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Effects of summer shading on PS II chlorophyll fluorescence parameters in
three maple trees

WEI Jin-he, WEN Jing, ZHANG Jun, MENG Li-li, CHEN-Liu, SHI Yu-tian
(Research Center of Sightseeing Agriculture, Jiangsu Academy of Agriculiural Sciences, Nanjing 210014, China)

Abstract: Acer palnatumThunb, A. davidii Franch and A. saccharum Marsh were grown with four shading treatments
(0% shading, 50% shading, 70% shading and 90% shading) to study the photosynthetic characteristics, the changes of
s Plys, RC/CS,
ET,/TR, ,ET,/ABS and chlorophyll content of three kinds of maple leaves were enhanced significantly, however, ABS/RC,

chlorophyll centent and PS II chlorophyll fluorescence parameters. The results revealed that F /F

DI,/RC, V, and W, were decreased under shading condition. A. davidii Franch. and A. saccharum March. exhibited the
highest maximum net photosynthetic rate and light saturation point under 50% shading condition. Shading is favorable for
the energy conversion and utilization of PS Il reaction center were improved by shading in three maple leaves, but large area
shading would hinder the absorption of light energy. Fity percent shading achieved the balance between absorption and utili-
zation of energy, therefore is suitable for the growth of three kinds of maple plants.

Key words: Aceraceae; chlorophyll fluorescence; shading

Wil T AR AR A PR, SRR A PP R R AR AR B R g ) PR 3 FH 2 28 A Bk T
AW, ARSI 2 RIS e A AR A KT I A B A P B R
TRZ B Y A KTEBTROA S T MY R R —Fh R B Y) , & IR 24 200 Fh
N DIl FOR SR AT 52 76t 545 b iy el k2
giﬁ ?;gzzim& [ BB S [ CX(13)3020] fr TR T EE ML, G E T A
A TS, 3 KA WA AR %E*&ﬁﬁﬁﬁﬁa’m“*mwﬁ BRI BTG

BESE R R R B OBF 9 TME. (el ) 025-84392077, FhA: KRR TP S5 w120 SR B i A PR AR A, B
13770759377:<E-maﬂ>wuh,2202@sma. com RACHY A A TEBE , HAE Bl kg Al o A 45 5 R




P A XT3 i ps 1L it RIS KA 173

MVERT, BT, F5E 45 R 3R A 1 25 e b B AT DL e
P — A A R T, (ER A [ X 8 D' Y 3
WA AN [, b 509% S8 AL 310 75 FER A i
A AR, 20% BT A AT 2w 4 B
LR IR, R AR AT B R K R D R
25% M S AR A R FLORA i AR KT (AR
TN [V it Ao ) 2E P Y LB A 5 0 A Il
AHIFER N T CT7 3k | Ve el bRk A i FH Y
3 PRGBS A, Xt AT AN R 9 G AL B 0
FOLB AR M2 R VO CIRAR , 20 MR A 7L
AT 3 BB 1 6B A BRI DA AR 7 el A
fErp N A SR 2%

IR

1.1 ks eiFnst g

IREAETTINE AL B B i g0 1 IR T, 3 X
HALIET Py R, E AR 25.6 C L, B
PR K 1451 mm, PAAE K AEOH: KB TEA—
B 2 AFARG T B PSRRI S 2R WAL, 4
BB, T 2013 4R (3 A 20 H) @ AEAEH
P, B NAEEE 5 Bk, #RIATEE 40 emx40 em, KT
2013 4EHEZE(6 HS HE9 A5 H) RHAARRMAHY
LA SR BE R0 43 SIS 2.5 m s A IBE BEAT , %40 AT
ECALFR I Aot Rz RO R 43 ) 0 4 1 ok v
FIZEA, LRSS RN gl B B L3 1, )R,
2L Li-250A JERG, 7E6 H 7 A A8 A 435l
T L ANIE AN 1 AR K R A4 30U S 0 H AR
oL = 7 N ot B L N O ez
1.2 MEIER

