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Our studies revealed that the 16S
rRNA gene of CGD bacterium is highly
conserved and can be used for quick
PCR-based detection of CGD bacterium
of Nagpur orange plant for the phyto-
sanitary and certification programme.
This study provides molecular evidence
for the association of Ca. Liberibacter
asiaticus with Nagpur orange decline in
the Vidarbha region. For requirement of
certified planting material, citrus growers
of this region use locally produced non-
certified planting material by private
nurseries. Mother plants from which
buds were taken for large-scale propaga-
tion were often infected with CGD bacte-
rium, which resulted in the spread of the
disease on a wider scale rendering the
plantation with poor yield potential.
Moreover, presence of psyllid vector
made the situation even worse. Under
these circumstances, it is vital to ensure
that growers have access to CGD-free
planting material for establishing a prot-
itable citrus industry in this part of India.

Nucleotide sequence accession num-
ber. The representative DNA nucleotide

sequence of Ca. Liberibacter asiaticus
Nagpur isolate has been deposited in the
GenBank database under accsession no.
EU 939452.
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Gut content analysis of spiders in coffee ecosystem

Spiders are gaining favour in ecological
studies as indicators of environmental
quality' and as biological control agents
in agricultural ecosystems”. They are the
abundant natural enemies in any agro-
ecosystem and are found in most terres-
trial habitats, often present in large num-
bers’. All spiders are predaceous and
insects constitute their primary prey®.
They are generalist predators that may be
of importance in reducing and even pre-
venting outbreaks of insect pests in agri-
culture®. Spiders tend to be small, cryptic
feeders, have extra-oral digestion and
sucking mouthparts, and exhibit amor-
phous gut contents. All these attributes
make it difficult to obtain data on preda-
tion rates®. Some information can be
gathered by direct observation’, but gut
analysis of field-collected spiders is the
least disruptive and the most efficient
means to acquire data on predation®.
Coffee, a major commercial crop of
India harbours rich spider diversity®. The
crop is also attacked by a variety of pests,
including, the coffee green scale, Coccus
viridis (Green), a major sucking pest of
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coffee. This correspondence discusses
the importance of gut content analysis of
spiders in coffee ecosystem and provides
suggestions to overcome the difficulties
faced in the present techniques. The
analysis was carried out with a hypotheti-
cal assumption that C. viridis is a prey
for foliage-dwelling spiders, and Au-
larches sp. could be the prey of spiders
inhabiting field margins. This study will
lead to better assessment of the predation
of C. viridis by spiders and their biocon-
trol potential in coffee plantations.
Observations on the analysis of the prey
remnants in the gut of spiders are dis-
cussed.

Gut content analysis of freshly col-
lected spiders from the coffee plantations
of Horticultural Research Station, Yer-
caud, Tamil Nadu, was carried out by
electrophoresis, which is based on the
detection of prey enzymes in homoge-
nates of the predator after PAGE and
staining for esterase activity”'® to know
their preferential feeding habit under
field conditions. Two different preys (C.
viridis and an acridid, Aularches sp.) and

eight species of spiders (Leucauge deco-
rata (Blackwall), Oxyopes sp., Dieta
virens (Thorell), Olios milleti Pocock,
Telomania dimidata (Simon), Clubionia
sp., Hippasa sp. and Plexipus sp.) were
used in the experiment. Extraction was
carried out according to the method des-
cribed by Amalin ef al'', with slight
modifications. The samples were macer-
ated in phosphate buffer at the rate of
1 ml/g of the substrate. Electrophoretic
separation of isozymes was achieved
with 10% native PAGE, as described by
Laemmli'?, with slight modifications as
required. Polyacrylamide slab gels with a
total gradient concentration of 10% and a
cross-link gradient of 4% were prepared
between two glass plates using a gel gra-
dient maker. Casting of the gel was done
similar to that of SDS-PAGE. The whole
electrophoresis set-up was kept in the
refrigerator for cooling during the run.
Sample solutions diluted with sample
buffer were loaded onto the sample wells
carefully with the help of a microsyringe.
The run was continued until the dye front
reached the bottom of the gel. After elec-
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Figure 1. FEsterase patterns of prey and spi-
ders. Lanes 1 and 2, Coccurs viridis and an
acridid, Aularches sp.; lanes 3 to 10, Leu-
cauge decorata, Oxyopes sp., Dieta virens,
Olios milleti, Telomania dimidiata, Clubiona
sp., Hippasa sp. and Plexipus sp. respectively.

trophoresis, the gel was stained (sodium
dihydrogen phosphate, 2.8 g; disodium
hydrogen phosphate, 1.1 g; Fast blue RR
salt, 0.2 g; alpha naphthyl acetate, 0.03 g
and water, 200 ml) for visualization of
esterase bands. The gel separated from
the glass plate was submerged in the me-
dium for 20-30 min, kept inside a dark
container and shaken on a shaker at a
speed of 28 rpm for 24 h or until the bands
appeared. The reaction was stopped by
adding a mixture of methanol: water:
acetic acid : ethanol in the ratio of 10:10:
2:1. Conclusions about the identity of
prey remnants inside the gut of the
predators were drawn by visual compari-
son of the esterase patterns'”.

Predation remains one of the most dif-
ficult ecological processes to study, but
is critical to understand if we have to use
predators more effectively in agricultural
pest control'*. The most commonly used
approach has been to analyse the extracts
from homogenized predators (or just
their guts) on polyacrylamide gels and
stain for enzyme activity, especially es-
terases'>'®. Esterase was selected as the
indicator protein because its detection
employs an enzymatic reaction with the
substrate yielding a stain with the high
extinction coefficient’. Specific esterase
activity pattern allows the identification
of prey remnants inside the predator
qut'®.

In the present study, esterase bands
similar to that of C. viridis were noticed
with the foliage dwelling spiders, Oxyopes
sp., D. virens, O. milleti and T. dimidiata
(Figure 1), confirming the predation of
C. viridis by them. A weak esterase band

similar to that of C. viridis was observed
with Clubiona sp., which indicates that
the number of individuals consumed by
the spider was less or the prey would
have been partially digested in the gut.
This difference in intensity could possibly
be used to quantify the number of prey
consumed by the predator''. Esterase
banding pattern of L. decorata, Hippasa
sp. and Plexipus sp. was similar to that of
the acridid, revealing greater possibility
of the acridid as one of the preys for spi-
ders in field margins and strips. The in-
tensity also varied, indicating a possibility
of digestion of the prey or degradation of
the bands. The banding pattern was more
complex and there was no species-specific
separation of the bands. This might be
due to the presence of other prey in the
gut of the spiders, which can be overcome
by analysing all the suspected prey exist-
ing in the field. Spiders in the field gen-
erally feed on multiple prey species.
Moreover, not all esterases of a prey may
be found in the gut of the spiders. Cer-
tain esterases may be localized in tissues
that are not ingested, complicating the
identification of the prey for field-collec-
ted specimens. Therefore, it is necessary
to co-electrophorese all suspected prey
species with the spiders of the same
gel'!, if we want know the prey range of
the spiders. Electrophoresis is more
effective when the predator feeds on a
restricted prey range'”'S. However, this
is not possible under field conditions.
Hence, further studies to know the prey
preference of field spiders by gut content
analysis should be carried out with
improved molecular tools for accurate
determination of the diet of the spiders.
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