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Abstract
Numerous research revealed that urban trees can play an important role in mitigation of rising atmospheric carbon dioxide in
cities. To achieve sustainable urban greening management, selective tree planting is recommended, especially in an environment
with projected intensified drought events. This study presents the assessment of changes in aboveground dry mass of potted trees
of Pterocarpus indicus (Pi), Swietenia macrophylla (Sm) and Lagerstroemia speciosa (Ls), species commonly found in
Bangkok, Thailand, under artificial soil drought during a one-week treatment. For each species, ten potted trees were used in
the experiment: five trees were irrigated every day throughout the one-week period whereas the other five trees were withheld
from water. Comparisons between the two tree groups in each species showed that soil drought induced leaf loss, resulting in
significant reductions in transpirational surface (i.e., leaf area) and photosynthetic machinery (i.e., leaf mass) in all species, with
the greatest decrease in Ls. The insignificant changes of woody dry mass under soil drought in these species indicated carbon
allocation from leaf to root, with the greatest degree in Ls. Consequently, it may be implied that, for the same treatment period,
Ls is the most sensitive to soil drought, exhibiting the greatest reduction in leaf area and leaf dry mass, and possibly increase in
water absorbance capacity through enhanced root surface. Based on these findings, Pi and Sm may be recommended for planting
in urban areas due to their slower responses and therefore higher tolerance to soil water deficit.
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Introduction
Increasing green space in cities has become one
of the strategies to cope with adverse environmental
effects from urbanization, such as pollution, rising
greenhouse gas emission, and urban heat island
(Deloya, 1993). Many kinds of vegetation are
planted in various places in urban areas, including
street-side, parks, balconies and rooftops of
buildings. Of particular interest are urban trees which
contribute most to carbon sequestration from
the atmosphere. Moreover, urban trees provide
several ecosystem services, such as, clean and fresh
air, shade and cooling effects, recreational and
educational values (Deloya, 1993; Akbari, 2002).
However, different species of trees, even under
optimal conditions, may exhibit different water use

and growth characteristics and may use different
strategies to survive under stress, such as drought.
Drought stress may be exacerbated in urban areas
because of the heat island effect (Pataki et al.,
2006). Thus, due to projected intensified and more
frequent drought events (Dierick & Hölscher,
2009), selective tree planting by choosing tree
species that use water conservatively while still
gaining sufficient carbon through photosynthesis
should be considered for sustainable urban greening
management.
Studying plant response to water deficit is
important since most climate change scenarios
indicate increasing drought in many areas around
the globe (Petit et al., 1999). The drought stress,
whether in soil or the atmosphere and combined with
high temperature, constrains plant survival and
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productivity. Furthermore, species-specific responses
of plant water use and growth to soil water deficit are
areas of uncertainty for estimating transpiration which
is the main component of total water loss from forest
ecosystems (Oren & Pataki, 2001). The degree of
such uncertainty is higher in forests because it is
hampered by difficult access to the canopy.
Nevertheless, recent advances in measurement
techniques, especially sap flux measurement of tree
stems, allow tree- to canopy-level estimates of water
use and stomatal conductance which correlate with
photosynthesis and growth (Granier, 1985; Ewers,
Oren, Phillips, Strömgren, & Linder, 2001).
Evaluating the responses of stomatal conductance and
growth of trees to soil drying conditions will improve
the understanding of underlying mechanisms which
could be integrated into ecosystem modelling.
Studies on tree response to water stress in
Thailand are available but most of them focus on
natural forests or agricultural plantations (Kume
et al., 2007; Kunjet et al., 2013). Research on
water use and growth of urban trees in Thailand is
still lacking. Nevertheless, there are three studies that
examined water relations in certain street tree species.
One study investigated different water use strategies
of three urban tree species in Bangkok, differing in
leaf phenology, based on leaf hydraulic
measurements (Puangchit, Sriladda, Kjelgren,
& Someechai, 2014) while the other study measured
daily tree water use of four urban species of potted
trees using gravimetric method (Kjelgren, Puangchit,
Sriladda, & Someechai, 2008). Although
gravimetric method offers direct measurement of tree
water use, it is inconvenient to perform measurements
at fine temporal resolution, such as in seconds or
minutes. A recent study (Tor-ngern & Panha, 2016)
applied a widely-used sap flux measurement
technique (Granier, 1985) to study water relations
under artificial soil drought at sub-daily timescale in

