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ABSTRACT

Adiantum lunulatum Burm. f. has been widely used in aesthetic needs and medical fields. Detail information about
the life cycle of A. lunulatum is still unknown, particularly about its gametophyte generation. Present work aimed
to study and compare the growth and development of the gametophytes of A. lunulatum from dry and humid areas.
Research method consists of two stages: (1) Spores were collected from two locations, Pasuruan and Bogor and (2)
Spores were planted and observed the growth and development of gametophyte. The result showed that natural
habitat of the plant in various dry and humid areas, affecting the rate of growth and development rates of A.
lunulatum gametophyte. The gametophyte from the dry area showed faster rate of growth and development than
that of humid areas. The spores collected from dry area need 9 weeks for germination, growth, and development
while the spores of humid area took 22 weeks.
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INTRODUCTION

Adiantum lunulatum Burm. f. belongs to the family
Pteridaceae [1]. This fern is characterized by short suberect rhizome and covered with dark brown scales (3 mm
long); stipes grooved, black, 8-18 cm long; lamina pinnate, usually bearing 8-15 alternate pinnae with an abnormal terminal leaflet or with prolonged, leafless rachis
may start rooting at tip when contact with soil; leaflets
crescent-shaped, thin, and glabrous. Sori along the
edges, abaxial leaflets reflexed, elongate soral flaps [2, 3].
The species is growing in dry areas sometimes found on
the muddy ground and crack rocks and is a tropical species distributed from lowlands to an altitude of 1,000 m
[3].
Some Adiantum species have been widely known
for their high economic value, including A. lunulatum
which is often used for aesthetics and medical importance.
Some features of Adiantum sp. are unique and is
widely cultivated as an ornamental plant [2]. This species has also long been used as medicine ingredients to
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cure various diseases for its antioxidant properties [4].
As a fern species, A. lunulatum has two independent generations in its life cycle, i.e., gametophyte and
sporophyte. The gametophyte generation is started with
the formation of spores, and continued with the growth
and development of spores until prothallus formation to
form reproductive organs, archegonium and antheridium. Archegonium produces female gametes, while antheridium produces male gametes [5].
A. lunulatum is the apogamous type and produces
32 spores in each sporangium. This type is distributed
mostly in dry areas. Previous studies reported that gametophyte of apogamous ferns grows faster than that of
sexual reproduction type. The mature gametophyte of
apogamous fern is relatively smaller compared with the
sexual one [6]. Apogamous fern is also characterized by
the fast growth of reproductive organs which occurred
at the young gametophytic stage, nevertheless, the reproductive organs producing either antheridium or archegonium, allowing the propagation of this type cannot
be through fertilization. During sporophytic generation,
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an apogamous fern produces leaves rather before root
formation [7].
A. lunulatum produces homospores and the gametophytes of homosporous ferns usually form green
heart-shaped (cordate) prothallus. The other has ribbon
or filament shape [6]. Information about gametophyte
generation is very important to be used for distinguishing among fern species and understanding the reproduction system, distribution, ecology and evolution [8, 9,
10]. For example, some morphological features of gametophyte stage including the spore germination type,
early development, mature form, trichomes, and gametangia are quite useful tool for taxonomic delimitation
[11, 6, 12].
Many studies on the sporophyte generation of the
species have been done, but the information about the
growth and development of the gametophyte is not
available. This study was conducted in order to assess
the growth and development of a gametophytic stage of
apogamous A. lunulatum originating from dry and humid areas under laboratory conditions.
MATERIALS AND METHODS

Research materials
Mature spores from fertile leaves of A. lunulatum
were collected from dry and humid areas. One fertile
leaves was from one individual per location. Every individual consisted of 3 to 4 frond containing mature
spores, and 20 to 30 leaflets in each frond.

Research method
The research began with field sampling, and followed by spores seedling and gametophyte observations.
This research was conducted at the Laboratory of Ecology and Plant Resources, Department of Biology, Faculty of Mathematics and Natural Sciences - Bogor Agricultural University.

Sampling
Sampling locations for dry and humid areas were
determined based on herbarium studies that had done
previously in Herbarium of Bogoriense Bogor. Pasuruan
and Bogor represent dry and humid areas respectively.
Field sampling was based on an exploration or cruising
method [13]. Fertile fronds containing mature spores of
each individual were taken from two different areas. The
fertile fronds containing mature spores were rinsed under running water to avoid contamination with other
species spores, and then the fronds were preserved in
Samson envelope papers. Each sample from each area

was preserved in different plastic bags and labeled.

