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In vitro studies on development of gametophyte, sex-ontogeny and reproductive 
biology of a threatened fern, Microsorium punctatum (L.) Copel. 
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Studies on reproductive biology vis-a-vis conservation of threatened state of the species, Microsorium punctatum, is the 
major concern of the present study. The life cycle starting from spore germination, gametophyte growth and differentiation, 
sex ontogeny and success of sporophyte formation through intra-and inter-gametophytic selfing was scrutenised and 
reproductive biology of this species was completely studied. The result indicates that the species could moderately be a good 
colonizer, as considerable number of sporophytes was produced through selfing, but in contrast very few plants were 
observed in the area of its occurrence. The threatened state could be due to unfavourable conditions for gametophyte growth, 
mating, subsequent slow pace of sporophyte development, and both epiphytic and terrestrial habit of the species. 
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Introduction 
The genus Microsorium comprising 95 species and 

one hybrid, belonging to the family Polypodiaceae, 
occurs all over the world. In India, 16 species are 
found distributed in eastern Himalayas, West Bengal, 
Andaman Islands, North-eastern and Penninsular 
India. One of the species, M. punctatum, commonly 
known as ‘Climbing Bird’s nest fern’ having large 
leathery simple pale yellowish to green fronds, grows 
both in terrestrial as well as epiphytic conditions. Due 
to elegant looking fronds, and cultivation adaptability 
to grow in exposed and shady places, this fern is 
highly prized as an ornamental and extensively used 
as an indoor plant and very much in demand in 
nursery trade. It is also having medicinal properties as 
its leaves and juice are used as purgative, diuretic and 
wound healer. The species is in threatened state due to 
its overexploitation for economic purpose and habitat 
distruction1. Taking into consideration of its occurrence 
as terrestrial and epiphytic habitat, economic 
importance and threatened status, the reproductive 
biology of this species has been worked out. 
 
Materials and Methods 

The spores of Microsporium punctatum were 
collected from the plants grown in the fernery of the 

National Botanical Research Institute, Lucknow. Mature 
sporophylls were collected in brown paper packets and 
kept in a desiccator for the release the spores. The spores 
thus obtained were surface sterilized with 2 per cent 
sodium hypochlorite solution for two min and rinsed 
thoroughly with double distilled sterilised water before 
sowing in the Petriplates of 18×70 mm size. The 
Parker’s macro- and Thompson’s micronutrient culture 
media (P & T) gelled with 1% agar were used. The 
media (pH 5.4) were steam sterilized on 15 lb pressure 
for 15 min in an autoclave. 

The culture plates were kept at 47.3 µ mol m-2 s-1 - 
56.8 µ mol m-2 s-1 light intensity at 23±2°C 
temperature for 16 h photo period followed by 8 h in 
dark in a culture room. Periodically the spore 
germination and subsequent gametophyte growth, 
differentiation and sex ontogeny were observed under 
Nikon trinocular microscope and the photographs 
were taken using a Nikon camera UF-II. 

Periodic observations of gametophytes of stock 
culture were made and different ratio of gametophyte 
bearing male, female or bisexual conditions was 
recorded. The data thus observed are appended in 
Table 1. Before the initiation of gametangia in stock 
cultures, the gametophytes were isolated and placed 
in different Petriplates containing P&T media as 
follows: (i) 50 Petriplates with single gametophyte 
(isolate culture), and (ii) 25 Petriplates with 20 
gametophyte in each Petriplate (composite culture). 
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Table 1—Chronological changes in sex ratio of a composite 
culture 

Days after 
sowing 

Sample 
size 

Neuter Male Female Bisexual 

75 20 18 2 - - 
80 20 10 5 - 5 
85 20 4 14 - 2 
95 20 10 6 - 4 

105 20 - 7 3 10 
115 20 2 - 10 8 
125 20 4 - 11 5 
135 20 8 - 12 - 

Table 2—Breeding behaviour of different populations 

Population 
type 

Gametophyte 
studied 

(Number) 

Sporophyte 
produced 
(Number) 

Sporophyte 
produced (%) 

Isolate (A) 20 1 5 
Composite 

(A × A) 
150 60 40 

After the initiation of gametangia, all the isolates 
and composite populations were flooded from above 
with sterile distilled water twice in a week for 
bursting the antheridia and release of antherozoids, 
which fertilized the egg of archegonium. Percentage 
of sporophytes produced at each level was recorded 
(Table 2). 

