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Pentarhizidium orientale (Hook.) Hayata is a native but threatened fern in Taiwan. It has become national critical endangered 
(NCR) largely due to human activities. In order to save this species, there is an urgent need of its ex situ conservation. Fern spores 
are normally used for their propagation, and for ex situ conservation the establishment of a spore bank is of utmost importance. 
However, the spores of P. orientale are chlorophyllous and have a short longevity, thus an efficient and easy storage method for 
enhancing its spore longevity is important. Therefore, for ex situ conservation, present study has been, for the first time, 
undertaken to find out effective methods for the storage of viable spores. The spores of P. orientale were stored with or 
without covering folded pinnae (pinna capsules), at four different temperatures, i.e., -80ºC, -20ºC, 4ºC, and 25ºC. The viability 
of stored spores was determined by their germination rates at the intervals of 2 weeks for 16 weeks. The viability of spores 
stored for two weeks without covering pinna capsules at four different temperatures was low. On the other hand, viability of 
spores covered with pinna capsules was variable. Spore viability lasted for longest period by storing them for 10 weeks at 4ºC, 
followed by 6 weeks at -20ºC, 3 weeks at 25ºC, but viability was lost in less than one week, at -80ºC. On the basis of these 
experiments, it is concluded that the best storage condition for maintaining spore viability for longer period is to store spores 
covered with pinna capsules at 4ºC. It is suggested that in order to enhance the spore longevity of P. orientale, for a longer period, 
the effect of adequate water contents, degree of maturation, and processes of freezing and thawing of spores should be 
extensively studied. 
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Biodiversity is a fundamental basis of ecosystem longevity (e.g., Ballesteros et al. 2011, 2012, Ballesteros and 
operation and human life (Rands et al. 2010, Brugiere and Pence 2018).
Scholte 2013). Due to forest fragmentation, habitat Pentarhizidium orientale (Hook.) Hayata (= Matteuccia 
development and pollution, overharvest, alien species orientalis (Hook.) Trevis.) is a summer fern and produces 
invasion, and global climate warming, numerous native plant green spores (Figs. 1 & 2). In Taiwan, it is only sporadically 
species have been threatened to become extinct at extremely distributed in northeastern mountain regions and is 
speed (Raven 1990, Pence 2004, Ranker and Haufler 2008). categorized as a national critical endangered species (Editorial 
Ferns and lycophytes (pteridophytes), including ca. 12,000 Committee of the Red List of Taiwan Plant 2017). Present 
species (PPG I 2016), are sensitive to environment study has been, for the first time, undertaken to find out 
degradation, and the survival of many of them is under serious information on different storage conditions for enhancing the 
risk (Walter and Gillett 1998, Ballesteros et al. 2004, Ebihara longevity of spore for the conservation of P. orientale.
et al. 2012).   

Ferns reproduce mainly by spores, and in order to MATERIALS AND METHODS
conserve ferns ex situ, keeping viability of spores for longer 

Materials  Four fertile fronds (numbering as I, II, III, IV) period is essential. On the basis of their external color and 
from 3 plants of Pentarhidium orientale  were presence of chlorophyll, the fern spores have been classified 
collected on October 2018 in Taiping-Shan, Ilan County, into green (chlorophyllous), nongreen, and cryptochloro-
Taiwan (121º31’37” E, 24º30’15” N; alt. 1960m). Because phyllous types (Sundue et al. 2011). The longevity of 
the pinnae and spores in fronds I and IV were not sufficient   cryptochlorophyllous spores have not been properly studied 
for storage treatments (see below), they were combined into so far. The spores of majority of ferns are nongreen and they 
an assay set (No. I-IV). The size of the spores was determined retain their mean longevity for 2.8 years, whereas the mean 
by measuring their long axis (equatorial axis) and three longevity of green spores lasts for only 48 days (Lloyd and 

Klekowski 1970). For ex situ conservation of ferns, several replicates of randomly selected 30 spores each from each 
storage methods have been effectively used to extend spore frond, under a microscope (Leica DM500). 

