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Abstract ; Acclimation to growth light intensities and the strategies of photoprotection were explored in seedlings of two tropical
rainforest tree species, Pometia tomentosa and Trema orientalis. The former is a late-successional species in forest, and its
seedlings distribute in understory or small canopy gap. Whereas the latter is a pioneer tree species, and its seedlings occur in
canopy gap. The plant materials were raised under four light regimes [a. 3.1%/12. 5% (Before/after fog disappear, percent of
sunshine); b. 12.5%/12.5%; ¢c. 9%/36%; d. 25%/36% | for about 3 months during the foggy and cool season in 2002 at
Xishuangbanna, Yunnan Province, China. Then maximum net photosynthetic rate (P )s chlorophyll fluorescence
parameters, chloroplast pigments content, and lamina mass per unit area (LLMA) were measured. We manipulated morning
light intensities to simulate the effect of fog which could shield sunlight for about 60% ~90% in the morning. Fog presents
almost every day in this season. The main purpose of this study was to determine whether decreasing morning light intensity
(the effect of fog) could ameliorate photoinhibition of photosynthesis when the light intensity was the same in the afternocon. If
so, we could conclude that fog could protect tropical rainforest tree species from photoinhibition through screening sunlight in
Xishuangbanna. |

For the two species, with the increase of growth light intensity LMA, non-photochemical quenching coetficient (NPQ),
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the carotenoid content expressed as unit leaf dry weight and expressed as unit chlorophyll, light saturation point and light
compensation point increased, while chlorophyll concentration decreased. Seedlings of the two species could acclimate to
different growth light regimes in this study through changes of physiological and morphological traits. Diurnal photoinhibition
of photosynthesis, as judged by maximum efficiency of PS 1 photochemistry, was significantly severer in P. tomentosa than in
T. orientalis in all growth light regimes. The acclimation capacity to high light regimes was stronger in T'. orientalis than in
P. tomentosa. With the increase of growth light intensity, P... increased significantly, but NPQ not in T'. orientalis. While
the reverse trends occurred in P. tomentosa. At the same light regimes thermal dissipation was much lower, but P, was much
higher in T. orientalis than in P. tomentosa. This indicates that photodamage was avoided mainly through increasing light
energy utilization by photosynthesis in T. orientalis, a pioneer tree species, but through increasing thermal dissipation in
P. tomentosa, a late-successional species. In addition, photosynthetic pigments content and LMA were lower in T'. orientalis
than in P. tomentosa, indicating that the percent of light energy absorbed by the former is lesser. This can ameliorate
excitation pressure on photosystem I . The effects of decreasing light intensity in the morning was significant in P. tomentosa,
but not in T'. orientalis. Decreasing light intensity in the morning could ameliorate diurnal photoinhibition of photosynthesis
significantly in P. tomentosa, but not in T. orientalis. Fog can decrease light intensity by 60% ~90% in the morning in foggy
and cool season in Xishuangbanna. Shading by fog in the morning might be important to P. tomentosa and other late-
successional species, especially to chilling sensitive species. So we hypothesized that fog be important to the existence of
tropical rainforest in Xishuangbanna, and one of its role be to ameliorate photoinhibition of photosynthesis through decreasing
light intensity in the morning.

Key words; photoinhibition of photosynthesis; light acclimation; maximum net photosynthetic rate; thermal dissipation;

