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ABSTRACT

Among the chemical defensive strategies developed by the plant, leaf
phenolics generated due to insect herbivory play a major role in controlling the
herbivore damage. This study deals with the quantitative and qualitative changes in
castor (Ricinus communis L) plant leaf phenolics due to the feeding of its major pests,
the castor semilooper [Achaea janata (L.)],, tobacco caterpillar [Spodoptera litura
(Fabricus)] and the capsule borer [Dichocrosis punctiferalis (Guenee)]. The foliar
phenolics extracted from the pest damaged leaves were compared between the pests
having different modes of feeding. These experiments revealed the presence of
elevated levels of phenolic acid in insect infested plants than uninfested plants. Seven
individual phenolic acids were monitored by high performance liquid chromatography
(HPLC) in pest damaged and normal healthy castor plant leaves and an increase in
vanillic, coumaric, ferulic and syringic acids was noted in the insect infested plants.
The impact of increased phenolics on pest feeding behaviour and the growth were
analysed through antifeedant assays. A significant difference in the modification of
phenolic acids between specialist and generalist leaf feeders was found.

Key words: Achaea janata L, antifeedant, castor, Dichocrocis punctiferalis,
herbivory, HPLC, phenolics, , Ricinus communis, Spodoptera litura.

INTRODUCTION

Plants employ different defensive strategies (including chemical and physical
defences) to protect themselves from their attack or to deter the herbivore activities. Many
of these have been developed as natural insecticides or have served as templates from
which synthetic pest control agents have been derived (9). Among the anti-herbivore
chemicals produced by plants, phenolics has to attained main status in recent years as they
are often referred to as resistance compounds (5). The term ‘phenolics’ describes
structurally diverse plant secondary metabolites that possess one or more hydroxy groups
(OH) bound to an aromatic 6-carbon ring. A correlation of phenolics in plants with
herbivory or herbivore performance is a strong evidence of their important role in
antiherbivore defence and it has been studied intensely in past.
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Insect herbivory induces many changes in the metabolism of their target plants,
which include biosynthesis of plant defense chemicals (14,18), generation of reactive
oxygen species (ROS), hydroxy radical (OH") (3), and increased phenolic content (24).
Plants accumulating higher phenolics concentrations tend to repress herbivore
development (15). Many evidences suggest that phenolic acids limit the herbivore damage
based on their activity as deterrents and toxins (20). Applications of pure phenolics on
leaves reduced the growth and survival of caterpillars indicating the antifeedant activity of
phenolics and also their role in chemical defence (2,12,37). They can inhibit herbivore
digestion by producing free radicals, which bind to consumed plant proteins and interferes
in their absorption (4).

Castor [Ricinus communis (L.) (Euphorbiaceae)], is major crop in dry land areas
of Andhra Pradesh, India. The seeds are used in many pharmaceutical preparations, thus
having tremendous export value. Castor oil and its derivatives have more than 700
industrial uses (e.g. in paints and varnishes for surface coatings, nylon type synthetic
polymers, resins, lubrication for aviation engines, cosmetics textile dyeing, insecticides,
and leather industry). Castor semilooper [Achaea janata L. (Noctudiae: Lepidoptera)] is
regular and serious pest on castor during July-October and the tobacco caterpillar
[Spodoptera litura F.], a major defoliator of castor is highly polyphagous and occurs
throughout India (36). Castor capsule borer [Dichocrocis punctiferalis (G.) is also one of
the most destructive pests of castor crop in India (13). The borer attacks various plant parts
like shoots, inflorescences and capsules, causing considerable yield losses (28). Pest
feeding induces defensive responses affecting the plant physiology and biochemical
composition of plants. There are evidences that leaf phenolics increase due to insect-
herbivore damage in tomato (Lycopersicum esculentum Mill) (11,30). All these
lepidopteron pests cause different extents of feeding damage and castor plants responds
variable as per the type of herbivore feeding on them, though all are phytophagous in
nature (34). Feeding by larvae of S. litura and A. janata on castor induces polyphenol
oxidase activity, which is involved in the formation of phenolics (33).

