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ABSTRACT
Plant functional traits are important in a forest ecosystem as they play an essential role
in the plant response to various environmental factors. This study aimed to detect plant traits like
specific leaf area (SLA), leaf dry matter content (LDMC), leaf thickness (Lth), leaf toughness
(Lto), and wood density (WD) of woody species along altitudinal gradients between 900 – 1,040
m above sea level (a.s.l.). Fifteen species from a deciduous dipterocarp forest (DDF) and lower
montane forest (LMF) were selected. Functional traits were calculated based on a community
weighted mean (CWM) by the trait value weighted by the relative abundance of each species
in the community. The differences in CMW traits among various forest types were tested using
ANOVA. Regression analysis was performed between the altitudinal gradients and CWM
for functional traits to evaluate trend of the functional traits as a function of the altitudinal
gradient.
The results showed that CWM traits varied with the altitudinal gradient. SLA and Lth
were found to be higher in LMF (981–1,040 m. a.s.l.) compared to the forest ecotone, which is
a common area between the two forests (FE, 941–980 m. a.s.l.) and DDF (900–940 m. a.s.l.),
whereas LDMC and Lto were found to be higher at FE and WD was found to be higher at DDF
compared to FE and LMF. This indicates that the establishment of woody tree species needed
different traits depending on the gradient . There were significant correlations between the CWM
of traits and altitudinal gradients. For example SLA and Lth increased with increasing altitudinal
gradients while traits of WD decreased with increasing altitude. However, no significant correlation
between CWM and Lto of LDMC with altitudinal gradients was found. Moreover, SLA, Lth,
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and WD varied along altitudinal gradients but only a small change was observed in LDMC and
Lto. This indicates that the plant functional traits may be resilient to gradual altitudinal gradient
changes.
Keywords: community weighted mean, leaf dry matter content, leaf thickness, leaf toughness,
specific leaf area, wood density.
INTRODUCTION
Plant functional traits have gained
importance in community ecology (Krober et
al., 2012) to determine how plants responds to
abiotic and biotic environmental factors (Kattge
et al., 2011). Furthermore, trait analyses can be
used in the existing climate models to predict
the effect of climate change with changes in
the environment variables (Pèrez et al., 2013),
with added information about plant traits. Leaf
traits that have been associated with growth,
survival, and light requirement of a species,
can be used as indicators of plant performance
(Poorter and Bongers, 2006).
Generally, plant functional traits, such
as specific leaf area (SLA), can indicate plant
species habitats. Such species, with high specific
leaf, tend to have a higher nutrient concentration,
mass-based photosynthesis rate, and can grow
in fertile soils rich in nutrients, but the leaf
life span would be short (Cianciaruso et al.,
2013). On the other hand, plant species with
low SLA are physically more robust and less
prone to be eaten by herbivores and tend to
have a longer leaf life span (Derroire et al.,
2018). In the evergreen species, a low SLA is
also associated with a higher shade tolerance
(Krober, 2012). SLA is highly variable
between replicates and strongly influence by
leaf thickness (Lth) (Wilson et al., 1999). The
relationship between SLA and leaf dry matter

content (LDMC) is a robust indicator (Garnier
et al., 2001), and as such, plant species with a
higher SLA often have a lower LDMC. This
led Pèrez et al. (2013) to recommend the
measuring of two component variables, Lth
and LDMC, along with SLA. Leaf thickness is
an indicator of the physical strength of leaves,
with the number and thickness of mesophyll
layers being the strongest anatomical factor
responsible for the variation in Lth (Pèrez et
al., 2013). The physical properties of a leaf
also includes leaf toughness (Lto) which is
resistance offered by the actual leaf tissues
to an applied force. A leaf with low Lto will
be sensitive to insects or pathogens (Peetters,
2007). In addition, wood density (WD) is
defined as the ratio of the oven-dried mass of
a wood sample divided by the volume of the
sample. A higher WD indicates that a plant
grows relatively slower and is highly adaptable
to water shortages (Richardson, 2013).
The type of forest vegetation varies
with altitudinal gradients and an analysis along
the altitudinal gradients suggests how each trait
contributes to the community assembly process
(Read et al., 2014). Therefore, plant functional
traits can indicate the plant characteristic of a
particular area and how the plant functional
traits varies with the altitudinal gradients.
Therefore, this study aimed to determine the
plant functional traits, which included SLA,
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LDMC, Lth, Lto, and WD of 15 woody species
as a function of the altitudinal gradients.
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structure in this area was robustly determined
by altitude as it influenced the tree distribution.
The most frequently obsderved tree species

