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DIURNAL CHANGES OF PHOTOSYNTHETIC CHARACTERISTICS AND
CHLOROPHYLL FLUORESCENCE IN CANOPY LEAVES OF FOUR
DIPTOCARP SPECIES UNDER EX-SITU CONSERVATION

MENG Ling-Zeng"'> ZHANG Jiao-Lin""? CAO Kun-Fang' and XU Zai-Fu'

(1 Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences> Mengla> Yunnan 666303, China)
(2 Graduate School of Chinese Academy of Sciences> Beijing 100039, China)

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 organs for global carbon sequestra-
tion. Due to anthropogenic activitiess 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> Dipterocarpus retusus> Hopea hainanensis> Parashorea chinensis
(emergent tree species in the rainforest) and Vatica xishuangbannaensis, 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,,,.) per unit leaf area (7.5 to 18.1 pmol*m~2*s~!) and
mass (89.08 to 150.82 nmol*g™' DW*s~!), dark respiration rates ( R;), 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 pho-
tosystem II ( Ppgy ) in four dipterocarp species decreased significantly at midday, indicating that photoinhibi-
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tion occurred. However, their PS|[ values recovered to the early morning value by sunset, indicating that pho-
toinhibition was reversible. The nonphotochemical quenching rate ( NPQ)) increased significantly in D. re-
tusus> H. hainanensis and V. xishuangbannaensis, indicating that NP(Q) was used mainly to dissipate excess
light energy absorbed by PSII . At midday, the electron transport rate C 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. chinensis 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 P, in the following order from highest to lowest: D. retusus,» P. chinensis» H. hainanensi,
V. wxishuangbannaensis. Based on the diurnal changes in chlorophyll fluorescences both leaf stomatal limita-
tions and non-stomatal effects 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, Dipterocarpaceaes Diurnal change, Photosynthesis
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Table 1 ~ The general information of the four species selected

AD PP EaR & HRR JR 25 A
Species Dipterocarpus retusus Hopea hainanensis Parashorea chinensis Vatica xishuangbannaensis
BT 1g v .
Height of sampled trees (m) 21 (45 18 (25 17 (60 15 (400
e ST i 44
FEAT Ry 25.3 2.3 19.0 14.0

DBH of sampled trees (cm)

o [ 4 A b R
Regions and altitude dis-

tributed in China

TR, VU (600
~1 000 m) Yingjiang in
Yunnan, Motuo in Tibet

(600 — 1 000 m)

1 HE 2L 3P (400 ~ 800
m) Yaxian, Qiongzhong in
Hainan (400 — 800 m)

=W AN I, TV IR 3
(700 ~ 950 m) Bubeng in
Yunnan, Napo in Guangxi

(700 - 950 m)

T AN T Y
(800 ~ 1 100 m) Bubeng in
Yunnan, Napo in Guangxi
(800 -1 100 m)

* ¢ FES VAR AR B SRR AR 5 BE (1 °F 8 Values in the parenthesis were the mean height of mature trees in nature
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Fig.1 The light-photosynthetic response curves of canopy
leaves in four species

a: LA TR R 7R On area basis  b: LA T &R On

mass basis @2z MBI A Dipterocarpus retusus ORI Parashorea
chinensis AL 22 Hopea hainanensis 7 WA M Vatica xishuang-
bannaensis B KUNSFBIME + FHELR Data were means + SE (n = 3-4)
P,: WG E A Net photosynthesis rate  PPFD: JGil &% & Photon

flux density



980 N7/ B SO S B 294
F2 4MWRGE R IR SRS
Table 2 Gas exchange parameters of the canopy leaves in four species
FH P A ETteR EEPN U] JE AN M
Species Dipterocarpus retusus Hopea hainanensis Parashorea chinensis Vatica xishuangbannaensis
BTG AR
Maximal net photosynthetic rate ( P,,)
LS i T , ) ‘
. a. -1 18.10£1.13° 14.43 £0.52° 12.97+0.93 7.50+0.59°
On area basis (pmol*m~%*s~")
VR IR 140.10 + 16.93° 101.79 +2.52 150.82 +11.32° 89.08 +8.27"
+ + + +
On dry weight Cnmol *g~' DWes™1) A0 10 P el 58,
T
Dark respiration rate ( R;)
DRV NITEAESZN , | | ,
. o 1 2.08+0.15* 1.35+£0.09" 1.22+0.03" 0.70 +£0.10°
On area basis (pmol*m™2*s™ ')
LR T2on 13.86 +2.06" 9.13+1.03" 13.98 +0.88* 8.44+1.15°
+ + + a + a
On dry weight (nmol *g~! DWes~1) e o A T
A . | 1
. . . o, 1 791 + 93 1184 + 109" 1311 +204° 851 =81
Light satuaration point (pmol*m™2¢s~1)
S 15.8£0.9" 30.4x2.6" 10.3£2.0" 11.6+1.8
+ + ? + +
Light compensation point (ymol*m=%*s~") T T T e
TR . | o I
0.062 +0.005* 0.034 +0.002° 0.051 £0.008™ 0.031£0.003”

