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ABSTRACT

Isoetes taiwanensis is a critically endangered and semiaquatic plant, which exclusively inhabits an intermittently arid shallow 
pool for more than 5000 years. It is hypothesized that I. taiwanensis could tolerate and overcome the drought stress and quickly 
recover once the habitat condition become adequate. Serial observations were conducted to detect its ability to tolerate drought.  
The dried  plants , retained 50% and 30% vitality for six and 12 months of dry spans respectively, even when their fresh weight 
dropped to ca. 9%. These viable plants regenerated new leaves and roots from corms after rehydration within few weeks. The 
regenerated plants were able to grow normally and continuously produced leaves and roots in subsequent cultures. This study 
confirms that Isoetes taiwanesis is indeed a desiccation tolerant species, which could retain the vitality of its corms for a long 
period under air-dried, room temperature status. Thus it is suggested that corms of I. taiwanensis can be used for ex situ 
conservation of this species.
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INTRODUCTION Chen and Y.L. Hsueh retain their vitality even after 2 months 
of air dry conditions (Liao and Yeh 2009). These above 

Most plants fail to survive when their relative water mentioned reports are based on field observations alone or in 
content (RWC) drops below 20–50%. The reproductive culture experiments with <10 individual samples due to their 
structures e.g. seeds, pollen, and spores of all plant species are endemism and rarity. More sampled plants and experimental 
partially tolerant to desiccation (Bewley 1979, Oliver 2000). data is needed to explore the desiccation tolerant species of 
On the other hand, the ability to survive desiccation by Isoetes. 
vegetative structures of plants is not common (Oliver et al. Isoetes taiwanensis DeVol, an endemic plant species 
2000). However, some species can tolerate almost complete grows around the perimeter of a shallow swamp — Dream 
water loss (5–20% RWC) from their vegetative tissue and Lake (25°10'03.7”N, 121°33'38.2”E; 860 m asl), in the 
remain alive for a long period. After rehydration, they are able Yangmingshan National Park, Taiwan. It is a semi-aquatic 
to resume normal growth and metabolism (Gaff 1971, plant which persistently exist ca. 5000 years in this swamp 
Hartung et al. 1998, Scott 2000, Le and McQueen-Mason (Liu 1990). Isoetes taiwanensis has been listed as a critically 
2006). Around 0.2% of vascular plants are desiccation- endangered species due to its restriction to a small natural 

2tolerant which includes, lycophytes (14 species), ferns (82), habitat (<4000m ) (Huang et al. 2015). Inspite of the fact that 
monocotyledons (218) and dicotyledons (60) (Tuba and the Dream Lake is located in a subtropical wet climatic area 
Lichtenthaler 2011). without a significant dry season, I. taiwanensis encounter 

Desiccation-tolerant plants often grow on rocks under occasional drought stress. In the early 2006, the population I. 
extreme environmental conditions (extremely severe edaphic taiwanensis even decreased sharply to few plants because 
dryness and strong insolation) (Tuba and Lichtenthaler 2011). mass water of swamp leaked from slits on the swamp bank, 
The genus Isoetes is well known as quillworts and contains resulting the habitat inadequate for quillworts and the 
more than 200 species, and they are basically aquatic or semi- competition with other then invasive terrestrial plants. After 
aquatic (Hoot et al. 2004). However, four Isoetes species are removing the competition vegetation and the slits were filled, 
known to tolerate desiccation and can regenerate from corms the population was rapidly restored to >10000 plants. It was 
even after rehydration. Isoetes australis S. Williams, grows on thought that the plants would have completely died during the 
the rocks of pools of Western Australia, remained viable over dry condition, and reproduced by spores under suitable 
six months after completely dry conditions (Williams 1943). environment. The new plants quickly developed into fully 
Isoetes melanospora Englm. and I. tegetiformans Rury, native grown plants (leaf length ca. 10 cm) within 9 months (Chang et 
to south US, have a remarkable ability to regrow after drying al. 2006). Such fast growth was not observed in plants 
out (Taylor et al. 1993, Engelmann 1882, Musselman 2001). obtained by spore culture as the new plants consisted of small 
Isoetes taiwanensis DeVol var. kinmenensis F.Y. Liu, H.H. leaves (ca. 2–3 cm long) even after one-year culture. To 
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explain such contradictory phenomenon, it was concluded that leaves and roots were removed from the corms to prevent 
the development of large I. taiwanensis plants their corms fungus infection. These sampled corms were set and fixed on 
should be used which can endure the drought and regrow the sponge in an acrylics box (27cm × 18cm × 9cm) and 
rapidly after rehydration. Therefore, the present study was completely submerged in clean tap water with 3cm depth. 
conducted  to detect and document the regrowth ability of its They were incubated in  condition under 25±2℃ room 
corms and to find out organs which can tolerate desiccation. temperature, and water was changed every day. The 

regeneration of corms was observed for 4 weeks. The 
MATERIAL AND METHODS 

regeneration of corm was recorded on the formation of new 
Plant materials—Soil containing spores was collected from roots and when the new leaves grew to ≥ 1cm length. 
Dream Lake in 2010 and cultured in the Taipei Botanical 

