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Effect of Shading on Leaf Morphology and Photosynthetic Parameters Hevea brasiliensis
Varieties Rootstocks
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Abstract: Hevea brasiliensis varieties GT1 one-year-old seedlings were selected as experimental materials. Based on their
growth environment, three light conditions (no shading, semi-shading, and full shading) were chosen for observation. By
measuring the growth increment, leaf morphology, and photosynthetic physiological parameters of the seedlings, the
growth adaptability of rubber tree rootstocks under different shading conditions was explored, providing a theoretical basis
for the cultivation management and utilization of rubber tree seedlings.The results showed: (1) Most of the differences in
growth and photosynthetic physiological parameters of H. brasiliensis rootstocks under the three treatments reached a high-
ly significant level; there were no significant differences in shape factor, specific leaf area and leaf water content among
the 10 leaf traits, with all other traits reaching highly significant levels. (2) Shading treatment led to smaller, thinner leaves
with tighter veins and increased tissue water content in H. brasiliensis rootstocks . (3) Shading increased chlorophyll con-
tent in H. brasiliensis rootstocks leaves, and it significantly reduced photosynthetic rate (P,), transpiration rate ( 7;), stoma-
tal conductance (G;), and instantaneous water use efficiency (WUEI), while intercellular CO, concentration (C, elevated.
Comprehensive analysis reveals that shading significantly affects the growth, leaf morphology, and photosynthetic physiol-

ogy of H. brasiliensis rootstocks. Only environments with sufficient light are suitable for normal growth. When shading is
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severe, seedling growth is severely hindered. Based on this, relevant suggestions for cultivation management during the

seedling stage are proposed.

Key words: Hevea brasiliensis; rootstock; illumination; growth; photosynthetic physiology; seedling cultivation

IR T A W6 A AR 58 28 A G B R
BT oA K R F AR, xR
fEE N MAESREMEREZMERA . LR
S st F R A S0 G A EAILEE , U84 Kk
6] Ak 7™ W) 0 & e a5 A I, TR T R A=
FEHLRE o SROG S SO | B ARG A R
RPN RS 550E W R HDE A ROR 54
FE L, KA W aa T RE S R RSB TS, E
B AR A MR AR A Y R S R
W G2 R SR OGN AR A R B B B 2
KT s | I VAL ST NI 2 (A 3 N o /e o3
A R =R 7/ BN Ti (1B VR ER . - I 1 S A o 4
SRS IE O B L, &) AR O IR R
S IE A OG s K AL TRk s G R B b, M
VoY RBE R g RAUES %
5 T 7€ B HE AR DAY o e A X B B AR
AT A M B O BRI I T R e AR 9 't A A
R,

¥ I ( Hevea brasiliensis) i 5 B Az % 4 14
T, O A Az 8 25 40 w8 B N RO I B L A E
MARHEARKSKAG R AR, K
FLA BLAE R GG 7 Y RS S o — B R DG A g
NHEERWTYEMRES RN s
2 AL [ AR R 6T O R B U O
RO B 5 A o R A e R S R AL S G
HERTE M W SO A R BB R R FERK LS
OO BRI 4O G A PR B 3 O IR
B A SRS R S KRB B e K
P2 1 BN R SR WK e, H A OC T  BA X AR
ARG A Rt 1 52 AF 58 2 R TR S5 2R
Rl 5l = AR AR il A S x S B 38 A O A el
B ML A 5E o R i, A BF 58 L GT1 6l AR b #1 K,
R A AR AR K PR BTk 5 T B i B L 4
BH 3 A~ 6 B IR SE 0E 47 WL, 2 45 43 H7 AN [R] O BE 3A
B N HAER RIS KOG A A BRAR AR  mE RAL
48 7 Hx 3 BH 2R BT (0 06 A 38 R L A TR

il A SR Rl 10 A B R A G 5 BRI
1 AR

1.1 KB M A R4 22

WE 58 M AL F = m A A 1E W B 2 0 5
(21° 59" ~22° 01' N ,100° 40’ ~100° 50’
E), 4 V¥ 505 18.6 ~ 21.9 °C , i 4Kk £ 550 m , 4
St R B 29 1 200 mm, fx ¥ 1 1 F B ROR
15.6 °C, fe A H 43 24l 26.2 °C, T4 R P2t
+ ,pH{E 45 ~55.