Apparent quantum yield (ol pmol =)

R HHAE B 1 1S Data were caleulated from Fig. 1 AHF) 5~ BER R P H) 22 52 AN 2 3 The same letter indicates that interspecific differences
are not significantly (p >0.05)  H# hFIMH + #xEIR Data were means + SE (n =3 -4)
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M 4 AN BTt J2 i i 2R 2R 9 S 8 H AR AL
(B 30T LU, @pgyp Bl AR 6 5 1 53 11 PR AR,
P A g AR, R B R AR AR, F v B AR R

SE) EIE, 4 DRA R Opey T 5
/b, R WIIE /1 I G 38 52 10 D' 40 i B s 4 SRR
NPQ BEGHR I B A0 s, 76 1F 77 A 28 K, B
TR IR IR AL A, He NPQ AR b T (e 2 5
/NCE 3b) s BRI ETR (E1EF 0T G — H4ERFEAR
K e 3 By ETR B35, b BUS
TEECE 30,
2.3 WRERE TR KRR A A S S L
4 NPT 2K a3 BRI €8 3% R I R R AE
AWEZER(p<0.05(FK 3D 3 MR AT
IKIK T 98% , o5 — S HFb B AH X 5 /K B R0
94%, '€ AT IE F B )7 7K 3B CW g ) KT
— 0. 1MPa, & W EM 5 39 1) R A L8 21 4 S0 e
JZ BT I R AT T 2 K Ay it . 4 AN Rl b A
R I B B T I 45 32 7 B 0 9 ((2.46 £ 0.37) mg
cg™ ! FWD, {HIL chl a/b LU IRAK . FRYN T HEFIEE R
B TR CSLAD WA W3 72 (p < 0.05), HW &
ET ISP 53 3 AR B, TR
M RLAT B L LR NSl = e
TR AR K

Wi

WHFeas KAL), 4 A Je ik & BHE Y 2 1) 1 oK
FHGHEAEGEEZER(p<0.05)(E 1,%£ 2. A
Bk TR R P AR RIR R, AT 53

3



6 3] i A A ST HORY A 4 Bl 7 e S Ol A R 2 R PO S HU H A2l 981

S

2000 - 44 r 6
a 921 b c
1600 - w0l st
o g
I -
E 1200 | 5 38 < 4l
3 < 36F Q
S 800 + & 34 s 3F
~J
g 2+ ,
400 |- -
R 30
0 ] 1 ) T 28 1 L 1 y— 1 1 ) 1 L
8 10 12 14 16 8 10 12 14 16 8 10 12 14 16
18 - 0.30 6 —
16 - d e
14 F 025 + ~5skf
o [
w121 2020 g 4l
o 10 F w =
‘E g+ E g
£ < 015 £ s}
E ool E S
5 4L 2 010 F 8,0
= © =
L 2+
0.05 | 1L
0 -
2 4 1 1 1 ] 0.00 3 1 I { | 0 | L | \ |
8 o 12 14 16 8 12 14 16 8 0 12 14 16

Bf1E] Time (d)

