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FEE. LIFEH B Hedera helix FFIEQIE bk, SRARFERKEE (0, 50, 200, 400, 800 umol-L™) 4 Pb (CH;COO), ik
BEATACRE, @I i e R SR RIS E AL, RINTEE B BB AbMa Ttk 4R
FH, SXEAHLG, BPMO EEE ERR R R S R R TR (P <0.05) , M4k a/b LLEHEIN; SXTHHLL,

Pb, 1 Pb (200 F1 400 pmol-L ) EPp EERIINA T, FRHERH H414a2e% (Fo) MEBBERR RS (aN) B2
+EF (P<0.05) , BRE PSI LREEEER (Yield) | BB KRE (gP) VIEOGAHFALSHE (ETR)

BETF (P<0.05) , 1 PSI AGtb3R (F/F,) TBBFA; FEEEAMMNE Pby (800 pmol- L"), Fy
T N B2 EFF (P<0.05) , HATSFRIBEZE T (P<0.05) o AHEHERFFL 0, BYma st s B
L a FIMEE b ARBFEIEAHSE; H gP 55 ETRAREF A, HFES Yield MR EHR, L, B
BSIE Pby (50 pmol-L7 ) B fTASERS Fe 4 3 S i B, EDWIL PSIL JEHA 2, Hh BE RSB e 2 PSIT
A—E R sENe, T RN 2 S 80 PSIT IR .
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Stress of Different Concentration of Lead on Chlorophyll Fluorescence Properties of
Hedera helix
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Abstract: In April 2016, half lignification Hedera helix branches were harvested for cutting in Kunming, Yunnan province. In June of the current
year, cuttings were treated by different concentrations of Pb*" (0 as CK, 50, 200, 400, 800 umol-L™"). 60 days later, determinations were implemented
on chlorophyll content and chlorophyll fluorescence parameter of cuttings. The result showed that compared with the control, seedlings treated by
different concentration of lead had significant low content of chlorophyll content, higher chlorophyll a/b. Under 200 and 400 pmol-L" of lead stress,
minimal fluorescence (F,), non-photo chemical quenching coefficient (QN) of seedlings increased significantly, while yield, photo chemical
quenching coefficient (qP), and apparent photosynthetic electron transport rate (ETR) decreased evidently, photochemical efficiency of PS Il in the
light (F\/Fy) had no evident change. Less than 800 pmol-L™ of lead stress, Fy and gN increased sharply, and the left index decreased evidently.
Correlation analysis demonstrated that chlorophyll a had extreme significant relation with chlorophyll b, as well as gP with ETR, both gP and ETR
with yield under any lead stress. The experiment concluded that 50 pmol-L™' of lead stress could decreased chlorophyll content, but had no evident
effect on PSII, 200 and 400 pmol-L" of lead stress had effect on PSII, 800 umol-L™' of lead stress had great effect.
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AL, ST RS ST, #1 (Pb) . #2 (Cd) | i (Cu) HFELB MUY, HE &S .
WAL . BB R T SR AN A EE N, TR HIIREMZEH, SRESRE FHEA S
NG, SEUTHE EAORETEELEL, BARGEETENR, SRMRENESI AR IER T AR E S EINa s
E, MY ash A SPTEEE RS LB E R RS, BRI H B SETHLRAEAIER AME B AR . SR E
HESRBACES RN FERRY. b5 ESIEE TR RN, M6 A1E R BTS20, M2 ARmIR,
MY ERE SR BERK, HnSBtRCEEE TR, FEUbE sz, RN, M E LR 2
WY EBE SRR, SEGEATRER, EARARFE TSN, SERRAERKZI, HagRE 8 5aE%
FSHOE RWAE YA FLIR AL B bR, AR RROEREE, BRI A R R R N AE b, 5eRe B
feAtEERE, HESE I AR,

TEH B HE Hedera helix A TUIIEL Araliaceae % B HE)E Hedera 248 SR LR AT ) , A4 D B B g,
BEA SN, WHZGHIhRES, RGN, B aTE NAME -z, R E B TR A
SORERFRE | EPRIRIEHX . FERERETESE, ARl TR, v T ER RS, HE BRSO
PR AU Ho B ERSFLRERIR T . HEESE EYR, AR TEN, BEb A, gbsni e
FUERL AN, SR BEZMAAY . WEBERAE SN HME. HEira & BRI 7 £ 24 b Tk
gk, SRR, SRR BRI AT R BT R WARGE . BRTRE B AR, e
IR DR S T BN A RN LR A R X o AR IR EREAETATEE, AR A
AR, SEEINE PR B R S BN S RTONSEL, BAEMBEEE FHOE RS PSIL AN WA ME 1
N7, DA T e ERES AN Y@ RE )T, W E SRS T RIS R s e ik