—



Spores/sporangia of the three sets of fronds were separately Storage temperature—All the collected samples were 
packed in two types. For type A, original pinna capsules were wrapped with aluminum foils to prevent from light and stored 
kept, i.e., spores remained inside sporangia which were at four different temperatures, i.e., -80ºC, -20ºC, 4ºC, and 
covered by revolute pinna margins. Type B, sporangia were 25ºC. 

Spore culture—Spores were sown at an intervals of two first scraped from pinnae and laid down on a sheet of white 
th

weeks after storage until the 16  week. Before sowing, spore paper two hours for air-drying (ca. 50% RH under 25ºC) and 
suspension was prepared by following methods: Pinna releasing spores, which were finally collected in micro-
capsules (type A) or spores (type B) were kept in a tea bag. centrifuge tubes. 

Fig. 1. Habits of Pentarhizidium orientale. A, sterile fronds; B, fertile fronds.

(A)

Fig. 2. Spores of Pentarhizidium orientale. Fresh green spores (A) with condense cytoplasm (C); transparent viability-loss spores (B) with 
loose-arranged and decayed chloroplast (D).

(B)
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For type A, the tea bag was slightly knocked to force the Where t : storage week, g: germination rate %, i = 2, 4, 
release of spores from sporangia. Spores were separated   6,…14 week 
from sporangia (and pinnae) by rinsing the tea bag. Thus the Germination rates and mean longevity for each 
spores flowed out of the bag into a flask to form spore temperature were analyzed by a one-way analysis of 
suspension. For type B, after rinsing the tea bag, spores were variance (ANOVA) and Fisher’s least significant difference 
separated from sporangial sacs and to form suspension as (LSD) test (p<0.05) to estimate significant differences of 
mentioned above. means among different treatments .

Spore suspensions were pipetted and dropped evenly 
RESULTSonto a 47mm diameter filter membrane (Supor Membrane 

Disc Filters, Supor 450 Membrane, 0.45μm Pore Size, Germination of spores stored at different temperatures 
60173; Pall Gelman Laboratory), which was laid on a petri and wrapped types—The fresh spores of Pentarhizidium 
dish (BL 6905, Violet BioScience Inc, Taiwan). Six sheets of orientale were green due to the presence of chlorophylls. 
70 mm diameter filter membranes were laid beneath to These were viable, but their chlorophyll gradually 
absorb water for maintaining enough humidity during degenerated with time and they finally turned transparent 
spore cultures. After adding 5.5±0.5 ml cool boiled-water, indicating the loss of their viability (Fig. 2). 
the petri dish was sealed and laid under 23~25ºC and lighted The germination rates of fresh spores reached to 96% 

–2 –1
with 12 hr 30µmole m s  LED/day. Totally eight treatments, and 100% at the first and second week, respectively, after 
i.e., 2 types (A & B) X 4 temperatures, and three duplicates sowing of spores. The reduction in the rates of spore 
(sampled from each of the three frond sets) for each treatment germination was variable in every different packed types 
were conducted. and storage temperatures. In general, mostly spores stored 

Germination rates of spore were recorded after two without covering with pinna capsules (Type B) lost their 
weeks culture because almost no spore germinated since then. viability more rapidly than those stored within pinna capsules 
Spore germination was examined under a dissection (Type A) (Fig. 3). 
microscope (Leica WILD M8) and photographed by a camera For Type A, except under -80ºC, in which spores almost 
(Cannon 550D). Two hundred spores of each replica (totally lost viability after 2 weeks storage, spores stored at other 
600 spores for each treatment) were randomly counted. temperatures retained their viability for a relative longer 
Germination was determined by the appearance of the first period. The reduction in germination rate of spores stored at -
rhizoid. 20ºC was somewhat sharp in the initial storage period (less 
Analysis—The spore longevity was indicated by the spores’ than 4 weeks), however, it became gentle later. Spores at 4ºC 
mean longevity (ML) calculated by the equation modifying storage temperature retained high viability within 4 weeks 
Chang et al. (2015) : storage, and their germination rates gradually declined with 

