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Abstract

The present study examined the effect of temperature (15, 20, 25, 30 and 20/30°C) on germination and the 
storage behaviour of freshly harvested mature seeds of Calamus palustris var. cochinchinensis. Seed desiccation 
tolerance and the effects of storage temperature (4 and 15°C), perlite water content (120, 180 and 240%) and 
seed moisture content (27.8, 38.2 and 49.2%) on viability were observed. Seeds had a higher germination 
at 25°C (88.3%) than at the other tested temperatures. Germination decreased as the seed moisture content 
decreased during desiccation. The germination of seeds stored at 15°C was higher than that of seeds stored at 
4°C. Germination of seeds stored at 15 and 4°C was < 65% and with extension of storage time, the germination 
decreased, indicating that neither temperature can be used for long-term conservation. For short-term storage, 
the seeds can be stored at 15°C with perlite with 180% water content in plastic bottles or at 15°C with 49.2% 
moisture content sealed inside aluminum foil bags.
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Experimental and discussion

The genus Calamus is the largest genus in the Palmae family (approximately 370 species 
(Dransfield and Manokaran, 1993)) and is mainly distributed in tropical and sub tropical 
Asia (Jiang et al., 2007; An et al., 2010). Its milky white scabbard stem (cane) has good 
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flexibility and tensile strength that makes it an excellent material for traditional 
weaving and furniture production (Cai et al., 2003). Due to intense human disturbance 
and natural environmental degradation, wild resources have been severely reduced 
with some Calamus species becoming extinct. Therefore, it is particularly important to 
conserve the genetic resources of Calamus. For most plant species, the most economical 
method of conserving germplasm is to store their seeds in a seed genebank (Ma et al., 
2011). In order to store the seeds successfully, it is necessary to know something about 
their storage behaviour. Seeds have traditionally been classified into two main groups, 
recalcitrant and orthodox (Roberts, 1973). Orthodox seeds have desiccation tolerance and 
can be dried to low moisture contents (2-5%) (MC; % fresh weight basis) and stored for 
predictable periods under controlled conditions (Ellis and Roberts, 1980; Ma et al., 2011; 
Pammenter and Berjak, 2014). Recalcitrant seeds are shed at high moisture contents and 
are sensitive to desiccation and can neither be stored at low moisture contents nor at sub-
zero temperatures because of freezing damage caused by ice formation (Roberts, 1973; 
Konstantinidou et al., 2008; Pammenter and Berjak, 2014). They are therefore difficult to 
store, rapidly losing viability under any kinds of storage conditions (King and Roberts, 
1979; Lan et al., 2014). A third category, intermediate between orthodox and recalcitrant 
has also been recognised (Ellis et al., 1990). The main feature is that seeds are able 
to tolerate desiccation to moisture contents in equilibrium with about 40-50% relative 
humidity (r.h.), i.e., about 7-10% moisture content depending upon species, but further 
drying results in more rapid loss in viability of stored seeds and sometimes immediate 
damage occurs on further desiccation (Ellis et al., 1990; Hong and Ellis, 1996). In this 
study, the effects of temperature, desiccation and storage on seed germination of Calamus 
palustris var. cochinchinensis were investigated. This plant is distributed in the south and 
southeast of Yunnan, China and also found in Cambodia and Vietnam.

The seeds used in the experiment were collected from Menglang town, Lancang 
County, Yunnan, China on 20 October 2009. Prior to experimentation, the seeds were 
removed from the fruits, rinsed with clean water and dried (in the shade until seed 
surface was dry). Seed MC (% fresh weight basis) was determined by weighing five 
replicates (one individual seed for each replicate) before and after drying at 103°C for 
17 hours (ISTA, 2005).

Three replicates of 20 seeds each were tested for germination on 0.8% agar in 
closed Petri dishes at different temperatures (constant 15, 20, 25 and 30°C and alter-
nating 20/30°C) for one month. Temperature had a significant effect on seed germination 
(figure 1; P < 0.05). SPSS 16.0 was used for one-way ANOVA of the data. As temperature 
increased, so did germination, reaching a maximum at 25°C (88.3%) and then declining. 
Seed germination was lowest at 15°C, with just 21.7%; at all other tested temperatures, 
germination was higher than 50%. At 20/30°C, the germination was 60%, lower than 
that of 20, 25 and 30°C. This indicated that seed germination was sensitive to the low 
temperature (15°C) and that constant temperature (20, 25 and 30°C) is more beneficial to 
improve seed germination than alternating temperature (20/30°C). The necessity for these 
higher temperatures for germination is consistent with the temperature conditions in its 
area of distribution.
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 Fresh seeds were desiccated with activated silica gel at room temperature (25 to 
28°C). Seeds were desiccated for 0, 1, 3, 6, 12, 24 and 48 hours, and seed MC and 
germinability at 25°C determined as described previously. Desiccation had a significant 
effect on the seed MC and seed germination (figure 2; P < 0.05). Both the seed MC and 
germination gradually decreased, from 49.2% and 88.3%, respectively (control, 0 hours 
seeds), with increasing desiccation time. After 48 hours, seed MC and germination had 
been reduced to 9.6% and 10%, respectively. The seeds of recalcitrant species have a high 
MC (often > 30-50%) at maturity and are sensitive to desiccation below moisture contents 
of 12-30% (Roberts, 1973; Ma et al., 2011). When the seed MC of Hopea hainanensis 
was 38.3%, the germination percentage was 100% but when the MC was reduced to 
less than 20%, the germination capacity was completely lost (Song et al., 1986). For 
Vatica astrotricha seeds, when MC was reduced from 41.6 to 31%, germination similarly 
decreased significantly (Song et al., 1986; Tang et al., 2004). Our results are inconsistent 
with these data: although with the seed MC declining, the germination of C. palustris var. 
cochinchinensis decreased significantly, some seeds survived (10%) at a MC of 9.6%. 
Collectively these data suggest that the seeds of C. palustris var. cochinchinensis were 
sensitive to desiccation.