RESULTS 
Garden (Huang et al. 2015). The sporophytes of Isoetes 
taiwanensis continuously appeared from the culture. For Air-dried plants—Plants significantly lost water and their 
present experiment, the healthy plants were collected in 2013 weight decreased within two weeks after air drying. The 
and 70 plants were sampled, which included 10 control and 60 average rwp was 9.1% of their fresh weight after the two-
plants grown under air-dried condition. At the time of week air drying. Their leaves remained green but much 
commencement of the experiment, average fresh weight of shriveled and reduced. Afterward, rpw was not significantly 
each intact plant and size of corms was 5.36±2.43 g changed (Table 1), but leaves gradually turned brown to light 
(1.73–12.27 g) and 0.82±0.25 cm (0.5–1.3 cm). These plants brown during storage period. During air dry period, some 
were divided into 10 groups on the basis of the diameter of leaves spontaneously shed from corms, but roots failed to do 
corms, and one plant was randomly sampled from each group so. 
for each treatment. Thus, each treatment consisted of 10 Regrowth of corms—After rehydration, viable corms 
plants.  produced new leaves from the center of distal part within few 
Drought treatment—The sampled plants were washed with days. New roots later generated from the proximal part after 
tap water for 3 times (5 min each), and surface water was one-week culture. Regrowing speeds of new leaves and roots 
soaked with soft tissue. They were then weighted and air-dried were variable among individuals, but there was no significant 
in the laboratory (25±2℃, 25% to 45% RH) for 3 day. They difference among drought time spans (data not shown).
were weighed again after 1, 2 weeks, 1, 2 , 3 , 6, 9  and 12 Regrowth ratio significantly and negatively correlated with 
months. The relative weight of plant (rwp) was calculated by drought time span (Pearson correlation coefficient r = −0.96, p 
following formula: = 0.0003). Fresh corms completely retained vitality and 
rpw   =   (the weight of air-dried plant/the weight of fresh generated new leaves and roots continuoslly; a portion of air-

     plant) × 100% dried corms lost their vitality during drought treatments. 
Corm regrowth test—The dried leaves and roots of Isoetes Regrowing ratio gradually decreased with the increase in air-
taiwanensis lost their function and rotted eventually in the dry time period. Half of corms retained their vitality after 6-
preliminary experiment, as observed in Isoetes taiwanensis months treatment, 30% of plants were viable after 12 months 
var. kinmenensis (Liao and Yeh 2009). Therefore, air-dried (Table 1). In addition, there was significant difference 

Table 1— Relative weight of plants (rwp; %) and regrowth ratios (%) of Isoetes taiwanensis after air dry within 12-months period. (n=10 in each span)

Air-dried spans 0 3d 1wk 2wk 1mo 2mo 3mo 6mo 9mo 12mo

a b c d d d d d d drwp* 100±0 54.4±7.0 26.4±9.7 9.1±1.1 9.0±1.6 8.9±1.5 8.3±1.6 8.5±2.3 8.0±3.1 8.0±3.0

Regrowth ratio** 100 — — — 80 80 80 50 30 30

* mean±sd; same alphabet indicates not significant difference, t-test
** —: no data

Table 2— Original fresh weight, corm size, and relative weight of viable and non-viable plants of Isoetes taiwanensis resulting from air dry within 
                12-months period.  

Viable plants Non-viable plants p value, t-test

Number of plant 35 25

Fresh weight (g) 6.15±2.53 4.29±1.90 0.0014

Corm size (cm) 0.88±0.25 0.74±0.24 0.0176

Relative weight (%) 8.91±1.76 7.83±2.61 0.0308

Value: mean±sd 
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between viable and nonviable plants in their original weights, al. 2012, The IUCN Red List of Threatened Species 2017). 
corm sizes, and rwp (p <0.05, t-test). A plant with a higher Corms of I. taiwanensis are suggested to be applied for its ex 
weight, large corm size, and higher rwp usually retained situ conservation because of its desiccation tolerance and 
higher vitality after drought treatments (Table 2). All resurrected potential. In addition, larger corms are suggested 
resurrected plants retained normal growth for their roots and to be used for its ex situ conservation due to their higher 
leaves. regrowth ratio after rehydration than smaller ones'. This 

DISCUSSION strategy may also apply to other Isoetes species. The larger 
corms probably store more nutrients for generating new leaves 

Types of desiccation-tolerant plants—Desiccation-tolerant 
and roots, or more desiccation-tolerant compounds for 

plants are classically divided into two groups: 
reducing the damage of desiccation (Müller et al. 1997, 

homoiochlorophyllous and poikilochlorophyllous types 
Schiller et al. 1997, Dinakar et al. 2012).   

according to their behavior of chloroplast and retention of 
CONCLUSIONvitality (Toldi et al. 2009). Homoiochlorophyllous 

desiccation-tolerant (HDT) and poikilochlorophyllous Based on present one-year experiments, it is proposed that the 
desiccation-tolerant (PDT) plants respond to drought in corms of Isoetes taiwanensis has good ability to tolerate 
different strategies. The formers, which are the majority, retain dehydration. This character help them to overcome the 
their chlorophyll in a readily recoverable form during drought conditions encounter and recover when the conditions 
desiccation, and resume photosynthesis system within 24 become favourable in the field. In addition, their corms offer 
hours following rehydration (Tuba et al. 1998, Le and suitable materials for ex-situ conservation of this species.  
McQueen 2006). In contrast, PDT plants lose their chlorophyll Acknowledgements—We thank to Feng-Chih Liu, Chun-
and chloroplasts in desiccated state, and those chloroplasts Mei Wang for culturing Isoetes taiwanensis. We also thank Dr. 
will be resynthesized after water absorbance. Comparing to Wen-Liang Chiou and Tzu-Tong Kao for comments and 
HDT plants, PDT plants retain longer period of vitality under detailed suggestions.
drought (several days to few weeks vs. 6–11 months; Tuba and 
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