three common street tree species: Pterocarpus indicus
(Pi), Swietenia macrophylla (Sm) and Lagerstroemia
speciosa (Ls). This last study found that water deficit
induced leaf drops which resulted in increased
stomatal conductance of the small trees with different
degrees of increases among the three species.
The increasing stomatal conductance compensated for
decreased leaf area in Pi and Sm, resulting in
unaffected tree water use, while the compensatory
effect was incomplete in Ls, resulting in significant
decrease in water use of Ls.
The current study will extend the findings from
Tor-ngern and Panha (2016) and add more results
implying growth response to the soil drying
condition. In particular, I will analyze the
aboveground dry mass of plant materials harvested
from Pi, Sm and Ls potted trees by comparing the
values between irrigated (wet) and non-irrigated
(dry) groups. The main research questions were (1)
How did previous findings in Tor-ngern and Panha
(2016) contribute to growth response as indicated by
changes in leaf dry mass? (2) Combining answers
from (1) and the previous results, do Pi and Sm still
exhibit more tolerant characteristics to soil drought
and better suited for urban tree planting than Ls?
Methods and Materials
Experimental settings
This study was performed on the balcony of
the 4th floor of Department of Environmental Science
building in Chulalongkorn University, Bangkok,
Thailand (13 ˚N 100 ˚E). Thirty tree saplings of
Pterocarpus indicus (Pi), Swietenia macrophylla
(Sm) and Lagerstroemia speciosa (Ls) were
purchased from a nursery and transported to the study
site. These trees were originally grown in the same
local field, harvested and potted into 20L containers
with mixed soil growing medium. The potted trees
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were irrigated with ~3L of water twice a day for five
weeks to allow establishment of the trees prior to data
collection. Nevertheless, one Pi and one Ls trees died
before the experiment commenced. Table 1
summarizes characteristics of the trees used in this
study. Starting on December 19, 2015, each species
was divided into two groups: one with continued
irrigation with the same amount and frequency
(referred to as wet group) while the other group was
withheld from watering (referred to as dry group).
To ensure that the wet groups were under wellwatered condition, soil moisture level was measured
using a soil tester (Takemura Japan test instruments)
prior to each irrigation. Soil moisture level of above
5 (on the scale from 1 to 8) was maintained in
the wet group. The study period lasted one week
(December 19 – 25, 2015).
Calculations and measurements of studied variables
Thirty thermal dissipation probes (TDPs) for
measuring sap flux density (Js; g cm-2 s-1) were
made. Details of the TDPs’ function and construction
are described in the previous work (Tor-ngern &
Panha, 2016). One TDP was installed at 10 mm
depth from inner bark of each tree. Assuming
negligible non-conductive part of the stems due to
small tree size, the whole-tree water use was
estimated as
Et  J s  As

(1)

where Et represents whole-tree water use rate in g s-1
and As is the entire cross-sectional sapwood area of
each tree in cm-2. Vapor pressure deficit (D, kPa)
refers to atmospheric demand and mostly contributes
to stomatal changes in plants. Air temperature and
relative humidity were measured by two portable
temperature and humidity data loggers (OM-92,
Omega Engineering, Stamford, CT, USA) and used
to compute D (Monteith & Unsworth, 1990).
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On the last day of the experiment, total leaves were
harvested for leaf area (L, m2) estimates. For each
tree, ten leaves were sampled for varying sizes,
scanned using a printer (LaserJet Pro MFP M125a)
and analyzed the areas with ImageJ program
(Schneider, Rasband, & Eliceiri, 2012). Total
number of leaves was obtained and used to scale
the scanned L to total L of each tree. Next,
the whole-tree stomatal conductance (Gs, mm s-1)
was calculated using the above information and
a simplified version of the Penman-Monteith
equation (Pataki, Oren, & Phillips, 1998):
Gs 

