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Effects of shading on photosynthetic characteristics and chlorophyll fluorescence

parameters in leaves of the endangered plant Thuja sutchuenensis
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Abstract; Thuja suichuenensis Franch. is a critically endangered plant that is endemic to China. Currently, no research has
addressed its endangered status from the perspective of its photosynthetic mechanism. Light is one of the most important
environmental factors that can affect plant survival and growth and could become a major limiting factor for natural
regeneration. Therefore, we focused on the adaptive ability of T. sutchuenensis seedlings under three light levels (1.0 = full
light; L1 = 50% full light; 12 = 25% full light) by comparing their photosynthetic capacity, chlorophyll fluorescence
parameters, and chlorophyll content. We found that shading resulted in increases in the apparent quantum efficiency ()
and maximum leaf net photosynthetic rate (P,, ). At lower light levels, the dark respiration rate (R,) , light compensation
point (LCP), and light saturation point ( LSP) declined. For the chlorophyll fluorescence parameters, PS II primary
energy conversion efficiency ( Fv/Fm) , PS II potential activity ( Fv/Fo) , and photochemical efficiency of PSII in the light
(Fv'/Fm') were significantly higher at lower light levels than at 1.0, with parameters at 1.2 higher than at 1. Non-

photochemical quenching (NPQ) also had a higher value under shade than under full light, and peaked at L1. With a
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decrease in light intensity, photochemical quenching ( PQ) and the electron transport rate ( ETR) decreased. Shading also
caused a significant increase in leaf chlorophyll content ( Chla + Chlb) per cm’. These results indicate that
T. sutchuenensis can tolerate a wide range light conditions, especially low light, and has internal regulatory mechanisms for
responding to light level. Therefore, low light under canopy cannot be the decisive limiting factor for natural regeneration of

T. suichuenensis populations.

Key Words: Thuja sutchuenensis; shade; photosynthetic; chlorophyll fluorescence; acclimation to light
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Table 1 Effects of light treatments on photosynthetic parameters of T. sutchuenensis

JE b7 Parameters 45 Full light HERA Shading HEWT Shading
(10) (50% ,L1) (25% ,12)
FWRF AR (@) mmol CO,/mol photons 0.05+0.01b 0.07+0.03ab 0.09+0.03a
RIOCEHFE(P,,,) pmol CO;m~s™! 9.57+1.0la 9.60+2.35a 9.89+1.01a
TN, 3 4% (Rd ) pumol CO,»m 257! 2.27+0.45a 1.94+0. 43ab 1.36+0. 15b
FeAMzz 5 (LCP) pmol - m 257! 60.7£12.6a 38.7+13.8ab 12.6+11.4b
e AN A (LSP) pmol - m ™2 57! 377.2+56. 1a 313.1+47.8a 281.1+50.3a
X RE(R?) 0.95+0.01 0.86+0.03 0.91+0.03

B Y bR R 22, B 10 YK (data=mean +SD, n=10) ; [A—fT8EH B AR FRFRR2ZF B E | P<0.05

2.2 EFIX AR RSOOSR
-2 R PO AERERS S AR I A& RCR AR RE ). ISR 2 AT LR 30 1 PS I JEAIOLRE

http ; //www. ecologica. cn



6002 A E = 31 &

R (Fo/Fm) /NI FERS NN, 2 FRE R 7K1 Fo/Fm L6 1O 43 330 T 3.8% (L1) F16.4% (12) . A& B
FREERYIG N, EEA M By Fo'/Fm/ WA G DA B, 54256 (L0) Mk, L1 5 12 09 Fo'/Fm' 530 5138 m T
6.3% F128.1% (P<0.05) . AL HE R RZE(PQ) MIFEA K toR a5 , I N TR, 5456 (L0) Lk, L1
L2 ARBRE) PQ E /0 NI T 34.4% F146.9%  [RIES BB T 30T AESCACFIE K (NPQ ) Y& TINFN L 1433 18
F(ETR) PRI,

R2 AERLEIEHMMEERESHEMZNE

Table 2 Effects of light treatments on chlorophyll fluorescence parameters of 7. sutchuenensis

B Parameters 4256 Full light(10) W] Shading(50% ,11) i Shading(25% ,12)
PS I JE#I G REFE 438 3R ( Fo/ Fm) 0.78+0.02b 0.810.02b 0.83+0.0la