14  time, to ca. 7% after 16weeks storage. Spores at 25ºC storage ML = S t  × (g  – g )/100 + t  × g  /100ii i + 2 16 16i=2

Fig. 3. Germination rates at two-week culture of spores stored for 16 weeks at different temperatures. A, with pinna capsules covered (type A);  
B,without pinna capsules covered (type B).

Storage time (Weeks) Storage time (Weeks)
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temperature retained high viability within 2 weeks storage but DISCUSSION
lost viability soon and to < 3% after 6 weeks storage (Fig. 3A).

Aging—Fern spores lose viability over time (Conway 1949, 
For Type B, spores under all storage conditions soon 

Stone 1961, Klekowski 1969, Smith and Robinson 1975, 
lost their viability. Germination rates at all stored  

Bir and Goyal 1981). In present study also, spores of 
temperatures were less than 5% after four weeks storage 

Pentarhizidium orientale exhibited this trend. The fresh 
except that at 4ºC in which it unexpectedly raised to 9.8% at 

th spores of this fern germinated quickly as observed earlier 16 week (Fig. 3B). 
(Lloyd and Klekowski 1970, Wang et al. 2006, Huang et al. Spore longevities and spore sizes—Except for those under 
2011). The quantity of soluble sugar, protein, free amino –80ºC, spores stored within pinna capsules had longer 
acid, and glutathione in some fern spores decreases with longevities than those without pinna coverage. The longest 
storage period resulting in the loss of their viability (Gullvεg longevity (9.91 weeks) was those spores stored within pinna 
1968, Towill and Ikuma 1975, Raghavan 1991, Beri and Bir capsules at 4ºC followed by those at –20ºC (6.00 weeks) and 
1993, Chang et al. 2015). However, in the present study, the 25ºC (2.86 weeks). Spores stored under other conditions 
rates of spore germination in some storage conditions, i.e., at -were almost unable to survive, less than 1 week of longevity 
20ºC within pinna capsules and at 4ºC without pinnae covered, (Table 1), i.e., their germination rates closed to zero in a short 
failed to decline linearly. A previous study has also shown that stored period.  

Spore sizes (long axis) of three frond sets were 28.2% spores of P. orientale germinate when stored at 4ºC for 
76.40±3.23, 75.92±3.90, and 74.05±5.50 μm, respectively, 15 weeks (Huang et al. 2011). The germination rate is more or 
without significant difference. The larger spores were darker less similar to the spores of one of the fronds (20.49%; not 
green and with more and condenser chlorophylls than those shown in present Results) stored at the same temperature 
of smaller ones. Spores stored within pinna capsules at 4ºC during present study. Ballesteros et al. (2011) suggested that 
and -20ºC had significantly longer longevity than those spore damage in their experimental material of Osmunda 
under other storage conditions (Table 1). The correlation regalis cannot be only attributed to aging, but may also be 
between spore sizes of those three frond sets and their attributed to the storage condition.
longevities were further analyzed. Results show that the Temperature—Storing spores under low temperature could 
spore longevity at 4ºC storage was highly positively correlated extend their longevity for many fern species (Page 1979). 
with spore sizes (r = 0.96, p < 0.05) but there was no The viability of spores cannot be retained for a long period at 
significant correlation at -20ºC storage. room temperature, probably because this temperature 

results in higher metabolic rates, intolerance to desiccation, Table 1– Comparison of mean spore longevities (weeks) between 
Type A (with pinna covered) and Type B (without pinna covered) lack of dormancy, and rapid loss of water content from 
under different storage temperatures. 