In this study we evaluated the changes in phenolics profile of castor plant leaves
in reponse to herbivory by three different pests: a specialist, a generalist and a borer pest.
The correlation between quantitative and qualitative changes with the mode of feeding as
well as the extent of feeding damage by the pests was investigated. A total of seven
common phenolic acids were determined using HPLC in pest damaged plants and
compared to normal healthy castor plants. Also the impact of ingestion of individual
phenolic acids on the feeding herbivore through antifeedant as well as toxicity studies was
investigated. In our past studies we reported on the herbivore induced phenolic compounds
in castor plants due to the feeding damage by two major pests of castor, S. litura and A.
Jjanata (35). Yet information on individual phenolic acid on physiology and behaviour of
the insect herbivores and their role in limiting the herbivore damage is unknown.

MATERIALS AND METHODS

I. Castor plants Cultivation
Castor seeds of variety ‘Kranthi’ were sown in plastic pots (30x 40 cm) at 2

seeds per pot. Pots were arranged in completely randomized experimental design. The
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plants were placed in a glass chamber at 34 + 2°C temperature and were fertilized with
Osmocote (N/P/K = 14: 14: 14) for the efficient growth. Ideal moisture content in pots was
kept by irrigation. Healthy plants of 60 £ 5 d old were used for the experiments.

II. Insect rearing

The lepidopteran pests, S. litura and A. janata were from our laboratory colony.
The culture has been continuously maintained on fresh castor bean leaves at 25+2 °C
temperature, 65+5% relative humidity and 16:8 h photoperiod. Healthy third instar larvae
of A. janata and S. litura were used for the experiments. The cultures of the capsule borer
(D. punctiferalis) were maintained in the lab fields. The infested leaves were collected
from the plants grown in our laboratory campus.

III. Chemicals

Phenolic acids such as wvanillic (4-hydroxy-3-methoxybenzoic acid), p-
hydroxybenzoic, syringic (O-methylated trihydroxybenzoic acid), cinnamic (phenylacrylic
acid), ferulic, caffeic (3,4-dihydroxy-cinnamic acid) and coumaric acids were purchased
from Sigma Aldrich (purity~99%) and were used as standards for comparison. The
solvents were of HPLC grade and the reagents used for estimations were of 99% purity
(Merck chemicals, Darmstadt, Germany). The water used was treated in a Milli-Q water
purification system (Millipore, Bedford, MA).

IV. Pest feeding and phenolic acid extraction

Ten randomnly selected castor plants (2 months old) were brought to the
laboratory and a pre-starved healthy 3™ instar larvae of A. janata and S. litura was released
separately on terminal leaf of each plant and confined at the point of release by enclosing it
in a muslin bag. They were allowed to feed on the leaves for 6 h and the remaining leaf
portions after feeding (50-60%) were used for the phenolics assay. The insects were
removed after feeding and then the infested leaves were collected at 0, 24, 48, and 72 h
after pest feeding. In all the experiments, fresh leaves from the normal and healthy castor
plants (without any pest infestation) of similar age were used as controls for comparison.
The phenolic extractions were done as per the method described earlier by Jyothsna and
Usha Rani (24) with minor modifications. 1 g leaf was weighed and extracted in 95%
methanol for 3 d under continuous shaking condition. The solution was filtered and
evaporated into dryness by rotavapor. The dried material was re-suspended in 2 mL of
HPLC grade methanol and was taken for colorimetric and HPLC analysis.

V. Determination of Total Phenolics

The amount of total phenolics in leaf extracts was estimated as per the method of
Singleton and Rossi, (29). Briefly, 100 uL samples were introduced into test tubes and the
volume was made up to 1 mL with distilled water. Then 0.25 mL of Folin-Ciocalteu
reagent (1:1 with water) and 2.5 mL of sodium carbonate solution (20%) were added
sequentially into each tube. Soon after vortexing the reaction mixture, the tubes were
incubated at room temperature for 1 h. The absorbance of the coloured reaction product
was measured at 765 nm (TECHCOMP vis 7200 visible spectrophotometer). The total
phenolic content was compared with gallic acid as standard and expressed in terms of
Gallic Acid Equivalent (GAE).
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VI. HPLC Analysis of individual phenolic acids

Phenolic acids were analysed using HPLC according to the method described by
Tuzen (32). The separation of phenolic compounds was accomplished on a Gilson GX-271
semi preparative HPLC system. The column was Cig (2.5 x 30 cm Gilson apparatus) and a
liquid handler with auto injector was employed. For phenolic acid analysis a gradient
elution programme was applied and elution was done with solvent A (acetic acid/water
(2:98 v/v)) and solvent B (acetic acid: acetonitrile: water (2:30:68 v/v)) as mobile phase.
Initial condition was programmed as 100% A; 0-5 min, changed to 100% B; 25-35 min.,
with a flow rate of 1.0 mL/min and the sample injection volume was 100 puL. The signals
were detected at 254 nm. Retention times for the standard compounds and the major peaks
in the extract were recorded. Identification and determination of the separated compounds
were made by comparison of retention time and structure of UV spectra of the separated
compounds and standards. All the experiments were performed in five independent
replicates.