PS I e 1G4 (Fo/Fo) 3.550.33¢ 4.3420.51b 5.00=0. 45a

PS T A ROEEF 7= 4 (Fo'/Fm') 0.32+0.03b 0.34+0.01b 0.41+0.04a
A2 K RBU(NPQ) 1.970.24b 2.47+0.22a 2.13+0.27b
NI K ZEL(PQ) 0.41+0.04a 0.30+0.03b 0.22+0.05¢

HL TAE 5 3 ( ETR) 165. 80+33. 28a 127.97+11.31b 114.52+35.17b

B A A e 22, EE 10 K (data=mean +SD, n=10) ; [{—fFEUET A AR FHFERE R BFE  P<0.05

2.3 JERX SRR A AR
mE 2 Jeos  BEE KRG, AR ROGRRRES , AR 4R a A4 R b (& XA BN &
o 4K (Chla+Chlb) FHREAEEIE(10) 50% (L1) F125% (12) 435124 0. 5365+0. 0998 0. 6906 0. 1223 Fi
(0.8713 +0.0467) mg/cm’, fEIEF (L2) AYH24% % (Chla+Chlb) & 3 5 T4 (10) (P<0.05) . 2%
NZE (Car) ZEAFEDEHEE F AL &, Z97E 0. 0928—0. 0931 mg/cm” Z[f],

3 git5itie 0 o .
HYDLGERIROER B e T Tty | ==cib o

AR A B TR § O %

T W ESDER R T MO R R kT S | 7

HIEIC S O (R A AT S A
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BAOEIRE T 8 DML X B A BB IE R, 5 |
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HAE0.03—0.05%  RFEDGARF B F M TH0% 0 T n r

AbF ol T IRV, B AR UG A5 F T 15 A1 ) Shading level
RAZ AN F 1 38 88 i 8. MYOLEAE
RIS ML TR R CR ™ . 1 3 o ot ot . oot o o
WIAARIA LCP #E 20 wmol - m ™+ s™ LU, BHAEMIY 10 sutchenensis
1 LCP —fAE 50—100 pmol -m™>s™' 2P T
EEAAZRIN R BHAEAE D) , TSEE R 25 14 T R B AE A , U6 I EE AT EAT B AP P ZE TR T AL 38 it &4 5 XA [
IR A I I

PS I JERIEREFEHARCR (Fo/Fm) SO T PS TR A B SEREFE R R A2 6l S LR,
Fo/Fm — AT 0.75—0. 857 | HARZ AR SRR, AR A BEE B, AR K& 46T BAE Fo/
Fm ¥IRbFIEH TSR, UL A 20O T B A 32 200 B i, 5 R0 E TR e BA — 85, psll
BROGETFF=E(Fo'/Fm') BT PS TR AL B 43 PG R B9S2 BR PS TTOGRERI AR AORCR ™ B2 I
BAZKFRBE TN, EEARRY Fo'/ Fm! 230 SN Ui R 530 PS 1T D fig S i rhoC JF I EE RS fn ., Stk 2@ g
RAZK(PQ) e PS T RLR (M Z WUk G REF o6 b2k i A A Oy 450 BB A2 KOBSR Ak 55 , B2 MY

B2 FEELEXEHHEZRSENHN
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PQ E TR R RTRAR T A R PS TGS 40 16 1, 35 HL 53 80 (ETR) Bl A 158 a5 T
BEMRARM) G o AR IR K R EL(NPQ) FB 2 PS 1T R4 (4 R WOLRE LAY TE ANFE R IR AR 40O B, 2
FYPEE YR AFARIHLE Y, R SECT B NPQ (RN, ZRTERT T BAT PS IR Y6 AR E AR
(Fo/Fm R Fo'/Fm' Tt i) ABHIT0A0 2 SO H B REAR , e A i JRFERLAY FL T | S [ AL BR SR A RE i
I8/ AT RADA A I 2 AR S O L T SR — R JP L] o TRVRE A 3 mT BE LR WA 1280 (o) BT
R PE A T e B A DR o AN BRI B BILAL) S B W i 94 D' o 5 02 14 IR AR (9 et 7 49 B A o
TRCR,

M2 X MRS b ZOEYDE S R R IO BERY 2K, P 2 200 E MO REY it , FLi%
SEMRAYDE A EIROEREAT . ABFITES SRR RS20 T BEAL AT S R 38 5 A B
A M T e R A0 X 55 D6 BRI i A A 55 Y R 858 R RS 22 BROERE T T A1, i 5
AR B T2 R — B

BTSRRI ARG AL 8 AR 2R IO S s 3K S &7 AR AR S
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