those spores (Kato 1976, Ballesteros and Walters 2007b). 
Storage Cryopreservation, i.e., at -80ºC/-196ºC (liquid nitrogen, LN),   Mean spore longevities     
temperatures is generally more effective than freezer-preservation, i.e., at 
(ºC) Type A Type B

4~5ºC (or below zero to -25ºC in a few cases), for prolonging 
c

-80 0.02±0.03  0.56±0.22 spore longevity (Pence, 2000, Quintanilla et al. 2002, Ko et al. 
ab c

-20 6.00±2.59 0.81±0.44 2006, Ballesteros et al. 2011, Chang et al. 2015). However, 
a c inappropriate high water contents may cause triacylglycerol 4 9.91±4.06  0.51±0.33
b c crystallization and thus result in the deterioration with time 

25 2.86±1.08  0.36±0.07
when spores are placed at -15ºC or even at LN temperatures 

Note  : Means with the different superscript letter (Ballesteros and Walters 2007a). 
significantly different among treatments (p<0.05; one way 

Wrapped types—During the course of present study it was ANOVA, following LSD test).

observed that all storage temperatures failed to prolong    
Table 2–Sizes (long axis) and longevities of spores stored within 

spore longevity effectively. The short longevity of those pinna capsules.

spores without pinna coverage is probably because of their 
Spore sources Size (μm) Longevities (weeks)

inappropriate high water content. Ballesteros et al. (2017) (frond sets) Average±SE
documented that the longest spore longevities of four ferns -20ºC 4ºC

was observed by their storage at about 10~25% RH and 
I-IV 75.92±3.90 3.14 10.05

mortality sharply increased with lower or higher moisture 
II 74.05±5.50 6.66 5.79

levels. During present study, the spores were air-dried two 
III 76.40±3.23 8.19 13.90 hours before storage as described in methods under ca. 50% 

RH. However, it is not clear if such short dehydration period is Note :  Spore sizes among 3 frond sets were not significantly
              different (p>0.05). insufficient for drying spores or/and the higher RH of 

c

indicate 
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surroundings results in improper water content for retaining (Marengo 1949, Huang et al. 2014). Immature spores are 
viability of spores. Further studies to find out adequate water reported to show low germination rate (Mikuła et al. 2009, 
content for retaining spore viability in P. orientale is required. Huang et al. 2014) and probably are also of shorter longevity.

It was also recorded that the spores stored within pinna The size of spores indicates their extent of maturation 
capsules retained longer longevity than those without pinna (Marengo 1949, Huang et al. 2014), and this may also be 
coverage, especially at -20ºC and 4ºC. Most fern spores are correlated to their longevity as shown in present study for 
stored under dry condition to extend their viability, but the those spores stored at 4ºC within pinna capsules. During the 
storage of wet spores is useful for some species, e.g., Lindsay field study, it was observed that the fertile fronds emerged in 
et al. (1992) and Ko et al. (2006). The wet condition may the summer, spores turned dark brown in the fall and released 
facilitate excluding unfavorable substance from spores and in the next spring (personal observation by YMH). Spores 
dilute them in surrounding solution and thus help in used in this study were harvested in the fall. It implied that 
prolonging viability (Lindsay et al. 1992). The covering pinna these harvested spores might include some immature spores of 
capsules may serve as wet surroundings and benefit the smaller size and shorter longevity. However, the longevity of 
survival of spores inside them. However, wetting spores are spores stored at -20ºC is poorly correlated with their spore 
more sensitive to freezing than dry spores (Simpson and sizes. It is likely that crystallization of triacylglycerol might 
Dyer 1999), and appropriate processes of freezing and have occurred and caused spore damage during the storage in 
thawing are important for avoiding the deterioration of spores the freezer, as reported by Ballesteros and Walters (2007a), to 
(Ballesteros et al. 2004). In present study, no pretreatment distort an expected liner correlation.
before freezing and thawing spores, neither water contents of 