1 AR

1.1 XA ARt

T 2016 4F 4 A, FEFEH B KEZSH TR AR A = F A TRl =ER X G110
AN (25°06" N, 102°76' E) , PR/ HA 15T, HIHBE R 74%, HIHERAOLE, Fotbohghit, M
HOEBKHA R, A RROUEA SR B, - EARTLESRAEET A 10 em KAYIEBEE 446, FHEET
et BB EE =112 (L) o RS AR SRE S, RIS E .

F 6 ABRKHA—E, AR RIS NSRS MS J 330 KEHI P35 . ARG 5 MK

) Pb(CH;COO), R4 : WHHR (CK) ¥REEHR 0 pmol- L™, RREWMAKKIES 50 pmol- L™ (Pby) , HEEM)
1B SE > 200 pmol-L™ (Pb, ) Fll 400 pmol-L™ (Pby ) , FEREEHMEIKEE A 800 umol L™ (Pb, ) o MBI 10 i,
B —Mk . FPEYETINN TSR PR3, BRI 12 h (658 =56.6 umol-m™s™) |, L (ARME L) H
25°CR20°C, 1REE 80%. HERMPRHEIALFRI )4 2016 4E 6 H 15 HE 8 H 14 H, £ 60d. AFLEHRIG, T 8
H 15 B R 5g 2 P FHAL ) — s BER i RV A 2 31 & BRI S R 0O S0 e Pk
1.2 RKErE
121 "H%ELENNE HGESENE. 28 Inskeep and Bloom B /57, FRE 0.3 g tEYpEt F, B5%,
F 4CH) ZHEEHIBE AR AR IAEE TR A% 72 h, RAGEEEILT 663.8 il 646.8 nm K FHEfTHL (A, TR
i F R 2R o, R b SR, FFTEENSEER (H48E atb) DIKRIHEEE ab,
122 "G EXRASKHNE BRI R 3 h J5, R Imaging-PAM {EE T4 256 G0 E
W2 ZRNCEEL RIS Je e BRET A, BB I EDEIER 0.5 pmol-m™ s, HAIEkb > 2 700 pmol-m?-s™,
Jkipatia) 0.8 s, 1EHJEHRGREE S 76 pmol-m™-s™, #IEATENE (Fy) , PSIIAIEFR (F/Fy,) , PSIISEPR
FEARE (Yield) , IR R AL (aN) |, KSR REL (qP ) Fil PS SARTERE & B % (ETR)
F R RTCSHIIIER A A . AR L BT R 2 TR, (20 ~ 30 min) , MUERES R kG A
B R T =T R, AR s A ER
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1.3 HEsaiE
IRESEHE R H Excel f1 SPSS 22.0 2 A4 2E 1 TAL P AC BRI EAH & /007, R A Duncan’s 472 HE L« =0.05),
SRH Origin 9.1 BAFER . ERPEIE - FME « baifEZE.

2 HEREMM

21 HEINETHEREBEEES RO

7 1T, 5 CK b, PERZETRMHREE o, WHGEEE b RLA GR35 REAEHHNNG T I8 PR (P <
0.05) . (AN AR E N 15 CK HIEL, 76 P, MSALMA FUFSEE b &R FHET 43%, Hovt
13 0 SEFIE (32%) BOMHIE, XM a/b 72 Ph, A AbE F 22T CK (P <0.05) |, iZdehite
Pb;, Pb, il Pb;y (50, 200 F1400 umol-L™ ) it AbBHl) 3 70 i 25 2

®1 BHEMNFEEREMHEESENEM

Table 1 Effect of different concentration of lead stress on the content of chlorophyll in H. helix

AbFR M43 a/(ug-cm™) 443 b/(ug-cm?) MM/ (ug-cm™®) 432 a/b
CK 2 443.30+£265.27¢ 879.92+95.72¢ 3323.224348.48¢ 2.78+0.19a
Pb; 1 840.44+111.62a 712.90+78.45b 2 553.35+143.02b 2.60+0.30a
Pb, 1455.52+241.63a 515.85+76.90a 1971.37+318.20a 2.82+0.06a
Pbs 1479.19£262.81a 529.96+55.77a 2 009.15+317.75a 2.77+0.23a
Pb, 1 662.07+336.17a 501.31+£95.03a 2 163.38+427.45ab 3.31+0.21b
P 0.000%** 0.000%*** 0.000%** 0.004**

