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Effects of Pb stress on chlorophyll fluorescence of Schima superba and

Koelreuteria paniculata seedling based on Lake-model
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Abstract; We selected one-year-old seedlings of two broad-leaved trees, Koelreuteria paniculata and Schima superba, as
study materials, potted under different concentrations of PhCl, solution (L1<L2<L3) in the greenhouse. We assessed the
influence of Pb on the chlorophyll fluorescence characteristics in the leaves and revealed the function of photosystem II
(PSIT) under different Pb stress conditions in the contexts of energy balance and allocation, using the Lake-model. Our
results can be used for the diagnosis of Pb resistance and rapid Pb stress in the seedlings of woody plants. The results
showed that, under three different Pb treatments, increase in photosynthetically active radiation ( PAR) for two tested
cultivars increased the relative electron transport rate (rETR) and down-regulated the energy dissipation ( Yy,,), but

reduced the quantum efficiency of PSII (Y, ) and the photochemical quenching (¢L). The non-light induced energy
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dissipation (Yy,) did not change. At the same time, increased Pb concentration of the contaminant for two tested tree
species reduced the maximum quantum use efficiency (Fv/Fm), tETR, Y, , and gL, but the Y,, and Y\, increased. The
inhibitory effects of Pb on the chlorophyll fluorescence parameters of the two tested plant species were also reflected in the
maximum net photosynthetic rate (Pn). In addition, this study also showed that, under the L1 gradient, the PSII of S.
superba remained relatively high under mild Pb stress, but suffered severe damage under high Pb stress, suggesting that S.
superba has a much lower ability to convert light energy than K. paniculata. Yy,, greatly increased in K. paniculata and was
more sensitive to Pb stress than S. superba, revealing strong Pb resistance due to a strong photo-protective mechanism in K.
paniculata. Comprehensive analysis showed that Y, and Yy, could be used as indicators for Pb stress diagnosis and

evaluation of resistance to Pb stress in plants.

Key Words: Lake-model; Pb stress; Koelreuteria paniculata; Schima superba; chlorophyll fluorescence; diagnostic
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Lake FR052 FHFARAEY TR AL SO Fobam > i sk os o, I8 4 RE 644 Lake A7 FH PR 5
4 J& Pb M8 FARAHEY N RS IIREMIEH 12 W87 HET Lake 115 H 1SR T SEAE Ph HE T ARA
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5 2200 A R BHME R R, ol 0 B R B H X A K SRR AR I8 T i, N T - Ph 5 g
9 3 AR FEBR KT (L1<L2<L3)  AFSEPIAIAS Ph A ARG R FITE Ph 38 T 5T Lake BB 4R 58
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A HAR (ZERT 7.3em 24 s ARAT 3.34em ££47)
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¥R B F ol B K 2E A N 10—20em )24, 14 pH H8 5.17, 144 C & N & P M Pb &%
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Table 1 The Pb treatment level of experimental soil

T AbFH /K Different treatment GB15618-2008( + 3 55 [T 1k A )
Test set L1 12 3 = hnifE

¥t B (AR {H) Control ( Background value) 0.02 0.02 0.02 —

Pb A3 Pb treatment 500 600 900 <500

L1 3 Ph ¥ A 500mg/kg, Soil Pb concentration of 500mg/kg; 1.2 ; 18+ Ph ¥ & 600mg/kg, Soil Pb concentration of 600mg/kg;1.3: 1
e Ph A 900mg/ kg, Soil Pb concentration of 900mg/ kg