BE FH AR B A H A R SRR GTL ik # , F
2024 49 H WL AEFh 7 IR AT WD IRMEZF & 1, 20 30
dJE ¥ & /N e BB AT HE 40 em x 60 cm B AR E
Rl B A B 7 NG

MR A AR A PR BT T Ol L kB 3 RO IR
B UEAT I - IEHOE IR (R R ) LA H 12:00 2
JEA AR (LB ) L 4 RAUA b 1B
RECA B ), R4S U 3L 31 100 Bk . T 2025 4F 9
F O 45 A PR RR B R 0 AR K B R R L
SRR AR KOG A BRI A AT A
1.2 M7 7k
1.2.1 A KAt 5 HREGD T

25 A HR 4 ) 6 B 20 BR K A8 AT 10 4 B A
FHE AR - NI 254 5 ~ 10 em Ab AR (X)), JHIE
JUI A i (Xo) o A Ah B3 50 326 2% 5 Bk 1 AT
SE R MR, SR AR TR SR 2 3% I Y e e R
MR A A b B E T 30 B, W A2 4R bR A Tk L 2R
Lo it R PR AR 43 5 % Ui b = RO COFG 8 21 0.01
mm ) M YMJ-D i i B £ 4 COFS i 2] 0.01 em”) il
W EEE LT EME T2 KRR E,
M EEE,

1.2.2 AA&SFGN 2

TE BRI B3 JC KUK A, D B 1) 2 1 90 00—
11: 00, &k H LCpro—SD fi #5 = 5t & I & 1% (ADC
Bioscientific Ltd. , & [ ) %F 2 e & i 5 A 58 4 2
B AT s o AR AL BRI A 3 Bk, PR A bR A I



« 94 . #‘#%/‘&JL’H‘& Twopical Agricultural Science & Technology

2026, Vol.49, No.3

MR 55 2 2 M AR A B i 7, BRI E 3 . oK
JH LED £L 85 6 IR M=, Ot & A 2R 5 (PAR ) % &
91500 pmol »m™ s, SR 2 % %E A 500 wmol -
s, E IR (25 £2)°C, COL ¥ B L) Fir i 24 355 1)
Y, TR R v S R O 3 O |, A R A
3 o MBS S B A2 F8 A AL HE 5oL A
R (R) FEBHER(T) RILTE(G) KR
CO M (G) o M A BRI 7K 4 A 2% (WUE) H
LA MR (P) SABHEE(L) ZRER,
T IGERH BRI SR T

75 febr LR 2 M F7i%

X, K cm P T AL 3]

Xo o W cm e T AR 0 SN

Xs MR cm’ e T A =S

Xo W /B

X, JBRAEF P TE AL 0 23]

Xs  ME mm A5, EENEFR
T

Xo MK cm T A =S &=

X WKERE Zeem' TR =1 BB K
X100

X EEHTEAR em’ s g MBS AT EE

Xio WA EKE % ClEnf T 5 /e

1.2.3 kb aetane

W5 526 A S 80U e B Sr BEIBCT K IR 6
R LREH T SESENNE., &
Mo ek R a MR D KHE RS ERM
TR U
1.3 LA

K H Excel 2003 5% A . % # ¥ % , Graphpad
Prism 10.1.2 1 &l , SPSS 23.0 #4113 #r .

2 BRE D

2.1 AR A AR R A K89 %ok

M 2 0 LUFE W, AN ) 22 B 5 ] 4% 40 N AR IR
BB AS (0 A B 25 R IR B TR KT
JCHE B 2% 4 R AR L SR AR AR S O i R E P
143 91 75 24.00 mm | 318.50 cm , M1 42 S >F 38 B i 4
B Y 1.54 £5 F1 2.49 £5 , B & oA 1.80 £ A1 3.15
£ o Fr o A BER R HLAE W m A R R
B KT 4B 3 — A5 U B TR TE R TR

W8 T fb k.
% 2 SERARHR RN AR K HOE

b iz I

oy B, mREE B ARRE
mm % cm %

318.50+33. 17" 10.41
176.80424.81"  14.03

TR 24.00+£2.55"  10.63
JERA 15.6141.91° 12.24
4R 9.64+£1.71°  17.72  101.00£15.95°  15.79
Mk 16.42+6.32"  38.51  198.77494.96" 47.77

