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this concentration was used in subsequent singlet oxygen
quenching experiments.

Singlet oxygen quenching experiments were carried out
in the presence of a mixture of HP (2.5 ppm) and NaNj
(40 ppm) in distilled water. Control experiments with HP
and azide alone were also set-up. Each solution was exposed
to direct sunlight. Mortality of late 3rd instar larvae of A. ae-
gypti under different conditions is summarized in Table 4.

In HP alone, the larval mortality was 90% in 3 h, and the
value dropped to 40% in the mixture containing NaN;/HP.
This suggests that azide ions cause significant lowering of
photodynamic effect of HP by quenching singlet oxygen.

Our results show that porphyrin derivatives, in the presence
of light, exhibit a strong photodynamic effect on the 2nd
and 3rd instar larvae of A. aegypti under laboratory condi-
tions. In order to assess the toxicity effects of porphyrins
against non-target, ecologically important aquatic fauna,
the following were tested under laboratory conditions in glass
tanks (12”7 x 14”): Mayfly larvae (Ephemeroptera: Leptophe-
biidae; 10 larvae/50 ml); tadpoles (Bufo melanostictus; 10
tadpoles/100 ml) and guppies (Poecilia retculata; 10 gup-
pies/1000 ml). Mayfly larvae and tadpoles did not show
mortality even at 100 ppm levels, which is forty times higher
than the concentration where mosquito larvae showed 100%
mortality (2.5 ppm). Guppies survived for 30 days at 100 ppm
in the presence of porphyrins. This apparent non-toxicity
of porphyrins towards non-target freshwater fauna may be
accounted for by the hard body cover of the organisms,
which blocks the penetration of light. Thus, even if the
particles are ingested in large quantities, they would re-
main inactive due to lack of light reaching them. Porphyrins
show a high level of safety to humans and certain mammalian
species. (The acute LCs, for systematically injected HPDHC
is around 300-400 mg/kg body wt)"’.

Both HP and HPDHC are efficient candidates in photody-
namic killing of A. aegypti larvae, which are the major vectors
of dengue fever. The undetectable phototoxic effect against
other aquatic fauna even at high concentration of porphyrins
(100 ppm), reveals that the photodynamic approach for
control of dengue mosquito would have no apparent impact
on other non-target aquatic fauna.
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Cyathea spinulosa Wall. ex Hook. is a highly-prized
ornamental and economic tree fern and a significant
component of tropical forests in southern, central and
northern India. Currently, it is under threatened
status and listed in the Red Data Books. Since the suc-
cessful colonization of a fern in new habitats is de-
pendent on gametophyte generation, the present study
was conducted to observe the reproductive biology of the
species. Sex ontogeny showed male gametophytes to
hermaphrodite condition and the gametophytes re-
mained bisexual for considerable period of time. Regen-
eration of gametophyte was common; the regenerated
portions bore both sexes and produced sporophytes
extensively. The reproductive behaviour revealed con-
siderable success in sporophyte production through in-
tragametophytic selfing. This shows that the species is
of lesser genetic diversity and the gene pool is charged
with lesser amount of genetic load, and is a good colo-
nizer. In contrast, the taxon is under threatened
status. The cause of this and the probable mode of
conservation are also discussed here.

ACCORDING to the literature, among the 11 species of Cyat-
hea in India, C. spinulosa and C. contaminans are widely
distributed and reported throughout mountainous regions'.
C. spinulosa is a highly-prized ornamental and economic
fern with an arborescent growth habit. This species is dis-
tinguished from other Cyathea species in having conspicuous
brittle spines on the frond bases with shiny brown scales.
Fronds are dark green and finely divided. This terrestrial
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species is distributed in subtropical regions of India, Thailand,
China, Taiwan and Japan.

C. spinulosa is now under threatened status and listed
in the Red Data Books. In central India, it is on the verge of
extinction®. During a survey in Pithoragarh district, Kumaon
Himalayas, this taxon has been collected from only two
localities in a particular niche: Debbicheena (1360 m;
29°52’N, 80°15’E) with a population of less than 30 indi-
viduals and Pamtori (1250 m; 29°55’N, 80°8’E) with a
population of less than 15 individuals. In these localities,
the atmospheric humidity is quite high due to the presence
of perennial water streams. The age of the population of
plants in the above localities seems to be not very old, as
the average plant height is 4-6 ft only and the populations
are increasing every year’.