1.3 HGERIOECBER RGO CESEU I E

SR R 5 5Dk sp R - 2 2 AN (Mini—PAM , £8 [E WALZ) , {2 A A Ph {5 YL b BS 955 15d, &
FIBAE 3 4~ Ph AbEA ST FE AL (CK) 45 BEHR 3 2L Ak , B A UK 3 A0 [F] HL5E e TR JF 0 3 R, i 528 i S
SN A, D8 B )R 7.30—11.30, W5 7730 - Je s i 7 B 3E Y 20min, 3845 F (R4 2E0) il Fm
(FeRPE) o FIFH Mini—PAM 3005 A% 5 i DRk S 17 il 2 B, 1508 6 Ab G0m E  1 6 b B ReSmt 8]y 40s
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E1 PbRMEXIER AKE A rETR BIR0E
Fig.1 Response of rETR in the leaves of K. paniculata, S. superba Gardn. to Pb** stress
L1. 48 Pb ¥Rl 500me/kg, Soil Pb concentration of 500mg/ kg;L.2: 3t Ph ¥y 600mg/ kg, Soil Pb concentration of 600mg/ kg ;13
+ 4 Ph W EE A 900mg/ kg, Soil Ph concentration of 900mg/ kg
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177 2 AT IR LA I AEAS [FIAL BT 09 Y, FRATTAS 78 L1 VREERT 28R Y IR TR H 22 Rtk 3 (P=
0.048) ;78 L2 VRN , 8 R/INH Y 1A L3 W B WIAH B2, BEBHAEARVR EE Ph W38T, AR 8 56 SO0z e iy 3R
A AR S T 2R, B2 Ph W38 R BE A I K, A X TR AT, 2R 34 fig O Fr  1 AE 36 X i 1% 3
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Fig.2 Response of Y}, in the leaves of K. paniculata, S. superba Gardn to Pb** stress
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Fig.3 Response of gL in the leaves of K. paniculata, S. superba Gardn to Pb** stress
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Fig.4 Response of Yyp in the leaves of K. paniculata, S. superba Gardn to Pb”* stress
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ZE AR AR R — BV BT R Y 35950 3 8 T 284 (P {E43 31124 £ 0.009 ,0.004 ,0.006 ) , Ut BH A fif 2L
A 3t A R R AR ORI AR S 2 BE i, JLnT 3R 1k B R FE BAY B (R T 2, [ Bk 58 B A 7 A S AR b i
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Fig.5 Response of Yy, in the leaves of K. paniculata, S. superba Gardn to Pb**stress

2.3 Pb WA TR Fo/Fm #l P (00 )

IRICACZRCR Fo/Fm W] LB PSIT SR A O RO BEMIRCR S RIHTRE ST, W3k 2 s 78 Ph Ab 3
Jei  FIFMIERA I 09 Fo/ Fm ST X IR FLRE & A0SRV B A 34 2 T Rk, Horh 28R Fo/Fm 76 L3 &b
PRS T R R EAR T X5 IR ARATAEA R Ph AbFRS , T FEIRBERIN  L3>125 11, 4 BT X I (P<0.05) , H.
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R34 8 A, At Ty 22400 il IS 7R AN R B AR B BE R, 28 () Fo/ Fm ¥ 55 35 8 T A4 (P53 5
247:0.042.,0.027 ,0.008) , ULHARHZ Ph AbFRVE B 14 i, XA AR PSIT SR HhoCo (8 45 495 180K [R] Bt 358 B T 284
BRI 78 Ph AbBE T RELERF R LA 22 16k

X P A A W e KOG G (Pr) BRSSO (3R 2) AR 1 P 7E Ph ABBEJS  3 351K
TR (P<0.05) , FLFHA b BV B2 (3 3 2 R ity 2200 il LIS .78 L1 B3R, 4 1 P
WA 2ZFME(P=0.175) B4 L2 L3 AT BRI SR > A far, H 25 540 W35 (P {54351 0.032.,0.005) .