RS CA B3 MARE, TOHA3IHES HIY
R (9 000 ~ 11 2 30) FEATH5 A I o, 45 101 45
P4 1k AR Rk M THU S 1) R 2 ~ 5 35 R s | k47
D BRI & 3 i AR B & 3 kR
H 4 SPAD-502 M2 2 1+ & it i B 1% SPAD {H,
FORM R AN &, i PP SYSTEMS /2 Al
CIRAS-2 St A0 5 S me) 1y i 2 2 85, He v i
LED JEUE, 4352 10 6EA GRS T 400
wmol/(m?” +s) . 1200 pmol/(m”-s) . 1000
pmol/(m” +s) . 800 pmol/(m’-s). 600
pmol/(m” +s) . 400 pmol/(m’-s)., 200
wmol/(m” - s) . 100 wmol/(m* - s) . 50

pwmol/(m?* + s) F1 0 wmol/(m* « ) HFEEH R

(P,),CO,TEARGEEMEN 400 pmol/(m® - s)
(R CO, M) . A FHAE IE B A X 4 A5 70 A5 41
T RKREOCEHER (P, ) OB (LSP) 3
WL TR (AQY) M P, —PAR [81H B £ i) 16 1 5
(PAR<200 pmol/(m’ - s) OGI ST KBRiEHt
FE R B M SR A N, ffi ] Handy PEA
SR R SRR S I O & i | e R OB
J12ESH, W SRl R e kit i 38 3 30 min, P
WERAHE . W1 ih 7t F, PS T i KGR 24 300R
F /F, "R CETERETERR PI g BT SN H L Wi
[BERE ABS/RC  FRA VL rf oy HL 7 1% 36 11 g
i ET,/RC RN PO IAFERLW BE & DI,/ RC H
AL RRA T M Y O L 9% B RC/CS = [ TR,/
ABS - (V,/M,) + ABS/CS] \J MBI AEHENE V) K A
FIAXS AT AR S F 5 F - F JRIE B He 5] W, = (F -
Fo)/(F=F,) JEEHEREMN Q17 Q, LA F &1
SR ET,/ TR, = (1-V,) FIK 2 W IR ) 1k 1t 1 13 5|
Q, LA F B3 % ET,/ABS = [1-(F,/F )] - ET,/
TR,
1.3 #HESH

IR BHE T SPSS B AF#k 4T )7 22530, LSD £
L {# H Microsoft Excel #GHR 43 504 43 1 LA K
TER

2 R 500

2.1 XS 3 FMERSEERFERIM R R S 2N

2.1.1 AR 3 AR S &R egHee  hE AT
1,3 BB AN [ 1 56 2% 1 T 8 el 1 Ze 2% A AN
(] X0 TTURRSZ S8 D' PR 552 Wi e/ ), S [ S S Ak 38 1] 11451
Ma R 2E S A 3 (I 1A) o BB E A 30R
100 ~200 pmol/ (m® - s) B, A[RIEGAREE ) Y i
HHZRFEAR—3L, KT 200 wmol/ (m® - s) 5 H MEMGE
N 30% HIAEHH( Qy ) FITFFHEIRIE LA N 10% AL
(Quo) FDGA A I B W] i 2% , b 250 T 7 Mk
BN 100% HIAEFE(Q,0 ) FNFT PEME L3Ny 50%
FIALEE ( Qg ) ; KT 1 200 pmol/ (m” - 8) J7 Q, FIVEH
MR R, BT E OGS A AR S TE600 ~
1400 pmol/ (m® « s) B, T MR Qg Al Q, HE A T
BERT QM Qo Hr Q LA HARRAL(E 1B).,
Ko1c B BO7E O & F B BT D 0~ 400
pmol/ (m* + ) B MFIZE G HN 50% MYALH (Ty, ) W
OB 30% HIALHEL (T, ) R IGZE LR 10% 1



