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Although cutting is a useful method for vegetative propagation and tree breeding, there is a difference in
rooting ability between tree species and even between node positions within a species. A large number of F,
hybrids of Shorea (Shorea curtisii x S. leprosula) (Dipterocarpaceae) have recently been found in Singapore.
Given that some of the hybrid traits appear to have higher physiological performances than those of their
parent species, understanding the rooting ability of the leafy-stem cuttings of F; hybrids may contribute to
performance improvement in dipterocarp trees. In this study, we compared the rooting abilities of cuttings
taken from seedlings of F, hybrids and their parent species at different node positions. The cuttings of F;
hybrids showed rooting ability with small internode differences, and the rooting rate (32.2%) was almost
intermediate between those of S. curtisii (42.0%) and S. leprosula (21.0%). The rooting rates of hybrids and
parents fell into the middle range of previously reported values for 21 closely related Shorea species. Overall,
the rooting ability of F, hybrids is comparable with that of their parent species and/or other Shorea species
in the red meranti group. Thus, F; hybrids could be mass propagated through cuttings.
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INTRODUCTION

Members of Dipterocarpaceae (dipterocarp
trees), particularly species in the genus Shorea,
dominate the canopy layers of Southeast Asian
tropical rainforests and are important sources
of commercial timber (Ghazoul 2016). Although
the interspecific hybridisation of dipterocarp
species is rare in natural rainforests (Ashton
1969, Thomas 2003), frequent hybridisation has
recently been found between three closely related
Shorea species in the section Mutica (S. leprosula,
S. parvifolia and S. curtisii) in a small, isolated
area of the tropical rainforest in Bukit Timah
Nature Reserve, Singapore (Kamiya etal. 2011).
Surprisingly, approximately 20% of the trees that
had reached reproductive size were confirmed by
DNA analysis to be the F, hybrids of two locally
rare Shorea species (S. leprosula and S. parvifolia),
and the proportion of those in the seedling and
sapling stages reached 40% (Kenzo et al. 2016).
Moreover, hybrids often exhibit heterosis, such
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as high growth rates, drought tolerance and
characteristics that are superior to those of their
parent species (Arnold 2006). The hybrid Shorea
seedlings found in Singapore grow best under
relatively dry and high irradiance conditions and
may therefore have better drought tolerance than
their parents (Kenzo et al. 2016).

Leafy-stem cuttings contribute to the mass
propagation of tree species and to tree breeding
(Hartmann et al. 1997). If seedling cuttings of
the Shorea hybrids show high rooting ability and
superior characteristics compared to those of the
parental species, the cutting method would be
beneficial for the improvement of dipterocarp
tree breeding. Although cuttings have been
used to propagate tropical tree species, such as
Acacia spp., Eucalypts spp., Hevea brasiliensis and
Tectona grandis, the rooting ability of cuttings
drastically varies both within and between tree
species (Webster & Baulkwill 1989, Tewari 1999,
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Kha 2000, Assis et al. 2004, Tate & Page 2018). In
addition, in several species, rooting ability varies
according to the age of the stock plant and even
the position of the node within the same shoot
(Dick and Aminah 1994). For example, the
rooting ability of the shoots of young saplings
and coppices is generally higher than that of
mature trees (Itoh et al. 2003). To develop the
appropriate propagation techniques based on
cuttings, understanding the rooting ability at
different node positions in shoots from young
saplings and coppices in each tree species is
necessary (Dick & Aminah 1994).

Given that many dipterocarp species exhibit
uncertain reproductive intervals with mast
flowering only once every 5 to 10 years (Ichie et
al. 2005), the development of leafy-stem cutting
techniques for dipterocarp species may provide
a stable supply of seedlings for the establishment
of commercial and environmental plantations in
Southeast Asia (Ahmad 2006). Although stem
cuttings from some dipterocarp tree species
have been commercialised for plantations in the
region, the establishment of cutting techniques
for the hybrids of dipterocarp species may
enable the production of germplasm with high
environmental adaptability and growth ability
(Sakai & Subiakto 2007). Some reports have
shown that the rooting ability of dipterocarp
trees varies according to the species, tree age and
shoot-node position, and that several dipterocarp
species lack rooting ability (Momose 1978,
Kantarli 1993, Noraini and Liew 1994, Itoh et al.
2003). In the present study, to understand the
rooting ability of cuttings from Shorea hybrids,
the study 1) compared the rooting ability of leafy-
stem cuttings taken from F, Shorea hybrids (Shorea
curtisii x S. leprosula) and their parent species
at different node positions, and 2) reviewed
previous studies on closely related Shorea species
(red meranti group) and compared the rooting
ability of the hybrids and that of their parent
species.

