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Abstract: Livistona rotundifolia (Lam.) Mart. is an 

ornamentally important plant in Sri Lanka with a high demand 

for both cut foliage and pot plant production for the foreign 

market. Propagation through seeds, poor germination and the 

storage of seeds are the main constraints in L. rotundifolia 

cultivation. During the current study, seed germination and 

storage behaviour of L. rotundifolia have been investigated to 

identify the causes for its poor germination and poor storability. 

The moisture content of  seeds was determined using the 

oven-dry method. Germination of the seeds was studied under 

light/dark and dark conditions and the embryo : seed ratio was 

determined in fresh seeds and in seeds soon after the radicle 

emergence. The effect of storage at eight different storage 

conditions was evaluated. The seeds had a moisture content of 

36.8 % suggesting that they are recalcitrant. Recalcitrancy of 

seeds is further supported where none of the seeds germinated 

when they were stored at −2 oC. Freshly collected seeds 

germinated only in dark conditions (58 %). Even in dark 

conditions, the seeds took 2 months to complete germination. 

Although seeds had a low embryo : seed ratio, it remained 

unchanged during germination. Thus, the dormancy of seeds 

can be categorized as the non-deep physiological dormancy. 

This is the first record of a species producing seeds with no 

morphological dormancy in Arecaceae. The seeds stored in 

polythene bags with coir dust at 4 − 8 oC showed the highest 

survival (97 %) and thus, this treatment can be recommended to 

store L. rotundifolia seeds for a minimum of 5 months. 
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INTRODUCTION

Livistona rotundifolia (Lam.) Mart. plays a major role 

in the ornamental plant industry in Sri Lanka. It is an 

ornamentally important plant with a high demand for 

both cut foliage and pot plant production in local as 

well as foreign markets (Svinningen et al., 2010). It 

is one of the common palms grown in net houses of 

horticulture industries in Sri Lanka (Jegathambigai 

et al., 2008). Propagated through seeds, poor germination 

and storability of seeds are the main constraints in 

L. rotundifolia cultivation (personal communication). 

Only a few seeds germinate in germination orchards 

and the seeds can only be stored for < 1 month. When 

large orders of L. rotundifolia seedlings are required, 

the growers have to totally depend on fresh seed 

collections (personal communication). Furthermore, the 

lack of published data on germination and storability of 

L. rotundifolia directed the present study to investigate the 

basic characteristics of seed germination and storability 

of seeds.

 Although, information on germination and storage 

of L. rotundifolia seeds is lacking, some information is 

available on germination and storage of other Livistona 

species. Wen and Song (2007) and Wen (2009) have shown 

that during the development of Livistona chinensis seeds, 

they become cryotolerant and lose the cryotolerance 

ability with maturation. Mature L. chinensis seeds cannot 

survive at sub zero temperatures even for one week. 

However, the excised embryos can be stored in liquid 

nitrogen after drying up to 20 % seed moisture content 

(Wen, 2009).  According to the results of Peng et al. 

(2011), L. chinensis seeds lose viability when dried up 

to 8 % moisture content and thus, the authors categorized 

L. chinensis seeds as recalcitrant seeds. In contrast, results 

of Ehara et al. (2002) showed that L. chinensis seeds 

germinated even after they were soaked in sea water 
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for 60 days. Ellis et al. (2007) have reported that seeds 

of L. cochinensis have an orthodox storage behaviour. 

L. chinensis seeds germinate without any treatment; 

however they take 50 − 60 days from sowing to complete 

germination (Singh et al., 2010). Thus, the seeds may 

have a slight physiological dormancy or morphological 

dormancy similar to most of the other Arecaceae species 

(Baskin & Baskin, 1998). Similarly, Lack (2009) reported 

that seeds of L. rigida do not require any pre treatment 

for germination however, it took more than 1 month 

to sprout. 

METHODS AND MATERIALS

Studied species

Livistona rotundifolia is a hermaphroditic palm tree, 

which can reach a height of 45 m. This plant is native 

to Malaysia, Indonesia and the Philippines.  In its native 

habitat, this species occur in swamp forests, seasonally 

dry swamp forests, mangrove margins, rainforests, moist 

evergreen forests and in river banks (Dowe, 2009). 