chloroplast pigment content; tropical rainforest tree species
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S 50 7E H B B P4 AR 4 #4054 ) b AT, KB A T 21°56'N, 101°15'E, 8848 570 m, RALMAH B E RSk, —
HAENTEAI~BF4AMFREGC~I0 AIZH. R HAMKXEHITIE 21.7C, FHMEBE 86 % . FFEWE
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Fr #8883/ IR [ Pometia tomentosa (Bl. ) Teysm. et Binn. (Sapindaceae) |Hl Wi ¥ WK{ Trema orientalis (L.inn. ) BI.
(Ulmaceae) J, 45 3 1 IR 2 79 SUR A R G R FE TR EZ W/, S 407 TR 900 m AT RIS WA, R4 di &
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A FEEIRIRE N a. 12.5%/12. 5% (BHE/BHE , BRFERBNE L (), TR, XYL 11:30 F#;b. 50%/12.5%;
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100% 5 PIAR Y F X B AR HEBK 3.1%.12.5%.9% M 25 %, FFEF BAER S RKMHOEEME . PUKHAEB | 7 HER
W, 4 FpAE BN a. 3.1%/12. 5% (BHAI/FBE  KENKAXBE LD, THR.BXLH 11:30 FH;b. 12.5%/
12.5% ;c. 9%/36%;d. 25%/36% , A EMAXHM T AR /R EHIR. 438 a fl boc M d K96 HIH S THRRAD . KHKHE
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9% /36%F 25% /36 % LA K 3.1%/12. 5% M 12. 5% /12. 5% R P A K MWIUERKRPEN S (LSPHOERABE.H 9%/
36 F 25% /36 U B THENBER T 3. 1%/12.5% M 12.5%/12. 5% B THE. SLER LB LSP B4 KBTS
HE., HELETARMNURKLSPEZEFREZRIBE 2), INERACIHMESR (LCPHHE KRB AMAE.0%/
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Table 1 Apparent quantum yield for the seedlings of P. tomentosa and T. orientalis grown under different light regimes

R} Fils YR E(EER/EH)5 R Light regimes (Before/after fog disappear, percent of sunshine without fog) *
Species 3.1%/12.5% 12.5%/12.5% 9%/36% 25%/36%
REFX IR P. tomentosa 0.017+0. 0057A,a 0.0160+0.0019A,a 0. 022+0. 0027A,a 0.0198+0. 0027A,a
LB BK T. orientalis 0.0417+0. 0015A,b 0. 0476 +0. 0013B,b 0. 0508+0. 0012B,b 0. 0482+ 0. 0024B,b

* 3~5NMEEKEHE IR IRE Mean+tstandard error (SE)of 3~5 separate experiments; A&l & ./NG FE 84 51 3T 4~ B # A [|] 36 F
MR JE T AR PFha) £ 7 5 & (P<0. 05) Different upper- and lowercase letters indicate significant different among the light regimes of the same

species and between different species in the same light regime (P<C0. 05, student’s t-test) ,respectively; T [A] the same below

K2 AEARKTERKNAEFTLRNLURHEYDENRXFIXAGSER (pmol/(m? « 5))

Table 2 Maximum net photosynthetic rate for secedlings of P. tomentosa and T. orientalis grown under different light regimes

) Fabs j’ﬁﬂ:-ﬁ; Light regimes
Species 3.1%/12.5% 12.5%/12.5% 9% /36 % 25%/36%
HREBWR P. tomentosa  4.1824+1.5270A,a 3. 9625+ 0. 3824A,a 3.104440.1978A,a 4.58371+0. 8073A,a
Wi BBE T. orientalis 14.94174+1.3477A,b  15.4952+0.4929A,b 20. 869940. 3809B,b 22.45854+0. 5112B,b

" BEELR Ptomentosa O L #BK T orientalis

e 3.1%/12.5% o 12.5%/12.5% 4 9%/36% & 25%/36% o~ = 3
0.90 - 0.90 - GIEEN < 2500 Bb
BEFH IR Promentosa LI 3E WK T orientalis & Aa & T
< 28 | - <= 2000 - Bb
0.85 | 0.85 |- m § S 1
| 21 | Ba B 31500 - Ab
o 0.80 | 0.80 | < . a > 1 Ab An
) 3 14 AaAa < 1000 -
0.75 - 0.75 |- Aa - |Aal
T 4 * so0 1 | A% | Aal |-
0.70 | 0.70 | i) g l
i . g 0 ﬁ 0 .
o6sL—1 " 4 gesl 4 4 e B & a4 a8 A
6:00 12:00  18:00 6:00 12:00  18:00 S 5 % 3 = 3 % ]
9:00 15:00  21:00 9:00 15:00  21:00 R - o
i} 6] Time J6 5% Light regimes (%)