174 H K&k 2% W]

2015 4F % 31 & 1 W

SEFR(T ) G 7 e BeA—3, B BT Rtk
RN 1009 FALH(T, ) T B A B4
B BERS AT 800 wmol/ (m® -+ ) G HFIH B E T

F1 ERRERIAIERIT
Table 1 Designs of shading treatments

R, AT S, Ty B Ty Yo 2R ik — 3, B2 8 F
T]Oﬂ:‘n T]OO ’;H\:EP Tlooﬁ%,ff&o

i 58 g R AL P o R
Jioo Jx ¥ 100 PRI i1 40 ~50 3~5
Iso 2 £ 1 50 X TR 40 ~50 3~5
I3 3 1A 1 30 X6 TR 40 ~50 3~5
Jio 3 £ 2 10 X TR 40 ~50 3~5
Q100 I J 100 H 50 ~60 4~6
Qso 2 By 1 50 TP 50 ~60 4~6
Q3 3 A 1 30 PR 50 ~60 4~6
Qo 3 51 2 10 TR 50 ~60 4~6
Ti00 ¥ ¥ 100 Wl 55 ~65 4-~6
Ts 2 &y 1 50 WEB 55 ~65 4~6
Ty 3 EHH 1 30 WEB 55 ~65 4-~6
Ty 3 FHA 2 10 WEB 55 ~65 4-~6

2.1.2 3 AR E R R AT 69 em 5o &
ARSI 2 AT, X TG Y5 |, XS TGS
R 30% IALER (1, ) O TGS Y6 R A 10% 1Y ik
(T ) BRSO G A 33 S TURE G 100%
AIREEE (T, ) A S 2 T, TN TGS DG 3R 50%
FIALER (T5) Jp AT T, = A0 B A TG 18 2 22 57 T, AN
o B RN T BT 0100 F1 D0 J,0 PO RIAAT) 4y 2
FRERERT oMy, 5 ), LREER, T
BRI D' J R K o 3 B 2 R B Y 3G i
F%’/H\:EP Qsoi%%? Q30$ﬂ QIO 95 Qlooaﬁﬁ%%gl‘,
A AL B SCAE AT B 3 B 225, RIHK Q>
Qu0>Q40>Q100 T HEMGEE G5 WA b 1 F30R A
JIE R R, e Qg T Qo T EAR T Q00 WHMRIE AL
PRI T 1 B RV T3 DGR 2503 T TS
Y5 e T AL 3, 5 AR R, (EE B ) 28 0L
WG FRORAEE OGS A W2 5, Ty, Ty AT, 1Y
WG R R E ST Tgo

2.1.3 #BA3 AHMTEESETHO YA HE
2 AT GG 3 B I Y ik AR
AR A RS TH Js,  Ja BT o (BTG d 3 25
SR E R T Lo T EMAY Qg Fl Qs H] - 25
FHX SR EER IFREST QM Q. ¥
PR ISR 2R AR B £ 1 A8k 5 T M ] B T, AN

Ty M TC W35 25 5 I W& T Ty Fl Ty 0

2.2 R RRRASHB N

2.2.1 ERXHGEERALKF)F/F, Fo Pl 8
e JCHVEZ B E W FERIEA S PSITE UIAH
5, Fo e FIWT PSIUR I H L is 5 A% 0 () S B 4, F,
TR PSILR I e 32 B R s e 0& F/F,
YE R R e PSI N H O G RE R R BOR M S 8L, R
AT S REAR, PIgs M2 R YOS EUT X 5
A M URI S Z —, B 5 Fob A RE
Ll B9k FH A 156 BH 8 A TR A S k2 S50 % B35 1) i)
IO, REAR L 9 )52 g Jolh 36 36 S A HLA A S i
F./F, 1 P, REE DEE R T B i i PSS Hocs J2&
AT IEH RE LSO AR 32 25,

& 3A AIH SIS 3 A I R
B E R LT, HAS A PR TC B 3 25 5, Rt
B Fy 3 i 25 , PSIUR N 0 1% 32 B0
BUERNG . MBI 3B AT, B S OCAR BE By 3G, 3 Fh
PARS I 0 F/F A S8R Ul Y RT DA
PE/E 3 PO I (R SGRBFE B AR T E T A
AR 3 P R B E /F R, 16 4 R
ZAMER 3 R I 2 2D . i 3C )
S 3 R I Y PLG A BEE T, UL
WESEEAT XS 3 FBB ot oAt RE = AR R VR A



P A XT3 i ps 1L it RIS KA

175

1 1

1

= 10
o 8
g

= 6
]

£ 4
o

% 2
b 0
{o
B2

—— ]

1

1

100

1

e B AT [umol/(n® - 5)]