B2 4 ARG A AL R K R RIBER RS 50 H A
Fig.2 The diurnal changes in net photosynthetic rate ( P,), stomatal conductance ( G,), water use efficiency ( WUE)
and environmental parameters of four dipterocarp species
@ = M el Dipterocarpus retusus OB KRB Parashorea chinensis A& F3% %2 Hopea hainanensis 7 WU T 1 Vatica xishuangbannaensis — $X
i 0N E I + A5 UEDR Data were means + SE (n=3-4) P, PPFD: [W[8 1 See Fig.1 G,: “AfLF ¥ Stomatal conductance WUE: 7K 53 %%
# Water use efficiency LAVPD: v B3 T/KTUEZE Leaf-to-air vapor pressure deficit
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Fig.3 The diurnal changes in parameters of chlorophyll fluorescence in four dipterocarp species
@ = Wi Dipterocarpus retusus OB KRB Parashorea chinensis M 3% %2 Hopea hainanensis 7 WU T Vatica xishuangbannaensis X
i KO EIIME + FRUEDE Data were means + SE (n=3-4)  ®@pgyp: JEREE I FHDGE TZE Quantum yields of PSII - NPQ: JEJ6AL 225 K Nonpho-
tochemical quenching rate  ETR: W F &M % Electron transport rate

18.1 pmolem ™2+~ 1, AEHEAEF MBI M AERIL MR BRTIGERFAESS, 4 S F0) 20 A7 6 3 - 4t
EARP A RS N (5.3 ~ 17.9 pmolem~2 B AR VSLE R B0 RP B AR
s™(Ishida et al.» 1996; Kenzo et al.»2003,2004).  BFEZEF(p<0.05)(F 3). 4 MF, gl
WA, R 1 S R s e v, (R LM AR A, I A RO M AL B, R T2 40 ) AH B 5%
RUTHERBOCREA - B IEYE L 3 AN /e iU B S /N AL B AR R i s
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Table 3 Leaf water potential, chlorophyll content and leaf traits in four dipterocarp species
FH P A T I A2 EEPN U] J 2 5 M
Species Dipterocarpus retusus Hopea hainanensis Parashorea chinensis Vatica xishuangbannaensis
IEAF K ) . a ab
Midday leaf water potential (MPa) -0.058 +0.003 -0.071 £0.007 -0.094+0.012 -0.072+£0.004
X K
i J'r:.' kR 98.0+0.4° 99.6+0.3" 93.9+0.6 98.8+0.2°
Relative water content ( % )
Ve 1.39+£0.29 1.97+0.17* 2.46+0.37* 1.53+0.12
Total chl content (mg*g™! FW) U T T U
MR % a/b ol . l l
Ratios of chl a/b 2.71+0.05 2.50+0.07 2.20+£0.17 2.61+£0.08
ot T 1 , |
- 2. —1 76.85+5.02° 72.23+£2.70° 116.65 +7.20* 118.40 £2.90*
Specific leaf area Cem®*g™')
Culm 89.5+1.79° 90.0+0.19° 105.21.89" 158.6+1.79*
+ + + +
Stomatal density (mm=2) T e T T
(R ) ) . |
Guard cell length Cam) 25.41+0.69 22.10+0.47 21.96+0.23 19.77+0.50
T 403.8+26.7" 66.6+2.5" 47.6£2.1° 42.9£2.1°
+ + + g +
Average leaf area (cm?) T T e e
AH ) /NG - B 7R ] 22 57 % The same letter indicates that interspecific differences are not significantly (p >0.05)  ##5 4 FIIMH + AruER

Data were means + SE (n =10 -20)

18 — —— =FRINE Dipterocarpus retusus -
voo WRMW Parashorea chinensis -
15 [

18 r— iR Hopea hainanensis
o RN Vatica xishuangbannaensi s‘

B, (umol -m™2.s7")

-3 1 1 1 1 1 ]
0.00 0.05 0.10 0.15 0.20 0.25 0.3¢0

Gs (mol-m2.s™)

B4 4 MRS RN T BRI R
Fig.4 The relationship between P, and G, in four dipterocarp species
Hetls ) —RIG T A %€ {H Data were pooled from all measurements
during a day TEE a Fl b o B 200 5l AR 2 w9l o & F g p 4 42,
14 AR R B R R R 20 75 4 Black dot represents Dipterocarpus re-
tusus and Hopea hainanensis> white dot represents Parashorea chinensis and
4 AT BN J7 FE 53 9 /2 The regression e-
quations of four species are P, =50.74G, -0.96 R*=0.77 p<0.001 n =
P,=58.14G,+0.84 R>=0.72 p <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