However, it has been introduced to many tropical 

and subtropical countries as an ornamental species 

(De Zoysa, 2000).         

   

Seed collection

Mature fruits were collected from L. rotundifolia 

trees in Ambalangoda (80.050, 6.230), Sri Lanka. The 

fruits were  stored in polythene bags and brought to 

the labratory. Seeds were extracted from healthy fruits 

and  the experiments were initiated within 2 wks from 

collection.

Seed moisture content

 
Fifteen seeds, which were initially weighed (with a 
digital chemical balance) were oven dried at 120 oC for 
3 hrs (ISTA, 2008). Retrieved seeds were reweighed 
individually and then the seed moisture content (MC) 

was determined on fresh mass basis.  

 

Effect of drying on seed viability

 

Two samples of 3 replicates with 15 seeds each, were 

weighed initially. Seeds were air dried to 20 % or 10 % 

seed MC, assuming that their initial seed MC was 36.8 % 

(MC determined by the first experiment). When seed 

samples reached the desired MC (20 % or 10 %), they 

were incubated on moistened filter papers in petri plates 

under laboratory temperature conditions (26 ± 2 °C) in 

darkness. Non-germinated seeds were cut opened and 

observed for the white viable embryo.

Seed germination test

Two samples of 3 replications of 15 seeds were incubated 

under ambient laboratory conditions in light/dark 

(26 ± 2 °C, diffused light through a window and white 

florescent light) and dark conditions. Darkness was 

provided by wrapping petri dishes with aluminium foil. 

Seeds were checked at 3 d intervals for germination. 

Radicle emergence was the criterion for germination.

Embryo : seed ratio

Fourteen seeds were incubated on moistened filter 

papers in petri dishes at ambient laboratory temperature 

(approx. 26 ± 2 °C) in the dark. Five seeds each were 

retrieved at 1 wk intervals until the seeds started to 

germinate. Seeds were cut opened and the embryo and 

seed lengths were measured using a ruler calibrated 

in millimeters. 

Storability test

  

Six samples with 3 replicates of 15 seeds were packed in 

polythene bags and stored in 3 temperature regimes; room 

temperature (approx. 26 ± 2 °C), household refrigerator 

(4 − 8 °C) and freezer (− 2 °C). Seeds were stored in  the 

above temperatures with or without moistened coir dust, 

resulting in 6 storage conditions. Another seed sample 

with 3 replicates of 15 seeds was stored in the open petri 

dishes as the control. Seeds were drawn after 2 months 

and tested for germination on moist filter papers in petri 

dishes under dark and light/dark conditions. The same 

test was conducted for the other 6 seed samples with 

3 replicates of 10 seeds. One seed sample with 3 replicates 

of 15 seeds was stored in the open petri dishes as the 

control. These 6 seed samples were retrieved separately 

after 5 months and tested for germination as explained 

above. Germination test was conducted only under 

dark conditions (where seeds germinated well, only in 

the darkness). 

Analysis of data

All the experiments were conducted in a completely 

randomized design. Data obtained from the germination 

tests were analyzed using a pooled t-test. Data obtained 

from the storage experiments were analyzed with one 

way ANOVA procedure and the means were separated 

with Duncan’s multiple mean separation procedure. 

Data were arcsine transformed prior to analysis. Data 

analysis was conducted using the SAS statistical 

software (version 6.1). 
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RESULTS

 

Seed moisture content

Fresh mass of the L. rotundifolia was 0.55 ± 0.04 g 

while the dry mass was 0.37 ± 0.02 g. Thus, the moisture 

content of L. rotundifolia was 37 ± 2 % on a fresh mass 

basis. 

Effect of drying on seed viability

None of the seeds air dried to 10 % MC germinated,  

while only 23 % of the seeds that were dried to 20 % MC 

germinated. All non-germinated seeds rotted and died 

during the germination period. 

Seed germination test

Freshly collected seeds germinated only in dark  

conditions (58 %) (Figure1). Even in dark conditions 

seeds took 2 months to complete germination. Only 

7 % of the seeds germinated under light conditions even 

after 4 months. Germination under light is significantly 

lower than the germination in dark conditions 

(t = 4.7, p = 0.04).