G FSIEHRAE RS TR BRI 0. 01 /KF F2E R
B, »RREREREE (P <0.01), FH.
2.2 &I AAE R et B MR 8GR

5P R A S 8 0 5 7 PR 5 ) S B AR S8
X B AR AL oA B AR R AR . ASRLE P& TR
S B B AS 10 T00 i 5 R A e g SR LR 3.
ZEO AT AR 0 (Xa) LI BE (X)) (PP TR (X ) i
e 48 8 (Xe) L HJEE (Xe) IR JE G (Xo) B I ik 2% 3
(Xi0) 55 7 T4 b ££ AN [F] 308 B 2% 10 1 25 5 349 38 B
KT o Bl 3 BA R B A 0 R 5 BRI A 45
S, Rl I R S A AE N AR A - v TR
YR O K B RGN (G5 AR ) v R
JERRAR , T 223 kR (X)) 2 B TR

10 T i 7R, SOB AR R (X0) | E i1
FUCX0) BB K (Xoo) 11 A2h B 8] 22 57 oK 35 21 B 2%
Ko TEAR IR F 3 B R AE 0 TR AR AE , 2 I AR B
fili A I JE 32 30 B (%) 52 ) 558 /0N, R PR RS A R
AR RZBOT TR A K (X)) (5 (X)) R
(Xs) Bt ik % B (Xoo) W BAR R R B KT &
b BRI AR SRR, X SR dE bR 2 5 R KN B e
FH G, 156 BH I R R /N B b AR 3 R B ) 22
HR i 4, PRI R T m A PR T A8
2.3 BEMABEKEMAEKRTA AL EFH

EA

H1 & 4RI AT, A [ 30 B 2% 1 4% e A il A it
RCAEEST BRI N T < 23 B < 2k
B o 55 JC30 I AH L, 2 3 B 25 0 RS AR i ik S R
a MEEE Db B ER LAY MRS RS
T 9.93% . 6.77% . 9.26% F1 18.03% ; 4= 5 B 4% 14
I B8N T 5.48% . 1.22% | 4.60% 1 11.39%
RS 26 b5 ¥ A A 6] B2 B (W 42 T (BG83 4 B B
N, A5 A B[R] 22 S 2 R Gk ) B 2 OKOF



2026, 49 (3) JoEL A5 < 0 IR X A IS A Al AR I D A5 R B S B 52 ) « 05 .
T 3 EFAXTGIER AL AR F MR AV B2 0
XlS X1 X5 X5
HRERE 19/ Bob/ BK/ R FH RN BRSOV BN BK ER L o R
cm cm cm B2EU/% cm cm em  RE/% o’ cm’ e’ EBE/% - 2H5/%
TR 14.43" 11.7817.98 16.77 8.71" 7.79 9.99 11.40 87.09" 66.69 116.18 2.01 1.67" 1.18 2.11 18.69
KR 10.14° 9.2511.08 7.40 7.81" 7.23 8.33 4.62 54.30" 50.20 58.05 5.17 1.30" 1.10 1.53 10.74
4 7.85° 7.24 8.81 7.10 6.12" 5.52 6.64 6.96 5.17 32.76° 28.47 36.69 1.28" 1.13 1.46 8.4l
PR 10.49™ 7.2417.98 28.94 7.42™ 5.52 9.99 16.88 55.46" 28.47 116.18 4.38 1.40" 1.10 2.11 18.18
%Hﬁ%/ﬁ: AR % A =] =] i ¥ S A =, =) AR Ny
.- = = TRAK P/ wN 'K BERAR WP/ &N mKR/ TRAERY
EH R IEIN . 0 g
% mm mm mm % cm cm cm %
JCIERA 0.73 0. 69 0.82 7.22 0.17" 0.16 0.17 4. 21 38.88" 34.84 45.91 10. 37
A 0. 69 0. 57 0.81 14. 69 0. 14" 0.14 0.14 1.72 30.10" 27.01 34.15 8. 22
41 RA 0. 65 0.21 0. 86 41.53 0.11° 0.10 0.12 5.01 27.84" 20.59 45.46 31.76
PR 0. 68 0.21 0. 86 26. 56 0. 14™ 0.10 0.17 17.39 31.94™ 20.59 45.91 22.91
XIO Xll XIZ/%
TR 15 /N 74 BREM T /N 4 BREM/ o oy X
RIGERE opyy/ BN ROK ESREY PH/ RN ORK ERRE L op a2
(% +m") (%em) (F-m) % (em’+g") (em’+g") (em’+g?) % - R
TCE A 12. 76° 10. 31 14.73 14. 39 102. 31 75.79 120. 39 18.72 59.92 55.10 62.74 5.83
235 B 17.65° 15.15 19.79 10. 35 127.01 98.03 162. 27 19.08 62.32 60.37 63.74 1.89
41 RA 23.18" 18. 09 25.62 10. 81 136. 62 97.51 226. 11 30.39 66.40 60.17 77.40 8.65
PSRN 18. 71" 10. 31 25.62 24.49 125. 25 75.79 226. 11 25.98 63.37 55.10 77.40 7.28
< 4 BERXERMIAARM A X E B RNENT
. HGEaa o& GEbEE RHEGESE ey SR
S T4 % a EI.E/ U mli/ Jr%%?a?i/ MR (a/b) b I\%*Elﬁi/
(mge*g) (mgeg) (mgeg) (mge*g)
T A 4.068+0. 152 1.06440. 104 5.132+0. 048 3.850+0.519 1.431£0. 027
RSN 4.472+0.739 1.13640. 455 5.607+1.193 4.13941. 007 1. 689+0. 363
4= A 4.291+0.689 1.07740.324 5.368+1.013 4.07440. 587 1.594+0. 323
JSEEN 4.277+0.491 1.09240. 256 5.369+0. 732 4.021£0. 586 1.571£0. 247
2.4 ST ARA AL R A A A AR R R A KRB

