had significant
effect on arrested larval development, pupal mortality
and malformed adults compared to quercetin and
chlorogenic acid contents in artificial diets. Although
increasing concentrations of rutin did not show
proportionate increase in mortality of the larvae, the
average excess days at all the concentrations of
quercetin and chlorogenic acid ranged between 40-55
days. Unlike H. armigera larvae, the larvae of S. litura
did not form any cocoons during their cessation of
feeding. The high degree of repellence was observed
from wild tomato suggesting that both the larvae of
H. zea and S. exigua cease feeding altogether and
starved to death at high sesquiterpene carboxylic acids
(Frelichowski and Juvik, 2001) and acylglucoses (Juvik
et al., 1994). While Stevenson et al. (1993) terminated
the experiments with S. litura with pupation in control
diets. Mallikarjuna et al. (2004a) demonstrated a
combined effect of all the three flavonoids (quercetin,
chlorogenic acid and rutin) in lines derived from wild
Arachis spp. various developmental stages of larval,
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pupal and moth deformities, thus leading to significant
mortalities. Upasani et al. (2003) also indicated the role
of flavonoids in Ricinus communis L. as insecticidal
and antimicrobial agents against the bruchid,
Callosobruchus chinensis L. Traugott and Stamp (1997)
found no effect of chlorogenic acid mixed in the
artificial diet on Manduca sexta, including its predator,
Podisus maculiventris.

From these experiments with bioassay tests on
artificial diets containing rutin and chlorogenic acid
indicated the presence of antibiosis factors affecting the
larval development. Increased duration or retardation of
larvae suggests either inability to feed or utilize the
food, or molt and predispose the larvae to parasites and
predators or influence the hormonal imbalance leading
to delay/extended larval period. Thus, these chemicals
may play a significant role in ftritrophic interactions
extending the larval duration and fall prey to parasites
and predators (Van Emden, 1987). The ecological
consequences could be many if the larvae feeding for
extended duration on plants could face, are, changes in
the quality of the food material i.e., extended duration
means more time will be spent on poor quality of food,
which will necessitate either pupating at lower weight,
which will be correlated with poor fecundity. Also the
larvae if they are molting are defenseless against
parasitoids/predators (Kennedy, 2003). Duffey et al.
(1986) suggested breeding of plants with relative levels
of phenolics to maintain compatibility with the
parasitoids without having any adverse effect on them.
The results from this study indicate that the presence of
three flavonoids may play an important role for
resistance to H. armigera and S. litura not only in
groundnut as indicated by the studies of Mallikarjuna
et al. (2004 a, b) but also in pigeonpea. Many of the
wild relatives of pigeonpea have been successfully
crossed with cultivated pigeonpea and stable pre-
breeding lines have been generated. Some of the lines
have multiple disease and pest resistance including
resistance to H. armigera (Mallikarjuna et al., 2004a,
b). The results of the present study throw light on the
biochemical basis of resistance.

ACKNOWLEDGMENT

The senior author is grateful to the staff of Dept. of
Botany, Dr. Babasaheb Ambedkar Marathwada
University, Aurangabad, for maintaining the insect
cultures during the course of study.

REFERENCES

Ali, M.1,, J.L. Bi, S.Y. Young and G.W. Felton, 1999.
Do foliar phenolics provide protection to Heliothis
virescens from a Baculovirus ? J. Chem. Ecol., 25:
2193-2204.



Asian J. Agric. Sci., 4(4): 298-307, 2012

Armes, N.J.,, G.S. Bond and R.J. Cooter, 1992. The
Laboratory Culture and Development of
Helicoverpa Armigera. Natural Resources Institute,
Chatham, pp: 21.

Armes, N.J., JA. Wightman, D.R. Jadhav and G.V.
Ranga Rao, 1997. Status ofinsecticide resistance in
Spodoptera litura in Andhra Pradesh, India. Pesti.
Sci., 50: 240-248.

Barbosa, P., 1988. Natural Enemies and Herbivore-
Plant Interactions: Influence  of  Plant
Allelochemicals and Host Specificity. In: Barbosa,
P. and D.K. Letourneau, (Eds.), Novel asp. of
Insect-Plant Int. Act. Wiley, New York, pp: 201-
229.