F2 Pb BN RN KGR &RREEMBE(Fv/Fm) XSG EE(Pn) I
Table 2 Response of the maximum quantum use efficiency ( Fv/Fm) . the maximum net photosynthetic rate ( Pr)in the leaves of K. paniculata ,

S. superba Gardn to Pb?* stress

Fv/Fm Pn
R The maximum quantum use efficiency TR The maximum net photosynthetic rate
Test set st N Test set st N

K. paniculata, S. superba Gardn K. paniculata, S. superba Gardn
CK 0.81+0.076Aa 0.78+0.058Aa CK 7.51+0.091Aa 8.12+0.134Aa
L1 0.73+£0.057Aa 0.63+0.107Bb L1 5.92+0.124Ab 5.78+0.125Ab
L2 0.65+0.084Aa 0.51+0.085Bc L2 4.57+0.108Ac 3.24+0.111Bc
L3 0.57+0.091Ab 0.39+0.052Bd L3 3.51+0.154Ad 2.28+0.098Bd

Bl Jo IR AR e R 22 | RISV A h AR /NG TR Ph AR B X B 2 [ ) 28 53 ik . 37K SF (P = 0.05) 5 [RIAT R A Rl RS T B3R
[l — Ak BB T | AN IR B 2 S 38 35 /K (P =10.05)

3 e

A= sl Al A 8 RS 56 A A e AR A AR R T S e v R SR R PO S T F S R AR R
SR B A A FH OB G PSTT 8RB A PE T H B AT 338 1 A 2 3% s AR ml 3 A 405 3 e 4 TR A s I 3t
FEZBH, B ARG REFEIRER > X YA S R MLAR 7= A 7 B 4 S ), A K Mok 555 FL £ 338 A4 35 4
B B A [ 2 AR ARG IR ) AR SGE T XL T Lake 3R A 2R RSB IGE L B,
5% HRAH E, 76 3 AN Ph ARBEVRE T 28R R g B rETR Y, gL 30T AR RR B AR AR, ik 36
B Ph it S350 PSIT U R AR FFORE Bk /L, 51 PSTT AT RO T 7= e B R, T S BOL A 1558
SR I B I B A , 3 it AR I 0 A2 B, iX 23 BH Uk ATP A1 NADPH % A, B APR 2R A far ik 114 3] 52 11
AL (il B K EOC AR (Pr) W8/, RIS PSIT AR5 Pk 238 1k I 9 D12 P AS W7 3 A 1 0 o397 45
YRS, AL e 2 E R X R S TR, BHAS T PSTL i MEAYE & | Fe 2038 i i 1 326 3 5% A 17 )
SRARBLSH St it — 2 EIUE T AR SO Ph Wt i i A (R ETR A Y, FREAIZE R, 340 FEAR B 5%
OB PAR (T 76 L1 WREE T, Y R gL 76 AR L i) 8 i 2R 300y « 24 > AR o7 | 3K 8 BH ZE AR B2 Ph i
R AR AR FAE RO DGRERARE ) = T8 BiE Ph Wt vk BE i T 7E L2 L3 YRR, R
B Y, gL B AR AH HE B0 B2 %) R B, ELIRI DGR T, ARfar Y, 1 gL BOEAR T 280 ; R, Ph> Jilpae 5 | S
rETR )N RS2 Tt % 2 BH AT 8, 28 4t i vETR 76 L1 L2 (L3 ¥R EE R 5 %0 BAH 1L, B 43 531
1E 16%—27% ,27%—31% ,35%—065% Z A , M A S #f it - tETR 4 :19%—20% \28%—41% ,62%—82% Z
], X b & AN ] Ph AL B BE I T BRI T L& BE, hETR B R IR 5 Y, R gL BT 32 80 R A R — 3K
R T Y Ph RS R IEIAET B ARE) P =R (>500mg/ kg ) I, 2SR LRI A A A4
A6 B 1) PSIT G 1

