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Abstract: The gas exchange, chlorophyll fluorescence parameter,Chlorophyll ( chl) contents and chloroplast ultrastructure
of two Miscanthus floridulus populations, one population from Boluo an uncontaminated site, and another population from
Dabaoshan a mine site, were studied under pot-cultivation experiments treated with heavy metal Cd in green house. The
results showed that, (1) Under Cd stresses, the net photosynthetic rate( Pn) , transpiration rate( 7r) , stomatal conductance
and chlorophyll content decreased at different extents, and chloroplast ultrastructure was damaged in the leaves of both
populations. Compared to the non-mine population ,the net photosynthetic rate of the mine population decreased more slowly,
and chloroplast shape and grana structure were less affected. (2) Stomatal restriction was the main factor for the Pn’s
decrease in the leaves of the non-mine population under light Cd stress, while the non-stomatal restriction was the main
factor for Pn's decrease in the leaves of the non-mine population under middle and high Cd stresses. (3) Measurement of
fluorescence of PS I Reaction Center indicated Fv/Fm, Fv'/Fm' and Fv/Fo to decrease in the both populations under Cd
stress. However, Fv/Fm and Fv/Fo showed a smaller decrease, but the capability to utilize light and the potential to
activate PSII of the mine population remained higher than that of the non-mine population. Quenching( gP) of chlorophyll
fluorescence decreased and Non-photochemical Quenching ( NPQ ) of chlorophyll fluorescence increased for the both

populations under Cd stress. Generally, qP decreased less and NPQ increased more for the mine population than that for the
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non-mine population. Electronic transfer rate ( ETR) and PS Il actual fluorescence efficiency ( @PS Il ) of the mine
population changed slightly under Cd stress. These results indicated that when under Cd stress, the electron transport
activity and photosynthetic apparatus were damaged less in the mine population with high resistance than in the non-mine
population with low resistance. Therefore ,the Miscanthus floridulus populations from Dabaoshan could be a pioneer species

for restoration and rehabilitation of vegetation in a mining area.

Key Words: cadmium contamination; Miscanthus floridulus; gas exchange parameter; chlorophyll fluorescence;

chloroplast ultrastructure

F5E ( Miscanthus floridulus ) R ARAF} ( Gramineae ) 15 J8 25 45 42 BASE Y, 1 B 4045 T 3% [ 10 W0 P43 Hb
X, hEm KL FELE CAHY , MREY 2—4m, WMRELZE, —BALRELE 1m DL RZEREE FHET 10em £
4L, BRMRDR, A B T AR R-RZE S AR M4 R Ge, IR AT TR it BB\, 73 BERURT 3K 100 ; 4wl % 18—
20a, F K AT IE 25 ; F 7T RLE 250—1000mg' !, AR LK B B4 M SIE NI RE TR, 8 R
Lith | BB VR MG FEREAREE MRS . BB AT MK JFRK IR B 1R R LR g ik, R B A 1R
B K AR ES

AP ESESBARNPIROAE il ., FEHSX A TEET XA, R E T s
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SRERHT TRE, RAELH S M A AR SEER N . ZHHESTREN, BN
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TR E TR O R4 TR, P24 THWIARRE ASEY , B TFRBEEERETAR, 2RV XNE
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B X (465 :24°33'36. 6"N,113°43'14. 0"E ) ,AbH KM R 25 R AT R B M 8.5 B b 1l (2465 .23°
08'57.8"N,114°21'10.0"E ) , #KJ& T Al — W T SR X o 4 T 408 RAEJGH# R %, B R ACK R IR
RYeE, &
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KR o 2mm G 3835 A BB RGP, B4 1. 2kg, FEAEFR#E: N 100mg kg ™' F 1+, L H,NCONH, fit A ; P
80mg kg ' 1 K 100 mg kg ™', LA KH,PO fLA . 1B5], % F HPFERSRE SMBHA H IR A2 R R B4
BEENEL:

F1 AVERNHEEIRERTEREFAL TWEF N FER
Table 1 Some chemical properties of the local soils supporting the two natural populations of M. floridulus and soil samples tested

P N ELRER
P R ﬁm)i‘i ﬁﬁ Mﬁ H 1 /(mg-kg ™!
; . Organic C/ Available P/ Available N/ eavy metal contents/(mg-kg™")
Soil sample point 1 1 1
(mg-kg™)  (mgekg™)  (mg-kg™) Zn Pb Cu cd
K521l Dabaoshan 14.7 £0.9b 32.2+£2.0b 30.2+1.9b  1768.7 +£91.1a 1253.3 +71.3a 1701.3 +77.5a 9.1 +0.9a
1#% Boluo 13.8 £0.9b 26.6 £1.8b 28.4+2.7b  135.2+£13.1b 242.6 +44.1b  48.4+9.5b 1.1+0.2b