MATERIALS AND METHODS
Study Site
The research was conducted at Doi
Suthep – Pui National Park, Chiang Mai
Province, located in northern Thailand. The
study site covers altitudinal gradients between
900 and 1,040 m above sea level (a.s.l.).
Two forest types frequently found at such
altitudes include the deciduous dipterocarp
forest (DDF) (between 900 – 940 m a.s.l.),
and lower montane forest (LMF) (between
981 – 1,040 m a.s.l.), with the forest ecotone

in study site were Quercus brandisiana,
Schima wallichii, Wendlandia paniculata,
Litsea martabanica, Castanopsis tribuloides,
and Lithocarpus garrettianus (Marod et al.,
2015). The major species in DDF consist of
Q. brandisiana, Dipterocarpus obtusifolius,
Shorea obtusa, Tristaniopsis burmanica and
W. paniculata. The major species in FE consist
of L. garrettianus, Rothmannia sootepensis,
L. martabanica, S. wallichii, Tarennoidea
wallichii. The major species in LMF consist
of Castanopsis acuminatissima, Lithocarpus
mekongensis, Aporosa octandra, Syzygium

(FE) between these forests ranging between

helferi and Rapanea yunnanesis (Hermhuk,

941 – 980 m a.s.l (Figure 1). The vegetation

2014).

Figure 1 Thelocation of the study site along the altitudinal gradients at DoiSuthep-Pui National

Figure 1Thelocation ofPark,
the Chiang
study site
along the altitudinal gradients at DoiSuthep-Pui National Park,
Mai. (a) The location of Chiang Mai Province (b) The location of study
Chiang Mai. site.
(a) The location of Chiang Mai Province (b) The location of study site.
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Data collection

(DBH) of 19.01±8.56 cm and total height of

Fifteen highly abundant woody tree

11.10±3.96 m. Wood samples were collected

species, distributed in three zones, DDF, FE,

using an increment borer with a diameter of

and LMF, were selected (Table 1). The data

5.15 mm (Figure 2). Wood sample weight was

about the abundant species was taken from a

determined immediately after the extraction

previous study in this area done by Hermhuk

in the field itself. Leaf sample weight was

(2014). Leaf and wood samples were collected

determined with a scale having a 0.001 gram

for each species, with three replications in

resolution and scanned with a scanner having

each zone, totaling to 135 individual trees.

a resolution of 300 pixels (pi). The leaf

Leaf samples from trees which were found

thickness and toughness was measured by

to be healthy and not infested with insects

a dial thickness gauge (caliper), and a force

or disease, were collected. Mature sun-leaf

gauge measurement, and was then expressed

samples which were young, had fully expanded,

in mm and N mm-1, respectively (Cornelissen

and healthy, were chosen and kept in a plastic

et al., 2003; Pèrez et al., 2013). The fresh leaf

bag. Wood samples were collected from trees

and wood samples were placed in a paper bag

with an average diameter at breast height

and dried in an oven at 105 ºC for 48 hours.

b

a

c

d

Figure 2 The collection of field data (a).Leaf samples collected from the high canopy receiving
Figure 2 The collection of field data (a).Leaf samples collected from the high canopy receiving
maximum sunlight (b). Wood samples collected by an increment borer (c). Wood samples
maximum sunlight (b). Wood samples collected by an increment borer (c). Wood samples
being taken out from the borer.
being taken out from the borer.
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Table 1 A list of the selected tree species.
No