Gametophyte growth and development observation
Spores were planted in medium containing vermiculite, Sphagnum moss and perlite with ratio 2: 2: 1. The
medium was put in a plastic box, covered with a paper
filter, and sterilized using boiling water and cool it down
for one night, then as many as 0.003 g spores for each
treatment were sown on media [19]. Growth and development of gametophytes were observed using stereo microscope once a week for and repeatedly under 10× for
each treatment. Detailed photographed using light microscope were taken regularly.
Observed parameters of gametophyte development
were shape alteration of protalus in every stage, spore
germination, filaments, spatula, mature gametophyte
and reproductive organs either archegonium or antheridium. Growth measured parameter was the number of
cells in each stage [14].

Data analysis
The experiments were performed using Complete
random design and three replications, with a total of 6
experimental units. The data were analyzed using
Ms.Excel.
RESULTS AND DISCUSSION

Gametophyte development
The development of A. lunulatum gametophyte under laboratory conditions were observed for 22 weeks.
The results showed that the gametophyte development
consists of four stages, spore germination, filaments formation, spatula, and mature gametophyte. The mature
gametophyte is marked by the emergence of antheridium. Each phase has a specific protalus form (Table 1).

Spore germination
Early growth of spores after seedling is marked by
broken spore wall, followed by the first cell formation to
form rhizoid (Figure 1A). This stage is called spore germination stage. It was observed that the spore ger minTabel 1. Developmental stage of A. lunulatum gametophyte

Developments stage
No. Habitat types
1. Dry area
2. Humid area

Spores
Mature gaFilament Spatula
germinametophyte
(WAP) (WAP)
tion (DAP)
(WAP)
7
4

3
2

5
4

9
22

Note: DAP: Day after planting; WAP: Week after planting
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ation between dry and humid areas showed different velocity. Spores from humid areas began to germinate in
the fourth day, while the spores from dry areas were
started to sprout on the 7th day after sowing. This is presumably due to the environmental influence of the natural habitat of the spores. Spores from humid areas germinated faster because the environmental conditions of
the media resemble the environmental conditions where
the spores originated.
Spores observation under the microscope showed
that the first cell observed from both locations were
green. This result is consistent with the previous study
in Adiantum that showed spore germination of Adiantum capillus-veneris began at the third or fourth day after planting, and rhizoid elongation from new spores occurred in the next two days [15]. The first green cells in
gametophyte formation played a role in photosynthesis
[16]. It was also reported that the growth pattern of the
first gametophyte ferns is strongly influenced by the climate where they grow [17]. Light is one of the crucial
environmental factors that has to play a significant role
in spore germination. Therefore, spore germination will
not occur without light [18].
In this study, germination type of the studied fern
corresponds to the Vittaria type. This type is the most
common type of spore germination in homosporous
ferns [6].

A

Filaments and spatula
The green cells of the germinated spores continue
to divide and multiply in each week to enter the filament
stage (Figure 1B). A. lunulatum gametophytes originating from humid areas began entering to filament stage
at the second week, while the filaments of gametophyte
from dry area occurred at the 3rd week. Both of the filamentous prothalli from dry and humid areas had not
undergone a significant difference in size and shape
which was seen from the number of cells of each prothallus (Table 2). At the fourth week, the amount of cell
increased, and the size of prothallus got bigger and
started to shape a spatula-like (Figure 1C).
At the stage, the total number of cells differ between
dry and humid prothalli (Table 2), although the shape
of prothallus was not changed. The total cells in prothallus from the dry area began to increase significantly in
spatula stage compared to the two previously stages. At
the end of spatula stage, the prothallus formed a notch,
which marks the initiation of mature gametophyte stage.

