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Abstract: Calamus palustris Gnff. 1s a dioecious rattan species of commercial importance for its canes. The sex
of C. palustris can only be identified from the morphology of the inflorescence. Tn this swrvey, the sex ratio of
C. palustris planted in 2001 in an experimental plot at Universiti Kebangsaan Malaysia, was studied. The swvey
was conducted from September 2003 to Tuly 2006. A total of 46 male and 43 female plants were identified from
the 140 surviving plants in the plot. This gave a ratio of female to male as 1:1.1 with no significant difference
compared to an even ratio 1:1. The survival percentage of the planted population was 93.3%. The female plants
had 1-7 stems per clump, while the male had 1-10 stems per clump with an average of 4 stems per clump for both
the sexes. The even sex ratio of the planted C. palustris population might indicate absence of post zygotic sex
selection and unbiased sex selection during seed germination.
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INTRODUCTION

The evolution of sex ratios has long been a focus of
scientific interest. Investigation of sex ratios 1s vital for
the understanding of sex ratio deviation in the tropical
ecosystem. Sex ratio studies on dicecious plant species
are important to predict deviations from an equal (1:1)
ratio of male and female plants. Many theoretical studies
have shown that an equal zygotic (primary) sex ratio 1s to
be expected m most cases based on the fact that each
offspring produced will contain equal gene complements
from male and female parents in a dicecious sexually
reproducing population. If there is an excess of one sex in
the population, the fitness of individuals of the opposite
sex will increase through mutation and selection
mechanisms, primary sex ratios are expected to be kept in
an evolutionary balance near one to one (Meagher, 1981).
However, skewed sex ratios have been reported mn adult
populations for a number of different plant species
(Sakai, 1990). The implication of skewed sex ratios in
dicecious plant species 1s especially vital mn the planming
of seed production areas, studies on genetic diversity as
well as on conservation of near-extinct species
(Opler and Bawa, 1978). Such deviations could be the
result of genetic mechanisms, which bring about unequal
numbers of male and female progeny or they could be
the result of post-zygotic life lustory differences between
males and females (Meagher, 1981).

Calamus palustris Guiff. or locally known as rotan
Langkawi 1s a dicecious rattan species with a limited
distribution in the Northern part of Peninsular Malaysia.
Its mednum size diameter (18 mm) cane 18 mainly used for
making fumiture and handcrafts. Calamus palustris 1s a
clustering rattan species which produces multi stems from
one individual plant. The gender of the plants can only be
identified when the plants start flowering at the age of
3-4 years. The male inflorescence from the male plant has
only male flowers, while the female inflorescence from the
female plant has fertile female flowers but sterile male
flowers. Furthermore, the gender identification can also be
done by observing the branching pattern of the
inflorescence. In the male inflorescence, the second order
branching bears flowers. On the other hand, the third
order branching in the female mflorescence bears flowers.
No conclusive study has been made to determine the C.
palustris sex ratio in wild populations, mainly due to the
difficulty of finding undistwbed populations in the wild
and its limited distribution in the Northern part of
Peninsular Malaysia. Therefore, the estimation of sex ratio
of this and other rattan species could only be made in
established plantations and experimental plots
(Aminuddin and Nur Supardi, 1993; Chia, 2000). A more
conclusive survey would help in understanding the
existing sex ratio and the factors influencing the sex
determmation in C. palustris. The understanding of sex
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ratio would contribute towards better management of
natural stands and the development of seed orchard to
ensure efficient seed production for the rattan plantation.
Therefore, the study presented here was undertaken to
determine the sex ratio of a planted population of
C. palustris in an experimental plot established in the
campus of Umniversiti Kebangsaan Malaysia, Bangi,
Selangor.

MATERIALS AND METHODS

The planted population of C. palustris m an
experimental plot located at a 45-degree slope in the
campus of Universiti Kebangsaan Malaysia was
surveyed. A total of 150 C. palustris plants were mnter-
planted with Acacia trees (mixture of Acacia mangium
Willd.,, 4. auriculiformis A. Cunn. ex Benth. and the
Acacia hybrid) in early 2001. The dcacia trees provide
support for the climbing rattan plants. The C. palustris
plants were planted in three rows corresponding to the
three rows of Acacia trees with a distance of 1 m between
the rows and 1.5 m within the row. Each rattan plant in a
row was separated by an Acacia tree. The first sight of
flowering of the rattan population was spotted in
September 2003,

The field observation to identify the gender of the
rattan plants was conducted from September 2003 to July
2006. The gender identification was done based on the
morphology of the inflorescence (Raja-Barizan, 1992). In
C. palustris, inflorescence are produced close to the
shoot of the new leaves which are normally located high
in the canopy. Therefore, a pair of binoculars was used in
the field observation. The number of stems per individual
plant was also recorded towards the end of the survey
(July 2006). The sex ratio was then calculated and test of
goodness-of-fit (¥*) (Snedecor and Cochran, 1989) was
used to test whether the ratio is in agreement with the
theoretical value of 1:1.

RESULTS

The C. palustris population in the experimental plot
was planted m the early of 2001. The plants started to bear
flowers m September 2003. Therefore, it took the
C. palustris population in the plot roughly 3 years to start
its first flowering. Nevertheless, it was noted that only
seven plants (five females and two males) produced
mflorescence during the first flowering season.

