E-2.2 Ecophysiological Research on Adaptation of Tropical Tree Species to

Environmental Stress

Contact Person Yoosuke Matsumoto
Laboratory Chief
Ecophysiology Laboratory, Forest Environment Division,
Forestry and Forest Products Research Institute
Ministry of Agricalture, Forestry and Fisheries
Tsukuba Norin Kenkyu Danchi-nai P.O. Box 16, Ibaraki 305, Japan
Phone:+81-298-73-3211(Ext. 354), Fax:+81-298-73-1542
E-male: YMAT@ffpn affrc.go.jp

Total Budget for FY1993-FY1995 28,455,000 Yen (FY'1994 7,450,000 Yen)

Abstract Biological processes of tropical tree species in growth and development are strongly influ
enced by environmental factors. To estimate effects of environmental factors and ecophysiological proc
esses, water relation charactenstics of 5 dipterocarp species were studied using P-V method. And light-

and temperature- photosynthesis relation of 6 dipterocarp species, photosynthesis and water use efficie
ncy of 17 tropical species, diurnal changes in transpiration rate(Tr), leaf conductance to water vaper(G
w), and water potential on Shorea leprosula and Acacia mangium saplings, diurnal changes in Pn, Tr, G
w, and water potential of 3 dipterocarp species, and diumal changes in Pn and Gw of Dryobalanops aro
matica mature tree were studied.
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1. INTRODUCTION
Tropical rain forest is composed of dipterocarps the main trees of timber produce in Malaysia. Th
eir biological processes in growth and development are strongly influenced by environmental factors. To
estimate effects of environmental factors, water relation characteristics and ecophysiological processes

were studied for several dipterocarp tree species, and adaptabilities were compared among species.

2. MATERIAL AND METHODS
2.1 Water relation parameters of seedlings and mature trees
One-year-old seedlings of Shorea assamica, S. platyclados, Dryobalanops aromatica, Hopea odorata,
and Neobalanocarpus heimii were used in this study. Also used were open-planted juvenile trees of S.
assamica, S. platyclados, and H. odorata, and mature tall trees of D. aromaticaand N. heimii.
Branches of 40 to 60cm long were collected from nursery and open site within FRIM campus. Afte
r being fully hydrated, single fully expanded mature leaves were cut from the branches and were used to
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generate pressure-volume curves(Schorander et al 1964, Tyree and Hammel 1972). Several water relati

on parameters were determined from the pressure-volume curves following Maruyama and Morikawa (1
983).

2.2 Light- and temperature-photosynthesis relations
Net photosynthetic rate(Pn) of detached leaves of S. assamica, S. platyclados, S. macroptera, D. aro
matica, H odorata, and N. heimii was measured under controled condition using Portable Photosynthesis
and Transpiration Measurement System(PPTMS, H-2, ADC, UK). Branches were collected from upper
crowns growing at FRIM campus and light- and temperature- photosynthesis curves were determined for
single detached leaves. To control the light intensity, temperature, and humidity, a small box-type phyt

otoron designed and made by Dr. Matsumoto was used.

2.3 Photosynthesis and water use efficiency

Pn and transpiration rate(Tr) of seedlings of S. accuminata, S. assamica, S.curticii, S. leprosula, S.m
acroptera, S.ovalis, S. parvifolia, S. paucifloia, Dipterocarps comutus, Hopea odorata, Neobalanocarpus
heimii, Acacia mangium, Alstonia angustiloba, Azadirachta excelsa, Cinnamomum iners, Endospermum
malaccensis, Intsia palembanica, Khaya ivorensis, and Tectona grandis were measured. These potted see
dlings were grown at Chikus nursery of Multi-Storied Forest Management Project(MSFM project) carrie
d by Forest Department Peninsular Malaysia(FD) and the Japan Intemational Cooperation Agency(JICA).

From each seedling, Five fully expanded mature leaves were selected and Pn and Tr were measured

with PPTMS(H-2, ADC, UK). Measurement were carried out in the moming when stomatal conductan

ce and Pn were relatively high.

2.4 Diurnal changes in transpiration, stomatal conductance, and leaf water potential of
Shorea leprosula and Acacia mangium Saplings
Diurnal changes of Tr, stomatal conductance(Gw), and leaf water potential( ¥ w) of Shorea lepros
ulaand Acacia mangium saplings were measured.

The study site is located in Chikus Forest Reserve where the MSFM project is being carmed. Und
er the project, experimental plots were established in a three-year-old A. mangium plantation by thinning -
one(plot A), 2(plot B), 4(plot C), 8(plot D), and 16(plot E) rows of the A. mangium trees. A detail des

cription of the project was reported by Iwasa et.2[(1993).