Et
c p DL

(2)

where  is the psychrometric constant (kPa K-1),
 is the latent heat of vaporization (J kg-1),  is
the density of moist air (kg m-3) and cp is the heat
capacity of moist air (J kg-1 K-1).
On the last day of the experiment (December 25,
2015), all trees were harvested for biomass analysis.
For each tree, leaves were separated from woody
parts which included branches and stem. All plant
materials were bagged and put in an oven which was
set at 65 ˚C and left for 48 hours for drying. Then,
the dried leaf samples, including those for scanned L,
were weighed using a two-digit balance while
the woody samples were weighed with a simple
one-digit scale. Dry matter (DM) of leaves and
woody parts of each tree was recorded in grams of
biomass.
Comparisons and statistical analyses
Analyses of variables were based on their ratios
between dry and wet groups, and referred to as
dry-to-wet ratios. I concentrated on data on the last
day which presumably reflects the most severe
drought impact. The variables of interest included
Gs, L and DM of leaf (DMleaf) and woody parts
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Gs on decreased L was clearly demonstrated in all
species (p ≤ 0.04) with the smallest percentage of
increase of Gs in Ls (58%; Figure 1, black bars).
Lower L in the dry groups was observed in all
species with 14-45 % reduction (Figure 1, light
gray bars). In this study, I added the assessment of
growth as implied by dry mass of the aboveground
parts of the trees. For all species, DMleaf (Figure 1,
dark gray bars) values of the dry groups were
16 – 31 % lower than those of the wet ones with the
largest difference in Ls. Considering the dry-to-wet
Results and Discussion
ratios of L and DMleaf, the ratios of specific leaf area
(SLA) was computed and shown in Figure 1 (crossTable 1 summarizes characteristics of the tree patterned bars). The SLA ratios of Pi and Sm were
saplings used in this study. The average of stem not significantly different from one (p ≥ 0.93),
diameters at ~1 m above ground ranged from 2.72 to suggesting unchanged ratios of leaf area to leaf dry
3.34 cm with coefficient of variation ranging from mass of these two species. The SLA ratio of Ls was
9 to 22%. During the study period, vapor pressure significantly lower than one (p = 0.04), indicating
deficit (D) at daily timescale ranged from 1.8 to 2.2 a decrease in SLA of the dry Ls trees.
kPa, averaged 1.98 ± 0.18 kPa. The sunlight was Hypothetically, plants that experience soil drying
mostly abundant during daytime with no rain should have lower SLA which implies conservative
observed during the one-week study period. Thus, water use where physiological adjustments were
weather conditions were similar throughout the study achieved to minimize transpirational area (i.e., leaf
period and should not confound the comparisons area) while maximizing or maintaining
between the wet and dry groups of trees.
photosynthesis as indicated by leaf dry mass
A previous study examined water use rate of (Marcelis, Heuvelink, & Goudriaan, 1998; Moroco,
these trees and reported unaffected rate in Pi and Sm Pereira, & Chaves, 2000). In the case of Pi and Sm
on the last day of drought treatment while water use where SLA was not affected by soil drought, it may
of Ls was significantly reduced (Tor-ngern & Panha, be implied that high increases in Gs allowed high
2016). The authors concluded that soil drought photosynthetic rates and consequently less reductions
induced leaf drops which resulted in increased in DMleaf and slow physiological adjustment in
stomatal conductance in all three species but with response to drought. However, larger decrease of
different degrees of increases. Such response may SLA in Ls agreed with the hypothetical adjustment to
indicate the compensation for the reduced leaf area, soil water deficit and may suggest faster response
resulting in unaffected water use in Pi and Sm but than the other two species, given the same treatment
incomplete compensation was found in Ls, leading to period.
its reduced water use. Table 2 summarizes averaged
Because increases of Gs in all species may
values with one standard errors of the quantities used indicate higher photosynthesis, one may expect
in the analysis. The compensatory effect of increased higher DMleaf instead of the reductions as presented in