H1 T 1T A3 Hr o] 0, G B ER 8 T, AR A Al K 1
VO A R R R R AL T Y R AR
25 55 1M B R) CO. ¥ BE 55 Ik isf 7K 43 1) FH % 3 7 2
B AN 3R B T R I R A, R Tk B K
S i s 2 T I -1 B W A - X (AR A [
CO. ¥ B 1 TH i 2 R 2P AR b s 3, RS AL T
() [ 23 BH A5 CO. [n] W PR 48 i 1% 47 sicack /8, 3 i
5 A PR X COL 1 [ 5 5 Ak R . BB 12
I T B I I K A R ROR 5 Ot A 3R A
BT JCE B 20 50 R [ 40.04% 5 51.16% ; 4 3 B Y
R T T bR R OR R  E, 43 il ik 79.22% 5
92.53% o bR G5 B 7 4 UE 52, 3 BH AT A G 5 AR
Ji 5 il A 8 O A A BRI R R U s A K

ISR
)iz

2.5 B KA RS

X AR B A A 12 300 A A PR 0 AR S5 o BT
5N FR 5 FroR , o Z2 B R ) 0 R DG M ik )
2 B K . BARCKR R AR (X)) L
(Xo) B (Xa) B 5 IR F (X7) | b i i £
(Xu) IR K o (X ) B AH OGP R 8 38 4 (M 42
WE MK A A RE), 5 HAM R KA
Ry S 3 O 3 AR OGS (X)) AN S R 4R 4R
(Xe) JEARHF (Xr) L o AL (X)) 6 38 H 26
PE, 5 A MR 3 B N R A OG . A5 AR ER
AR RS AR AR 12 T A K MR b, AR T L
SASIN L AN U o T A A S Sl A R L NS
PR A KR, T A Ay e B0 3 5 1) O S 48 A