In this study, planted seedlings of S. Jeprosula and naturally regenerted A. mangium in plot C(4 ro
ws removed) and plot E(16 rows removed) were used. For each species, six fully matured single leaves
were selected from two seedlings(three leaves per seedling) at each site.

Tr, Gw, and leaf temperature(Tleaf, °C ) were measured with a Steady-State Diffusion Porometer(S
SDP, Li-1600, Li-Cor, USA) and ¥ w was measured with a pressure chamber(Soil Moisture, USA). Me
asurements were carried on 24 to 26 January 1994.

2.5 Diurnal changes in photosynthesis, transpiration, stomatal conductance, and
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leaf water potential of Shorea assamica, S. platyclados, and H. nervosa young trees
Diurnal changes in Pn, Gw, and ¥ w were measured for fully expanded young and mature leaves a
t upper canopy of Shorea assamica, , S. platyclados, and H. nervosa young trees in Ang Li Hoe’s expen
mental plot(Ang and Maruyama, 1995), located in FRIM campus.
Pn was measured with PPTMS(H-2, ADC, UK) and Tr, Gw, and leaf temperature(Tleaf) were meas
ured with a SSDP(Li-1600, Li-Cor, USA) and ¥ w was measured with a pressure chamber(Soil Moistur
e, USA). Measurements were carried on 24 and 25 June 1993.

2.6 Diurnal changes in photosynthesis and stomatal conductance of
Dryobalanops aromatica mature tree
Diurnal changes in Pn and Gw were measured for fully expanded immature and mature leaves at u
ppermost canopy(35 m above ground) of a Dryobalanops aromatica mature tree, using a scaffolding tow
er of 40 m high installed within FRIM campus.
Pn and Gw were measured every 15 to 20 minutes for six or seven leaves with PPTMS(H-4, ADC,
UK). Measurement were carried out on 20 to 21 October, and 11 November 1994.

3. RESULTS AND DISCUSSION
3.1 Water relation parameters of seedlings and mature trees

Water potential at turgor loss( ¥ w ' ® ) and osmotic potential at full turgor{ W 0 ** ) of mature
eaves of forest tree species are reported to be -1.83 to -3.40MPa and -1.18 to -2.13MPa, respectively(Hi
nckley et al 1978). In this study, ¥ w *'® and W o **" of seedlings were within narrow range of -1.4
3 10 -1.66MPa and -1.23 to -1.39MPa, respectively(Table 1). These high values of ¥ w *'® and ¥ o *
** found in this study indicate that the capacity for maintaining positive turgor is relatively low in leave
s of these dipterocarp seedlings.

The maximum values of bulk modulus of elasticity( ¢ max) were smaller in the seedlings than in t
he open trees. This suggests that the leaf cells of the seedlings were more elastic than those of the open
trees. More elastic cells permit larger change in cell volume with smaller change in pressure potential
(¥ p), which results in lower RWC ‘' ® (Maruyama & Morikawa 1983; Davis & Mooney 1986). In this

study, except for S. assamica, although leaf cells were more elastic in the seedlings than in the open tre
es, lower W o **", and thus higher ¥ p at full turgor, contributed to lower RWC

Lower ¥ 0 **' in the open trees is mainly due to greater number of osmoles(Ns, solute accumulati

tlp

in the open trees.

on) in S. platycladosand in N. heimii and to smaller symplasmic water volume at full turgor(Vo, solute
concentration) in S. assamicaand D. aromatica In H. odorata, both greater Ns and smaller Vo contribut
ed to lower ¥ o **"

Leaf dry weight per unit leaf area(DW/LA) was greater in the open trees than in the seedlings(Tabl
e 1). This result indicates that the leaves of the open trees had more cell wall material than those of the

seedlings. The greater values of DW/LA in the open trees would be due to the water stress.

in the open trees.

From these results it might be concluded as follows. The capacity for maintaining positive turgor a
ppeared to be low in nursery seedlings of dipterocarp. Open-planted juvenile trees and the mature trees



had adapted to stress of water deficiency morphologically as well as by maintaining positive turgor thro
ugh osmotic adjustment. But the adaptability to the water stress was lower in S. assamica compared to t

he other species.

3.2 Light- and temperature-photosynthesis relations
2

Maximum rate of Pn varied 5.6 to 10.8 2 molCO 2 m ~* s~ ' . These values are corresponding t

o those reported by Koyama(1981), and are relatively high compared to those of seedlings(Mon et al 1

990). Among these species, N. heimii, S. macropteraand D. aromatica, which are comparatively slow gr

owing species, had lower Pn than those of H odorataand S. assamica S. platyclados, which is normally
found in hill forests, also had low Pn.