(i.e., stem and branches; DMwood). Additionally,
I analyzed the dry-to-wet ratios of specific leaf area
(SLA) which defines as the ratio between leaf area
and leaf dry mass (L/DMleaf). One-sample t-test
was performed to compare the ratios to one using
SPSS Statistics (IBM Corp. Released 2013. IBM
SPSS Statistics for Windows, Version 22.0.
Armonk, New York, USA). Data visualization was
conducted using SigmaPlot 12.0 (Systat Software,
Inc., San Jose, California, USA).
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Figure 1. The reductions of DMleaf in all species may
suggest carbon allocation from leaf to root.
Higher allocation of carbon to roots is one of the
physiological adjustments in plants under drought
stress (Tschaplinski, Tuskan, & Gunderson, 1994;
Dias, Araujo, Moraes, Barros, & DaMatta, 2007).
Because some roots were cut in order to fit trees into
pots, it will not be appropriate to assess changes in
root dry mass using these trees. To determine
whether increased carbon allocation to roots was
possible, I evaluated DMwood of branches and stems
and compare the values between dry and wet groups
(Figure 2). The result showed that DMwood was
unaffected by soil drought in all species (p ≥ 0.64).
Thus, it may imply that decreased DMleaf, with
unchanged DMwood, resulted in higher carbon
allocation to roots in all species with the highest
allocation in Ls compared to the other two species.
Plants increase carbon allocation to roots to enhance
root water absorption in the soil. Thus, the greatest
decrease of DMleaf in Ls may imply the largest
increase in root dry mass and, combined with
the previous results of Gs and SLA, suggesting that
Ls is the most sensitive to soil drought among
the studied urban species.
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common street tree species in Bangkok, Thailand.
Higher increases of whole-tree stomatal conductance
in Pi and Sm resulted in smaller reduction of leaf dry
mass compared to in Ls, possibly due to higher
photosynthetic rates. Considering changes of leaf area
and leaf dry mass, or specific leaf area (SLA),
between dry and wet trees, the dry-to-wet ratios of
SLA were obtained. The SLA ratios of Pi and Sm
were unaffected by soil drought while that of Ls
significantly decreased, suggesting immediate
response in Ls compared to the other species.
Because woody dry mass was unchanged by soil
drought, the observed reductions of leaf dry mass
may contribute to carbon loss to roots in all species,
with possibly the greatest amount in Ls. Such
physiological changes are essential for plants to
enhance water absorption in lieu of decreased water
availability. Based on these results, Pi and Sm may
be recommended for planting in urban areas because
they are less sensitive and thus may be more tolerant
to soil drought than Ls.
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Table 1 Summary of tree characteristics
Species

H
d
AS
n
2
(m)
(cm)
(cm )
Pterocarpus indicus (Pi)
2.86 ± 0.18 2.72 ± 0.59
6.04 ± 2.93
9
Swietenia macrophylla (Sm)
2.86 ± 0.22 3.34 ± 0.32
8.83 ± 1.67
10
Lagerstroemia speciosa (Ls)
2.77 ± 0.17 3.13 ± 0.39
7.80 ± 1.91
9
H represents tree height in m. d is the diameter measured at the sap flux sensor location (~1 m from the ground) in cm. AS is the
cross-sectional sapwood areas of the trees in cm2. n is the number of potted trees used in the study.
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Table 2 Summary of mean values of the quantities used in the analyses. Numbers in parentheses are one standard errors of
the means
Species

Pterocarpus indicus (Pi)
Swietenia macrophylla (Sm)
Lagerstroemia speciosa (Ls)

Gs

L

DMleaf

DMwood

(mm s-1)

(m2)

(g)

(g)

Dry
3.03
(0.25)
0.99
(0.09)
0.57
(0.05)

Wet
1.69
(0.18)
0.52
(0.07)
0.36
(0.02)

Dry
1.32
(0.2)
1.33
(0.14)
0.49
(0.02)

Wet
1.54
(0.14)
1.74
(0.13)
0.89
(0.15)

Dry
45.12
(4.55)
81.14
(7.66)
37.81
(2.76)

Wet
53.71
(3.88)
105.04
(2.12)
54.96
(7.93)

Dry
1230
(69.6)
1650
(57.65)
1431
(61.10)

Wet
1233
(17.74)
1690
(48.84)
1438
(86.61)

GS is the whole-tree stomatal conductance in mm s-1, determined using equation (2) in text. L represents total leaf area in m of
the trees. DMleaf and DMwood are dry mass for leaf and wood (branches and stem) of the trees, respectively, in g.

Figure 1 Dry-to-wet ratios of whole-tree stomatal conductance (Gs, black), leaf area (L, light gray), leaf dry mass
(DMleaf, dark gray) and specific leaf area (SLA, cross-patterned) for the three species. Error bars indicate
one standard error of the ratios. The label ‘ns’ refers to insignificant difference of the ratio from one
(  = 0.05).

Naresuan University Journal: Science and Technology 2017; 25(1)

73

Figure 2 Dry-to-wet ratios of the wood dry mass of branches and stems. The label ‘ns’ refers to
insignificant difference of the ratio from one (  = 0.05).
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