MATERIALS AND METHODS

Plant materials, study site and cutting
preparation

The F, hybrids of Shorea (S. curtisii x S. leprosula)
were selected, given that the seedlings of this
hybrid are easily found at the Bukit Timah Nature
Reserve (1° 21' N, 103° 46' E) in Singapore
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(Kenzo et al. 2016). The forest vegetation is
typical of the coastal hill forests of the southern
Malay Peninsula and dominated by members of
the family Dipterocarpaceae (Kenzo etal. 2016).
Shorea curtisii and S. leprosula produce timber of
good quality and are distributed over similar
geographical ranges in the Malay Peninsula,
Borneo and Sumatra but exhibit different
morphological and ecological traits (Ashton
1982). Shorea curtisii dominates ridges in hill-
dipterocarp forests and occasionally in coastal
hill-dipterocarp forests, whereas S. leprosula
commonly grows on well-drained soil in lowland-
dipterocarp and hill-dipterocarp forests (Ashton
1982, Kamiya et al. 2012). These species coexist
on the same coastal hills and inland mountain
ranges in Malaysia (Symington 2004).

Branches for cuttings were collected from
wild ones in Bukit Timah in February 2012. Stock
plants were young wild saplings approximately
1-2min heightand had grown in large canopy gaps
under direct sunlight. The rooting experiment
was performed in a laboratory at the National
Institute of Education, Nanyang Technological
University, Singapore in February 2012. The
cuttings were cut to a length of approximately
10 cm with one leaf and node. The position of
each node was also recorded in the cuttings from
tip to base of sampled branches sequentially. The
leaf area was approximately halved to reduce
water loss through transpiration (Aminah
et al. 1997a). The ends of the cuttings on
the planting media side were dipped into
powder that contained 0.1% naphthyl acetic
acid-containing talc to induce rooting (Sakai
& Subiakto 2007). The river sand that had
been sterilised through autoclaving was used
as a planting medium. The trays containing
cuttings were covered with plastic, and humidity
was maintained above c.a. 90% (Aminah et
al. 2000). Light intensity was approximately
200 (pmol photon m™2 s7!), which is the
preferred light intensity for the rooting of
several Shorea species, including S. leprosula
(Aminah et al. 1997b). The temperature in the
laboratory was controlled approximately from
23-28 °C by air conditioning. The rooting rate
(rooting cuttings/the total cuttings, %) was
investigated 3 months after planting, because
the rooting induction of most dipterocarp
trees, including Shorea, usually occurs within
3 months after planting (Sakai & Subiakto
2007).
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Comparison of the rooting rates of related
Shorea species by a literature survey

The rooting ratios of 21 Shorea species in the red
meranti group were quantified by literature survey.
A total of 256 measurements from 27 reports were
collected, including journal papers, proceedings
and books. The rooting rate of sections in red
meranti such as Brachypterae, Mutica, Ovalis, Rubella
and Pachycarpae were also compared, because
many ecological and physiological traits such as
drought and freezing tolerance and the growth
rate significantly varied according to the section
even in the same red meranti group (Sasaki

2011).
Statistical analysis
A X2-test was performed to assess statistically

significant differences between the rooting ratios
of different species. Fisher’s exact test was used

Figure 1
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to examine the relation between the existence of
rooting of each species and the node positions

below the apex (Sokal & Rohlf 1995). All analysis
were conducted using SPSS for Windows v 22.