Beninger, C.W., M.M. Abou-Zaid, A.L.E. Kistner, R.H.
Hallett, M.J. Igbal, B. Grodzinski and J.C. Hall,
2004. A flavanone and two phenolic acids from
Chrysanthemum morifolium with phytotoxic and
insect growth regulating activity. J. Chem. Ecol.,
30: 589-606.

Bernays, E.A., S. Oppenheim, R.F. Chapman, H. Kwon
and F. Gould, 2000. Taste sensitivity of insect
herbivores to deterrents is greater in specialists
than in generalists: A behavioural test of the
hypothesis with two closely related caterpillars. J.
Chem. Ecol., 26: 547-563.

Bi, JL., GW. Felton and J.B. Murphy, 1997.
Biochemical aspects of induced resistance in
cotton, to the cotton bollworm. Proceeding of
Beltwide Cot. Conference, pp: 1279-1281.

Blaney, W.M. and M.SJ. Simmonds, 1983.

Electrophysiological activity in insects in response
to antifeedants. COPR Project No. 9, Final Report.
Overseas. Dev. Admin, Chatham Avenue, Kent,
United Kingdom.

Campbell, B.C. and S.S. Duffey, 1979. Tomatine and
parasitic wasps: Potential incompatibility of plant-
antibiosis with biological control. Sci., 205: 700-
702.

Curtis, A.T., M. Hori, J.M. Green, W.J. Wolfgang, K.
Hiruma and L. Riddiford, 1984. Ecdysteroid
regulation of the onset of cuticular melanization in
allatectomized and black mutant Manduca sexta
larvae. J. Insect Physiol., 30: 597-606.

Diaz Napal, G.N., M.T. Defago, G.R. Valladares and
S.M. Palacios, 2010. Response of Epilachna
paenulata to two flavonoids, pinocembrin and
quercetin, in a comparative study. J. Chem. Ecol.,
36(8): 898-904.

Duffey, S.S. and K.A. Bloem, 1986. Plant Defense-
Herbivore-Parasite Interactions and Biological
Control. In: Kogan, M., (Ed.), Ecol. Theo and
Integ. Pest Manag. John Wiley and Sons, New
York, pp: 135-183.

305

Duffey, S.S., K.A. Bloem and C. Campbell, 1986.
Consequences of Sequestration of Plant Natural
Products in Plant-Insect-Parasitoid Interactions. In:
Boethel, D.J. and R.D. Eikenbary, (Eds.),
Interactions of Plant Resistance and Parasitoids and
Predators of Insects. Ellis Halsted, Chichester, pp:
31-60.

Elliger, C.A., B.C. Chan and A.C. Waiss Jr, 1980.
Flavonoids as larval growth inhibitors
structural factors governing toxicity.
Naturwissenschaften, 67(7): 358-360.

Elliger, C.A., Y. Wong B.G. Chan and A.C. Waiss Jr,
1981. Growth inhibitors in tomato (Lycopersicon)
to tomato fruitworm (Heliothis zea). J. Chem.
Ecol., 7: 753-758.

Ellis, P.R., 1999. The identification and exploitation of
resistance in carrots and wild Umbelliferae to
carrot fly, Psila rosae (F). Integ. Pest Managt. Rev.,
4; 259-268.

Frelichowski Jr, J.E. and J.A. Juvik, 2001
Sesquiterpene carboxylic acids from a wild tomato
species affect larval feeding behavior and survival
of Helicoverpa zea and Spodoptera exigua
(Lepidoptera: Noctuidae). J. Econ. Entomol., 94:
1249-1259

Guerra, D.J., J.T. Cothren and J.R. Phillips, 1990.
Influence of selected phenolic compounds on
development  of  bollworm  (Lepidoptera:
Noctuidae) larvae. J. Econ. Entomol., 83: 2115-
2118.

