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Results and Discussion

There are four species of Nepenthes being found in the study area. The species are Nepenthes
rafflesiana, N. ampul/aria, N. gracilis and N. hookeriana. Detailed morphological characteristics
of all the species found recorded in Table 1. Morphological characters for all the species found
were significantly different. Identification for all the species are using the key to the Nepenthes
in Peninsular Malaysia by Shivas (1984) and Rohana Md. Som (1988). All the morphological
characters of species found are similar and support all the description of the species reported by
past researchers (Adam, 2002a; Jebb & Cheek, 1997; Kurata, 1976; Phillipps & Lamb, 1996;
Rohana, 1988; Shivas, 1984).

Based on Rohana (1988), leaves attachment to the stem, wing of the petiole and peristome
are the main characteristic to determine the Nepenthes species, however Adam (1990), describe
that lid and glands also play an important rote in the identification process. Leaves attachment to
the stem are categorized into three; sessile, where the lamina is directly attached to the stem
without petiole; petiole, the leaves are attached to the stem and intermediate between the above
two conditions.

N. gracilis collected from the study area showed several distinctive and diagnostic
characters thus differentiate itself from the other species. These diagnostic attributes includes the
stem were angular to triangular in shape, leaves were distinctly sessile or without stalk, leaves
bases were decurrent into to wings, the pitcher lips or peristome were very narrow <1 mm in
thickness; lower lid surface scarcely covered with nectar or honey glands (Figure I), pitchers of
lower and upper pitchers were ventricose in shape on the lower half and tubulose on the upper
half, inner wall surface was covered with waxy layer on the upper tubulose part and digestive
glands on the lower ventricose part. This type of pitchers were called wholly glandular pitcher
(Adam et aI., 2005; Danser, 1928; Kurata, 1976). Scanning Electron Microscope photograph
showed the waxy layer with numerous deformed stomata (Figure 2) and digestive glands (Figure
3). The digestive glands in N. gracilis is called by Danser (1928) and Adam et al. (2005) as
exposed glands in which the epidermal flap forming the roof of the digestive glands are less
developed thus exposed most part of the glands (Figure 4.3). The digestive glands in other three
species have very well developed roof epidermal flap almost concealed the digestive glands
(Figure 3). The honey glands were found in shallow pouch between the peristome teeth in N.
gracilis (Figure 4 and 5) but in the shallow pouch on the peristome surface in the other three
species.

N. gracilis differs from the other three taxa by it sessile leaves, leaves base being decurrent,
the stem triangular in shape, inconspicuous peristome teeth, very thin peristome (=1 mm) and
inner surface of pitcher wall covered with exposed digestive glands. Hooker (1859) as cited in
Lloyd (1942), divided the inside of the pitcher into zones on the basis of structure as related to
function. The 'attractive zone' (upper part of the pitcher including lid and peristome) of N.
gracilis posses numerous of nectar glands. The peristome nectar glands are located so that insects
alighting on the peristome often fall into the pitcher while attempting to reach the nectar (Figure
4 and 5).
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Table 1. Differences of morphological characters between N. ampul/aria, N. hookeriana, N.
gracilis and N. rafJ/esiana
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3
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7
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9
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II

12

13

14

Morphological
charactu

Stem

Leaf base

Leaves

Shape of upper pitcher

Digestive glands (DG)
on the inner pitcher
wall of upper pitcher

Shape oflower pitcher

DG on the inner wall
oflower pitcher

Type of DG on the
inner wall of upper and
lower pitcher

Peristomc

Size of pitcher's lid

Honey glands on the
lower lid surface

Inflorescence type

Pedicel

Pedicel extended by
bract

N. raflles/alla

Cyl indrical

Petiolate

Semi-amplexicaul

lnfundibulate

Wholly glandular

Ellipsoidal

Wholly glandular

Gland overarched with
well developed external
flap

Thick (>1 mm)

The same size of the
pitcher mouth

Sparsely in the middle
and becoming dense
towards the margin

Raceme

Simple

Ebracteolate

N. ampuUaria

Cylindrical

Petiolate

Semi-amplexicaul

Absent

No upper pitcher

Urceolate

Wholly glandular

Gland overarched
with well
developed external
flap

Thick (> I mm)

Distinctly smaller
than the pitcher
mouth

Glandless

Panicle

Branching into 2-4

Bracteolate

N. gracilis

Triangular

Sessile

Decurrent

Tubulose­
ventricose

Partly glandular

Tubulose­
ventricose

Only covering the
lower ventricose
part

Exposed type and
without extended
epidermal flap

Very thin (I mm)

The same size of
the pitcher mouth

Sparsely
distributed

Raceme

Simple

Ebracteolate

N. hooker/alia

Cylindrical

Petiolate

Semi­
amplexicaul

Infundibulate

Wholly
glandular

Ellipsoidal

Wholly
glandular

Overarched

Thick (> I mm)

The same size
of the pitcher
mouth

Sparsely
distributed

Raceme

Simple

Ebracteolate
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Nepenthes hookeriana has cylindrical stem with petiolate leaves, which is same
characteristic shown by its parents. Overarched digestive glands on inner surface pitcher wall of
the species also were shown in Figure 9 and 10. The overarched digestive glands of this species
are quite same with digestive glands of N. campulata and N. gracilis which is discovered by
Adam (1990). From the present study, marginal glands of the species were hidden in the pouches
on the peristome (Figure 11). Meanwhile, SEM also discovered stellate trichomes on the external
pitcher wall of N. hookeriana (Figure 12 and 13) which is illustrated by Rohana (1988) as four
armed top view, stellate trichomes (Adam, 1990) and contain peltate hair.

N. hookeriana species exhibits some characteristic of each of the suspected parent species
(Shiva, 1984). N. hookeriana differs from N. ampul/aria by the present of both upper and lower
pitchers in the former species and the absence of upper pitcher in the later species. N. hookeriana
differs from N. gracilis by its cylindrical upper stem, infundibulate upper pitcher and inner
pitcher cavity of both upper and lower pitchers covered with digestive glands.

Table 2. Characters for the determination of the hybrid species for N. hookeriana

Characters N. ampullaria N. hookeriana N. rafflesiana

Pitcher shape Urceolate Intermediate Ellipsoidal

Leaf shape Cuneate Ovate-oblong, Caudate-orbiculate
elliptic

Glands on lid None Few Numerous

Peristome neck None Short Long

Peristome ribs Fine Intermediate Coarse

Peristome teeth Short Intermediate Long

Source: Rohana Md. Som (1998)
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Figure 9. Overarched digestive glands on inner surface wall ofN. hookeriana
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Conclusion

From the study, morophological characteristic of the species found are differ. Based on the 14
characteristic studied, N. gracilis significantly different than the other species in stem, leaves,
leaf base, shape of upper pitcher, digestive glands on the inner pitcher wall of upper pitcher
and on the inner wall of lower pitcher, type of digestive glands on the inner wall of upper and
lower pitcher and peristome and N. ampullaria showed different characters in size of
pitcher's lid, honey glands on the lower lid surface, inflorescence type, pedicel and pedicel
extended by bract.
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