CONCLUSION
spores were detected. The effect of those events on 

The fresh spores of Pentathizidium orientale under room germination (and thus the estimation of longevity) is not clear 
temperature might have lost their longevity to less than 10% and needs to be explored in future.
within two weeks. It is necessary to provide viable spores for Spore longevity—In general, the mean fern longevity of 
ex situ conservation by storing them under proper conditions. green spores is much shorter than nongreen spores (48 days vs. 
However, due presence of characteristic green spores of this 2.8 years on average; Lloyd and Klekowski 1970). Short 
species, it is challenging to prevent them from losing their longevity of green spores is attributed to their intolerance of 
viability. The results of present study shows that the spore desiccation (Gullvεg 1968, Lloyd and Klekowski 1970, 
longevity of P. orientale could be retained for a longer period Raghavan 1989). A well-developed perine is effective in 
by placing spores with pinna capsules rather than without, and reducing water loss and elongates spore longevity in Onoclea 
their longevity could be further enhanced to ca. 10 weeks by sensibilis L. (Lloyd and Klekowski 1970). Although perines 
storing them at 4ºC. On the basis of present results and those of developed on spores of P. orientale, they fall off easily and the 
others presented in support it is suggested that in future, resulting green spores rapidly lose their viability (Huang 
recognizing degree of spore maturity at the time of harvesting, et al. 2011), as also demonstrated in present study. 
adequate water content during storage and their cryo-Except at -80!, the average longevity of spores within 
preservation conditions with proper freezing/thawing   pinna capsules is longer than those without pinna covering 
process is helpful in inhibiting the loss of spore viability not stored at various temperatures. This may be partly because 
only in P. orientale, the threatened fern in Taiwan, but also the covered pinnae form a relatively wet-mesophytic 
in other ferns. This is a first endeavor to elongate spore microhabitat to function similar to that of wet storage as 
longevity by storing spores within pinnae for pteridophytes. describe above. On the other hand, those covered pinnae 
The studies to analyze the possibility of application of this might also protect perine and somehow prevent water 
method in other ferns with pseudoindusia and nongreen escaping from spores and elongate their longevity.

The longevity of spore in P. orientale has not been spores, e.g., Adiantum, Pteris, etc., will be worthwhile. 
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Luodong Forest District Office, Forest Bureau, Taiwan is under all storage conditions are much shorter than many   
sincerely acknowledged for field work during the course of other green fern spores (e.g., Stokey 1951, Lloyd and 
present study. Klekowski 1970, Bellestore et al. 2011). Besides the storage 

condition, the influence of extent of spore maturation on REFERENCES
germination is another event needs to be considered. In 

Ballesteros D, Hill LM and Walter C 2017. Variation of present study, some released spores stuck together (data not 
desiccation tolerance and longevity in fern spores. J. shown) were lighter in color and with less chlorophyll. These 
Plant Physiol. 211 53–62.characteristics indicate that those spores were immature 

120 The International Journal of Plant Reproductive Biology 12(2) July, 2020, pp.116-122



Ballesteros D, Ibars AM and Estrelles E 2004. New data about Ranil RHG, Park CH, Murakami N and Hoya A 2012. 
pteridophytic spore conservation in germplasm banks. In Rare and threatened pteridophytes of Asia 1. An 
Plantaeuropa IV-th Conference, Valčncia: Espańa. enumeration of narrowly distributed taxa. Bull. Natl. 

Mus. Nat. Sci., Ser. B, 38(3) 93–119.
Ballesteros D and Walters C 2007a. Calorimetric properties of 

water and triacylglycerols in fern spores relating to Editorial Committee of the Red List of Taiwan Plant 2017. 
storage at cryogenic temperatures. Cryobiology 55 1–9. The Red List of Vascular Plants of Taiwan, 2017.  
doi: 10.1016/j.cryobiol.2007.03.006 Endemic Species Research Institute, Forestry Bureau, 

Taiwan Society of Plant Systematics. Nantou, Taiwan. 
Ballesteros D and Walters C 2007b. Water properties in fern 

Pp. 187.
spores: sorption characteristics relating to water affinity, 
glassy states, and storage stability. J. Expt. Bot. 58(5) Gullv g BM 1968. On the fine structure of the spores of 
1185–1196. Equisetum fluviatile var. verticillatum studied in the 

quiescent, germinated and non-viable state. Grana 8(1) 
Ballesteros D, Estrelles E, Walters C and Ibars AM 2011. 