Five cultures of isolate and two of composite were 
kept unwatered throughout the course of the 
experiment to check the sexuality of the species. 
These populations never produced sporophytes thus 
proved the sexual nature of the species. Five 
composite cultures were also maintained up to six 
months to observe the regeneration pattern of the 
gametophyte. Periodic sowing of spores was done to 
check their viability. 

Spores and gametophytes were scanned and 
observed under Scanning Electron Microscope (SEM, 
model Philips XL 20) and for the same, the oven dried 
spores were directly put on the stub and placed in 
Sputter Coater (BAL–TEC SCD 005) for gold 
palladium coating (about 200Å in thickness). After 
the coating, surface images were observed at different 
magnification under SEM. 

For gametophytes, the in vitro raised gametophytes 
were dehydrated through a series of 30, 50, 70, 90, 95 
per cent of ethyl alcohol followed by absolute alcohol 
for half an hour in each dilution. The totally 
dehydrated samples were dried through Critical point 
dryer (BAL–TEC CPD 030). The dried samples were 
mounted on stubs and coated with gold palladium 
following the same procedure of the spores. Then the 
gametophytes and sex organs were scanned and 
images were observed. The SEM photographs of 
spores and stages of gametophyte development, hair, 
archegonia and antheridia are shown in Fig. 1. 
 

Results 
Germination and Development Pattern 

The monolete, bilateral, aperinate spores, 26 × 38 µm 
(× 240) germinated after one week of sowing, which 
was equatorial and ‘Gleichenia type’ (Figs 1a & b) 2. 
About 95 per cent spores germinated. The spore coat 
ruptured at the laesura region and the germ filament 
emerged, preceded by the first rhizoid (Fig. 1c). The 
protonema became two dimensional after 10-12 d of 
sowing followed by spatulate stage after 37-40 d and 
finally after 70 d a cordate structured gametophyte 
developed (Fig. 1h). The prothallial development was 
‘Drynaria type’. The viability of spores was totally lost 
within six months. 

The mature gametophytes were cordate, thalloid, 
massive, large, 7 to 10 mm across, with thick midrib 
and spreaded wings, generally broader than long with 
shallow apical notch and having numerous brown 
coloured rhizoids on its posterior region (Fig. 1h). 
 
Micro-Morphology of Gametophytes 

Micro-morphological characters such as hairs, 
shape and margin of prothalli and notch area were 
studied. The gametophyte could be divided into two 
equal halves longitudinally along the midrib when cut 
from the notch, therefore, the gametophyte is 
symmetrical in nature with ‘U’ shaped apical notch 
(Figs 1h & i ). 

Two types of hairs were observed on the 
gametophyte, one unicellular, papillate yellowish and 
another, club-shaped 2-3 celled, glandular with 
unicellular papillate branches on the stalk cells  
(Figs 1m & n). 
 
Selfing Result 

The gametangial ontogeny was observed to be 
more favourable for both intra-as well as inter-
gametophytic selfing with the result that 40 per cent 
gametophytes produced sporophytes in composite 
populations in comparison to 5 per cent 
sporophytes in isolate cultures. The result indicated 
that this fern species can be a good colonizer but in 
contrast not a single plant has been gathered in the 
fern house. The threatened state could be due to 
unfavourable conditions for gametophytic growth, 
mating and subsequent development of the 
sporophyte. 
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Differentiation of Sex Organs and Fertilization 
Proliferation of the gametophytes from the margin 

was not observed in normal condition. The 
gametophytes proliferated marginally when medium 
in the Petriplate was less in quantity and under water 
stress. Normally the gametophytes elongated towards 
the apex along with drying of the posterior region. 
The archegonia formed in succession. After 20 

months of sowing of the spores average number of 
dead archegonia was 40, and live antheridia 4.75; live 
antheridia being 1.25 per gametophyte. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1— Spore structure, sex organs and different developmental 
stages of M punctatum: a SEM view of single spore at 200x, 
10µm; b, SEM view of a clusture of spores at 250x, 100 µm; c, 
Germinating spore, emerging rhizoid; d, A sporeling with rhizoid 
and two celled protonemal cell emerging sporeling; e, Two 
dimensional filamentous stage; f, Spatulate stage; g, Spatulate 
stage; h, Cordate gametophyte; i, Archegonial side at (200x) 
100µm under SEM; j, SEM view of gametophyte with initiation 
of sporophyte (25x); k, Disital portion of gametophyte showing 
antheridia; l, Single bursted antheridium (A= Antherozoids); m, 
SEM view of glandular and brached unicellular hairs near 
antheridia; n, SEM view of branched glandular multicellular hairs; 
& o, Sporophytes in pots. 