« 906 - #‘#%/‘&JL’H‘& Tropical Agricultural Science & Technolosy 2026, Vol.49, No.3
4_
15 0.4 5
] ¥ B _
T 3 ~ & _ “-_E.dm
.E o 10F e I £, I
S 2 = = o2l E = N
E v F g g £
= = 2 E st
= = 5 i B =
ﬂﬂ “" il
JE %w%\ S .@g‘?’ﬁ‘ S
& 1 BRI AL AR SRS B RS0
i eefoR 5RIEYI B L E IR EZE (P <0.00D).
=5 BIHBEARMERIE X ST
TE‘*/]? Xi X, X; Xy X5 Xs X7 Xs Xy Xio Xi
Xo 0.941"
Xs -0.651"  -0.642"
X4 -0.565"  -0.588" 0.757"
Xs -0.649™ -0.627" 0.974" 0. 854"
Xs -0.519" -0. 486" 0.832" 0. 275 0. 709"
X7 -0. 391 —-0. 462 0. 068 0. 009 0. 088 0. 090
Xs -0. 788" -0. 766" 0. 806" 0. 599" 0.836" 0.663" 0. 236
Xo —-0. 443 -0. 600™ 0. 724" 0. 622" 0.675" 0. 528" 0.279 0. 465
Xio 0. 635" 0.634" -0.663" -0.614" -0.737" -0.441 -0. 339 -0.808" -0.453
X 0.218 0. 140 —-0. 292 —0. 433 —-0. 361 -0. 056 0.152 -0.204 -0.004 0.313
Xi2 0. 436 0. 365 —-0. 46 -0.634" -0.575" -0.129 0.236 —0.556" -0.076 0.536° 0.758™

He «RRBEFEML (P <0.05) , wFRRBEML (P <0.01) .

ZiL 51T

3.1 MEIAXARIA £E R A KB R AR h

B f W98 & B, 2 K ( Cunninghamia lanceolata)
bR R A R T T S NS i 1S R RS SR VN
( Pinus massoniana) %)) i 1) 3% 72 FIAK =5 15 K = 24
N AR ST AR A 5 AR R i R
Hb AR LR BROAE OC , JC I B AR E T Al R
Mo A VR OO D A BT A 2.49 4F V315 4F , HX
2 WA A TR AR 0 HE A8 S R B v T A AL FRZH Y
(4, 10 B O RS B 22 S o T BOHT K2 KRB
O PR o R TT BB R AR B A AR Sy B BH AR
Y, B R OGRE AR R RS T H O G
F 2R TR R ARG 0 R A K S
() B, b A8 A 0 e T, R B TR R E SO R
A A SR mg , BV S A BR OG5 7 0 73 IBE 22 4K
AR DRI Z 6

10 3 it PRk b, BROE AR A - L b T AR

D el & NS (= O i R R T
N AR T OGRS R i R A R R AT Sk B
AR R, G i L T AR R R
TR, mF KR R R B R b T, X 9 0 RR B
( Quercus acutissima Carruth. ) 1 [l 1 [ Phoebe bournei

(Hemsl. ) Yang ] ) 1 &b i 1 AL /) , i X Bt i g AR
AV NN SR R ks G S TN - SR 120 N

TE 559 06T Y38 IO« I A /N AR 9 2 il D R O fiE
F0 TR I s R G ) T oK g 5 SR g
1z i R TR AN B YR BN R R BRI [
334 55 0 A0 LA SR o ORI 1 A A5 A ]
Jo 3 22 S, Ul B sz AR AR T, MO AR 2
Ve, AT AR S AR W il A 25 M B RS RE 98 A
R B R A R A S R R E T A
Ab B A, 3% WO 26 5 M RIS | M AR 56 Y R
AR W 7' B PR B8 B0 A0 B S 4R B, Al AR Dl
Ot BEAE PR M DR AR o e A, I K R i JEE B
IR L B TR IR T BT 2% M R AR L K



2026, 49 (3)