Embryo : seed ratio

Embryo : seed ratio of the fresh seeds was 0.19. 

Soon after radicle emergence, the embryo : seed 

ratio was slightly higher (0.24) than that of fresh seeds. 

However, this observed difference was not statistically 

significant (t =  − 1.68, p = 0.168).   

Storability test

None of the seeds stored in open petri dishes germinated 

after 2 months or 5 months storage. They rotted and died 

within 2-4 weeks. Seeds kept at room temperature with 

coir dust germinated 57 − 86 % (Figure 2) during the 

storage time [ 2 months and 5 months ( ), respectively]. 

Among the seeds stored for 2 months, highest 

germination was shown by the seeds that were stored 

in polythene bags at room temperature ( ) under 

dark incubation conditions (97 %, f = 6.94, p < 0.001) 

(Figure 2A). However, they took 4 months to reach 

97 % germination. Forty four percent of the seeds 

stored for 2 months at 4 − 8 0C in sealed polythene bags 

without coir dust ( )   germinated within 4 months 

under laboratory temperature and light/dark conditions. 

 
Figure 1: Germination of Livistona rotundifolia seeds in light/ dark 

and dark conditions at ambient laboratory temperatures 

(~ 26 ± 2 °C). Different upper case letters depicts significant 

differences between different  light conditions and different 

lower case letters depicts significant differences between 

30 days incubation and 120 days incubation (n = 3).
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Figure 2. Germination of Livistona rotundifolia seeds in dark after 2 months and 5 months 

Figure 2: Germination of Livistona rotundifolia seeds in dark after 

2 months (A) and 5 months (B) storage in different storage 

conditions [with moistened coir dust,( ) solid symbols 

with solid line; and without coir dust, ( ) open symbols 

with dashed line] at different temperatures [ambient 

laboratory temperature, ( , )  squares; 4-8 oC, ( , ) 

triangles; and - 20 oC, ( , ) circles]. Circle with dotted 

lines depicts the percentage seed germinated during the 

time of storage in the moistened coir dust. Error bars are 

± SD. (n = 3)
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This is a significantly higher germination than that of 

untreated fresh seeds incubated in light/dark conditions 

(6.7 %, f  = 12.4, p = 0.006). Among the seeds stored 

for 5 months, highest germination (97 %, f  = 46.82, 

p = 0.001) was exhibited by seeds stored in polythene 

bags with coir dust at 4 − 80 C temperature ( ) in dark 

incubation condition (Figure 2B). However, only 13 % 

of seeds stored in polythene bags at room temperature 

conditions germinated. Rest of the seeds rotted and died 

during incubation.

DISCUSSION

Seeds of L. rotundifolia have a high initial moisture 

content (37 ± 2 %). Percentage moisture content of 

mature orthodox, intermediate and recalcitrant seeds 

have been recorded as < 20 - 50, 23 - 55, 36 - 90 

respecitively (Hong & Ellis, 1996). L. rotundifolia 

seeds were categorized as recalcitrant due to the 

inability of the seeds to withstand desiccation (none of 

the seeds survived after desiccation to 10 % seed MC).  

L. rotundifolia seeds may have lost the viability due 

to the embryo damage caused by low seed moisture 

content as explained by Hong and Ellis (1996). Further, 

L. rotundifolia seeds lost their viability during storage 

under sub zero temperatures (none of the L. rotundifolia 

seeds survived after storage at -1 oC). Recalcitrant seeds 

lose viability during storage at sub zero temperatures 

due to the expansion of the volume of water in the cells 

and due to the water crystal formation (Pammenter & 

Berjak, 1999). This conclusion is in conformity with 

Wen and Song (2007) and Peng et al. (2011) on the 

L. chinensis seeds. Both these authors emphasized that 

mature seeds of L. chinensis are desiccation sensitive and 

thus, they are recalcitrant. However, Ellis et al. (2007) 

reported that seeds of L. cochinensis are orthodox. There 

are only a few genera recorded with recalcitrant and 

orthodox seed producing species (Dickie & Pritchard, 

2002). Since seeds of L. rotundifolia are recalcitrant 

they lose the viability when they lose moisture (Hong & 

Ellis, 1996; Pammenter & Berjak, 2000). Therefore, to 

maintain a long seed storage life, precautions have to be 

taken to prevent moisture loss during storage. 

