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ing a ‘Neurospora farm’ for the extraction
of industrially useful enzymes (invertase,
cellulases, proteases, etc.). This is the
real field model of a solid-state fermenta-
tion, which could yield valuable prod-
ucts. Such natural or man-made blooms
could be of great value for future res-
earch.
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Colonization of cruciferous plants by Piriformospora indica

This correspondence provides evidence
for a positive interaction of Piriformo-
spora indica, a symbiotic fungus with
several members of Cruciferae. The evi-
dence is based on in vitro and in vivo
studies. P. indica was characterized by
Verma et al.' and subsequently reported
for its various positive relations with
plants and also being opted as a bio-
fertilizer, -protector, -regulator, -fungicide
and -pesticide’’. This fungus also serves
as an agent for biological hardening of
tissue-culture-raised  plants®™'°.  Interac-
tion with the terrestrial orchids was also
demonstrated'®"*. 18s rDNA and 28s-
rDNA analysis assigned this fungus to
Basidiomycetes. P. indica is cultivable
on several defined synthetic media'>'®
and can colonize the root of a large num-
ber of hosts. Earlier, we have reported a
non-interaction of the fungus with myc™
mutants of soyabean (Glycine max) and
pea (Pisum sativum)'°.

Seeds of Brassica oleracea var. capi-
tata (cabbage), Spinacia oleracea (spin-
ach) and Brassica juncea (mustard) were
surface-sterilized with 0.02% HgCl, and
placed on 0.7% water agar petri plates
for germination in the dark. After 7-10
days when the plumule and radicle ap-
peared, they were transterred to pre-fungus
inoculated agar slants in glass tubes con-
taining 1/10 concentration of MMN
medium'’. Plants alone (control) or in
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co-culture with fungus were allowed to
grow for 60 days in the tissue-culture
laboratory maintaining 16 h photoperiod,
1000 lux at 25+ 2°C. Root infections
were checked after 45 days. Root coloni-
zation was evaluated by grid intersect
method followed by staining about 100
roots segments (1 cm each) with Trypan
blue or Chlorozal black E. Root per cent
colonization was calculated using the
standard formula!®.

Figure 1a shows better cabbage growth
as a result of interaction with P. indica.
An overall enhancement of plant biomass
was recorded when the fungus interacted
with other members like S. oleracea, B.
oleracea var. capitata and B. juncea
(Table 1). Chlamydospores were pro-
duced on the root surface and scattered
away from the root, extramatrically. Pro-
fuse root colonization by the fungus was
observed at inter- and intracellular levels
and extramatrically (Figure 15, left). Fig-
ure 15 (right) shows an enlarged view of
the chlamydospores (arrows). At no
stage did fungal hyphae invade the stellar
tissue and aerial portions. An identical
positive interaction was also recorded for
S. oleracea, B. oleracea and B. juncea.

This observation was repeated in a
glasshouse using sterile soil:sand mix-
ture as substratum (3 :1). The substratum
was sterilized and filled in pre-washed
and sterile earthenware pots (1kg). The

fungus was allowed to grow on Kaefer
broth medium under constant shaking
condition at 25+ 2°C for 7 days (Figure
2 a, top). Small and large colonies giving
an appearance of ‘corals’ (arrows) were
washed to remove the adhering chemi-
cals. Inoculum (1% w/v) was thoroughly
mixed with soil/sand mixture. Pre-germi-
nated sterile seedlings (four in number)
were placed in each pot. Efforts were
made to keep the root system in direct
contact with the fungal inoculum'. Plants
were grown in an environmentally con-
trolled greenhouse maintained at 25 £ 2°C,
16 h light/8 h dark with fluorescent light
intensity 1000 lux and relative humidity
70%. Plants were fertilized on alternate
weeks with 1/10 diluted Hoagland solu-
tion™ and irrigated with autoclaved tap-
water on alternate days to maintain about
70% soil moisture. Plants were photo-
graphed after 45 days. Treated plants were
superior in growth (Figure 2 b, right) lead-
ing to early flowering (see close arrows)
and fruiting (open arrows). Roots were
heavily colonized and produced a large
number of chlamydospores as recorded
for in vitro conditions.

Results demonstrate that this fungus
colonizes a large number of photosymbi-
onts of importance in agriculture, horti-
culture and forestry. It is capable of
interacting and also promoting the overall
development of members of Cruciferae,
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Figure 1 a—b. Interaction of P. indica with B. oleracea var. capitata.

Figure 2. a, P. indica biomass grown on Kaefer broth. b, In vivo interaction of P. indica with B. juncea.

Table 1. Growth of photobionts after interaction with P. indica

Control Treated
Photobionts Fr. wt (g) TL (cm) SL (cm) RL (cm) Fr. wt (g) TL (cm) SL (cm) RL (ecm) % Coln
Mustard 0.10£0.02 7.11+£1.84 3.18+1.65 393+1.12 0.12 £ 0.05 9.16 £6.31 4.60+£1.63 4561585 50
Cabbage 0.13£0.03 8.90+3.02 4.50+£082 4.4013.01 0.18+£0.07 12.90+2.48 7.10+£1.28 4401301 70
Spinach 0.06+£0.03 11.6+£270 4021152 7401129  0.13+£0.03 13.2017.62 7.601427 5.601336 35

Data are average of five independent replications. Fr. wt, Fresh weight; TL, Total length (total height of plants); SL, Shoot length; RL, Root length;
% Coln, Percentage colonization.

CURRENT SCIENCE, VOL. 85, NO. 12, 25 DECEMBER 2003 1673



SCIENTIFIC CORRESPONDENCE

which are considered conventionally non-
hosts for arbuscular mycorrhizal fungi
(AMF) which interact with almost 90% of
the terrestrial plants®'*. However, only
limited members of the plant community
have failed to interact; these belong to
the families of Amaranthaceae, Cheno-
podiaceae, Cyperaceae Juncaceae, Pro-
teaceae or with lupines and Cruciferae,
etc.” 2. A careful perusal of the litera-
ture indicates that this statement may not
be completely true’™®. Denison er al®
have emphasized that model systems are
also important as a new research tool to
understand the cooperation between mi-
crobes and the plants. Members of these
families, including the model plant Ara-
bidopsis thaliana lack symbiotic interac-
tions such as mycorrhizae and rhizobia.
The present study emphasized an interac-
tion of endosymbiotic fungus P. indica
with most members of cruciferae tested
including 4. thaliana’. This study further
strengthens earlier results'® that P. indica
interacts with most plant groups and does
not discriminate the members of Cru-
ciferae, but fails to interact with myc™
mutants (these also failed to interact with
AMF)!.

This observation opens up an approach
for application of plant-promoting symbio-
tic fungus P. indica for better production
of crops of agricultural and horticultural
importance. It also provides models to
understand the interaction between plants
and plant-microbes at the molecular
level.
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Larval case renovation — a unique behaviour in bagworm
moth, Eumeta crameri Westwood

Bagworms are a group of highly special-
ized lepidopterans belonging to the family
Psychidae and exhibit extreme develop-
ment of sexual dimorphism. Males are
winged whereas females lack functional
appendages. Larvae of both males and
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females, soon after hatching from the
eggs climb up to the top of their host
plants in order to have an access to the
soft and palatable tips of the growing
shoots. They construct a small but tough
bag of silk of either cylindrical or conical

shape and glue small fragments of plant
tissues around their cases. Larvae always
keep their body inside the cases. While
moving about, their head and thorax are
protruded out so that they move forward
on their thoracic legs dragging the case
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