VII. Individual phenolic acids effect on insect feeding behaviour

To understand how the individual phenolic acids may affect the relationship
between the foliar quality and herbivore performance as well as to explain the leaf
phenolic role in larval feeding, we conducted several antifeedant and toxicity bioassays.
Classical no-choice leaf disc assay described earlier by Akhtar et al. (1) with slight
modifications was employed to determine the antifeedant activity of pure phenolic
compounds. Clean glass petri dishes (15 cm dia) were used for study. Fresh leaf discs
(10.6 cm? area) were cut from foliage of greenhouse-grown castor plants with a cork borer.
Different doses (50, 75, 100, 125, 150 and 200 pg/ cm? of leaf) of the test materials were
sprayed uniformly on both sides of leaf discs at 100 uL per disc. A pre-starved (for about 3
h) actively feeding early 3" instar larvae of S. litura and A. janata were placed individually
into the petri dishes containing the treated and pre weighed castor leaf discs. The control
leaf discs sprayed with 100 pL absolute methanol. A small piece of moistened cotton
placed inside the petri dish provided the adequate humidification and prevented drying of
leaf. The experimental containers were kept in an illuminated growth chamber at 28+2°C.
There were 10 replicates for each treatment and all the treatments were repeated on 3
different days to avoid day to day variation if any. The food consumption by each larva
was recorded by measuring the leaf area consumed after 24 h of treatment using leaf area
meter (Area meter AM 300, ADC Bioscientific Ltd). Uneaten leaf material was also
measured in the similar manner.

The antifeedant index (%) was calculated as under:

Antifeedant index (%) = [(C-T)/(C+T)] x 100

Where, C: Area of leaf discs consumed in control and T: Area of leaf discs consumed in
treatment.

To determine the toxicity, oral feeding bioassays were done by the method
described above for antifeedant activity. Except that the larvae were allowed to feed on the
treated disc for 24 h and the mortality of the larvae and the toxic effects were recorded.
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VIII. Statistical analysis

The differences in the phenolic acid levels between pest infested and normal
uninfested plants were calculated from HPLC chromatograms and were analyzed using
paired t-test at p<0.05. All the data were presented as mean + SD

RESULTS

Quantitative analysis of the phenolics showed significant variation among the
plants damaged by pest attack and normal healthy plants. The pest feeding resulted in
statistically significant increases in the concentrations of total phenolic components and
individual phenolic acids. The pure phenolic compounds showed significant impact on the
larval physiology and feeding behaviours, a few of them being antifeedant while some of
them were extremely toxic to the insect herbivores.

Total phenolic content assay

The quantitative estimation of total phenolic content was done by colorimetric
assay and is expressed as GAE. A significant difference was observed in the levels of total
foliar phenolics, which were amplified in herbivore damaged castor plants. A maximum
increase of 0.986 mg/mL GAE was recorded in 48 h duration in A. janata infested plants
(Figure 1), thereafter a slight decrease in 72 h post feeding. In S. litura infested plants, an
increase of 0.358 mg/mL. GAE was observed in 24 h after damage (Figure 1) and there
was a decrease in phenolic acid content after 24 and 48 h respectively. However the
increase in total phenolic content was comparatively less in the castor leaves infested with
S. litura than that of A. janata damaged leaves. This quantitative difference in phenolics
has also occurred due to capsule borer, D. punctiferalis infestation (Fig.1). In healthy and
uninfested castor plants, 0.7635 mg/mL GAE of foliar phenolic content was observed,
whereas in D. punctiferalis infested plants; the level of leaf phenolics has been increased
to 1.124 mg/mL GAE.