1 1 1 1 1 1 I
200 400 600 800 100012001 400

JSO; J30; J]0

I

)
g
=
°,~<=
=
<o
ﬁi _20
—*—Q

100

200 400 600 800 10001 2001 400

B A RREST [umol/(m? -

——Q,; —&—Q

’ = Q]u

30°

JGE AP [pmol/(m? - s)]

1002

6
4
2
0
-2 1 1 1 1 | J
0 200 400 600 800 1000120014
B A RIRST [umol/(m? + 5)]
T TSO; T30 TI()

00

Ti00 ~Js0 ~Jao 1 Iy 23 U275 48 T 5 5 5 K 100% .50% 30% FI 109% B EAL TR ; Q00+ Qso Qa0 Fl Qo 73 5136 7% 5 H B R H 100% |

50% 30% F1 10% HHEESCAL IR ;T 60 \Tsg JTao Fl Ty 73 FIRMERGE A A 100% \50% 30% F1 10% HIHEDGAR T,

BE1 BT (A) S (B) FER (C) EARREN & 4 TR R #h 2
Fig.1 Light response curves of Acer palnatum Thunb. (A), A. davidii Franch. (B), and A. saccharum Marsh. ( C) under different shad-

ing conditions
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Table 2 Simulation parameters of light response curve of three kinds of maple plants under different shading conditions
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Fig.3 Effect of shading on F,,, F,/F,, and PI,p on A. palnatum Thunb. (A), A. davidii Franch. (B), and A. saccharum Marsh. (C)

3

2.2.2

100 30 10 QIﬂO

FALBEULIE 1 7E,

QSO Q30 Qlﬂ T](]O TSU T30 Tlﬂ

RbF

2 ESEXT 3 MRt R HRERSEMNH N
Fig.2 Effect of shading on chlorophyll contents in three kinds of maple plants

A ab a
ab b ab

a a a a

T .

1

B a

T

T

T

T

T

a ab

ot el

r C

O = Wk WU
L —

a

¥R ATt 5 & R A ABS/RC (ET,)/RC .

DI,/RC#= RC/CS ¥ %%  ABS/RC( BAfi [z B ot

ghaib]

Y

[S-E=N

He B

PATU=R

He B

) \ETo/RC ( FA 2 g ot F T o 1%

) DI/ RC (FAAL S O FRAR A fE )

a
b
b be
L a b Cc
L a a m b m
r b
100 s UM U Qo Qu Q Qp Ty Ty Ty Ty

pusdil

HRC/CS (BA TR A 16 M 9 B g 0 9 9% )
B BT I 07 HE O Ko R i A IR R AT A B A O . F
P 4A AT 51, X9 TR G J5 ABS/RC .35 R R, i
AHSHE 5 Jd 25 a0 T X TR R B J INE H a0 X g



TR AR 3 RS PS I M2 RIS B 177

S W AT, 17T T P ARCRIOBE B ZE 3 5 90% J5 ABS/RC
AHEE T, HE 4B Al A ET,/RC
FEIE O 5 0 1 35 25 S, T P ARORIOBE AR 7 35 Ok
50% PYALFRS Fermr , JF 0 2 T A AL B 10 AE
JEE S T AR A B i o o i R 2 R T
1Lk, HIE4C aT%,3 R 9 DI,/ RC Y3

3.5
3.0
2.5
2.0
1.5

ABS/RC

1.0
0.5

T T T T T 1

i

BTG ' A% 1R T f ok, Ul B o't mT DL 3
A 7 BAL B G RE B RO AR L, AT 4D Al
3 R I R RC/CS Rt 8 DGR B B9 i 8 i
E SISl RS T/ WA S VAT TR
A R 8 S0 G

1 [T

1.4
1.2
1.0
0.8
0.6
0.4
0.2

ET/RC

T T T T T T 1

T A

I

0

0.7
0.6
0.5
0.4
0.3
0.2
0.1

DIJRC

T T T T T T 1

ﬂﬂﬂm e

T

0

400
350
300
250
200
150
100

50

RC/CS

T T T T T T T 1

o

0

HALBLILIE 1 7E,

i L

a a
T30 TIO

100

g

B4 ESRXIGIUR(A)  SEH(B) fEH ( C) HEERNESE ABS/RC ET,/RC.DI,/RC #1 RC/CS HIFE
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