 Freshly collected seeds of L. rotundifolia germinated 

only in dark conditions demonstrating that the seeds 

require dark conditions to germinate. However, even 

in dark conditions the seeds took 2 months to complete 

germination. Although fresh seeds have low embryo :  

seed ratio, it remained unchanged during the germination. 

Therefore, it can be concluded that L. rotundifolia 

seeds have no morphological or morphophysiological 

dormancy. However, most Arecaceae species produce 

seeds with morphological or morphophysiological 

dormancy (Baskin & Baskin, 1998). Hence, this is the 

first confirmed record of a species producing seeds with 

no morphological dormancy in Arecaceae. 

 According to the results of the germination test 

L. rotundifolia seeds seem to have a slight non-deep 

physiological dormancy. Seeds stored for 2 months 

at 4 − 80 C in sealed polythene bags without coir dust 

germinated up to 71 % within 4 months under laboratory 

temperature and light/dark conditions. This is significantly 

higher than the germination of untreated fresh seeds 

incubated in light/dark conditions. This demonstrated 

that wet storage at chilling conditions have increased 

the light sensitivity of L. rotundifolia seeds, suggesting 

that the seeds of L. rotundifolia have slight non-deep 

physiological dormancy, which can be overcome by 

stratification at 4 − 8 oC (Baskin & Baskin, 2004). 

 

 Seeds kept at room temperature with coir dust 

germinated even during the storage time. Thus, it is 

evident that L. rotundifolia seeds require only a very 

little amount of additional water from the outside to 

germinate. However, none of the seeds in other storage 

treatments germinated during storage. Among the seeds 

stored for 2 months, those that were stored in polythene 

bags at room temperature had the highest germination 

under dark incubation conditions. This demonstrated 

that if the seeds were stored in a sealed environment to 

prevent moisture loss, viability could be maintained for a 

considerable time period even under room temperature. 

Among the seeds stored for 5 months, those in polythene 

bags with moistened coir dust in 4 – 8 0C temperature   had 

the highest germination in dark incubation conditions. 

Thus, the best treatment for storage of L. rotundifolia 

seeds is to store at refrigerator conditions with moistened 

coir dust in sealed polythene bags. 

 Three main methods have been developed to store 

recalcitrant seeds such as seeds of  L. rotundifolia, i.e. moist 

storage method, partial desiccation method (Chin, 1994) 

and anesthetic storage (Sowa & Roos, 1991). In the 

moist storage method, precautions are taken to prevent 

the seeds from desiccation by storing seeds in a moist 

environment. Temperature, moisture and level of O
2
 have 

been identified as the critical factors affecting longevity 

of seeds during moist storage of recalcitrant seeds 

(King & Roberts, 1980). Moistened sawdust, charcoal, 

peat and sand have been commonly used to provide the 

moist environment for recalcitrant seeds in storage, and 

in this study,  moistened coir dust was used.  Further, it 

was revealed that 4 − 8 oC is the best storage temperature 

for L. rotundifolia seeds. Low temperature prevents 

seeds from germinating  during the storage period, 

however, sub zero temperatures cause chilling damage 
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to recalcitrant seeds undesirably affecting storage life. 

Thus, temperatures ~ 7 oC is recommended for storing 

recalcitrant seeds using the moist storage method. This 

is the normal temperature in a household refrigerator and 

is cost effective for storage of L. rotundifolia seeds.  The 

polythene bag prevents moisture loss during the storage.

CONCLUSION

Livistona rotundifolia seeds require darkness to 

germinate. However, sensitivity to light can be slightly 

increased by storing seeds at low temperatures. Seeds 

of L. rotundifolia have slight non-deep physiological 

dormancy. According to the results obtained for 

moisture determination and storage tests it can be 

concluded that L. rotundifolia seeds are recalcitrant. 

The best storage treatment for L. rotundifolia seeds is to 

store  them at 4 − 8 oC in sealed polythene bags with 

moistened coir dust.
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