RESULTS

Differences in rooting ratios between hybrids
and their parents

The cuttings of hybrids (Figure 1A, Table 1)
and both parent species (Figure 1B, Table 1)
exhibited a capacity to form adventitious roots.
Newly developed shoots and leaves were also
found in several cuttings (Figure 1C). The
rooting ratios of the hybrids and their parent
species differed significantly (Table 1, X*test,
X?2=18.8, d.f. = 2, p < 0.001). Shorea curtisii
(42.0%) exhibited the highest rooting ratio,
followed by hybrids (32.3%) and S. leprosula
(21.0%).
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Examples of cuttings after 3 months, A = a rooted cutting of the F, hybrid (Shorea curtisii x

S. leprosula), B = a rooted cutting of S. curtisii, C = a new shoot from a cutting of S. leprosula

Table 1 Number of the total cuttings, rooted cuttings and rooting rate
(%) after three months
Species Total cuttings Rooted cuttings ~ Rooting rate (%)
Hybrid 115 37 32.2
Shorea curtisii 138 58 42.0
Shorea leprosula 219 46 21.0
Total 472 141 29.9

There were significant differences in the rooting rate between the parent species
and the hybrid (X*test, X2=18.3, df = 2, p <0.001)

© Forest Research Institute Malaysia

326



Journal of Tropical Forest Science 31(3): 324-331 (2019)

Differences in the rooting ratios of cuttings
taken at different node positions

The rooting ratios of cuttings taken from different
node positions did not differ significantly for
hybrids and their parent species (Table 2, Fisher’s
exact test, p > 0.05 for all species), though the
rooting rate of hybrid cuttings taken from the
terminal position was approximately half (21.4%)
of those from the second to fourth positions
(>40%).

Comparison of the rooting rates of related
Shorea species

Rooting rates significantly differed between
Shorea species (Table 3, 15 species with more
than three measurements, ANOVA, p < 0.05).
For example, the rooting rate of S. ovata in the
section Muticawas only 2.3%, while S. balangeran
(68.5%), S. parvistipulata (60.0%), S. platyclados
(65.5%) and S. selanica (53.5%) in the section
Brachypterae, S. parvifolia (53.9%) in the section
Mutica, S. ovalis (51.2%) in the section Ovalis and
S. macrophylla (56.4%) in the section Pachycarpae
(Table 3) exhibited rooting rates of more than
50%. Intersectional differences exhibited by
the three sections, that included more than
five species each, were not significant (Table 4,
ANOVA, p > 0.05). The average rooting rate of
the section Mutica, which includes S. curtisii and
S. leprosula, was 31.1%.

Kenzo T et al.

DISCUSSION
Rooting ability of hybrid Shorea

The rooting ability of the F, hybrid (S. leprosula
x S. curtisii) is intermediate between those
of its parent species, which is similar to the
intermediate growth and survival rates of Shorea
hybrids reported in a natural forest (Kenzo et
al. 2016). These results contrast with the growth
rate and photosynthesis of the hybrids of several
tree species that exhibit heterosis (i.e. superior
characteristics compared to their parent species)
(Orians etal. 1999). Similar intermediate growth
and physiological characteristics have been
reported for several hybrid species, such as Salix
spp. and Picea spp. (Major et al. 2003, Arnold
2006). On the other hand, the improvement of
dipterocarp trees using hybrids may be possible,
because obvious heterosis of growth performance
have been found in successional hybrids, such
as the backcross between parent species and F;
hybrids (S. leprosula x S. curtisiz) under nursery
conditions (Kenzo et al. 2019).

The similarity in rooting ability between node
positions in Shorea hybrid and parent species
indicated that cutting propagation is possible
regardless of node positions except, in some
instances, for the first node from the shoot
apex. The rooting ability of cuttings taken from
some Shorea species at the first node from the
shoot apex is low (Aminah 1990). Noraini and

Table 2  Number of total cuttings (TC), rooted cuttings (RC) and rooting rate (RR) in each node
position below the apex

Species Hybrid Shorea curtisii Shorea leprosula
node position TC RC  RR(%) TC RC  RR(%) TC RC  RR(%)
1 28 6 21.4 37 15 40.5 41 8 19.5

2 22 9 40.9 33 12 36.4 38 8 21.1

3 17 7 41.2 19 8 42.1 33 7 21.2

4 14 7 50.0 15 10 66.7 29 4 13.8

5 2 22.2 12 5 41.7 23 8 34.8

6 1 12.5 8 4 50.0 15 3 20.0
7< 17 5 29.4 14 4 28.6 40 8 20.0
Fisher’s exact test P=0.37 P=0.50 P=0.76

There were no significant differences in the rooting rate between the positions of the hybrid and parent species