R £ 3 Soil samples tested 36.2 +1.1a 60.5 +£9.9a 61.5+10.9a 60.5 +9.9b 35.2+7.2¢ 6.3+1.7b 0.13+£0.1b
P B R PBIE £ 52 (n =3) [l — 2 AR F 8RR 22 5 .25 (H4% SSR A2, P <0.05) , T[]

1.3 Wikt

Cd Jirie kb 37K : CK(RF##) ,10,20.,40 .80 mg-kg ™' 1 160 mg-kg ™' ,Cd LA CdCL2.5H,0 FERMMA , +
AL IS PSR R G A L A . kR XA AR X R A R S T, MR B B — 3
HIREAR , FEAL A BC B0 IR BEAL 3 o, BN RN BEARF 3 7, B4 2 vk, BBAES  FRRERIEAN TR 4, IR
FrH ISR RN H E K& 60% —70% . Cd e kb3 60d J5 e A KA FHEHR
1.4 SEZHSHE

G HEIE(P) FEBHR(Tr) SALFEE(Gs) JlE CO,¥EE(Ci) % Ml K FI3& E LI-COR 4=
L1-6400 % #ER G A VR IR (e o W5 B, 38 3 Li-6400CO, HI , i CO, ¥ BE #E 380 wmol -mol ™',
B 27°C , FIXHREE 60% , Y& B B4R S (PAR) #EHI7E 600 wmol m s ™" WUl &AL BEAEARBIEE 3 B2 RIF
Wt R AR 3 Bk, BOFBME . SALFRHIE (Ls) Rt 5 BRES 7K 43 R R (WUE) R AR, Bl Ls =1 -
Ci/Ca'™' (Ca KK CO, YeJE) ;WUE = Pn/ Tr'™ |
1.5 MRERIESEME.

SR FAEE #5 Rk rh 8 1) - 4 R OB (PAM-2000, Walz, Germany ) il i '4 R 901 F 3 1 #5480, SR
Ralph"™™) (7535 , i FB5IE 37 30 min , MEHI G (Fy) TR FOE(F,,) FaBTHN(Fs) R KT(F,")
B/NRH(F,) 5 FIEFIE A F TR R R (qP) AENAEBRE R ZB(NPQ) o ARIE IR THE . 7] AR 5E
I Fo(Fv = Fm - Fo) \PS [l f Kb 2:30R (Fo/Fm) | PS T HETG T (Fo/F,) PS TG RESIIREL R (Fo'/Fm')
PST BRI BETF =R (DPSI = (Fm' - Fs) /Fm') fil F&# 3% ETR(ETR = ®PS T x PAR x0. 5 x
0.84) ¢
1.6 XAEEESENINE

B0 A VR AR R LB A RS v e, SRR 37 752N U SR ARk 6 BE I RE , 45
AbFEMRE 3 MR, EE 3 K
1.7 WA S

U 73 R BB R ) — P20 e B TR — 07, e, VAR 1—2mm’ K/ RESR , BT 2. 5% [ BEF 1%
R [ 5 , IR R UK , Epon812 25 3, LKB B Y 5 HLEGA J1 ) Fr, V) - G Bl BR DL Al - A AR R A
WES ) F JEM-100CX I U35 51 o 5 T WAL F SR B IR SE M 33 R
1.8 Siitar#r

BB s EIR F Microsoft Excel F1 SPSS16. 0 314456 #47, R FIXB B £ & R 401 & F ¥ 5K
[ 22 5 1) . 2 M (SSR KB, P <0..05)
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2 GZR55H
2.1 SLEEA&THEIRZEL
2.1.1 Cd X =M idot G HAR (Pn) FZEE R (Tr) 1200