Vatica xishuangbannaensis

48 Dipterocarpus retusus
60 Parashorea chinensis
86 Hopea hainanensis

Vatica xishuangbannaensis

— ZHINF Dipterocarpus retusus
«oo MR Parashorea chinensis

0.05

0.00
30

T ¥§FIH 2 Hopea hainanensis
Q@ RAEHE Vatica xishuangbannaensis

Gs (mol-m™2-s7")
(=]

0.25

0.20

LAVPD (KPa)

5 4 AR AL BRI F K 2585 2 (A e v

Fig.5 The relationship between IAVPD and G, in four dipterocarp species

Helfm S —RI 747 € {5 Data were pooled from all measurements
during a day 75l a Fl b o 28 S0 AR = m I & i e Ik 22, B
FROT AR R R 24 75 M Black dot represents Dipterocarpus retusus
and Hopea hainanensis» white dot represents Parashorea chinensis and Vatica
wishuangbannaensis 4 /TP [R5 #2453 51 2 The regression equations
of four species are G, = —0.05LAVPD +0.27 R*=0.55 p <0.001 n =48
G,= -0.03IAVPD +0.21 R*=0.39 p <0.001 n
G, = —0.05IAVPD +0.28 R*=0.51 p <
G,= —0.05IAVPD +0.20 R*=0.37 p
G~ LAVPD: [F] 2 See Fig.2

Dipterocarpus retusus
=60 Parashorea chinensis
0.001 n =86 Hopea hainanensis
<0.001 n =71Vatica xishuangbannaensts
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fE o MAERIRSBL EnT DL Y RN T Mg 5238
PERC I 3 AR ek, SEBR b, RGN Mg 2 B0 A
TE—SCAH0 T R A . eAh, Mgl 5 1 <AL
FHEAE 4 DR A R AL S R A 20), X
AJ LA b 7K oy dd o S ALK .

IEZF IR 4 AN B A 6 6 4 FH 1 52 31 18 2% 10 40
il BRI R 3 22 IR DG G A IR IR B D (&
2. R FE 3AE TR, AR
HeA T HEAT B AN >0.79, p <0.001)(E
4ab)o S5 A R 2O U DG, (HAR OGP
BK(r<0.596, p<0.05), MGG H & 2 (1]
HREMNAHLNEC(r<0.356, p>0.05). XKLL R
A, 5 1B A 28 BRI AR it DR 3 B2 ARFL I DG FA .
BATIE R RS Tio % (2004) & — 2. LAVPD
R N B 7K 43 75 dif 2% 5 1 <AL G T ( Bassow &
Bazzaz,» 1998; Brodribb & Holbrook, 2004). fEFAIH
ST, R (0 7K S5 6 55 7K B (R 3D 3841
1> 2 B I A 2 K G i, A 5 RS HL IS
M EZEE . I 1AVvPD 554U A B W SO
KMECE 5a.50)Cr > —0.61, p <0.001), LW IEF
1) TAVPD A & 51 LIS FT ) 22 A

BT AAL KA, T gy 383 B
K, B 4 AN Tl 35 38 52 3 R G I CBL 3200 4
AR BRI ) g BRI 2D, & T 52 1 S 4
SR AN, 25 R e i I P 4B 22 R R AN AR ()
NPQ fEAE1EF 12:00 3G W B EFHCEl 3b), B
I NPQ FERUS TG A 2 v 0 Y e e A2 RN B
M) B R AL . R ETR 7E1E T
G — AR FRAEAR i RS (B 30D, 16 A 38 % Al
HH IR 3 R BRI CIE 2dD), 3% BH K 2 1) v 7 A i 3
G B - (Muraoka et al. 20005 Tio et al ., 2004).
A RO E R ETR fEIET )G
TG FRAKCIE 2d, & 3¢), 2R B HL 7 23 L 31 DG I IR 1)
LEBI b o AR A — R P DGl i) i (1] 3a),
HA AT ETR ARFFAEARAK I A CE 2d, 8] 3¢),
WA PR A A 5 DR IR E ME AR TR
JiRZ—.

gr LRk, R, — Rz 4 BRI A BHE
Wie )2 Z R RO A R S = RS HA B
FH25(p <0.05). IEFBEN LTAVPD & 51 el
AR R R . B R OGP 5
WK H A 8 B P L, i e 3 U A
FEUm 7 B DGR . AN R R R ) R
BT DU B R W B R FLER RO R B2

N X LR SR I N e A R R A B (K B2
e 3 Pl B A LA R AN TR A
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