HPLC analysis of individual phenolic acids

The leaf extracts of castor plants damaged by 3 different herbivore pests were
analysed by HPLC for the changes in seven common phenolic acids and were compared
with the standard chemicals for confirmation. A significant difference in quantities of
certain phenolic acid contents was recorded due to herbivory by all the 3 castor pests
tested and this depended on the type of feeding by that particular pest.
A quantitative enhancement of the ferulic, vanillic, syringic and coumaric acids were
recorded while a decrease in cinnamic acid was evident in the castor plant leaves damaged
by A. janata larvae. It is interesting to note that the caffeic acid has increased until 24 h
and p-hydroxybenzoic acid until 12 h after A. janata feeding, but disappeared 48 h and 24
after the commencement of feeding by the larvae respectively. Individual phenolic acid
profile at different intervals after A. janata feeding showed that coumaric and ferulic acids
increased up to 48 h followed by a slight decrease before returning to the normal levels
while vanillic and syringic acids increased till 72 h (Table 1).
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Figure 1. Total phenolic content in castor leaves in response to insect feeding by three major pests

Table 1. Individual phenolic acid profile extracted from the leaves of castor plant infested by

A. janata

Phenolic compounds

Hours after infestation

48

72

Control
p-Hydroxy benzoic acid 1.40+0.15
Vanillic acid 3.84+0.29
Caffeic acid 0.61+0.11
Coumaric acid 9.66+0.39
Cinnamic acid 9.64+0.55
Ferulic acid 1.49+0.27
Syringic acid 1.33+0.23

*

13.72+0.12
*
25.63+0.47
5.57+0.43
16.7340.26
6.16+0.40

*

16.13+0.52
*
21.62+0.40
4.2240.07
9.79+0.26
9.53+0.34

Data in the table are compound weight in pg/gram fresh weight of leaf. * indicates the compound

was not detected.

Similar study with the S. litura larval feeding indicated a rapid defensive response
from the castor plant causing a highest increase of phenolic content at 24 h after
infestation. Cinnamic and p-hydroxybenzoic acids decreased with increase in time after S.
litura damage, whereas vanillic and coumaric acids were maximum at 24 h after S. litura
feeding. However, syringic and ferulic acids were increased at 48 h after feeding by S
.itura larvae, while no significant changes were observed in caffeic acid levels (Table 2).
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Table 2. Quantitative differences in individual phenolic profiles of leaf extracts infested by S. litura.

Phenolic compounds Hours after infestation

Control 0 24 48 72
p-Hydroxy benzoic acid ~ 1.44+0.23 0.685+0.04  0.486+0.06 * *
Vanillic acid 3.564+£.031 4.041+£0.37 6.470+£.047  6.460+.046  6.480+.042
Caffeic acid 1.47240.30  0.754+0.08  0.880+0.08  0.852+0.50  0.745+0.14
Coumaric acid 7.579+0.32  9.75540.43  13.207+0.47 12.056+0.56 8.567+0.48
Cinnamic acid 8.15740.39  4.522+0.45 5.096+0.43  2.511+0.33  1.788+0.24
Ferulic acid 1.214+0.18  1.46440.10 4.420+0.46  5.864+0.45  3.872+0.34
Syringic acid 1.790+0.28  2.131+0.30  3.091+0.28  3.094+0.40  3.618+0.51

Data in the table are compound weight in pg/gram fresh weight of leaf. * indicates the compound
was not detected.

The assessment of individual phenolic acids in uninfested leaves of castor plants
infested by capsule borer, D. punctiferalis, it was observed that caffeic, coumaric and
cinnamic acid levels decreased, while those of vanillic, syringic and ferulic acids increased
(Fig. 2). The quantities of p-hydroxybenzoic acid remained constant in D. punctiferalis
infested plants where they are comparable with that of the quantities of normal healthy
plants.
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Figure 2. Individual phenolic acid profile in uninfested leaf extracts of castor plant infested by
D. punctiferalis