A AR R BOL A VR ISR S B B8R, L& 3R K, RHEYDOCEERMAKT&, RZIMA . WE
TA AT RVE W, 7 XA EEFAET XA B B ot S BR A B N ER ORBT X (KFE L) BFP AR R
BER Cd e B Frifot A 3R 2 B 2B/, AR X (5 ) Fhe il pi sk 3 vk B2 i 3 o i B 4K, B
RFI N, B Cd M v BE M3 i, BIFREE - P {H#R T 4, 78 40 .80mg-kg ™' 1 160 mg-kg ™' Cd il T, 5"
XFPEEFAER X FEE Pn {451 R % BE 81, 05% 74. 13% 64. 11% 1 50.91% 42.92% 27.60% , BIR, B
XFPEEER R Cd A HE R Bt A s 3 T MR BEA XT3/, JE AP T M B 3%, 2 160 mg-kg ™' kb7, 5~
XAPEE RO A R R IR KPR 2. 20 %5, @ B8, X FIET XFHEE Pn = -0.034x +7.56 (x 2Ny
Cd YR REE ,R* =0.68, P <0. 05) W XFh#E Pn= -0.021x +9. 15(x 2y Cd B9k EE,R* =0.82, P<0.05) ,3
HESLE Cd X AT AE0 XAMH#E B Pn 2K

ZEIBVE A Y UK 73 TR 27K 43 W F 23 7, RRAERFAEY) 45 5B 3 7K i AN, IR FF AR AH R TE A,
R THLER AR IR N B 405 , T EL B 286 A R RSB ARAR R 72 2k i 2 R BB o 28
R IE 1B fin . BEE Cd BaFERE RN , BAp R A BOR IR BE R T R, (B [RIAL BR8] Tr (BT R 3
Ao e Cd T (10 .20mg-kg ™) , 5%t REAH G, IE5 X APEE Tr (HE B3 T, T X8 Tr (5T 1
AEBE;HEMER Cd il T (80.160mg-kg ™), JEH X FEE Tr 8 8.3 T FE Ryt B 46. 05% H133.55% , 5"
XANHE Tr {5 T FE X B 53.75% F148.55% , BIBE, FEARE CAYREEMME T , 5" XA B ZE B B R B
m IR XA
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E1 CdEMETHERE2 MHEMHFNRESERMAEBEE
Fig.1 Net photosynthetic rate( Pn)and transpiration rat( 7r) of two Miscanthus floridulus populations under different Cd treatment

BL: % 447X ; DBS: RE N, H" X5 T [, B A iR b2 SD; RN E ZHILEBAR, FRHARERREREHE P <0. 05;FF

2.1.2 CdMFA I STLGHE (Gs) AT — S ALRIKEE (Ci) BB

Cd M FHE 2 AFRBE A SFL S BRI 2A, B Cd AbFEVEBE OB IPIAIEE Gs 292 F et dh,
R (80mg kg~ 160mg-kg ) Cd B T R0 DXARRESN B H 6 HEEG 41. 519 F132. 509% ; 5" IKFRRESN 51
HXFHRE) 58.65% F 50. 21% , RIIIER KA FHEIERE AT KFEE

2] 2B LAt , ZERIRIVKIE Cd BOAbBE R ™ KRR S ARRE I 1) — S Pk 1 2 9L R R 2
T3 T KR BB FE B 0 84 I TVEE , 76 80mg kg ' 1 160mg kg ™' Cd it T, Ci 1 BEWEAE , 4510
KFEEG 57. 14% F1 53. 65% ; T4 X FRRERY Ci (EAEEYK B (10mg ke ™'l 20mg - kg~ ) ALBEAT B2 T+ (P <
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0.05) , v B ¥ BEFil g ¥ BE AL A — 5 TR, 76 Cd ¥RBE Dl 160mg-kg ™' i Ci fE g% R 72. 28% . KB Cd b
EXFHES XA RE Ci R MR BT KT8 X
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B2 CdBEMETHETE2 ANMENFNSILSEMRE _SUBRRE
Fig.2 Stomatal conductance ( Gs) and intercellular CO, concentration ( Ci) of two Miscanthus floridulus populations under different
Cd treatment

2.1.3  Cd X AT Rk 4R R (WUE ) S FLIRHIE (Ls) B2

IK AT FI AR K /N B2 th 78 6 R oL & B3k g . B 3A AT LUE Y, ZEXF AR YR BE Cd
(10mg-kg ' 1 20mg-kg ") ZbFRET , KA F R RIED KA B S5 XA BHERAEE (P >0. 05), MR K
J (80mg-kg ' 1 160mg-kg ') KbFHAT, W R 5 X AP HE B EH TIET RKFHEE(P < 0. 05), XK MIET X FpaE
HIARfb e Sl N [R], FE A DX D ZE AR vk BE b 38K 43 R FH R I i, Bl AL 38 Mk BE A I K T 2 i R B, 7€ 160
mg-kg ' A FR A B AR ; B XA EEK 2 R B AL B K S B3 KR 5 , 78 160mg - kg ™' B ik B B = 7K F
X REREE(P < 0. 05), Jyxf i 150.83% ,