Optimum temperature for maximum Pn was between 28 and 35 °C , and was highest in S. platycla
dos and lowest in S. assamica (Fig. 1). Reduction of Pn by increasing temperature was large in S. macro
ptera, S. assamica, D. aromatica and N. heimii. In H. odorata, which is known as drought tolerant speci
es, and in S. platyclados reduction of Pn by both increasing and decreasing temperature was relatively s
mall.

Light saturation point for Pn was between 400 and 620 z mol m ~* s ' in photosynthetically a
ctive photon flux density(PPFD). The highest light saturation was observed in S. assamicaFig. 2), whic
h is relatively more light demanding species(Symington 1943). According to Mori et al(1990), light satu
ration is low in N. heimii which is well known as a shade tolerant and slow growing species. But in thi
s study, light saturation in N. heimii was not lower compared to the other species. Lower light saturation

point in Mori et a/(1990) may be caused by lower light intensity under which plants were grown.

3.3 Photosynthesis and water use efficiency
Pn was highest in Acacia mangium, which is well known as a fast growing and light demanding sp
ecies. Hopea odorata, Tectona grandis and Cinnamomum iners also showed relatively high Pn(Fig. 3).
Pn of dipterocarps with the exception of H. odorata was lower compared to that of fast growing species.
Intsia palembanica, which is known as a slow growing species, also had low Pn.
Water use efficiency(WUE), i. e., ratio of Pn and Tr, was high in I palembania and T grandis. H.
odorata which occur naturally in northemn part of Peninsular Malaysia where dry spells are more prono
unced, also had high WUE. WUE was lowest in S. assamica, which occurs in low-lying land and in th
¢ vicinity of streams.
Amomg fast growing species, A. excelsa, K. ivorensis, and E. malaccensishad relatively low WUE,
suggestting that they need large amount of water for maintaining their rapid growth. However, highest |
caf area weight(LAW), 1. e., leaf dry weight per unit leaf area, of K. ivorensis would enable this species
to minimize transpirational water loss.
Among dipterocarps, both WUE and LAW were highest in H. odorata. S. curticit, which is normall
y found on ridges and hill tops, also had high WUE. Incontrast, S. leprosulaand S. ovalis which are rel
atively faster growing species among red meranti group, had low WUE, suggesting that these species ar
¢ not suitable for open planting. According to these characteristics of gas exchange, I. palembanica, H. o
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dorata, and S. platyclados could be recommended as possible species for establishment in plantation.

3.4 Diurnal changes in transpiration, stomatal conductance, and leaf water potential
on Shorea leprosula and Acacia mangium Saplings
In S. leprosula , Gw continued to increase gradually after 10:30, reached peak of 410 mmolH = O
m ° s ' at 12:00, and then decreased rapidly in plot C(more shaded site where only 4 rows were rem
oved)(Fig. 4). While, in plot E(almost open site where 16 rows were removed), Gw reached peak of 350
mmolH =0 m ~? s ' at 10:30, and then continued to decrease(Fig. 4). These differences in stomatal
responses between two sites suggest that gas exchange through stomata was limited more strongly in plo
t E than in plot C, and seem to be a major factor causing better growth of S. Jeprosula in more shaded s
ite than in more open site.
In A. mangium, Gw remained relatively constant throughout the daytime irrespective of changes o
f PPFD in plot C(Fig. 5). As a result, Tr followed the pattern of VPD, 1. e., continued to increased until
about 14:00 and then decreased. On the other hand, Gw and Tr closely reflected the pattern of PPFD i
n plot E(Fig. 5). And even under direct sunlight, Tleaf and VPDleaf remained lower than Tair and VPD
air, respectively, due to evaporative cooling via rapid transpiration.
Maximum Gw of 480 and 600 mmolH - O m "* s ™' and maximum Tr of 8.2 and 11.1 mmolH -
O m ® s ' were recorded for A. mangium in plot C and in plot E, respectively. These values are m
uch higher when compared to those of S. leprosula
In many species, Gw decreases with increasing vapour pressure deficit(VPD) independent of leaf
water status(Tumer et. al. 1984). In this study, Gw of S. Jeprosula also decreased when vapour pressure
deficit of the ambient air(VPDair) reached above 10 hPa. But Gw of A. mangium was not limited by va
pour pressure deficit, and the values of Gw obtained here were higher than those reported by Tumner et.
al(1984). These characteristics of Gw could explain the fast growing and light demanding characteristics
of A. mangium.
Soil-to-leaf hydraulic conductance(L) of S. leprosulawas 6.4 and 5.4 mmolH>-O m "* s ™' MPa
' for plot C and plot E, respectively, and L of A. mangium was 10.1 and 122 mmolH:0m "* s ™*
MPa "' for plot C and plot E, respectively. In A. mangium, higher L resulted in less negative ¥ w for
same transpiration rate when compared to S. Jeprosula This result indicates that water availability is hig
her in A. mangium than in S. Jeprosula High L enabled A. mangium to maintain high Gw durng dayti

me when transpiration rate was high.