From the results on antifeedant bioassays, it is obvious that though both A. janata
and S. litura are leaf tissue chewing insects, the larval responses towards the phenolics
differed. The castor leaves surface treated with gallic, caffeic, p-hydroxybenzoic and
chloro-benzoic acids showed good antifeedant activity to the 3™ instar larvae of
semilooper pest, A. janata. Whereas, vanillic and coumaric acids were less active as
antifeedants. The syringic and cinnamic acids were toxic to these larvae resulting in their
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death. Antifeedant index of pure phenolic compounds against A. janata and S. litura were
shown in Figure 3. On contrary, vanillic, caffeic, syringic and cinnamic acids exhibited
high antifeedant activity to the tobacco caterpillar, S. litura larvae, while chloro-benzoic,
p-hydroxybenzoic and gallic acids were less active and the coumaric acid exhibited
moderate antifeedancy to S. litura. Only caffeic acid was an effective feeding deterrent to
both the leaf feeding pests. It is interesting to note that A. janata caterpillar was able to
tolerate high dosage (200ug/cm’ of leaf) of pure phenolics than S. litura larvae (100
ug/cm’ of leaf).
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Figure 3. Antifeedant index of pure phenolic acids against two major pests of castor, i.e. A. janata L.
and S. litura F. (GAL: gallic acid, PHB: p-hydroxybenzoic acid, VAN: vanillic acid, CAF:
caffeic acid, SYR: syringic acid, COU: coumaric acid, CBA chloro-benzoic acid, CIN:
cinnamic acid and CONT: control)
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DISCUSSION

Phenolic acids are structurally diverse class of phytochemicals, which play major
roles in plants protection against herbivore attack (17). In regard to insect-pests, phenolics
act as digestion inhibitors, antioxidants and reacting oxygen species by producing free
radicals (4). Total amount of phenolic acids (presented as sum of phenolic compounds)
was the lowest in control plants and the increase was observed after insect’s infestation. A
similar result of low level free phenolics was observed in control soybean plants and the
increase in their content after exposure to stress factors (23)

From the quantitative analysis of foliar phenolics, an increase was observed in A.
Jjanata infested plants. In these plants a gradual increase in phenols was recorded in 24 h to
48 h followed by decline after 72 h. On the other hand a maximum increase in foliar
phenolics was observed 24 h after S. litura feeding indicating a rapid response. The
increase in quantity of total phenols might be attributed to defense mechanism (22). The
increase in phenolics in relation to resistance was reported in Brassica by Singh, (27).

In our earlier studies we reported the higher peroxidase activity in castor plant leaves fed
by the third instar larvae of A. janata (24). Increased peroxidase activity is associated with
the resistance reaction which could be due increased phenolic acid concentration.

A. janata popularly called as castor semilooper was specific pest on castor. Third
and fourth instar larvae voraciously fed on castor leaves and tender branches causing
extensive defoliation (37). By comparing the increase in level of foliar phenolics in case of
all the three pests, it can be demonstrated that the feeding of A. janata induced higher
amount of foliar phenolics i.e. early 1.5 times more than the levels recorded in control
plants whereas in case of S. lifura infested plants 0.5 times increase was observed. It was
only 0.47 times increase in case of D. punctiferalis. From the analysis of total phenolics, it
was observed that increase in phenolic acids is comparatively higher in case of A. janata
infested plants than S. litura and D. punctiferalis infested plants. Perhaps the reason might
be the plant had increased responses towards toward the specific pest. S. litura is a
polyphagous pest that can feed on any plant, and A. janata being monophagous has
restricted feeding on a limited species of plants (34).

It is interesting to note that the induction of higher phenolic production was
greater in leaf feeding larvae than the fruit borer. This can be correlated to the direct leaf
tissue damage by both A. janata and S. litura, whereas, the tissue damage to the leaf does
not occur due to D. punctiferalis attack, as it feeds only on the tissue of castor plant
capsules/fruit. It is known that fruit or stem borer pests too induce systemic chemicals in
the entire plants on which they feed which cause changes in the uninfested leaves of the
borer infested plants.

Earlier reports indicate that mode of feeding plays an important role in inducing
plant responses (33). The difference in the increased levels of phenolic acids in case of
three insects might be due to the difference in their feeding modes. A. janata is avid feeder
on castor plant and specific pest on castor plant whereas S. litura is a polyphagous pest
that feeds on castor on availability. On the other hand D. punctiferalis is a capsule borer
and damages the capsules. From the results it is noted that the uninfested leaves from the
capsule borer infested plants also brings changes in leaf phenolics, but the change was less
when compared with the control. The variation in the mode of feeding by each of 3 insects
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caused a variation in plants response too and the results were obvious. Also the distance
between the wound area (herbivore damage) and the plant response (leaves) is greater in
case of D. punctiferalis. This also might be one of the reasons.

Duration of feeding by pest also has profound impact on phenolic production.
Though the duration of feeding or the damage extent is same in both the leaf feeders, the
differences in time of production and availability of phenolic acids in the leaf tissue were
observed. Phenolic acid levels in A. janata infested leaf extracts were maximum at 48 h
after infestation and remained above the control levels for 72 h of post infestation. In case
of S. litura damaged leaf extracts, foliar phenolics were recorded maximum at 24 h after
feeding and decreased nearly to control levels at 72 h after damage.

