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glands can serve asimportant morphological
markers, indicating thereby the relative
extent of hypericin present in a strain,
without the need of chemical estimation.
These dark-coloured glands can also serve
as important breeding tools, as strains
with more number of glands per petal/
leaf can be isolated with consequent
higher hypericin content. Strains devel-
oped on the basis of higher number and
size of glands can be easily segregated from
the rest, especiadly in any cultivation or
breeding programme.

As is known in the literatur and
aso confirmed by the authors, flowers of
H. perforatum contain much higher hy-
pericin content (approximately 1%) com-
pared to leaves (approximately 0.2%).
The higher hypericin content in flowers
is probably due to the presence of much
larger number of glands in petals compared
to leaves.
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| dentifying the dietary sour ce of polyphagous Helicoverpa armigera
(HUbner) using carbon isotope signatures

An animal with unlimited choice of food
has an advantage over the one feeding on
scarce resource, which is a logical benefit
accruing to generalists. Evolutionarily,
an insect that can feed on many host
plants — polyphagous — enjoys better chance
of survival in nature. On the other hand,
monophagous insects have evolved supe-
rior abilities to search for the host plants
of their preference. Helicoverpa armi-
gera (Hulbner), a highly dreaded pest of
several agricultural crops, is highly poly-
phagous, feeding on more than 170 species
of plants belonging to 41 families'. How-
ever, the fitness of H. armigera population
depends upon the host plant. This means
though the insect is polyphagous, it may
develop preference to a particular host,
which however is not rigid®. Thus, it is
believed that H. armigera feeding on dif-
ferent hosts would develop into specific
biotypes. Biotypes are more commonly
distinguished by survival and develop-
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ment on a specific host or by developing
feeding preference, oviposition®.

There seems to be no equivoca agree-
ment on the concept of the development
of host biotypesin H. armigera populations.
‘Mark-release—recapture’ technique is
widely used for demonstration of feeding
behaviour of an insect*. This technique
involves marking the adult moths, releas-
ing them in a particular crop patch, sub-
sequently tracking and capturing of them
on different hosts as an indication for
their host acceptance. The marked moths
from crop-A, if captured on crop-B might
suggest host shift to crop-B. However,
this settlement of the insect on crop-B
could simply be an accidental landing of
the insect. Further, mere landing of the
moths on crop-B need not be followed by
settlement and host utilization. On the
other hand, observing for the oviposition
of the marked moths on a different host
plant could clearly indicate the develop-

ment of biotypes. This would be impos-
sible unless an accurate signature of the
moths and their eggs is available.

In order to precisely understand the
feeding behaviour of an insect, determining
what the insect has actually eaten will be
the best evidence for host utilization. Be-
cause of the similarity of the organic
molecules of any host plant, this would
initially seem like an impossibility. Sta-
ble isotope signatures of animal tissues
can be used to study the trophic ecology®,
nutritional status® and geographic origin
of animals’. This has led to an explosive
burst of research in a new frontier in animal
ecology. The carbon isotopic composi-
tion of an animal has been shown to ac-
curately reflect its diet*® and hence can
provide useful leads to the identification
of dietary sources™®™,

During the photosynthetic conversion
of carbon from inorganic to the organic
form, plants prefer the lighter isotope of
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carbon (**C) to the heavier one (**C).
This isotope fractionation (d**C) renders
the organic molecules significantly depleted
in 3C compared to the atmospheric air.
Several physical and biochemica proc-
esses of carbon assimilation, including
diffusion'®*®, dissolution'* and carboxy-
lation™ result in this isotope discrimina-
tion. Following the discovery of C,
photosynthesis, several workers discovered
that C, plants are isotopically distinct
from C; plants'®Y’. C, plants have a d**C

Table 1.

value around —28%o., while C, plants have
a value of approximately —14%o. In sub-
sequent years, a humber of laboratories
around the world made similar measure-
ments on thousands of plant species and
established a clear distinction between
C; and C, species'®. Therefore, d**C has
become a standard test for the identifica-
tion of biochemical origin of the organic
compounds. The carbon isotope signatures
have been successfully used to infer on
the feeding behaviour of animals'®11920,

Differences in carbon isotope composition (d**C) in host and pupae of H. armigera

Host/diet d**C of host d**C of pupa
Bendi — lab experiment -23.43+0.19 —22.75 + 0.09
Maize -15.58 + 0.10 -15.52 £ 0.10
Chickpea —26.83+0.15 —26.89 + 0.09
Tomato —27.56 +0.12 —27.93+0.15
Bendi — field collection* -23.30+£0.17 —22.36 + 0.16

*Pupae collected from a bendi field were analysed vis-a-vis the host carbon isotope values.
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Figure 1. Relationship between isotopic composition (d**C, %) of host and pupae of

H. armigera.
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Figure 2. Variation in carbon isotope composition (%0) of host and pupa of H. armi-
gera fed on bendi and shifted to the diet after 2nd instar.
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Such studies however, have not been at-
tempted for determining the feeding hab-
its of insects.