1 ARXXFETERKNBEBZTRBRBMUEBERGHANRRAZIRKRK B2 AREFBFETERKVAEF LB LR KRS EECHEA R
KRN E (F./F.) BT (LSPYFIM Mz S (LCP)

Fig. 1 The diurnal changes of maximum efficiency of PS I Fig.2 Light saturation point (LSP) and light compensation point

photochemistry (F,/F..) for P. tomentosa and T. orientalis grown (LCP) for P. tomentosa and T. orientalis grown under different

under different light regimes light regimes
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2.4 EKFRHEHEX 2 HEYEE GRS RA LT ECMAO MWW

B AR EIR A K, ILE R SR (ChD & B, 9% /36 %0 25%6/36 %63 FE B FMR T 3. 1% /12. 5% 653 F BIH ;
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ORI AR, I THAREBTERN ZHEYLERKSHARPPIXR WETHIMNERE/RXHBZIHL
(Car/ChD) . &R EH . FEAKEERA K 2 F#E$ Car/Chl EA HBHE LRI IER ISR, 9% /36 %M 25% /36 B TFAEK
B E B Car/Chl B ZE B F 3. 1%/12. 5% Y6I3& T BIE (3 3),

2 R 3.1%/12. 5% 12.5%/12. 5% IR 2 8] . 9% /36 % F1 25% /36 % R B AN AR S BERABE (H 12.5%/
12.5% B TFTARNBEBTLB Ca SEBEEZEE T 3 1%/12.5% A B TAEENEERIEIR,25%/36% X8 T B 1L B BK Car/
Chl BZF & T 9% /36 %63 P AEKMILE) .

BEE S K EE R 2 YK LMA BEBRMKGE 4. 8ER T LMABRE B TEHEREXX, FBRTEH HH
FRE SR, P FAEFEFEPAERY, BEAKFEEEWES, UERTAEHE, ARXEET.ZAEFRR LMABFEXT

L 3 AR

X3 AAXFRETEKNEEEZRMUERSEH B TEHERChD KPP bR (Car) ZIF Chl/Car
Table 3 Contents of chlorophyll (Chl) and carotenoid (Car) per unit dry weight, and Chl/Car for seedlings of P. tomentosa and T. orientalis

grown under different light regimes

¥t b 5% Y18 Light regimes
Species Parameters 3.1%/12.5% 12.5%/12.5% 9%/36% 25%/36%

HEBZE R P. tomentosa Chl(mg/g) 5.1587 0. 4404Aa  4.180340.1691Aa  4.2140%0. 3156Aa 4.395240. 6664Aa
Car(mg/g) 1. 8739+0. 0971 Aa 1. 4448+ 0. 0498Ba 1.633440.1243ABa 1. 7525+ 0. 2030ABa
Car/chl 0. 36554+ 0. 0149Aa 0. 39301+0. 0078Aa 0. 3876+ 0. 0056Aa 0.403940.0171Aa

WK T. orientalis Chl(mg/g) 4.5325+0.1779Aa 3.729610.4181ABa 3.4967X0.1265Ba 2. 9451710. 3375Ba
Car(mg/g) 1. 518410. 0630Ab 1. 2808+0.1284ABa 1.207410.0433Bb 1.1238+0.1101Ba
Car/chl 0. 3350x0. 0018Aa 0.3442+0. 0039ABb 0. 345310.0031Bb 0. 3834 +0. 0089Ca

R4 FARAARETEKHAEFLZRMUARLE LT E(g/m?)
Table 4 Lamina mass per unit area for P. tomentosa and T. orientalis grown under different light regimes
Yt 3 3% Light regimes

B Fh Species
P 3.1%/12. 5% 12.5%/12. 5% 9%/36% 25%/36%
BEEWIR P. tomentosa 36. 00424+ 0. 3575Aa 37. 4934+ 0. 3317Ba 44. 14274+ 0. 1568Ca 46. 08514 0. 2882Da
WEERE T. orientalis 23. 7183+ 0. 2578Ab 26. 7628+ 0. 3530Bb 35. 80324 0. 3532Ch 44. 35754 0. 5338Db
3 Wik ¢ 3.1%/12.5% o 12.5%/12.5% & 9%/36% » 25%/36%