Jo] 8 25 <8 B NS AR BB il A i R R 25 DG & 2 80 R «97 -

a1 5 Bl 1 D S B A S e
21 i [R] B K 43 7 RS AR AR R S B AR A Al
SUg S M TR 52 MR i PR 20 L COL AR 7
3.2 MM BT R ASEENH R

A 0 F AR S O B AR 09 4 T LAl i
Bl 't HE iR 3 Ok 55 5 T R A 2 3 [ Ak 3 Y i g
Fa MR OMGRERKNY N ESEHS
T TG 3 BF RN 4230 B 5 R 8 A AR AL AR AE o )
fit & A1 ( Thuja koraiensis) M 7 v, Fifi 388 BA & i) 7
L e R aa AR D BTSRRI N RS
A W ¥G T, K 4 (Schima superba) Fl A A
( Liquidambar formosana) WP , % M- &% 25 & & b 2 [l
SR B I T AR IR OR & o8 4 B O A OG K
25U R AR B, W REJE O 55O R g
F A KN, 68 £2 T 5 o6 BRI A R ROR L iR
0O REGR FE N R 5 2 E D 2  H n D AT RE U
T AE AR SR8 1 IR B O A AR v A A T AR
HENERR, BT8O0 RO A TR s Y A Ak
JopaE T A 3 B R (8 R S AR T, R
KM FEOCE TR REAR, BiE AR
A AR R T R AR TR 5 RE A TR) N A A B 2 R AIG
MR EBERE, EWARNESSHA. £6
F AR br e A0 B R G W35 25 5, U B ARB AR G K 11
S 3 FR G0 X I B e R AF AR 28 v 0 3 B
TR A R B ] A — o R LR O AR A
JE RS, X R L A A e] M R
R,
3.3 i [ 3 AR AR A A A F R

IHE B A5 90 A5 AR ) R R AR AR ( Phoe—
be zhennan) 4 1 "™ KA JE 3 AW B [ WA (P, tabu—
liformis) S ¥\ ( P, thunbergii) . 75 ¥ ( P. densiflora) |
g A R (R) RALTE(G) KA F
JH A (WUE) F1Z8 6 3 3 (7)) BEAR . A< 0F 5% [+]
R R 30308 ) X AR B il AR Ol B SR S e 2 0™
A R, EOL AR (P) ZEBHEE(T) .
SALFEE (G) (BEEE K 53 R FH &% (WUE) Fifi 388 B
TR RE MR S A0 BT B, M R] CO W BE () ) 2 4
JE BT, 2 AR AR AL S AR AL SR 1 i B
il NSALHERE , EH ST D ERE
i, 2T 4% BEL A CO. ™ B S - Y 200 L, 365 i i 1)

COVEBERL R, BOL A OB PR B I 5 A
FERALHFZRE, K F B @R M E bk
A e R, M SR R O RN R B I, ATP AN
NADPH £ s A 2, 30 i - JR% SCHE 26 v CO. 1 [ 52
53R A5 ) CO, & B 5 w3, i PR A4 ik [) Ak 3%
R ETRE, BEASETNREMRAERE>,
BT Vol A i R BRI K 23 A R A 4o I
3 9 F B 51.16% | 40.04% , 4> i B T FE iR ik
92.53% .79.22% , 3= W1 G4 1 F 3 28 R 7K 43 R FH &%
R BE R DR T R R TR R RS
WOt A R A R R REETRE R 7 B R 3
Wt A1 7 1 3 SR 0 /D K 4332 i, DA I 59006 F 9
A AN AR T B S K 43 ) 0% B T R G B
B R O A R R R R R S K K AR THRE Y
T BRI AR RR K 23 A 08 R IR BRI .

LEGRE L RIER GT Al A 1Y B 0148 K 5%
A T AR RO A PR BT | 3l PR 230l o o AR i A
A HEIEA ARG B M H A MR S e 5
ZEIBR, FEOCAETYWR R AR, i 20 H
B, 2 BT AR T 0 TR S R B A 3 B
PR 45 2 FE— e A R0 T A BN & 5 8O
Je B RORZ BN RG], A KR AZ %GR
R AR AR R A T 0T AR R BRI T O R 2
% v EE B BT R E T LG, A B R
HE % B, kG0 PR R oL 2 SO B, R oK AR
K 5 B A T 5 B b X 2 O A BT
9% B3 3 B, 28 figt 506 378 3 10 % 0 4 B 42, e
AV G A K BT R
FE T M B R e 5 R R PO B VR 1 R 3 B
PR AGOK IE B R K 4R TS IR 3 TS
Jei 252 T FF JE AN ) 3t BH At K 3t BH O 2O R R O A
A TR TR WY BF 5, ) N A A i AR R b
PO 5 B il T P A AR bR L TR B BT AR R A
AT 3 B JB 381 1) o' B 3 N AR AL, R AR S AR il
AT F B U 40 Ak A BT 4 1 Y
LN

S5 Hk:

[1] THRRAT 52, f VI, G IGE -, 55, DGR RO G R A
KEWEEW T ] ALY ,2018(3):163-172.



098.

#‘#%/‘&JL’H‘& Tuopical Agricultural Science & Technology

2026, Vol.49, No.3

[2] PAN TH, WANG YL, WANG LH, et al. Increased
CO; and light intensity regulate growth and leaf gas ex-
change in tomato[ J ]. Physiologia Plantarum, 2020, 168
(3):694-708.