Scientific name

Family

1

Anneslea fragrans

PENTAPHYLACACEAE

Evergreen

2

Craibiodendron stellatum

ERICACEAE

Evergreen

3

Dipterocarpus obtusifolius

DIPTEROCARPACEAE

Deciduous

4

Lithocarpus garrettianus

FAGACEAE

Evergreen

5

Litsea martabanica

LAURACEAE

Evergreen

6

Myrsine seguinii

PRIMULACEAE

Deciduous

7

Quercus brandisiana

FAGACEAE

Deciduous

8

Rothmannia sootepensis

RUBIACEAE

Deciduous

9

Schima wallichii

THEACEAE

Evergreen

10

Semecarpus cochinchinensis

ANACARDIACEAE

Deciduous

11

Shorea obtusa

DIPTEROCARPACEAE

Deciduous

12

Syzygium claviflorum

MYRTACEAE

Evergreen

13

Tarennoidea wallichii

RUBIACEAE

Deciduous

14

Tristaniopsis burmanica

MYRTACEAE

Deciduous

15

Wendlandia paniculata

RUBIACEAE

Evergreen

Data analysis

Habit

by its relative abundance in each plot (the area

SLA was estimated by calculating the

of each plot was 0.1 ha along the altitudinal

one-sided area of a fresh leave (in m2) divided by

gradients). From the equation according to

its oven dried mass (kg), while the leaf area was

Rolo et al. (2016): CWM = , where pi is the

estimated by a scanner and then calculated by

relative abundance, traits is the trait value for

LIA32 program (Kazukiyo Yamamoto, Nagoya

species i and n is the total number of species.

University, Japan). LDMC was calculated by

One-way Analysis of Variance (ANOVA)

dividing the oven dried mass of a leaf (mg) by

was used to compare the CWM values of

its fresh mass (gm). Lto was calculated using

SLA, LDMC, Lth, Lto, and WD between the

the expression X / (2 π), where X is the value

gradients. A regression analysis was performed

measured by a force gauge and expressed in

between the altitudinal gradients and the CWM

N mm-1. WD was calculated as the volume, V

to evaluate the relationship of the functional

= (0.5D)2 × π × L, where L is the total length

traits with the altitudinal gradients.

of a wood sample and D is its diameter (Pèrez
et al., 2013). Functional traits were calculated

RESULTS AND DISCUSSION

using the community weighted mean (CWM)

The CWM trait values indicated a

by multiplying the trait value of each species

different relationship of SLA, LDMC, Lth, Lto,
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and WD with the altitudinal gradients, for the

species, only SLA and wood density were

various forest types (Table 2). However, for

significantly different (Table 3).

the plant traits of the evergreen and deciduous
Table 2 CWM of the traits; specific leaf area (SLA), leaf dry matter content (LDMC), leaf
thickness (Lth), leaf toughness (Lto), and wood density (WD) in the deciduous dipterocarp forest (DDF), forest ecotone (FE), and lower montane forest (LMF).
DDF
FE
LMF

SLA (m2 kg-1)
12.52 ± 0.34***
13.68 ± 0.39***
14.64 ± 0.82***

LDMC (mg g-1)
405.08 ± 6.18
405.71 ± 6.92
393.58 ± 20.49

Lth (mm)
0.28 ± 0.01*
0.28 ± 0.01*
0.29 ± 0.01*

Lto (N mm-1)
1.13 ± 0.06
1.15 ± 0.07
1.04 ± 0.19

WD (mg mm-3)
0.68 ± 0.02***
0.62 ± 0.01***
0.60 ± 0.02***

Remark: * P < 0.05, ** P < 0.01, and ***P <0.001

Table 3 CWM traits of the deciduous and evergreen species in Doi Suthep – Pui National Park.
Trait
SLA
(m2 kg-1)
LDMC
(mg g-1)
Lth
(mm)
Lto
(N mm-1)
WD
(mg mm-3)