23–69.
Effect of storage temperature on green spore longevity for 
the ferns Equisetum ramosissimum and Osmunda regalis. Huang YM, Lee PS, Fu CH and Chang YH 2014. The relation 
CryoLetters 32(2) 89–98. between spore maturity and viability of tree ferns. J. Nat. 

Taiw. Mus. 67(2) 45–58 (In Chinese with English 
Ballesteros D, Estrelles E, Walters C and Ibars AM 2012. 

abstract).
Effects of temperature and desiccation on ex situ 
conservation of nongreen fern spores. Am. J. Bot. 99(4) Huang YM, Liu YC, Lu PF and Chiou WL 2011. 
721-729. Gametophytes and young sporophytes of Pentarhizidium 

orientalis (Hook.) Hayata (Onocleaceae), a rare fern in 
Ballesteros D and Pence VC 2018. Fern conservation: spore, 

Taiwan. J. Plant Repro. Biol. 3 7–14.
gametophyte, and sporophyte ex situ storage, in vitro 
culture, and cryopreservation. In: Fernández H (ed.). Kato Y. 1976. The effect of freezing and solvents on 
Current Advances in Fern Research. Pp. 227–249. viability of chlorophyllous fern spores. Cytologia 41 
Springer, Gewerbestrasse, Switzerland. 387–393.

Beri A and Bir SS 1993. Germination of stored spores of Pteris Klekowski EJ Jr 1969. Reproductive biology of the 
vittata L. Am. Fern J. 83(3) 73–78. Pteridophyta. III. A study of the Blechnaceae. Bot. J. 

Linn. Soc. 62(3) 361–377.
Bir SS and Goyal P 1981. Effect of ascorbic acid on fern 

gametophytes. I. spore germination and 2-D growth in Ko JW, Huagn YM and Chiou WL 2006. The effect of storage 
Pteris vittata Linn. In: Verma SC (ed.). Contemporary condition on the spore viability of Aglamorpha 
Trends in Plant Sciences. Pp. 183–194. Kalyani meyeniana Schott. (Polypodiaceae, Pteridophyta). 
Publisher, New Delhi. BioFormosa 41(2) 77–82 (In Chinese with English 

abstract).
Brugiere D and Scholte P 2013. Biodiversity gap analysis of 

the protected area system in poorly-documented chad. J. Lindsay S, Williams N and Dyer AF 1992. Wet storage of fern 
Nat. Conser. 21 286–293. spores: unconventional but far more effective. In: Ide JM, 

Jermy AC and Paul AM (eds.). Fern Horticulture: Past, 
Chang YL, Tseng MH, Chiou WL and Huang YM 2015. Effect 

Present and Future Perspectives. Pp. 285–294. Intercept, 
of temperature on the viability, lifespan and vigour, of 

Andover. 
chlorophyllous spores of Osmundastrum cinnamomeum 
(Osmundaceae). Fern Gaz. 20(2) 55–64. Lloyd RM and Klekowski EJ Jr 1970. Spore germination and 

viability in Pteridophyta: evolutionary significance of 
Conway E 1949. The autecology of Bracken (Pteridium 

chlorophyllous spores. Biotropica 2 129–137.
aquilinum (L.) Kuhn): The germination of the spore, and 
the development of the prothallus and the young Marengo NP 1949. A study of the cytoplasmic inclusions 
sporophyte. Proceed. Roy. Soc. Edinb. Sect. B: Biol. Sci. during sporogenesis in Onoclea sensibilis. Am. J. Bot. 
63(3) 325–343. 36(8) 603–613.