(31 IV 55, W, XSS, A JEBA T 0 R AO LS
Feekrgsgmal J ] wlbRkeE, 2023,40(12) :2991-2999.
(4] BT B, WA FLAESC, A R e A K RO
Ferkrgsmal J ] ZRIEMRL R 22241, 2008 (1) : 23-25.
[5] MARKESTEIIN L, POORTER L, BONGERS F. Light-
dependent leaf trait variation in 43 tropical dry forest tree
species[ J ]. American Journal of Botany, 2007, 94 (4)

515-25.

[6] %35, LR JERER M E KX 3 =i AR A K
SOa R R [ T ] AR, 2009,29(11)
6017-6024.

[7] CAI ZQ,POORTER L,HAN Q,et al. Effects of light and
nutrients on seedlings of tropical Bauhinia lianas and trees
[J]. Tree Physiology,2008,28(8):1277-85.

[8] &b, Btk , BRIFHE.  ANFEHRBER i &R L& Rk
[ 1], PEREAR2#H,2010,23(6) : 1882-1886.

[9] KANPANON N, KASEMSAP P, THALER P, et al. Car-
bon isotope composition of latex does not reflect temporal
variations of photosynthetic carbon isotope discrimination
in rubber trees(Hevea brasiliensis)[ J ]. Tree Physiology,
2015,35(11):1166-75.

[10] BEPCHE, sRIRSC, K. AR A b 5 [
THAMMTEL T ] BRargol B, 2006(5) < 1-4.

[11] WANG LF. Physiological and molecular responses to
variation of light intensity in rubber Tree(Hevea brasiliensis
Muell. Arg.)[ J ]. Public Library of Science ONE,2014,9
(2):€89514.

[12] SENEVIRATHNA AM, STIRLING CM, RODRIGO
VH. Growth, photosynthetic performance and shade adap-
tation of rubber(Hevea brasiliensis)grown in natural shade
[ J ]. Tree Physiology,2003,23(10):705-12.

(131 254k, BUUEYAER =M ] 3R Jbat. M5 HE
A, 2012.

(14] 877, X0 i, 5. AR B A2 AL
A K AR A A BEIE MR s [ T ] ARASE,
2024,44(9) :3600-3611.

[15] XBF5 75 AL, 1 30K 55, T AL 5 A E
KA G R R [ T ). R4, 2020,40(8)
2735-2742.

[16] TRiEAR | RERE, UM 2, 55, JFRARFIIEI AR 40 i i Sl etk
LR eI AEAC R ma B[ T ] AEZSEAR, 2021, 41
(6):2129-2139.

[17] AU, T 5, 22550, 5. R B X Wit e A 4 i) e R AT
JeEFEERI RN ) ] BTl R E e R (A AR B
Ji2),2022,46(5) : 58-66.

(18] AR, THEFE, RIBFT, 5. BOCR AR AR S 4E
PERSSEMAL J |, W TACHROR A5, 2017,34(1) : 28-35.
[19] DING DX, LI J,XIE JM,et al. Exogenous zeaxanthin al-
leviates low temperature combined with low light induced
photosynthesis inhibition and oxidative stress in pepper
(Capsicum annuum L.) plants[ J ]. Current Issues in Mo-

lecular Biology,2022,44(6):2453-2471.

[20] AR, BALT38  BRIE, 45, SEEBXT ML A KR
AR R [T ] PUACARMORE R A A (A SRR
AR ,2020,48(4) :56-64,74.

[21] 35, 58, 0T, 55, BOCRRAE 3 MR AIRDE S
FRERZOCS R ) | Wi RO, 2016,
33(4):643-651.

[22] SUN H, SCHMIDT N, LAWSON T, et al. Guard cell-
specific glycine decarboxylase manipulation affects Arabi-
dopsis photosynthesis, growth and stomatal behavior[ J ].
New Phytologist,2025,246(5):2102-2117.

[23]LI'Y,ZHAO JR,MA HL,et al. Shade tolerance in wheat
is related to photosynthetic limitation and morphological
and physiological acclimations[ J ]. Frontiers in Plant Sci-
ence,2024,15:1465925.