In this study, we provide a carbon iso-
tope-based evidence for determination of
probable hosts on which H. armigera
could have fed as a larva. Initially a con-
trolled experiment was conducted under
laboratory conditions where the neonates
were fed till pupation on different hosts
such as tomato, bendi, chickpea, maize
and a chickpea-based artificial diet. A set
of pupae was collected from a nearby
bendi field along with fruit samples from
the same field. In another experiment,
insects were reared on bendi till the end
of the second instar and subsequently
shifted to chickpea-based artificial diet
till pupation. The isotopic signatures of
the pupae and food material on which the
insect had fed were analysed using the
Isotope Ratio Mass Spectrometer (Delta
plus, Thermo-Finnigan, Bremen, Germany)
interfaced with an elemental analyser
(CN1112, Carlo Erba, Italy) through a
continuous flow device (Conflolll, Thermo-
Finnigan Bremen, Germany). |sotopic
analysis was carried out with an analytica
uncertainty of less than 0.1%. and was
measured at the Department of Crop Physi-
ology, University of Agricultura Sci-
ences, Bangalore.

The d**C differed significantly among
the several host plant species with maize,
a C, species having the lowest d**C. Among
C; host species, bendi had the lowest
d**C compared to others (Table 1). These
differences would hence form a good ref-
erence point for determination of feeding
behaviour of insects. Accordingly, a sig-
nificant positive relationship between
pupal d**C and host plant d**C was no-
ticed (Figure 1), suggesting that the in-
sects acquire isotopic signatures from what
they feed on.

To more conclusively assess this aspect,
H. armigera larvae were fed on bendi up
to the end of 2nd instar and then shifted
to a chickpea-based diet till pupation with
agar as one of the important components.
Agar, aseaweed, acquiresits carbon isotopic
signature from the dissolved inorganic
carbon in its aquatic conditions and hence
had a highly enriched d**C and the chick-
pea-based diet was less negative (—18.43%o).
The organic matter of the pupae should
consist of the carbon the larvae acquired
from bendi as well as from the diet. The
results illustrated in Figure 2 indicate
that d*®*C of the pupae was intermediate
between that of bendi and the diet.
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Further, d**C of the pupae of H. armi-
gera collected from a bendi field was de-
termined vis-a-vis host plant samples.
We noticed that the insect d*C closely
matched that of the host plant (Table 1),
reiterating that the carbon isotope sigha-
tures indicate the feeding habits of insects.

The results suggest that the carbon iso-
topic signature of the insect accurately
reflects the host organic carbon source
and thus would provide vital clues on
host plant on which the moth has fed as a
larva. Though this technique would be
extremely powerful in identifying the in-
sects that fed on a C; or a C, host?, it may
not be as sensitive to differentiate among
C; host species. To resolve the feeding
behaviour of the insects on various Cg
hosts plants, we propose that nitrogen
isotope ratios could provide the required
distinction. The dietary nitrogen isotope
signatures are also known to be preserved
among the animals feeding on plants?.
Symbiotically, nitrogen fixing C; legu-
minous species are known to have sig-
nificant differences in nitrogen isotope
ratios compared to that of non-leguminous
species”®, Hence nitrogen isotope com-
position (d*°N) can be used to distinguish
the nitrogen fixing C; species from the
non-N-fixing C; plants. The leguminous
plant that fixes atmospheric N, would
have a d*®N close to that of atmospheric
nitrogen, while a non-leguminous C; plant
acquiring its nitrogen nutrition from in-
organic fertilizers, would significantly
differ from that of the nitrogen-fixing
plants®.

Furthermore, since isotope signatures
of the larva (and hence the moth) should
also be reflected in their eggs, determin-
ing the isotopic composition of the eggs
can be used to assess if there has been
any host shift among insects. Variations
in the isotopic signatures of the eggs and

the host plant on which they have been
laid can conclusively prove the existence
or otherwise, of the host biotypes in H.
armigera populations.

In view of the highly encouraging
trends shown by our initial experiments,
more closely controlled experiments are
in progress to validate this concept.
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