Ebihara A, Fraser-Jenkins CR, Parris BS, Zhang XC, Yang Mikuła A, Jata K and Rybczyński JJ 2009. 
YH, Chiou WL, Chang HM, Lindsay S, Middleton D, Cryopreservation strategies for Cyathea australis (R. 
Kato M, Praptosuwiryo TN, Amoroso VB, Barcelona JF, BR.) Domin. Cryo Letters 30(6) 429–439.

å

�

2020 121Factors affecting longevity of spores of Pentarhizidium orientale (Hook.) Hayata, an endangered fern in Taiwan



Page CN 1979. Experimental aspects of fern ecology. In: Dyer Raven PH 1990 The politics of preserving biodiversity. 
AF (ed). The Experimental Biology of Ferns. Pp. BioScience 40(10) 769–775.
551–589. Academic Press, London.

Simpson K and Dyer AF 1999. The survival of dormant fern 
Pence VC 2000. Survival of chlorophyllous and spores. Pteridologist 3(4) 98–103. 

nonchlorophyllous fern spores through exposure to 
Smith DL and Robinson PM 1975. The effects of spore liquid nitrogen. Am. Fern J. 90(4) 119–126.

age on germination and gametophyte development 
Pence VC 2004. Ex situ conservation methods for   in Polypodium vulgare L. New Phyt. 74(1) 101–108.

bryophytes and pteridophytes. In: Guerrant EO, Havens 
Stokey AG 1951. Duration of viability of spores of the K Jr and Maunder M (eds.). Ex situ plant 

conservation–supporting species survival in the wild. Osmundaceae. Am. Fern J. 41(4) 111–115.
 Pp. 206–227. Island Press, Washington DC. 

Stone IG 1961. The gametophytes of Victorian 
PPG I 2016. A community-derived classification for extant Blechnaceae: 1. Blechnum nudum (Labill.) Luers. Aust. J. 

lycophytes and ferns. J. Syst. Evol. 54(6) 563–603. doi: Bot. 9 20–36.
10.1111/jse.12229 

Sundue M, Vasco A and Moran RC 2011. Crypto-
Quintanilla LG, Amigo J, Pangua E and Pajarón S 2002. Effect chlorophyllous spores in ferns: nongreen spores that 

of storage method on spore viability in five globally contain chlorophyll. Int. J. Pl. Sci. 172(9) 1110–1119. 
threatened fern species. Ann. Bot. 90(4) 461–467.

Towill LR and Ikuma H 1975. Photocontrol of the germination 
Raghavan V 1989. Developmental Biology of Fern 

of Onoclea spores: II. analysis of germination 
Gametophytes. Cambridge University Press, Cambridge.

processes by means of anaerobiosis. Pl. Phys. 55(2) 
Raghavan V 1991. Gene activity during germination of spores 150–154.

of the fern, Onoclea sensibilis: RNA and protein 
Walter KS and Gillett HJ 1998. 1997 IUCN Red list of synthesis and the role of stored mRNA. J. Exp. Bot. 42(2) 

threatened plants. IUCN, Gland, Switzerland and 251–260.
Cambridge, UK.

Rands MR, Adams WM, Bennun L, Butchart SH, Clements A, 
Wang XN, Liu BD and Shi L 2006. Studies on the Coomes D and Sutherland WJ 2010. Biodiversity 

development of gametophyte in Matteuccia orientalis. J. conservation: challenges beyond 2010. Science 329 
Wuhan Bot. Res. 24(4) 310–315 (In Chinese with English (5997) 1298–1303.
abstract).

Ranker TA and Haufler CH 2008. Biology and Evolution of 
Ferns and Lycophytes. Cambridge University Press, 
Cambridge.

122 The International Journal of Plant Reproductive Biology 12(2) July, 2020, pp.116-122


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