 Following Pritchard et al. (1995), seeds were rapidly desiccated for 0, 1 and 3 hours 
with activated silica gel and seed MC determined after each drying period. Then the 
dried seeds were sealed in aluminum foil bags (60 seeds in each bag) and stored at 4 
and 15°C for 0.5, 1 and 3 months. After each storage time, germination was tested at 
25°C, as previously described. After desiccation for 0, 1 and 3 hours, seed MC was 49.2, 
38.2 and 27.8%, respectively. Germination of seeds stored at 4 and 15°C decreased with 
the extension of storage time, and for all of the tested seed MC, germination was lower 

Figure 1. Effects of temperature (15, 20, 25, 30 and 20/30°C) on seed germination of Calamus palustris var. 
cochinchinensis (1-month germination test). Different letters indicate a statistically significant difference at 
P = 0.05.
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than 60% (figure 3). With decrease in seed MC, the germination percentages showed a 
decreasing trend. Temperature also had an impact as the germination percentage of seeds 
stored at 4°C was lower than that stored at 15°C. Indeed when seed MC was 27.8% and 
the storage time was three months, the seeds stored at 4°C had lost viability. Collectively 
the results showed that the seeds of C. palustris var. cochinchinensis were sensitive to low 
temperature, and as such were not suitable for long-term storage.
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Figure 2. Effects of desiccation time (0, 1, 3, 6, 12, 24 and 48 hours) on seed moisture content and germination 
of Calamus palustris var. cochinchinensis.

Figure 3. Effects of storage time (0.5, 1 and 3 months), storage temperature (4 and 15°C) and seed MC (49.2, 
38.2 and 27.8%) on seed germination of Calamus palustris var. cochinchinensis. 
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Figure 4. Effects of perlite water content (120, 180 and 240%), storage time (0.5, 1 and 3 months) and storage 
temperature (4 and 15°C) on seed MC and germination of Calamus palustris var. cochinchinensis.
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According to the method of Wen (2009), 50 g of dried and cooled perlite was put 
into three plastic bottles, then 60, 90 and 120 ml distilled water was added into each 
bottle resulting in perlite with water content of 120, 180 and 240% of starting weight, 
respectively. Samples of 65 seeds were placed into each bottle and the seeds distributed 
evenly through the perlite by shaking. Each bottle was loosely sealed and then stored at 4 
and 15°C for 0.5, 1, 3 and 6 months. After each storage period, seed MC and germina tion 
were tested at 25°C, as previously described. The seed MC was affected by the storage 
conditions (figure 4A, C). With the extension of storage time, when the perlite water 
content was 120%, the seed MC decreased, but when the perlite water content was 180 
or 240%, the seed MC first increased and then decreased. The associated germination 
percentages showed a decreasing trend with the extension of storage time (figure 4B, D). 
When the perlite water content and storage time were the same, the germination percentage 
of seeds stored at 4°C was lower than that of seeds stored at 15°C. At 4°C, the lower the 
storage water content, the lower the germination percentage with the storage time of 0.5 
and 1 month, and at 15°C, the germination percentage of seeds was the highest under 
180% perlite water content. When the storage time reached three months, germination 
percentages were the lowest for seeds stored in perlite with 240% water content at 4 and 
15°C. These data indicate that seed germination was sensitive to the low temperature.
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In our study, after storage by two methods, the germination percentages both 
significantly decreased, and the germination percentage of seeds stored at 4°C was lower 
than that of seeds stored at 15°C. With a certain seed MC or storage water content, seeds 
of C. palustris var. cochinchinensis could be stored for a short time. However, the storage 
behaviour is inconsistent with that of orthodox or recalcitrant seeds. Seed germination 
was sensitive to low temperature (15°C), and temperatures of 20 to 30°C were suitable 
for the germination of the seeds, with the highest germination (88.3%) at 25°C. Although 
seed MC and seed germination declined significantly with the extension of desiccation 
time, the seeds could tolerate some desiccation: when the seed MC was 9.6%, there 
was still 10% germination. For short-term storage, the seeds can be stored at 15°C with 
180% perlite water content in plastic bottles or at 15°C with seed MC of 49.2% sealed in 
aluminum foil bags. 
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