E: PATHIR R AR, R RERREE; IR TR R ER R (P<0.05) , MIFRRRERNEE; T,
2.2 FREMBXERER Fo A FJ/F, IR

HIE 1A WTUER, EEERENESZAERERIMNE S, WA RMRa RGN Fo (A0 E AR,
5 CK Mitk, FofE7E Pb, Pl FREEAM (P>0.05) , 7EPb,, PbyHlPb, Mt T2 EF- (P<0.05) , {H3
AMEFRAH B TC R 2 22 R A, HIE 1B WA, R ERTY R F/FLFE Pby, Pby, PbME FAERTEF, (HE
CK Zm¥IEEEER (P>0.05) , M7E Pby A FH F/Fy B3 T (P<0.05) , H F/Fyii CK 89 0.72
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Figure 1  Effect of different concentration of lead stress on initial fluorescence and the maximum photochemical efficiency of PSII in H. helix

2.3 iEimBXFEEERERM A N, gP A Yield #1 ETR BIS20

H#E 2 v B, 5 CK AL, AYWMAXTES EREH ) gN, oP, Yield LI ETR YA RFEFEEEA N . 7E
BEERIMA T, AARED N, oP, Yield LI& ETR 5 CK #HHLY LB EES: mifER EMEEAMNA T, Rk
Yield, qP Fl ETR, FEERWREERIGMIMI L2 FREEE, oN M5 EFHEE, TEREERIMAR & CK 15.7%.
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®2 $ABMBIFEERITR Yield, oN, gP 1 ETR RIS
Table 2  Effect of different concentration of lead stress on Yield, gN, gP and ETR of H. helix

AbFR Yield gN aP ETR

CK 0.278 4+0.027 1b 0.741 0£0.026 6a 0.545 8+0.077 0a 12.86+1.27b
Pb, 0.279 6+0.023 1b 0.749 0£0.103 2a 0.535 5+0.014 5a 12.91+1.07b
Pb, 0.228 7+0.045 9ab 0.768 120.046 9ab 0.491 5+0.074 0ab 10.56+2.11ab
Pbs 0.202 4+0.022 4a 0.821 8+0.068 5ab 0.450 0+0.063 7b 9.35+1.02a
Pby 0.194 3+0.038 5a 0.857 3£0.025 5b 0.441 8+0.071 4b 8.96+1.77a
P 0.004** 0.047* 0.138ns 0.004**

i PHEITHHFRRERERE; “RRERLE; RRERREE; " BRERAEE.

24 FRMETEEBERMEREMEMHRRRASEER M

2 3 w5, FEAMNA T, PER B M4 a I3 b A IEME (r=0.949%) , BHgRE
M43 2% a FIH23 22 b IR ETEAEE (r=0.996%*, r=0.974*%*) ; Fo5 F/Fn, Yield, gN, qP }&% ETR ¥ TEiE
FAHFE  Yield 55 qP Fil ETR MM TFAH r=0.992%* 1 = 1.000%* ); qP 5 ETR AR B IEAHE r=0.992%* ),

®3 BB TFERHREMHERTASHEMRRERHAEX S

Table 3 Correlation between chlorophyll fluorescence parameters and chlorophyll parameters of H. helix treated by different concentration of lead

ZH HegEa HEED e ab Mg F,  FvFm Yield gN gP ETR
M4t a 1.000
4% b 0.949% 1.000
4325 alb -0.189 -0.487 1.000
MILEE 0.996** 0.974%* -0279 1.000
Fo -0.375 -0.321 0.065 -0.363 1.000
Fu/Frn 0.065 -0.010 0210 0.044 -0610 1.000
Yield 0.308 0360 -0.392 0.327 -0.871 0.200 1.000
aN -0230 -0.345 0.550 —0.266 0430 0410  —0.808 1.000
qP 0.340 0386 -0.390 0.357 -0.824 0.086 0992  —0.866 1.000
ETR 0310 0362 -0.39%4 0.328 -0.870 0.199 1.000%*  —0.809 0.992** 1.000