Individual phenolic profiles from A. janata infested leaf extracts suggest that the
quantities of vanillic, coumaric, ferulic and syringic acids increased, while cinnamic acid
decreased. On the other hand p-hydroxybenzoic acid was noticed only in control and in
infested plants at zero h. While caffeic acid increased up to 24 h after feeding signifying its
role in biosynthesis of lignin, a major component of cell wall and it was not present at 48
and 72 h after feeding. Interestingly, in case of S. litura infested plants, the presence of
caffeic acid was recorded even after 72 h after infestation. Among the seven phenolic acids
monitored coumaric acid was maximum followed by ferulic acid in case of A. janata as
well as in S. litura. According to Santiago et al., (25) the amount of free p-coumaric acid
was correlated with the resistance level in the important pest of maize, Sesamia
nonagrioides (Lefebvre).

HPLC results suggest that there is a rapid decrease in cinnamic acid and increase
in other acids like ferulic, vanillic and coumaric acids. Thus it can be proposed that
cinnamic acid produced in response to insect herbivory is converted into other phenolic
acids like coumaric, ferulic and vanillic acids and are employed in controlling the
herbivore activity. Cabrera et al. (8) stated that ferulic acid used as a resistance factor or
incorporated into artificial diets decreased aphid survival and reduced reproductive index
of the green bug (Schizaphis graminum). Caffeic acid is one of the phenolic acids, which
play a major role in biosynthesis of lignin (6) and is a precursor to ferulic acid. Coumaric,
caffeic and ferulic acids are central intermediates of lignin biosynthesis. Individual
phenolic acid profiles showed an increase in ferulic acid and approximately constant levels
of caffeic acid. Thus increase in caffeic acid will be correlated with lignin biosynthesis.
Lignin and other phenolics can strengthen cell walls and therefore can be anti-nutritional
(7, 26)

It is interesting to study the effects of different phenolic acids on the feeding
herbivore growth, mortality and behaviour. The results on antifeedant bioassays indicated
a significant interaction between the plant feeding and herbivore performance. Herbivory
modified the leaf chemical structure thus affecting the leaf suitability to larvae. Ingestion
of gallic, caffeic, p-hydroxybenzoic acids deterred the feeding of the lepidopteran A.
janata. The pure phenolic acids, vanillic, caffeic, syringic and cinnamic acids too
modified the feeding behaviour of the bioassay larvae of S. litura when exposed to the
treated leaf disc. It is noteworthy that compounds with less toxicity and having antifeedant
properties like PHB, vanillic, and coumaric acids were increased due to infestation by A.
Jjanata larvae. Furthermore it can be noticed that cinnamic acid which produced toxicity at
a lower dosage was maximum at zero h after infestation. Summers and Felton (31)
proposed that the induction of oxidative stress may be an important component of phenolic
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toxicity in lepidopteran larvae. Ferulic acid has the strongest oviposition deterrent to the
spruce budworm, Choristoneura fumiferana (Lepidoptera: Tortricidae) (16). Induced
accumulation of phenyl propanoids in response to insects feeding was reported, especially
for the ferulic and p-coumaric acids in wheat tissues as a response to Sifodiplosis
nonagriodies (10).

Chlorogenic acid and rutin, major phenolic constituents inhibit early larval
growth of the fruit worm, Heliothis zea when added to an artificial diet for this insect (21).
When the tomato fruit worm Heliothis zea or the beet army-worm Spodoptera exigua feed
on tomato foliage, a substantial amount of the ingested chlorogenic acid is oxidized to
chlorogenoquinone, a highly reactive electrophile by PPO in the insect gut. The reduction
in larval growth is proposed to result from the alkylation of amino acids or proteins by o-
quinones and subsequent reduction in the nutritive quality of foliage. The cinnamic acid
derivatives like chlorogenic acid and rutin represent model phenolics in the study of plant
antiherbivore defense due to their ubiquitous occurrence among terrestrial plants and well
documented-toxicity to insect herbivores. (21, 19)

The results presented in this work show much higher biosynthesis of phenolic
acids in castor plant leaves after insects feeding. Thus it can be suggested that feeding of
the herbivorous insects induce antibiosis based on accumulation of the phenolic acids in
studied castor plants. In summary, the results of this study show that the leaf phenolics are
modified quantitatively due to pest feeding and further these enhanced phenolics have
profound effects on feeding herbivore larval performance and mortality.