Of the 150 seedlings planted in the plot, 140 plants
survived after 3-4 vears of planting. A total of 10 plants
died in the early stage of growmg when the plants were
still in rosette form (plant without elongated stem). This
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Table 1: Chi-squared (y?) test
Number Male
Observed (O) 46.00
Expected (E) 44,50
O-E 1.50
{[0-E]-0.5) 1.00
([O-E]-0.5) 1.00
{[O-E]-0.5%/E 0.022
20,05

Total
89.00
89.00

Fernale
43.00
44.50
-1.50
-1.00
1.00

0.022

0.044*

209 Female

]
18- Male

161
144

12

No. of plants

5 6
No. of stems

10

Fig. 1: Comparison of number of stems between male and
female plants

gave a survival of 93.3 % indicating a low mortality of
C. palustris plants. During the period of observation, a
total of 89 plants (63.6 %) had reached their reproductive
stage. Of these, 43 mdividuals were female and 46 were
male, giving a ratio of female to male as 1:1.1. Calculated
chi-square (¥*) at cne degree of freedom gave a value of
0.044 (Table 1). This ratio was statistically not significant
compared to an equal ratio 1:1.

At the age of 5-6 years, C. palustris could produce
up to 10 stems per individual plant (Fig. 1) with an average
of 3 stems per individual plant. The mumnbers of stems per
individual male and female plants were 4.3 and 4.0,
respectively.

DISCUSSION

The determination of reproductive age is particularly
important for plant propagation through seed as plant
breeders could estimate the schedule of seed production.
The reproductive age varies among rattan species. The
first flowering in C. palustris generally is close to
(2.5 years) C. subinermis H. Wendl and Becc. (Chia, 2000),
but much earlier than C. manan Miq. which usually takes
5-6 years (Raja-Barizan, 1992). However, 1t should be
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noted that the age of first flowering obtained in this study
was that of a planted population. Tt is not clear if wild
populations would have smmilar behaviour to that of
planted populations. Nevertheless, the data from planted
populations is of much useful to design seed orchard for
plant propagation.

The planted C. palustris population generally had
higher swvival (93.3%) than that of other rattan species.
Taya-Kumar et al. (2005) reported a low swvival (57 %) of
a planted C. manan population in a secondary forest.
Calamus palustris is a clustering (multi stems) rattan
species whereas C. manan is a solitary rattan species.
Any damage to the solitary stem of C. manan will cause
the death of the plant. On the other hand, a dead stem mn
C. palustris will readily be replaced by a new stem. The
good number (roughly four) of stems per mdividual plant
of C. palustris ensures the survival of C. palustris even
though a stem 15 damaged or withered. This could be one
of the factors contributing to the high survival rate of
C. palustris when compared to C. manan. Furthermore,
the inter-planted Acacia trees in the plot were strong and
massive to provide good support to the C. palustris to
reach the canopy. Presence of support trees is important
to enswre the swvival of climbing rattan species
(Aminuddin and Nwr Surpadi, 1993). The number of stems
per clump m C. palustris 13 also of much interest in
planting the rattan species for cane production. Each stem
generated from a clump 1s potential to be harvested to
produce cane.

The equal sex ratio had been observed in the planted
C. palustris population. Natural populations of many
dicecious plant species tend to have equal sex ratio
(Rottenberg, 1998, 2000) and some may bias in favour of
male (Dupont and Kato, 1999). The female biased sex ratio
for dicecious plants is infrequent (Stehlik and Barrett,
2005). Tt is not clear if the equal sex ratio observed in the
planted population would also be applied to natwral
populations. The lunited species distribution, the
dwindling population due to over harvesting and unclear
tflowering seasons are among the factors hindering the sex
ratio study of natural population of C. palustris.
Nevertheless, the sex ratio in planted populations 1s of
much interest for the purpose of seed production for
rattan plantations. Based on the sex ratio, a proper
planting design of seed orchard may be adopted for
maximizing the seed production.

On the contrary, C. manran has a different sex ratio
compared to C. palustris though both the rattan species
are closely related. Tt was reported that planted C. manan
populations have sex ratio m favour of male (Aminuddin
and Nur Surpadi, 1993; Jaya-Kumar et af., 2005). The
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skewed sex ratio (female to male) in C. manan was as high
as 1:1.55 (Aminuddin and Nur Surpadi, 1993). It was
postulated that the high mortality in the C. manan
populations contributed to the skewed sex ratio
(Aminuddin and Nur Surpadi, 1993, Jaya-Kumar et af.,
2005). Differential mortality rates have been put forth as a
factor resulting in male-biased sex ratios in several
dioecious plant species (Meagher, 1981). Male plants
allocate a lower proportion of their resowrces to sexual
reproduction than female plants. Therefore, male plants
may show greater vegetative vigor and hence lower
mortality. The female C. mararn could have higher
mortality rate (Jaya-Kumar et al., 2005). On the other hand,
the number of stems per female individual (4.0) in the
C. palustris population was lower than that of the male
individuals (4.3) mdicating by the high tendency of
mortality in the female C. palustris. The overall survival
percentage of the C. palustris population may help to
counter post zygotic sex selection. Therefore, the equal
sex ratio in planted C. palustris population is most likely
attributed by equal zygotic sex ratio and unbiased sex
selection during seed germination.

The equal sex ratio and the age of reaching
reproductive stage observed in the planted population of
C. palustris are crucial parameters for setting up an
orchard with suitable design for seed production.
However, subsequent swrveys of the planted population
are unportant to confirm the observation in this study as
the gender of the remaining 36.4% of the surviving plants
1s not known vet.
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