3.5 Diurnal changes in photosynthesis, transpiration, stomatal conductance, and leaf water
potential of Shorea assamica, S. platyclados, and H. nervosa young trees
In S. Assamica, and S. platyclados, Gw increased with increasing PPFD in the moming, followed b
y rapid decrease after reaching maximum on 25th June(Fig. 5). Midday depression in Gw of H. nervosa
was smaller compared to the other species, and Gw remained relatively constant in the aftemoon on 25t
h June. On 24th June, Gw of S. assamica showed a similar diurnal changes as on 25th June. But Gw of -
S. platyclados, and H. nervosa remained low and relatively constant during daytime on 24th June. Amon
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g all the species studied here, S. assamica had highest Gw.

Tr and Pn coincided with the diurnal changes of Gw irrespective of species and days. But decrease
of Tr during midday was smaller compared to that of Gw because of increasing vapour pressure deficit
(VPD). Both Tr and Pn were highest in S. assamica Pn of S. assamica studied here is much higher com
pared to that of nursery seedlings. Mori(1980) also reported low Pn for dipterocarp seedlings grown und
er controlled environment. These differences would be caused by light intensity under which plants were

grown. In these juvenile trees studied here, photosynthetic CO2 uptake appeared to be strongly influenc
ed by stomatal opening.

3.6 Diurnal changes in photosynthesis and stomatal conductance of Dryobalanops aromatica
mature tree
Diurnal Pn and Gst varied considerably among leaves in a canopy. Maximum Pn reached 12.0 u
s ~' (Fig. 6). Under light saturated conditio
n, Pn related linearly to Gw, especially in the mature leaves. The coefficient of variation(C. V.) among ¢

molm ~? s~ ' with mean value of about 6.0 z mol m ~

2
anopy leaves in the difference between CO = concentrations of the ambient air and the leaf intercellular
air space(Ca-Ci) was smaller than the degree of C. V. in both Pn and Gw.

These results suggest that maximum Gw in each leaf was mainly controlled by mesophyll assimilati
on(Pn/Ci) through some mechanisms such as keeping Ci at a constant or near-constant value. Although
diurnal Gw decreased when leaf-to-air vapor pressure deficit(leaf-to-air VPD) exceeded 0.025 kPa kPa ~
", such high leaf-to-air VPD was seldom observed during the daytime because of dew in the early mom
ing and regular rain in the afternoon.

This resulted in high Ci/Ca ratios(0.69-0.73) in canopy leaves, suggesting a small stomatal limitatio
n to Pn by drought and non-conservative water-use in uppermost canopy leaves of D. aromatica
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Fig. 2 Light-photosynthesis curves of S. assamica, S. platyclados,

Table 1.

S. macroptera, D. aromatica, H. odorata, and N. heimii

Water potential at turgor loss( ‘P-“"evosmotic potential at full turgé)rﬂ(\l?o"‘ )

relative water content at turgor loss(RWC *"* ), maximum value of bulk moduius
of elasticity( €wax ), volume of symplasmic water per unit leaf dry weight

(V o/DW), number of osmoles Fer unit leaf dry weight(N «/DW), léaf dry w, Lght

per unit leaf area(DW/LA) and total volume of water per unit leaf area( :/e )

species Tutl? " *RWC *?P Emax No/OW Vo /OW DWIA Vi/LA

-MPa  -MPa % MPa OS/KgDW JH20/KgDW mgDWem 2 1 1H20/em ?

Nursery seedlings

S. assamica 1.66 1.32 841 23.9 0. 64 1. 20 8. 97 12. 317

S. platyclados 1.47 1.18 88.9 10.6 0. 44 0.92 8.31 13. 81

A odorsts 1,43 123 911 237 0. 65 1. 30 6. 27 12. 50

D. aromatica 1.66 1.39 87.6 16,0 0.73 1. 31 6. 88 11.65

N, beimii .50 1,28 89.3 231 0. 41 0.80 1.72 8. 52
Open-planted trees

Juvenile

S. assamica .75 1.42 B86.3 25.8 0. 80 1. 05 7.13 11,29

S. platyclados 2.10 1.46 741 15.8 0. 74 1. 26 9. 41 14, 14

B odorsts 2.35 1.64 743 20.% 0. 77 1. 18 8.91 12. 28

Mature

D. aromatica 2. 58 80.2 18.7 0. 64 0. 84 15. 74 18. 60

N beimii 2. 42 85.2 81.4 0. 66 0,84 9.00 10. 09
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