Taking into consideration the occurrence of the popula-
tion and its increasing tendency on the one hand and its
threatened status on the other, the present investigation
was conducted to study its reproductive biology.

Spores were collected from plants growing in Pamtori,
Kumaon Himalayas. The Debbicheena population had no
spore-producing plants. Collected spores were stored in a
desiccator in the laboratory. After drying, the spores were
surface-sterilized with 2% sodium hypochlorite solution
for 2 min, followed by rinsing with double-distilled water
thrice. These surface-sterilized spores were sown on Parker
and Thompson’s nutrient medium in glass petri dishes of
80 x 70 mm size. The pH of the medium was adjusted to 5.6.
All the cultures were kept in a culture room at 22 £2°C
and light intensity of 2500-3000 lux for 24 h. Spore ger-
mination, gametophyte differentiation and sex ontogeny
were observed under Nikon trinocular microscope and
photographs were taken using a Nikon camera UF-II.

Observations on spore germination, and growth and dif-
ferentiation of gametophytic stages were recorded peri-
odically. The spores were trilete, tetrahedral, aperinous and
about 40 x 45 um in size. After 7 days of sowing, more
than 90% spores were able to germinate. The viability of
the spores declined after three months of storage and was
totally lost within six months.

On germination, the first wall was laid down parallel to
the polar axis, and the spore divided into two unequal
cells, the larger one prothallial initial and the smaller one
rhizoidal initial. The rhizoidal initial elongated and developed
into an elongated, hyaline, unicellular rhizoid. The first cell
division and elongation of the prothallial initial was in a
plane parallel to the equatorial plane of the spore. Such type
of spore germination is termed as equatorial and Cyathea-
type* and the prothallial development is of Adiantum-type”.
The apical meristematic cells appeared at the spatulate
stage and after repeated divisions these became a mature thal-
lus, which was typically a heart-shaped structure (Figure 1 a).
The spore took about 30-35 days after sowing to differe-
ntiate into a cordate thallus. The mature thallus consisted
of a cushion in the central region with wings on both
sides (Figure 1b). These prothalli were long-lived and
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slightly elongated with age. Several rhizoids also developed
from the lower portion of the ventral surface of the thal-
lus. Pluricellular, elongated, thin-walled, chlorophyllous
hair developed on both surfaces of the thallus (Figure 1¢).
These hairs developed both before and after initiation of
development of sex organs. Frequency of hairs was higher
on ventral surface than on the dorsal side.

Before development of the sex organs, gametophytes from
stock cultures were picked up randomly and separated as
below, to test for intragametophytic and intergametophytic
selfing: (i) Isolate (A): One prothallus per petri dish; 50 such
replicates were raised. (ii) Composite cultures (A X A):
Twenty prothalli per petri dish from one plant; 10 such
replicates were raised.

The stock cultures were observed periodically and different
ratios of gametophyte bearing male and female or bisexual
conditions were recorded (Table 1). When the gametangial
initiation was seen in stock culture then all the isolates
and composite populations were watered from above with
sterile distilled water, twice a week to facilitate fusion of
gametes. Percentage of sporophytes produced at each level
was recorded (Table 2). The stock cultures were kept un-
watered to test the apogamous nature of the taxon.

Chronological sex ratio showed that after 35 days of spore-
sowing, antheridia initiated first and after 40 days, all the
gametophytes became bisexual. It was observed that all the
gametophytes remain bisexual up to 70 days of spore-sowing.
The antheridia were located towards the rhizoidal end as
well as wings of the gametophytes and archegonia below the
notch on the midrib. Both the sexes developed in succes-
sion.

In this taxon, it has been observed most significantly
that the antheridium took at least 30 min to burst and release
the antherozoids (Figure 1g). Thus the species requires
prolonged availability of water for releasing antherozoids
for mating.

Table 1. Chronological changes in sex ratio in a composite culture of
Cyathea spinulosa

Days after Sample

sowing size Neuter Male Female  Bisexual

35 20 14 06 - -

40 20 - 20 20 20

45 20 - 20 20 20

50 20 - 20 20 20

55 20 - 20 20 20

Table 2. Percentage sporophytes produced in different in vitro popu-
lations of C. spinulosa

Gametophytes Sporophytes Sporophytes
Population studied (number) produced (number) produced (%)
Isolate (A) 50 11 22
Composite 200 159 79.5
(A XA)
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