Initiation of male sex organ i.e., antheridia was 
noticed after 70-75 d of sowing and within a week the 
archegonia also initiated. Antheridia were borne 
adjacent to the distal end of the gametophyte whereas, 
the archegonia were below the apical notch of 
gametophyte. The archegonial neck was short slender 
and curved away from the apical notch (Figs 1m & i). 

Within 3 months, the gametophyte became 
bisexual and maximum bisexual gametophytes were 
observed after 100-105 d of sowing. The maximum 
gametophytes, having male, female and bisexual 
sexes were present in population between 95-25 d 
after sowing. Later the antheridia became spent up 
and only archegoniate gametophytes were observed 
which ultimately became neuter. The details of sex 
ontogeny are appended in Table 2. 
 
Sporophyte Emergence 

In isolate populations only 5 per cent sporophyte 
production was recorded while in composite 
populations sporophyte production was 40 per cent 
(Table 2). Within 6 months from spore sowing, first 
juvenile leaves appeared in composite populations 
followed by isolates (Fig. 1o). No sporophyte was 
produced in populations kept unwatered proving the 
sexual nature of the taxon. After four months of 
emergence of first juvenile leaf, the young 
sporophytes developed having average of 3-4 leaves 
per sporophyte. These sporophytes were hardened and 
transferred to fern house conditions. 
 
Discussion 

The results indicate that germination of spores is 
equatorial and ‘Gleichenia type’ prothallial 
development ‘Drynaria type' and sex organs 
development leptosporangiate type2. 

In Microsorium, Nayar & Kaur reported glandular 
hairs on margin as well as surface of the 
gametophyte2 but in the present study the hairs were 
found on both the surfaces only and not on the 
margins. 

The percentage of sporophyte production in 
composite populations was higher (40 per cent) than 
the production of sporophyte through intra-
gametophytic selfing (5 per cent) in isolate cultures. 
The gametangial ontogeny of the studied taxon was 
more favourable for intra-as well as inter-
gametophytic selfing in composite populations, even 
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then only 40 per cent gametophytes produced 
sporophytes, as after 3 months of spore sowing, the 
gametophytes became bisexual and up to 20 d the 
cultures remained male, female or bisexual, which 
provided opportunity for different types of mating. 
This may be due to the fact that the genotype of the 
species carried non-allelic recessive sporophytic lethal 
and may have more amount of genetic load present in 
the gene pool3,4. Perhaps, due to this reason, through 
spores, the species never produced sporophytes 
despite large populations being grown in the fern 
house of the institute. The studied species is diploid 
and tends towards lesser self fertilization than its 
polyploid derivatives as genome duplication initially 
mitigates the effects of genetic load5-10. 

This species is categorized as threatened and its 
populations are decreasing day by day in the areas of 
its occurrence. The possible reasons could be the 
habitat destruction, unsuitable environment for 
gametophytic growth, fertilization, overexploitation 
for its beauty and extensive use in horticulture trade 
for which the plants are being extensively collected 
from nature. In addition, the presence of considerable 
amount of genetic load in the gene pool leads to less 
number of sporophyte productions in nature. The 
genetic load can affect the relative success of intra vs. 
intergametophytic mating events11-13. 

Other factors known to influence mating in ferns 
are viability of spores, regeneration of the 
gametophyte and antheridiogen system that induce 
antheridia formation. In this taxon, about 20-30 per 
cent spores grew slowly to the spatulate stage and 
further no antheridia formation was observed hence 
negated the presence of antheridiogen interference. 
Spores were viable up to six months only. The aged 
gametophytes elongated slightly when kept on 
growing and without no budding regeneration from 
the periphery of wings. 

Since the species grows as an terrestrial epiphyte, 
its long term survival in stressful habitats with respect 
to nutrients, water and sunlight requirements and 
disturbances created by animals and felling of 
branches of trees and wild shedding is in danger14. 

Less success in sporophyte production, epiphytic 
habit, less viability of spores, incompatibility of 
gametophyte regeneration and absence of 
antheridiogen mediation are perhaps the causes for 
poor rate of production of sporophytes. Further, the 
slow pace of growth and development of sporophytes 

is another factor, which may lead to lesser population 
in nature. The natural collection for ornamental 
purposes and nature of mating behaviour are the 
causes of concern for the threatened state. 
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