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Abstract Dipterocarps dominate the canopy of tropical rainforest of Southeast Asia. They are not only the
world” s main source of hardwood timber, but their canopy leaves are main orgars for global carbon sequestra-
tion. Due to anthropogenic activities, many species of dipterocarps are threatened. Because of this situation,
ex situ conservation efforts were employed to conserve the genetic resources of several dipterocarps.

In this study, four dipterocarp species, Dipterocapus retusus, Hopea hainanensis, Parashorea chinensis
( emergent tree species in the rainforest) and Vatica xishuang barmaensis, were selected as study species that
had been transplanted in 1981 to an ex_situ dipterocarp conservation forest in Xishuangbanna Tropical Botani-
cal Garden. We measured the diurnal changes in photosynthetic rates, parameters of chlorophyll fluorescence,
and morphological traits of their canopy leaves at 15— 21 m height during the rainy season of 2004. The results
indicated that the maximum photosynthetic rates (P ma) per unit leaf area (7.5 to 18. 1 Hmol*m™ **s™ ') and
mass (89. 8 to 150. 82 nmol* g 'DWes 1) , dark respiration rates ( Rd), light saturation point ( LSP),
light compensation point ( LCP) and leaf morphological traits differed significantly among species. Photosyn-
thesis in the four species was depressed at midday. The results revealed that stomatal closure induced by high
leaf_to_air vapor pressure deficit (LAVPD) led to photosynthetic depression at midday. Quantum yields of phe-
tosystem II ( @psyr) in four dipterocarp species decreased significantly at midday, indicating that photoinhibi-
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tion occurred. However, their PS Il values recovered to the early morming value by sunset, indicating that phe-
toinhibition was reversible. The nonphotochemical quenching rate (NP(Q) increased significantly in D. re-
tusus, H. hainanensis and V. xishuangbannaensis, indicating that NPQ was used mainly to dissipate excess
light energy absorbed by PS II. At midday, the eledron transport rate ( ETR) in P. chinensis was maintained
at high levels, while its photosynthetic rate decreased, suggesting that a large proportion of electrons were allo-
cated to photorespiration. Thus photorespiration was the main mechanism protecting the photosynthetic appara-
tuses of P. chinensts during the midday photosynthesis depression. Other parameters, such as leaf area, size
and density of stomata, and total chlorophyll content, also were measured at the same time. There was a gen-
eral ranking of Py in the following order from highest to lowest: D. rewsus, P. chinensis, H. hananensi,

V. xishuangbannaensis. Based on the diurnal changes in chlorophyll fluorescence, both leaf stomatal limita-
tions and non_stomatal effeds played an important role to prevent photodamage during the midday depression of
photosynthesis brought by the high irradiances, high air temperature, low humidity, and so on. The high mid-
day leaf water potential of the four species showed that water limitations had no influence on photosynthetic
rates.

Key words Canopy leaf, Chlorophyll fluorescence, Dipterocarpaceae, Diurnal change, Photosynthesis
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Table 1 The general information of the four species selected
Species Dipterocapus retusus H@ea hananensis Parashorea chinensis Vatica xishuangbannaensis
Height of sampled trees (m) 21(45)° 18 (5) 17.(60 15 (40)
DBH of sampled trees ((an) 25.3 2.3 19:0 14.0
, (600 , ,
~ 1 000 m) Yingjiang in (400~ 800 (700~ 950 m) Bubeng in (800~ 1 100 m) Bubeng in

Regions and alitude dis-
tributed in China

m) Yaxian, Qiongzhong in

Yumnan, Motuo in Tiet Hainan (400- 800 m)

Yuman, Napo in Guang<i  Yunnan, Napo in Guangxi

(600- 1 000 m) (700= 950 m) (800— 1100 m)
* Values in the parenthesis were the mean height of mature trees in nature
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2004 7 3 8 3 8 11 8 em Ces ! ; (Ra)
18 9 00~ 11: 30 LL6400 y : ( LSP)
(LLCOR, Inc, USA) 4 (LCP) 3~4
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, , €Oz 9 2 4
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26~ 33 C( 9 00~ 11: 30 8: 30~ 16: 30( )
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2 000 1500 1000 500 200 100 50 20 0 Hmol PPFD (T1) _
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Fig. 1 The light_photosynthetic response anrves of canopy
leaves in four species
a: On area bass  b: On
mass basis @