Gueldner, R.C., M.E. Snook, N.W. Widstrom and B.R.
Wiseman, 1992. TLC screen for maysin,
chlorogenic acid and other possible resistance
factors to the fall armyworm and corn earworm in
Zea mays. J. Agril Food Chem., 40: 1211-1213.

Harborne, J.B., 1979. Variation in and functional
significance of phenolic conjugation in plants.
Recent Advan. Phytochem., 12: 457-474.

Hoffman-Campo, C.B., J.B. Harborne and A.R.
McCaffery, 2001. Pre-ingestive and post-ingestive
effects of soya bean extracts and rutin on
Trichoplusia ni growth. Entomol. Experim. Appl.,
98: 181-194.

Isman, M.B. and S.S. Duffey and 1981. Inhibition of
insect larval growth by phenolics in glandular
trichomes of tomato leaves. Exp., 37: 574-576.

Isman, M.B. and S.S. Duffey, 1982. Toxicity of tomato
phenolic compounds to the fruitworm, Heliothis
zea. Entomol Experim. Appl., 31: 370-376.

Isman, M.B. and S.S. Duffey, 1983. Pharmokinetics of
chlorogenic acid and rutin in larvae of Heliothis
zea. J. Insect Physiol., 29: 295-300.

Jenkins, J.N., P.A. Hedin, W.L. Parrott and J.C.
McCarti and W.H. Cotton, 1983. Cotton
allelochemicals and growth of tobacco budworm
larvae. Crop Sci., 23: 1195-1198.



Asian J. Agric. Sci., 4(4): 298-307, 2012

Juvik, J.A., J.A. Shapiro, T.E. Young and M.A.
Mutschler, 1994. Acylglucoses fromwild tomatoes
alter behaviour and reduce growth and survival of
Helicoverpa zea and Spodoptera exigua
(Lepidoptera: Noctuidae). J. Econ. Entomol., 91:
482-492.

Kennedy, G.G., 2003. Tomato, pests, parasitoids and
predators: Tritrophic interactions involving the
genus Lycopersicon. Annu. Rev. Entomol., 48:
51-72.

Kimmins, F.M., D.E. Padgham and P.C. Stevenson,
1995. Growth inhibition of the cotton bollworm
(Helicoverpa armigera) larvae by caffeoylquinic
acids from the wild groundnut, Arachis
paraguariensis. Ins. Sci. Appl., 16: 363-368.

Kranthi, S., K.R. Kranthi and R.R. Wanjari, 2003.
Influence of semilooper damage on cotton host-
plant resistance to Helicoverpa armigera (Hub).
Plant. Sci., 164: 157-163.

Mallikarjuna, N., K.R. Kranthi, D.R. Jadhav, S. Kranthi
and S. Chandra, 2004a. Influence of foliar
chemical compounds on the development of
Spodoptera litura (Fab.) in interspecific derivatives
of groundnut. J. Appl. Entomol., 128: 321-328.

Mallikarjuna, N., S. Pande, D.R. Jadhav, D.C. Sastri
and J. Narayan Rao, 2004b. Introgression of
disease resistance genes from Arachis kempff-
mercadoi into cultivated groundnut. Plant Breed,
123(6): 573-576.

Musayimana, T., R.C. Saxena, E.W. Kaimu, C.P.K.O.
Ogol and Z.R. Khan, 2001. Effects of neem seed
derivatives on behavioral and physiological
responses of the Cosmopolites sordidus
(Coleoptera: Curculionidae). J. Econ. Entomol., 94:
449-454,

Nijhout, H.F. and C.M. Williams, 1974. Control of
moulting and metamorphosis in the tobacco
hornworm, Manduca sexta: Growth of the last-
instar larva and the decision to pupate. J. Experim.
Biol., 61: 493-501.

Onyilagha, J.C., J. Lazorko, M.Y. Gruber, J.J. Soroka
and M.A. Erlandson, 2004. Effect of flavonoids on
feeding preference and development of the crucifer
pest Mamestra configurata Walker. J. Chem. Ecol.,
30: 109-124.

Reyes-Chilpa, R., N. Viveros-Rodriguez, F. Gomez-
Garibay and D. Alavez-Solano, 1995. Antitermite
activity of Lonchocarpus castilloi flavonoids and
heartwood extracts. J. Chem. Ecol., 21: 455-463.