ACKNOWLEDGEMENTS

Authors are grateful to Department of Science and Technology, New Delhi for
research grant and Dr. J. S. Yadav, Director, Indian Institute of Chemical Technology,
Hyderabad, India for the encouragement and facilities.

REFERENCES

1. Akhtar, Y. and Isman, M.B. (2004). Feeding responses of specialist herbivores to plant extracts and pure
allelochemicals: effects of prolonged exposure. Entomologia Experimentalis et Applicata 111:
201-208.

2. Ali, ML, Bi, J.L.., Young, S.Y. and Felton, G.W. (1999). Do foliar phenolics provide protection to Heliothis
virescens from a baculovirus? Journal of Chemical Ecology 25: 2193-2204.

3. Allen, R.D. (1995). Dissection of oxidative stress tolerance using transgenic plants. Plant Physiology 107:
1049-1054.

4. Appel, H. (1993). Phenolics in ecological interactions: The importance of oxidation. Journal of Chemical
Ecology 19: 1521-1552.

5. Beninger, C.W., Abou-zaid, M.M., Kistner, A.L., Hallett, R.H., Igbal, M.J., Grodzinski, B. and Hall, J.C.
(2004). A flavanone and two phenolic acids from Chrysanthemum morifolium with phytotoxic
and insect growth regulating activity. Journal of Chemical Ecology 30: 589-606.

6. Boerjan, W., Ralph, J. and Baucher, M. (2003). Lignin biosynthesis. Annual Reviews of Plant Biology 54:
519-546.

7. Brodeur-Campbell, S.E., Vucetich, J.A., Richter, D.L., Waite, T. A., Rosemier, J.N. and Tsai, C.J. (2006).
Insect herbivory on low-lignin transgenic aspen. Environmental Entomology 35: 1696-1701.

8. Cabrera, H.M., Muioz, O., Ziiiiga, G.E., Corcuera, L.J. and Argandofia, V.H. (1995). Changes in ferulic
acid and lipid content in aphid-infested barley. Phytochemistry 39: 1023-1026.



274

10.

11.

12.

13.

14.

15.

16.

17.
18.
19.
20.
21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

Usha Rani and Ravibabu

Dayan, F.E., Cantrell, C.L. and Duke, S.O. (2009). Natural products in crop protection. Bioorganic and
Medicinal Chemistry 17: 4022-4034.

Ding, H., Lamb, R.J. and Ames, N. (2000). Inducible production of phenolic acids in wheat and antibiotic
resistance to Sitodiplosis mosellana. Journal of Chemical Ecology 26: 969-985.

Duffey, S.S. and Felton, G.W. (1991). Enzymatic antinutritive defenses of the tomato plant against insects.
In: Naturally Occurring Pest Bioregulators (Ed., P.A. Hedin). pp. 166-197. American
Chemistry Society, Washington, DC, USA.

Elliger, C.A., Wong, Y., Chan, B.G. and Waiss, A. C., Jr. (1981). Growth inhibitor in tomato (Lycopersicon)
to tomato fruitworm (Heliothis zea). Journal of Chemical Ecology 5: 753-758.

Gaikwad, B.B. and Bilapate, G. G. (1992). Parasitization of Achaea janata and estimation of yield losses on
castor. Journal of Marathwada Agricultural University 17:195-196.

Gatehouse, J.A. (2002). Plant resistance towards insect herbivores: a dynamic interaction. New phytologist
156: 145-169.

Ghumare, S.S. and Mukherjee, S.N. (2003). Performance of Spodoptera litura Fabricius on different host
plants: influence of nitrogen and total phenolics of plants and mid-gut esterase activity of the
insect. Indian Journal of Experimental Biology 41: 895-899.

Grant, G.G. and Langevin, D. (1995) Oviposition deterrence, stimulation, and effect on clutch size of
Choristoneura (Lepidoptera: Tortricidae) species by extract fractions of host and nonhost
foliage. Environmental Entomology 24: 1656-1663.

Hahlbrock, K. and Scheel, D. (1989). Physiology and molecular biology of phenylpropanoid metabolism.
Annual Review of Plant Physiology and Plant Moecular Biology 40: 347-469.