Dipterocapus reusus O Parashorea

chinensis A H@ea hananensis ¥ Vatica xishuang-
Data were means £SE ( n= 3_4)

PPFD : Photon

bannaensis +
P
flux density

Net photosynthesis rate
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Table2 Gas exchange paramders of the canopy leaves in four species

Species

Dipterocapus retusus Hopea hainanensis

Parashorea chinensis

Vatica xishuangbannaensis

Maximal net photosynthetic rate ( P,,,)

On area basi (Bmolem > &~ ) 18.10£1. 13 14.43%0.52" 12.97%0. 93" 7.50%£0. 59°
On dry weight (nmol = g~ ' DWe s 1) 140. 10£16.93* 101. 79%2. 52 150, 82£11.32¢ 89. 88 27"
Dark respiration rate ( Ry)
On area bask (Hmolm > &~ ) 2 08%0. 15 1.35%0.09 1.22%0.03 0. 70%£0. 10°
On dry weight (nmol = g~ ' DW- 5 1) 13. 86X2. 06° 9. 13%1.03° 13.98%0. 88° 8. 4%1. 15
Light satuaration point (Hmol* m~ 2eg” ]) o193 18 £109* 13114204 8sLE81"
Light compensation point ( Hmol*m~ 2o g™ l) 15.8%0.9 30.4%2.6° 10.3%2.0 1L6+1.8"
Apparent quantum yield (Mol ol ) 0. 06210. 005° 0.034£0.002° 0. 051%0. 08" 0.031%£0.003"
1 Data were calculated from Fig. 1 The same letter indicates that interspecific differences
are not significantly (p> 0. 05) * Data were means = SE (n=3- 4)
, 4 Dsp
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P, P, (p<0.06)( 3) 3
98%,
4 Pn 3
) " — 0. IMPa, 4
2e) 4 WUE , WUE 4
WUE 3 Gs ((2.46%0.37) mg
P, (r>0.79, p< ‘gleW), chl /b
0.001)( 4ab), IAWD G, (SIA) (p< 0.05),
(r> -=10.61, p< 0.001)( Sa b) 3 ,
, 4
( 2, 1, 24d),
3
4 , 4
( 3a . Gsu , (p< 0.05( 1, 2