(Fisher’s exact test, p > 0.05)
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Table 3  Average rooting rate (RR), minimum (Min) and maximum (Max) rooting rates among 21 species
in the red meranti group of Shorea (Dipterocarpaceae)
Species Section RR Min Max  Number of References*
(%) (%) (%) experiment
Shorea balangeran Brachypterae  68.5 +9.8%>  43.0 91.0 4 22
Shorea johorensis Brachypterae 427+ 854 0.0  79.0 9 14, 18, 21, 22, 26
Shorea parvistipulata  Brachypterae ~ 60.0 N/A - - 1 22
Shorea pauciflora Brachypterae 295+ 534 0.0  99.0 30 3,13, 18, 21, 22, 26, 27
Shorea platyclados Brachypterae  65.5 + 4.3 50.0 77.0 6 2,22, 24
Shorea pubistyla Brachypterae 7.0 N/A - - 1 16
Shorea selanica Brachypterae  53.5 +8.834  30.0  69.0 4 22
Shorea smithiana Brachypterae 34 £14.6 >4 0.0  65.0 4 21, 22
Shorea acuminata Mutica 48.4 + 6.5 ¢ 0.0 83.0 26 1, 13, 20, 22, 27
Shorea curtisii Mutica 20.5+ 3.8 120 32.0 6 19
Shorea leprosula Mutica 444 +3712d 00 94.0 70 1,2, 4-8, 13, 18, 19, 21, 22, 24, 26, 27
Shorea macroptera Mulica 22.3+5.1 4 0.0 48.0 14 2,10, 13, 14, 27
Shorea ovata Mutica 2.3+0.949 0.0 5.0 8 13, 27
Shorea parvifolia Mutica 539+4.6% 0.0 83.0 27 1, 2,10, 14, 20-22, 26
Shorea ovalis Ovalis 51.2 + 9.7 abe 0.0 80.0 9 1,2,9, 18,22
Shorea beccariana Pachycarpae  30.0 VA 30.0 30.0 1 14
Shorea macrophylla ~ Pachycarpae  56.4 + 4.5 2 12.8  81.0 20 12,16, 17, 22
Shorea pinanga Pachycarpae  39.0 £ 5.0 N4 34.0 44.0 2 22,23
Shorea splendida Pachycarpae  49.0 VA - - 1 11
Shorea stenoptera Pachycarpae  26.0 VA - - 1 22
Shorea albida Rubella 26.1+6.3%d 36  77.8 12 15,16
All species 41.3+1.7 0.0 99.0 256

Different letters indicate significant differences between species (15 species tested in more than three experiments,
ANVOVA with Bonferroni test, p < 0.05); N/A = not applicable to the statistical result; scientific names and phylogeny
were according to Ashton (1982) and Kamiya et al. (2005); *references are, 1= Ahmad 2006, 2 = Aminah 1991, 3 = Aminah
1995, 4 = Aminah et al. 1995, 5 = Aminah et al. 1997a, 6 = Aminah et al. 1997b, 7 = Aminah et al. 1999, 8 = Aminah et al.
2000, 9 = Aminah et al. 2005, 10 = Aminah et al. 2006, 11 = Brodie 2003, 12 = Chai 2003, 13 = FDPM et al. 1996, 14 = Itoh
etal. 2002, 15 = Kitaoka et al. 2011, 16 = Latifa & Kasik 2000, 17 = Lo 1985, 18 = Nakamura & Kimura 1996, 19 = Noraini
& Liew 1997, 20 = Noraini & Ling 1993, 21 = Priadjati et al. 2001, 22 = Sakai & Subiakto 2007, 23 = Sakai & Yamamoto
1995, 24 = Sakai et al. 2002, 25 = Srivastava & Manggil 1981, 26 = Tolkamp & Priadjati 1996, 27 = Yamate & Hirasawa 1995

Table 4  Average rooting rate among sections of the red meranti group of Shorea (Dipterocarpaceae)

Section Rooting rate Minimum rooting ~ Maximum rooting ~ Number of species
(%) rate (%) rate (%)