Mature gametophyte
The mature gametophyte is the last stage of fern gametophyte development before entering to sporophyte
generation. In this stage, the observed gametophyte
formed a heart-shaped sheet with a real notch at the end
of its protalus, as well as rhizoid and reproductive organs. The reproductive organs of this type had already
C

B

RZ

D

E

F
AN

LK
RZ

Figure 1. Development stage of A. lunulatum gametophyte. A: Germinated spores; B: Filament; C: Spatula; D: mature gametophyte
(humid ferns); E: Mature gametophyte (dry ferns); F: Antheridium (reproductive organ); LK: Indentation (notch); AN=
Antheridium; RZ=Rhizoid.
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been formed in the filaments and spatula stages of young
gametophyte, and the number increased when entering
mature gametophyte stage. Reproductive organ, i.e., antheridium develops on gametophyte is which is located
close near to rhizoid (Figure 1F).
Prothallus from dry area reached to mature gametophyte stage at the 9th week. While the prothallus from
humid area initially grew slower, the development rate
decreased when it entered in mature gametophyte stage,
and it took 22 weeks to complete the stage (Table 1). In
this stage, a curve has been formed completely, and form
a symmetrical heart-shaped gametophyte (Figure 1D
and 1E). The gametophyte development of A. lunulatum
follows the Adiantum-type as described before [6]. In
this type, the location of the meristematic tissue turned
into a notch on the apex of the thallus.
The crucial environment factors that affected the
mature gametophyte stage are moisture and light intensity. The characteristics of fern distribution also have an
important role, because each species tends to develop its
sporophyte stage in optimal condition. It can be concluded that apogamous A. lunulatum from dry habitat
develops gametophytic stage more rapidly.
The total number of gametophyte cells from the first
week to the third week were not significantly varied. At
the fifth week, the cells originating from dry area began
to increase significantly, three times higher compared to
that of humid areas. The cells proceed to multiply until
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the final stage reached (adult gametophyte), and at the
tenth week, the number of gametophyte cells originating
from dry areas reached five times higher than that of
humid area (Table 2 and Figure 2).
The number of cells increased differently on each
stage, and the cell division rate from dry area is faster
than that from the humid area. This result is in accordance to the previous study [19] that showed the gametophyte cells would continue to proliferate along with
the age of the gametophyte and the total number of the
proliferating cell was varied among species.
Thus, gametophyte development of observed in
apogamous A. lunulatum in each stage is closely related
to the number of proliferating cells. Gametophytes of
individual originated from dry area grew and developed
more rapidly compared with that from the humid area.
Although the media showed of both gametophytes has
the same component and the gametophytes grew at the
same time, both of them are originated from a different
environmental condition which affected the rate of
growth and development of each gametophyte. The dry
area is the most suitable habitat for supporting the
growth and development of gametophyte [7]. Previous
study [20] reported that fern grown in dry areas tend to
have an apogamic reproduction. The dry condition is
thought to be the cause of an individual gametophyte
originating from dry area grows and develops faster
when is planted in a new condition far from its natural
habitat. It is a fern adaptation to avoid water deficiency
before entering to sporophyte phase.
Our result is in accordance with the previous study
[21] that reported the migration of spores from a great
distance would produce short-lived gametophyte. The
factor assumed to be the cause of the gametophyte
growth and development of the individual from
Pasuruan was more rapid compared with the gametophyte originating from the humid area, Bogor.
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CONCLUSION

Table 2. Average cell number in gametophyte of A. lunulatum
No. Habitat types W1 W3 W5
W7
W10

Average number of cells

1. Humid area 1
4 13.33 25.33
35
2.
Dry area
1 3.66 43.33 108.33 143.33
Notes: W1, W3, etc : Week (Time).

100
50
0
W1

W3
W5
W7
Age of gametophyte (week)
Humid area

W10

Dry area

Figure 2. The average number of cells on A. lunulatum gametophyte
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The development of A. lunulatum gametophyte
consists of four stages like, spore germination, filament,
spatula and mature gametophyte. Different origin habitat of the observed apogamous A. lunulatum caused different growth and development rate of their gametophytes. Gametophyte originated from dry area grew and
developed faster compared with the gametophyte from
the humid area.
ACKNOWLEDGMENT

The authors thankful to Laboratory of Ecology and
187

Volume 7 | Number 2 | April | 2017

Risti Novitasari, Tatik Chikmawati, Sulistijorini, 2017

Plant Resources, Department of Biology, Faculty of
Mathematics and Natural Sciences, Bogor Agricultural
University for permitted and support this research.
REFERENCES

1.