Leaf types
Evergreen
Deciduous
P-value
Evergreen
Deciduous
P-value
Evergreen
Deciduous
P-value
Evergreen
Deciduous
P-value
Evergreen
Deciduous
P-value

CWM of SLA was found to be
significantly different (P < 0.001) between the
three forest types. LMF had the highest value
followed by FE and DDF, respectively (Table
2). This indicated that LMF was associated with
a higher abundance of high SLA species and
DDF had low values of SLA. This suggests
the conditions in the LMF were appropriate
for high SLA species to dominate the terrain.

Value
14.45 ± 0.10
12.13 ± 0.87
< 0.01
402.04 ± 7.29
402.80 ± 14.75
0.279
0.29 ± 0.01
0.27 ± 0.01
0.415
1.11 ± 0.03
1.11 ± 0.01
0.922
0.61 ± 0.01
0.68 ± 0.02
< 0.001

It was also observed that SLA was positively
related with altitudinal gradients, i.e., increased
with increasing altitudinal gradients (Figure
3). Higher values of SLA are often associated
with lower values of LDMC and therefore,
a higher decomposition rate (Garnier et al.,
2001). This observation supported the presence
of fast growing trees in LMF. In addition, SLA
also decreases with decreasing moisture or
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nutrient availability (Bai et al., 2015). The

significantly different, even though a relatively

result also support the observation that soil

higher value of LDMC was observed for the

moisture content in the DDF was lower than

deciduous species (Table 3). This indicates that

in the LMF, as an evergreen forest can save

the evergreen species growing in an area with

much more water throughout the year compared

high nutrient availability have a high SLA and

to a deciduous forest (Murata et al., 2012).

low LDMC. In contrast, the deciduous species

Furthermore, high values of SLA indicates to

in the DDF, which had a low SLA and high

a higher soil fertility and lesser shade within

LDMC, indicated to an efficient conservation

the canopy (Hodgson et al., 2011).

of nutrients. However, the leaf litter is usually

Moreover, the CWM value of SLA was

burnt during frequent fires (Marod et al., 1999,

found to be significantly different between the

2002). As a result, a relatively lower nutrient

deciduous and evergreen species (P < 0.01)

content was found in the DDF (Zhou et al.,

(Table 3). The evergreen species had a higher

2015).

SLA value than the deciduous species, an
observation which was similar to a previous
study (Ackerly et al., 2001).

Leaf thickness: Lth
CWM of Lth was found to be significantly
different between the three forest types (P

Leaf dry matter content: LDMC

< 0.05). It varied between the forests, with

CWM of LDMC was not significantly

LMF having the highest value followed by FE

different between the forest types as seen in Table

and DDF, respectively (Table 2). This result

2. The DDF had the highest value followed by

was in contrast with the previous studies that

the FE and LMF, respectively (Table 2). This

reported a higher Lth under conditions such

was in contrast with the negative correlation

as highly sunlit, dry, and less fertile habitat

obtained between SLA and LDMC by Garnier

(Onoda et al., 2011), compared to that under

et al. (2001). A slower decomposition rate

the shade of a canopy (Pèrez et al., 2013). On

was observed in the DDF, particularly when

the contrary, in the present study, high leaf

compared to the LMF. LMF had a higher SLA

thickness was observed in LMF, which has

which indicated that the species in the forest

a higher soil fertility and more shade due to

grew faster, producing leaves rich in nutrients

a dense canopy. It was also observed that Lth

with low a LDMC (Kazakou et al., 2006). LMF

increased with increasing altitudinal gradients

is known to contain a nutrient-rich habitat

(Figure 3). However, a higher Lth was found

due to fast leaf decomposition, resulting in

for the evergreen species but no significant

the return of nutrients back to the soil (Zhou

difference was observed when compared with

et al., 2015).

the deciduous forest (Table 3).