Riddiford, L.M., 1985. Hormone Action at the Cellular
Level. In: Kerkut, G.A. and L.I. Gilbert, (Eds.),
Comprehensive Insect Physiology Biochemistry
and Pharmacology Pergamon. Oxford, 8: 37-84.

Sisa, M., S.L. Bonnet, D. Ferreira and J.H. Van der
Westhuizen, 2010. Photochemistry of flavonoids.
Molecules, 15: 5196-5245.

306

Sehnal, F., 1985. Growth and Life Cycles. In: Kerkut,
G.A. and L.I. Gilbert, (Eds.), Comprehensive Ins.
Physio. Biochem and Pharma. Pergamon, Oxford,
2: 2-86.

Shaver, T.N. and M.J. Lukefahr, 1969. Effect of
flavonoid pigments and gossypol on growth and
development of the bollworm, tobacco budworm
and pea bollworm. J. Econ. Entomol., 62: 643-646.

Simmonds, M.S.J., 2001. Importance of flavonoids in
insect-plant interactions: Feeding and oviposition.
Phytochem., 56: 245-252.

Simmonds, M.S.J. and P.C. Stevenson, 2001. Effects of
isoflavonoids from cicer on larvae of H. armigera.
J. Chem. Ecol., 27: 965-977.

Stamp, N.E., 1990. Growth versus molting time of
caterpillars as a function of temperture, nutrient
concentration and the phenolic rutin. Oecologia.,
82: 107-113.

Stamp, N.E. and K.L. Horwath, 1992. Interactive
effects of temperature and concentrations of the
flavonol rutin on growth, molt and food utilization
of Manduca sexta caterpillars. Entomo. Experim.
Appl., 64: 35-150.

Stamp, N.E. and K.L. Horwath, 1993. The use of
dietary rutin as an experimental model for
assessing molt initiation parameters in Manduca
sexta larvae. J. Insect Physiol., 39: 987-1000.

Stevenson, P.C., J.C. Anderson, W.M. Blaney and
M.S.J. Simmonds, 1993. Developmental inhibition
of Spodoptera litura (Fab.) larvae by a novel
caffeoylquinic acid from the wild groundnut
Arachis paraguariensis (Chod et Hassl.). J. Chem.
Ecol., 19: 2917-2933.

Sharma, H.C., PW.C. Green, P.C. Stevenson and
M.S.J. Simmonds, 2001. What makes it so Tasty
for the Pest? Identification of Helicoverpa
armigera (Hubner) Feeding Stimulants and
Location of their Production on the Pod Surface of
Pigeonpea (Cajanus cajan (L.) Millsp.).
Competitive Research Facility Project R7029 C,
Final Technical Report. Dept. of Intl. Dev,
London, UK.

Taneja, S.L. and K. Leuschner, 1985. Methods of
rearing, infestation and evaluation for Chilo
partellus resistance in sorghum. Proceeding of Int'l
Sorghum Entomol. Wrshop, 15-21 July 1984,
Texas A & M University., College Station and
ICRISAT Center, Patancheru 502 324 andhra
Pradesh, India, pp: 178-185.

Treutter, D., 2006. Significance of flavonoids in plant
resistance: A review. Environ. Chem. Lett., 4:
147-157.

Traugott, M.S. and N.E. Stamp, 1997. Effects of
chlorogenic acid and tomatine fed caterpillars on
performance of an insect predator. Oecologia, 109:
265-272.



Asian J. Agric. Sci., 4(4): 298-307, 2012

Upasani, S.M., H.M. Kotkar, P.S. Mendki and V.L. Van Emden, H.F., 1987. Cultural Methods: The Plant.

Maheshwari, 2003. Partial characterization and In: Integrated Pest Management. Burn, AJ., T.H.
insecticidal properties of (Ricinus communis L.) Coaker and P.C. Jepson, (Eds.), Academic Press,
foliage flavonoids. Pest Manage. Sci., 59: 1349- London, pp: 27-68.

1354,

307