T TR BRI, IR,
3 ZikEitw

2R RAAAE T A ZIE RS, R T AE R EBEA Gy . HEERoE 5, i
APRRER . BReRESALS, ML SEEREIGIF RNV T, ESRSMEYIERSEHIR, S8 T
JE EROREIEPE AL, FEEZIH SRS, SEREERER R A EANA T, RS
RIS B R EF IR T RERE (P<0.05) , XOTREAAMMEE IS 5 E SE0 SR, e mtaE
HIFHRPERE RGBT, WG szhL, PRI, RZ&SBURE AR i Z S8 REFFK,
T B SR A A AU . b, M43 a/b 7E Pby (800 pmol-L7) WME T2 EF (P<0.05) , #iHH
TER B B2 3% b 23R a RHEYINE oA RUR,  HIlX—IHO T e B T SR E R e T AR AL
REVATT A B 2, W TS RN A, AR A S E T — R 5 H P15, X458 5%
YIRS A SRR, DORTIME i) B R AR Foh B SRS R RIS T
SERGACREIRIT . b SHERL, MY Z I RGP, S22 B E A EpbaRt, SRE T iH T
Hill &R, 5l IEBRAEKEMRGEKT LR, SETHIZE PSI AFEIRETRsh, i pSI AL A BT
PTG T2 B>

FEARTRGE N, PER B 03798k (Fo) {EAE Pb,, Pbs 1 Pby (200, 400 F1 800 pmol-L™) b FH) 5.
F LI (P<0.05) , HEEERMNE FiRElmKAME, SR, MR ) PSI &8 2=8E (F/F,) &
FREAK (P<0.05) , RElE/ME. XIEHHER ERET F7E Pb, B PSIT SR HL O AIBRE B o] i J& 5 ke F
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KPR, S8 PSS A, RV HULIEE, [FVIRBEREEIRCE TR, & EOEEIAZ
FWs5. 7E Pby, Pby, Pbsy (50, 200, 400 umol-L™") HiMMA T, H PSII F/F, ZI0JFA BEER, HIHIZK
FERSIE TR R PSIT AT MRS, SEHTER B . AN ARt . w25
K AR MEAT A A A A o] SE e T B S SRS N PSIT i R E SR E , (Hl T PSILiETEH O
ZA, EEEAZ A ERE, R HORIE RS R IR R RVEH . A0 5 X ST 4 R A —
SRR Z AL, e AR T A E B D AR R B AR —E 2 R IR R FREL (qP) i T 51
R H AT -SRI RS BURT PSIT FFBUNFREE ; dEAbSA IR REL (N ) (BRI PSIT KW H LU R
WG EOGRE G B IREBCE A0S, o RWOERIN M Z IR A HEEHERT (ETR) B TH
YA E R I %5k ;. PSIT SEBRGARER (Yield) A RMHEYEARE IR BT iRz —, 0% PSIL KW
HUOF eI R R AR PO AR T R S XUE S TBF FT 5 AR, VR B A7E Pby (50 pmol L) 4%
BT, gN. gP, Yield LI}z ETR 5t AL TE R 255, RIDMEIRE MR B E s s s, 2
PHITR RS s PRAREERIEIN, % gN W25 EFHAb, Yield, gP Hl ETR M5 FREHAE, NS sk ey
FRE i PSIT RS HG IR B, 530 PSTL YEREFRCR T RS, Yo s FEBRER T, e, LIk
BCH HAE B RGN, BGOSR, BT R B RO FERMEAR R TR
FRE B 2R3 a A4 38 b AR E A, 2423 (ath ) 543 a A3 b Z[u) 3 A% 2 EAH G
R B FB) P, ETR 15 Yield #5248 B 1EAHSE, qP 5 ETR SAR S FIEAHE. X EIHIEAMaACEE s
B i) ETR 52 PSIL RERIEE AR, HEAS IR R ANTE R, AR — IRt . MASIRS:
20O, 1EPb T, HEHAERET A H Fo, F/Fn, aN, gP, Yield LUK ETR 5L RZE R, Fo b
TR F/Fr B T REFEEEIITE Pb,y, Pby Al Pb, FIRHTHE K, HAWTENSEL Yield, qP Al ETR TREFEE RN,

ZE LRk, Pby (50 pmol-L™) ASWIERTFEH BEREANINT 3R & B R RIS WA, i Pb, Al
Pb; (200, 400 umol-L") HiMMEXTHA —E MM, (HIERGAZIHEMG, %YM B 5
S o GEILA WA B R A 52 P S e F 5 SERE S B T IR — ST, DUHYE A TS YL X Y
A M A e T R
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