Considering the deciduous and

CWM of Lth was not different between

evergreen species, CWM of LDMC was not

the deciduous and evergreen species, but Lth
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was different on a community level, which

al., 2013). In contrast, the woody trees found in

indicated that the LMF an abundance of high

the DDF were classified as slow growing due

Lth species compared to DDF (low values of

to a high value of WD, with smaller vessels,

Lth). This suggests that the conditions in the

and indicated that the soils in the area were

LMF were suitable for high Lth species.

less fertile (Richardson et al., 2013). Moreover,
it was also observed that WD was negatively

Leaf toughness: Lto
CWM of Lto was not significantly
different between the forest types (Table 2).

related to altitudinal gradients, therefore WD
decreased with increasing altitudinal gradients
(Figure 3).

The highest value of Lto was found for FE,

A significant difference (P < 0.001)

followed by the DDF and LMF, respectively

in the CWM of WD between leaf habits was

(Table 2). Leaf toughness ndicates the ability

observed. The deciduous species showed a

of a species to protect itself from herbivores,

higher wood density than evergreen species,

insects, or pathogens (Pèrez et al., 2013). In

which was in accordance with result found above

this study, the woody trees, existing in the

and suggests that the deciduous species have

FE, had a higher ability to protect themselves

a greater ability to adapt to water shortages,

compared to the DDF and LMF. In addition,

leading to a better water use efficiency in a

the leaves with a higher LDMC value were also

drought environment, while the evergreen

tough, as also reported by Pèrez et al. (2013).

species tend to be more sensitive to drought

The results indicated that the highest LDMC

(Laughlin et al., 2011, Richardson et al., 2013).

was found in conjunction with the highest Lto
for Lithocarpus garrettianus.

CONCLUSION

CWM of Lto was not significantly

Plant functional traits along the altitudinal

different between the deciduous and evergreen

gradients were determined based on CWM

species (Table 3), even though a higher value

traits in the Doi Suthep – Pui national park.

of Lto was found for the evergreen species.

Significant correlations were found between the
CWM of traits and altitudinal gradients. SLA

Wood density: WD

and Lth increased with increasing altitudinal

CWM of wood density was significantly

gradients, while traits of WD decreased with

different to a very high degree (P < 0.001)

increasing altitude. However, no significant

between the forest types. WD was the highest

correlations were found between the CWM

in DDF, followed by FE and LMF, respectively

of LDMC and Lto and altitudinal gradients.

(Table 2). As WD is an the indicator used to

Furthermore, SLA, Lth, and WD change along

express tree growth, a lower value of WD

the altitudinal gradients while only a small

observed in LMF in this area, indicated to the

change was observed in the LDMC and Lto. In a

trees growing fast with larger vessels (Pèrez et

comparison between leaf habits, the difference
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18.0
16.0

SLA(m2 kg-1)
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y = 0.0369x - 20.895
R² = 0.7057***

10.0
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Altitudinal gradients (m a.s.l)

> 980

0.350
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y = 0.0002x + 0.1049
R² = 0.1549*
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0.100
0.050
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>

Altitudinal gradients (m a.s.l)
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0.80
0.70

WD (mg mm-3)
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y = -0.0015x + 2.0522
R² = 0.8232***

0.40
0.30

c)

0.20
0.10
0.00
880

900

920

940

960

980

Altitudinal gradients (m a.s.l)

>
Figure
3 Regression
analysis
altitudinalgradients
gradientsand
andthe
theCWM
CWM of
of traits:
Figure
3 Regression
analysis
of of
thethe
altitudinal
(a) SLA
(c) WD,
* P<
0.05,
0.01,and
and***P
***P<0.001.
<0.001.
(a) SLA
(b) (b)
Lth Lth
(c) WD,
* P<
0.05,
****
P<P<0.01,

in the evergreen and deciduous species was in
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