Smith AR, Pryer KM, Schuettpelz E et al. (2006) A classification for extant ferns. Taxonomy 55 (3): 705–731.
2. Sastrapradja S, Afriastini JJ, Darnaedi D, Widjaja EA (1978)
Jenis Paku Indonesia. Bogor, Lembaga Biologi NasionalLIPI.
3. de Winter WP, Amoroso VB (2003) Cryptogams: Ferns
and fern allies. Leiden, Backhuys Publishers (Plant Resources of South-East Asia 15 (2)).
4. Sant DG, Gujarathi TR, Harne SR et al (2013) Adiantum
lunulatum Burm. f. L. frond assisted rapid green synthesis
of gold and silver nanoparticles. Journal of Nanoparticles
2013 (2013): 1-9. doi: 10.1155/2013/182320.
5. Raghavan V (2005) Developmental biology of fern gametophytes. New York, Cambridge University Press.
6. Nayar BK, Kaur S (1971) Gametophytes of homosporous
ferns. Botanical Review 37 (3): 297-298.
7. Hoshizaki BJ, Moran RC (2001) Fern grower’s manual.
Portland, Timber Press.
8. Dassler CL, Farrar DR (1997) Significance of form in fern
gametophytes: Clonal, gemmiferous gametophytes of Callistopteris baueriana (Hymenophyllaceae). International
Journal of Plant Science 158 (5): 622–639.
9. Farrar DR (2016) Vittaria appalachiana continues to provide insight into the biology of ferns: A commentary on
two studies recently published in American Journal of
Botany. American Journal of Botany 103 (4): 593-595. doi:
10.3732/ajb.1500323.
10. Chambers SM, Emery NC (2016) Population differentiation and countergradient variation throughout the geographic range in the fern gametophyte Vittaria appalachiana. American Journal of Botany 103 (1): 86-98. doi: doi:
10.3732/ajb.1500077.
11. Atkinson LR, Stokey AG (1964) Comparative morphology
of the gametophyte of the homosporous ferns. Phytomorphology 14: 51-70

JTLS | J. Trop. Life. Science

12. Atkinson LR (1973) The gametophyte and family relationships. Botanical Journal of the Linnean Society 67 (suppl
1): 73–90.
13. Rugayah, Retnowati A, Windadri FI, Hidayat A (2004)
Pengumpulan data taksonomi. In: Rugayah, Widjaja EA,
Praptiwi. Pedoman pengumpulan data keanekaragaman
flora. Bogor, Puslit Biologi LIPI.
14. Huang YM, Hsu SY, Huang MH, Chiou WL (2009) Reproductive biology of three cheilanthoid ferns in Taiwan.
The International Journal of Plant Reproductive Biology 1
(2): 109-116.
15. Li X, Fang YH, Yang J, Bai SN et al. (2013) Overview of
the morphology, anatomy, and ontogeny of Adiantum
capillus‐veneris: An experimental system to study the development of ferns. Journal of Systematics and Evolution
51 (5): 499–510. doi: 10.1111/jse.12034.
16. Hartini T, Handayani S (2003) Spores germination of tree
fern (Cyathea contaminans (Wall. ex Hook.) Copel) on the
various growing media. BioSMART: Journal of Biological
Science 5 (2): 111-114.
17. Pan C, Chen YG, Ma XY et al. (2011) Phytochemical constituents and pharmacological activities of plants from the
Genus Adiantum: Review. Tropical Journal of Pharmaceutical Research 10 (5): 681-692
18. Ospina KR, Briones O, Perez-Garcia B (2015) Spore germination of three tree fern species in response to light, water potential, and canopy openness. American Fern Journal
105 (2): 59-72. doi: 10.1640/amfj-105-02-59-72.1.
19. Puspitasari DS, Chikmawati T, Praptosuwiryo TN (2015)
Gametophyte morphology and development of six species
of Pteris (Pteridaceae) from Java Island Indonesia. Journal
of Tropical Life Science 5 (2): 98-104. doi: 10.11594/jtls.05.0
2.08.
20. Grusz AL, Windham MD, Yatskievych G et al. (2014) Patterns of diversification in the xeric adapted fern genus
Myriopteris (Pteridaceae). Systimatic Botany 39 (3): 698714. doi: 10.1600/036364414X681518.
21. Haufler CH, Pryer KM, Schuettpelz E et al. (2016) Sex and
the single gametophyte: Revising the homosporous vascular plant life cycle in light of contemporary research. BioScience 20 (10): 1-10. doi: 10.1093/biosci/biw108.

188

Volume 7 | Number 2 | April | 2017