Brachypterae 451+ 74 7.0 68.5 8

Mutica 31.1+£7.9 2.3 53.2 6

Ovalis 51.2 - - 1

Pachycarpae 40.1 £5.7 26.0 56.5 5

Rubella 26.1 - - 1

There were no significant differences between sections (ANVOVA, p > 0.05)
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Liew (1997) also found that the rooting rate
of the node from the terminal position of each
seedling shoot was lower compared to that from
the middle position in S. curtisii. In this study,
the rooting rate of hybrid cuttings taken from
the terminal position was approximately half
(21.4%) of those from the second to fourth
positions (> 40%). This reduction, however,
was not obvious in the parent species. Although
clear reasons for the different rooting abilities
of cuttings taken from different node positions
are not known, the growth environment, starch
content, node concentration and the shoot age
of a stock plant may affect rooting abilities (Dick
& Aminah 1994). The relatively higher average
rooting rate of S. curtisii (42%) than that of the
hybrids (32%) and S. leprosula (21%) may be
related to their high-sprouting ability during
the sapling stage. High-sprouting species usually
store large amounts of resources, such as starch
and nitrogen, in their shoots and roots (Kenzo
etal. 2013) and these stored resources may also
facilitate cuttings’ survival and rooting (Dick &
Aminah 1994). In the Bukit Timah forest, the
saplings of S. curtisii exhibit higher sprouting
rates than other species (e.g. the sprouting rate
of S. curtisii is 46%, whereas those of hybrid
and S. leprosula are less than 20%). Thus, high-
sprouting rate of S. curtisii saplings may be
indicative of the high resource storage that may
support the high rooting ability of this species,
though the high sprouting rate may also effect
adventitious root development (Dick & Aminah
1994).

Rooting ability among related Shorea species
and sections in red meranti

Although interspecific rooting rates varied widely
from 2% in S. ovatato 69% in S. balangeran among
21 Shorea species in the red meranti group, the
hybrid in the present study had intermediate
rooting ability (32%) in the group. This rooting
rate indicates that Shorea hybrid seedlings may be
mass-propagated through cuttings. By contrast,
the rooting rates of parent species differed from
those previously reported. For example, it was
found that the rooting rate of S. curtisiiwas 42%,
but Noraini and Leiw (1997) reported a rate of
20.5 %. The rooting rate of S. leprosula (21%) was
approximately half of the previously reported
values (44%), though the rates varied from
0% to 94% among the reports. The different
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rooting rates observed in previous studies may be
attributed to large variations in the size, age and
growth conditions of stock plants, planting media,
nursery conditions and applied hormones. On
the other hand, small intersectional differences
in the rooting rates of the red meranti group
indicate that the rooting rate is more species-
specific than section-specific (Dick & Aminah
1994). However, phylogenetically dependent
rooting ability may exist in some Shorea groups
as shown by the different rooting and sprouting
abilities observed in the bare-root planting
experiment performed by Mori (1980). For
example, species in the Anthoshorea group
(white meranti group), such as S. assamica, S.
brlacteolata, S. hypochraand S. roxburghii, may have
higher rooting abilities and more starch reserves
than those in the red meranti group (Mori 1980).
The former species exhibited high rooting
rates (usually more than 80-100%) (Aminah
1991, Tolkamp & Priadjati 1996). Mori (1980)
and Sasaki (2011) hypothesised that species
distributed over seasonal tropical forests (e.g.
Anthoshorea group) have high rooting ability
given their large amounts of stored resources that
confer high tolerance to stress and disturbance,
such as fire and drought in the forests. In
fact, S. obtusa, which is a typical dry deciduous
forest species, has almost 100% rooting ability
(Smits 1983). Further studies on the rooting
ability and resource storage of cuttings among
various sections of Shorea species, including
those distributed over seasonal tropical forests,
may improve the current understanding of the
cutting traits and success of the mass propagation
of various Shorea species, including hybrids, in
tropical Asia.

CONCLUSIONS

The rooting ability of F, hybrid cuttings is
intermediate between those of their parent
species (S. curtisii and S. leprosula), indicating
its negligible heterosis. A small difference in
the rooting rate between node positions also
indicated that the hybrid and parent species
studied can be successfully propagated through
cuttings taken across most node positions.
The rooting rates of hybrids and parents fell
into the middle range of previously reported
values for closely related 21 Shorea species (red
meranti group). Thus, F; hybrids could be mass-
propagated through cuttings.
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