HTAEARFE A PAR R, PSIT S A0 B AL FIA JF AL TSR] B sh 25 v 20 I, v, hETR B [
SREXF PSIL U HC I BE R A FLAT 2R . AR SGHEAT X SET Lake BRI 2R RIS EIIF LI, Ph Whid
SRS PAR OTHET, Y, A gL RO BEAH LY 52 TR 3 AR Lake BAUFR (TR MER: Y, Ph Bl T
(Y oo B Y o BEXT R 5 , S R TR ke s X S RRATAIRI S R — 3, Horb Y, A% N Z R [F Ph i
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FEBERYSENE XG0 1) SRS AR, Y (gL Y 2 AL S AR Z7E Ph 38 T 3T Puddle BiEIHY ETR |
qP 1 NPQ [T 5E i 2 b —3,

ANTE] PAR T, Ph i3 X 2R R fif G i 5l 28 6 Hh 6 Sk 7 R0 3 FC AR B AFAE A TR 52 R, 78R TR
Pb AT RN LA I 1Y Y, , 20 TXF B SRR RO ORI C 5 3, 78 L1 BREE R 284 v, 19 |
TR B 25 5 TR (P<0.05) , 3X U BHZRAR X Ph e b A i BURK (7 38R g LU AR for L B ) o 7E 12 L3 #f
JETR 250 Yo 5 LI BBEE R AR BB AEAS K, AR AT ERARTE L3 A BRS A KR BE BT B RDGER T A (E/ N T2ER)
VBB LA BA SR AT Ph Bk P | 33 55 24 LA B i 1 98 40 PR BE AR HORE A R AT AR DGR
I Yy, RAE L3 AR E A WA T, BAER A RIR P MMEREEE T RATHY Yo 3 0 TR (P<
0.05) , X KU T ZERI GO BE 7 LU AT T &, o ik — B0 TR GIR AR AT St it Ph B 75 [R] s
FW T HE L3 ACFER R It % P JBME A e B 8 28 B RSN ] A B A3 300 18

ESCHPIRARARYINEE P WA B A3, vETR BE PAR (438 fin i BRIG (8 , R WILE Ph 30 R el
G 23Rl PAR BT m f 5 L0 B, Sl it BRAE AR AEAE ) 32 BB I 8 B OG0 G B (H R AT
FE T FH B0 2R FIA T 2 8 A 0 o5, 124 5l 2 AE 1141—1711 wmol m™ 7'l 1366—1616pmol m™ s™' | AR 46
TSR AR OGRS 1129 umol m™ 8™ AR IR Y IEH IGO0 T BYGAR AL, & s Fh 94 00 J5L IR, 7T RE A&
FHER Y AEZ 2] P A ;2 P2 A3 Z 00 PR (H,0, JHO) M%) W e B 110 375 1 4802 X A 4 i A S A4
FISL B Ph WA RN I D1 A SRR RN BELAS PSIT IE VRIS S ARG o el A
FEXT Fo/Fm F Yo IRFSER D], ALY TE Ph WA T Fo/Fm FRERRINPEREE Yy i BT B EDEaR
TR N AR AT 2 PSIT RN O, B S BUR R R B S S Ph a0t R G5 n R X
Sk PSIL g il 32 Al SRS A4 T A TIE

A R Ph W P RAE 4 AR 53 FCR N 53T, AS B FEIR] THE Yo B Yo £E R Ph B3 12 0 K2 it Ph
PSP EAR, RN Y ATAE R i Ph 8 T ARAS RIS 7GO3 BE 75055 148 05, LA L 43 BT uE i
Ph s i 5 A B B i R RE T (IRB Yoo > ARAT Yo ) o I, Yy FEANIR] PAR FILF 2L, H
3% Ph WA R P, B i] LIS Y ME AR Ph 0 B2 BT b5, B SR T b AR A AR 0 7 A [+ ok B £
Pb 3T, Y, A AR RS ABABEE AR HAE AR AR FG Y Ph 38 B2 W R vE a5, 58 HE A
SN AR A B AP A AR 2 i A AR AR I L Y, 32 PAR SEMAESA, LA IE AN Ph it
I WIE AR
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