Pma , 1.5



4 981

6
2000 44
| [ ;
e 2 b [
T 1600 -
» 40 5r
E 00} ~ 38r g
3 o X 4r
g < 36 a
3.
2 800 | 3 &
a & 34 i 3k
Ly 37+ ~
& 400 5L
30 |
0 ) 1 I L 28 L L 1 L] 1 L . 1 L
s 8 10 12 14 16 g 0 12 14 1 8 10 12 14 16
0.30 s
1614 e r
_ i; L - 025 ~ 5t f
DN r ' | 5
~ 10k ,?E 0.20 E 4l
£ -
= 8 < 015 F g 5L
g 6r £ E
3 4t 2 0.10 - W
= = 2F
& © X
0 F 0.05 1+
-2 1 i L L J
0.00 1 " 1 ST
8 10 12 14 16 0 ; ) : —
8 10 12 14 16 8 10 12 14 16
B8 Time (d)
2 4
Fig. 2 The diwnal changes in net photosynthetic rate (P,), stomatal conductance (G;), water wse efficieny ( WUE)
and environmental parameters of four dipterocarp species
[ ] Dipterocapus retusus O Parashaea chinensis A H@ea hananensis ¥ Vat ca xishuangbannaensis
* Data were means £SE (n= 3-4) P, PPFD: 1 See Fig.1 G Stomatal conductance WUE:
Water use efficiency LAWPD: Leaf_to_air vapor pressure deficit
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Fig. 3 The diwrnal changes in parameters of chlorophyll fluorescence in four dipterocarp species
[ ] Dipterocapus retusus O Parashaea chinensis A H@ea hananensis ¥ Vaticw xishuangbannaensis
+ Data were means T SE (n=34) Dpg: I Quantum yields of PSIT NPQ: Nonphe-
tochemical quenching rate  ETR: Eledron transport rate
-2, -1
18.1 Mmol*m™ “*s™ , ,4
(5.3~ 17.9 Hmol*m™ **
-1 .
s ) (Ishida et al., 1996; Kenzo et al., 2003, 2004) (p<0.05)( 3) 4 ,
2 2 2 2
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Table 3 Leaf water potential, chlorophyll content and leaf traits in four dipterocarp species
Species Dipterocapus retusus Hopea hainanensis Parashorea chinensis Vatica xishuangbannaensis
_ + b _ + a _ + a _ + ab
Milday leaf water potential (MPa) 0. 058=0. 003 0.071 £0.007 0.094=x0. 012 0.072X0.004
—+ a + a —+ h =+ a
Relative water content (%) 98.0£0. 4 99.6%0.3 93.9%0.6 98.8%£0.2
+ b + a + a + b
Total chl content (mes & ! FW) 1.390.29 1.97x0.17 2.46 0. 37 1.53x0.12
a/b
+ o + ab + ) 4 a
Ratios of chla/b 2.7130. 05 2.50%0.07 2.20%0. 17 2.61%0. 08
+ b + b + a + a
Specific leaf area (an’ g~ 1) 76. 855, (2 72.2312.70 116. 65X 7. 20 118.40x2. 90
+ g + c + b + a
Somatal density (mm- ) 89.5T1. 7% 90.0X0.19 105.2*1. & 158.6X1.79
+ a + b + b + c
Guard cell length (Hm) 25.41T0. 22.10X0. 47 21.96X0.23 19. 77£0.50
=+ a + b + c + c
Average leaf area (cn?) 403.8x26.7 6.6T25 47.6x2. 1 42.9x2.1
The same letter indicates that interspecific differences are not significantly (p> 0. 05) +
Data were means £SE ( n= 10- 20)
18 r — =R ME Dipterocarpus retusus 030 -

.o« JXW Parashorea chinensis .-
pe

r HEHS Hopes bainanensis '
o NRPEWR Fatica xislzuaa;bannﬂensis‘
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Fig. 4 The relationship between P, and G in four dipterocarp species
Data were pooled from all measurements
during a day a b s
Blck dot represents Dipterocapus re—
tusus and Hopea hananensis, white dot represents Parashaea chinensis and
Vatica xishuangbannaensis 4 The regresson e
quations of four species are P, = 50. 4G~ 0.96 R?>=0.77 p< 0.001 n=
P=58.14G+ 0.8 R*= 0.72p< 0.001 n=
P,=46.33G,+ 2.45 R*>= 0.79 p< 0.001 n=
P,=37.88G+ 1.21 R*>= 0.63 p< 0.001 n= 71

P, G 2 See Fig. 2

48 Dpterocarpus reusus
60 Parashorea chinensis
86 Hpea hananensis

Vatica xishuangbannaensis

— LR B Dipterocarpus retusus
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~ ¥R Fopea hainanensis
[ N MM Vatica xishuangbannsensis
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Fig.5 The relatiorship beween LAVPD and G, in four dipterocarp species
Data were pooled from all measurements
during a day a b ,
Bhck dot represents Dipterocurpus retusus
and H@ea hainanensis, white dot represents Parashaea chinensis and Vatica
xishuangbannaensis 4 The regression equations
of four species are G,= — 0. 0SLAWPD+ 0.27 R?>= 0.55p< 0.001 n= 48
G,= - 0.03LAWPD+ 0.21 R?>= 0.39 p< 0. 001 n
G,= — 0. SLAVPD + 0. 28 R*= 0. 51 p <
G,= - 0.05[AVPD+ 0.20 R?= 0.37 p
G, IAVPD: 2 See Fig. 2

Dipterocapus retusus
= 60 Parashorea chinensis
0.001 n= 86 Hpea hainanensis
< 0.001 n= 71 Vatica xishuangbannaensi s
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