Harborne, J.B. (1988). Introduction to ecological biochemistry. Academic press, London, U.K.

Harborne, J.B. (1991). In: Flavonoid Pigments Herbiveres: Their Interactions with Secondary Plant
Metabolites (Eds., G.A. Rosenthal and M.B. Berenbaum). Volume 1: 389-429. Academic
Press, New York.

Harborne, J.B. (1994). Introduction to Ecological Biochemistry, 4th edn. [M]. Academic Press. New York.

Isman, M.B. and Duffey, S.S. (1982). Toxicity of tomato phenolic compounds to the fruitworm. Heliothis
zea. Entomologia Experimentalis et Applicata 31: 370-376.

Jain AK. and Yadav H.S. (2003). Biochemical constituents of finger millet genotype associated with
resistant to blast caused by Pyricularis grisea. Annals of Plant Protection Science 11: 70- 74.

Janas, K.M., Cvikrova, M., Palagiewicz, A., Szafranska, K. and Posmyk, M. (2002). Constitutive elevated
accumulation of phenylpropanoids in soybean roots at low temperature. Plant Science 163: 369-
373.

Jyothsna, Y., Kapil, M . and Usha Rani, P. (2009). Effects of herbivore feeding on biochemical and nutrient
profile of castor bean, Ricinus communis L. plants. Allelopathy Journal 24: 131-142.

Santiago, R., Malvar, R.A., Baamonde, M.D., Revilla, P. and Souto, X.C. (2005). Free phenols in maize pith
and their relationship with resistance to Sesamia nonagrioides (Lepidoptera: Noctuidae) attack.
Journal of Economic Entomology 98:1349-1356.

Schroeder, F.C., Del Campo, M.L., Grant, J.B., Weibel, D.B., Smedley, S.R., Bolton, K.L., Meinwald, J. and
Eisner, T. (2006) Pinoresinol: A lignol of plant origin serving for defense in a caterpillar.
Proceedings of Natlonal Academy of Science U. S.A. 103: 15497-15501.

Singh, H.V. (2004). Biochemical transformation in Brassica spp. due to Peronospora parsitica infection.
Annals of Plant Protection Science 12: 301-304.

Singhvi, S.M., Balan, J.S. and Yadava, T.P. (1972). Note on varietal susceptibility in castor to shoot and
capsule borer, Dichocrocis punctiferalis Guen. (Lepidoptera: Pyralidae). Indian Journal of
Agricultural Science 42: 269-270.

Singleton, V.L. and Rossi, J.A. (1965). Colorimetry of total phenolics with phosphomolyb-
dicphosphotungstic acid reagents. American Journal of Enology and Viticulture 16: 144-158.

Stout, M.J., Workman, K.V., Bostock, R.M. and Duffey, S.S. (1998). Specificity of induced resistance in the
tomato, Lycopersicon esculentum. Oecologia 113: 74-81.

Summers, C.B. and Felton, G.W. (1994). Prooxidant effects of phenolic acids on the generalist herbivore
Helicoverpa zea (Lepidoptera: Noctuidae): potential mode of action for phenolic compounds in
plant anti-herbivore chemistry. Insect Biochemistry and Molecular Biology 24: 943-953.

Tuzen, M. (2003). Chromatographic determination of phenolic acids in the Snowdrop by HPLC. Turkish
Journal of Chemistry 27: 49-54.



33.

34.

35.

36.

37.

Allelochemicals in castor plants and their impact on pest larval feeding 275

Usha Rani, P. (2006). Induced defense in plants - interaction with other organisms. Allelopathy Journal. 17:
181-198.

Usha Rani, P. (2008). Allelochemical stress induced biochemical changes in the leaves and plant growth
regulation in Ricinus communis L. Allelopathy Journal 22: 79-92.

Usha Rani, P.and Jyothsna, Y. (2010). Biochemical and enzymatic changes in rice plants as a mechanism of
defense. Act. Physiol. Plant. 32: 695- 701.

Vimala, D.P.S. and Rao, M.L.N. (2005). Tailoring production technology: Bacillus thuringiensis (Bt) for
localized production. Tailoring biotechnology 1: 107-120.

Yang, Y., Stamp, N.E. and Osier, T.L. (1996). Effects of temperature, multiple allelochemicals and larval
age on the performance of a specialist caterpillar. Entomologia Experimentalis et Applicata 79:
335-344.