HEHXABETAEKMLUEKIRET BREAWH B F./F, ST SREEBIE Promentosa 5[ WHRE Torientalis
FEIEE /DN, BRI JEmE AR, BPEAE 2520 /366 T FH A&
M F,/F, ®7E 0.8 LA b, HFE S8 B 5 24 1k 7 3 3 9
A AKEE D, ZEHBEERE XSGV WEBEIRS . 12.5%/
12.5%.9% /36 % F 25% /36 W B T A KA ER KR F./F.,
FEIEEK,25% /36 U6 T T eHRat F./F. B3 7 0.7 LA
F,H 19:00 BB ERE NI RKE B XZRTHKE. HEE 6:00  12:00 1800  6:00 12:00  18:00

T S B BB RE. A YRR Y 700 15 ﬁz,.;:‘;?m(dfr"" 13:00 - 21:00
BB RO E B IR RS M 6 0 L T X L BR W OR K
(E 1) B3 R ER 5 T K 5 7 T B R L R4 R A K

O RARTENEMMK 2 AR S, x5 REEPONRERL

Bk 1 38 2 B — B g 110032025930 M A e i (1) R B0 EE B0 R B Fig. 3 The diurnal changes of non-photochemical quenching
% HANRSEN NPQ HIEE I 1, B WY E % efficiency (NPQ) for P. tomentosa and T. orientalis grown under
WHIRAFERI B E,.25%/36% T H NPQ ik 3 L k(A

3), MEEMCAT DRI S B2, 25% /36 %6 F1 9% /36 % 3R T » LU R P4 319 22 46 Al 20. 87pmol/(m? + s), BEE
F 12.5%/12. 5% M 3. 1% /12. 5% 3® T MI{E (43518 15. 50 I 14. 94pmol/(m® « s [EZ XA FE T EK KA ERT LR PraE
FARE BFFE 4pmol/(m? + AR, HEWHEMNH MEESNESFAERE " HAHLMER,BEE KA RN BRE K P
ARBARE. HALABRTAEMUER P BESTHEFEER. FRAAETHETLHEY . ALK HR. EX5
207 RPLE =V NPQ il Pon b SR BRAHLL, BIBEA KPR AR E R, P BEFA G, NPQ
WA B E . Scholes FU R IME T HH EEMNMAFTEAHNERNERAY T ELBATRE P RRIP LAV, T EATH

different light regimes
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RERRBAERBREZ5HAGREN Car 584 % (E 3),Car iy — B4 40 £ BEE 8T 0 000, BEE 4 K 638 iy 18
+* ,2 FhAE B Car/Chl ¥ F & . Garcia-Plazaola 209, Munné-Bosch il Alegrel**3A 3, fir 38 B A8 4 B8 38 o 3¢ i i Car /Chil
o SRAR S A WL 2 IR . LMA S50 B EEA X, —BIER T LMA R AR, o R RBEE SR ESBAN
BEER R AES RS AR EEERS . HFEEER T RN Chl.Car F 8 (E DM LMAGR OBBRFREER
B, 3% B B O T AR I A L B BRI B BE S F R BB IR . 1B BREE B Y Pon 25745 BB 101 - 1R MK B Y BE , W LA A5 80 B UL
WSV MBI, BETREYBENSESEHRE— SR KR H . '

LMA SHYH A KA K EFEH DMLY, FHRFET LMA BEGE 4, B0 T o 5w K LR I%E,
B R EAARS R SARMERARGADT LAY, FFROEFHR, EHYTBRTERH R BB SER

R0, BRI A LMA AT LA D S T B RO G BB B b R M R A (I s T E MBS E R, Bl LI ER

ZENTY R EEROH TR AR FHEEKFEOEERIRIKEE.

BERBEZEBAREEBL B TH Po.BMK,25% /36 %1 9% /36 %363 T B A L 614 20 A AT F0FE 8B B /08
BB, SEOEMBI M Z 4. W H oI IEEH F A K EENBER. RALERTERYEABEEERAFETAR , XSHEMK
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