SALBRHINE Ls B Hfila] CO, FIRS CO MBI AL & A A, 60 XAMEE LR HI(ERE Cd AbHYR B
A3 i T B S K (1B 3B) |, T A X A R v B e Bt 8, 76 70 Yk BE (80mig - kg ™' A 160mg- kg ™' ) Kb FR A
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Fig.3 Using efficiency of water( WUE) and stomatal limitation( Ls) in two Miscanthus floridulus populations under different Cd treatment
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AW BREK, B, CdHHET B0 XA IILRGMER B X T XAE, 20 rR, mfi
£ Cd BMREEME T Ls SXTHRRIZ R BE (P <0. 05),

2.2 WREIREHIE

2.2.1 CAdXETEMF Fv/Fm Fo/Fo 1 Fv'/Fm' 550

Fo/Fm B2 PS I B9 KEALSFRR, Fo/Fo W BT PS I I TETG M, Fo'/Fm' [ BRI 2 PS T AR
HACFHR, EANTE R R R PRI EESH ™,

G5RRY] L HEE Cd aWRE IS K, Fo/Fm Fo/Fo # Fo'/Fm/ $AR (AN 4) (BT PR T RER
IEREEAIR], 5%t BEAR L, 72 Cd EEEE T (160mg-kg ™" ) BiFhEE Fo/Fm Fo/Fo 1 Fo'/Fm' T [ R Ig D™ X Ff
HE AR :3.75% \10.05% \8. 18% ;LA X514 7. 56% \23.31% \28. 12% o  IXFhE T Mo i B2 B I
ANTIER AR, RITEM SR TOER Cd PHa R EA 25 . Cd MRl T XAFAESED KA R
BHEY Fo/Fm 2 BEIEAHR, X REHE2] T 0. 951 F10. 965, Cd ra i fi 5 t-3k9 XA #E PS 11
Wt RE e AL R AR BE K, PS TN FETE MO 2 ™

0.84 - 45 OBL DBS 08

0.82

by
=}

0.80

»
(9}

0.78

0.76

PS I {iE A& e Fv/Fo
oW
(93 =

PS I #5: K YeAb 2280 FviFm
PS I 5RO R FVIFm'

0.74

0.72
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CahhH¥k i
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B4 CdEMETHERE2 18 PSTRALNFERE Fr/Fm PST KEEEY Fr/Fo SERNALFENE Fv'/Fm'
Fig.4 Effects of different treatments on the PS I maximal photochemical efficiency Fv/Fm, the ratio of variable fluorescence to initial
fluorescence Fv/Fo and the PS 11 effective photochemical efficiency Fv'/Fm'of two Miscanthus floridulus populations under different
Cd treatment

2.2.2 CdXHEFEM F Y gP NPQ W00

HACFIE K ZREL qP H R/ B2 PS IERIHE F 32Kk QA HE AR JFRZS T PS 1T 2 B 0 B FF K
FRBE, HAEMRK, Ui B PS IT BA 5 i TAE TG 1 o fi B SA ATRIA H, Cd e T LA w0 B oP {85
R TGS BEPE T (10mg-kg ™ I 20mg-kg ") , 53¢ FAAH LL , BiFhBE oP TREIEEAR /NP >0. 05);
B Cd Ma vk BE IR, BiFhBE oP [E35A $KIE BE MIFEMIK , 76 Cd ¥R N 160mg-kg ™ B BB oP 1 T F&H)
WE B4 5 Ry T X R (14.49% ) ,AE0 IXFPRE(31.08% ) , BB XA HEREAR B W BEAR 8K, BB Cd ihiE T
FATPEAER R FREER B PS ISR A O B F-AE 33 5 4 52 B s LK

FEFALF IR R B NPQ BT M IR A O R LA BB B BTE Sk R B 122 o AREBICRT AR A 6 10
R AR, R R PS T 2 B MEENLH . AIn g R, Cd Jha T AR NPQ HYY
T, x4 BRAH G, 78 Cd Jipif T (40.80mg - kg ™' Fl 160mg - kg ™) BiFlEE NPQ LT+ iE BB X AR EE 451 -
11.11% .12.50% .18.05% ;3EH" X FHBEST 5K :2.74% 4.11% 6.85% . W XFPEE NPQ {HI N i g BE s F
Ew X FPHEE (B SB) , REVAEXS THUrESS AR AP EE, PLtEsR 8 XFPEELE Cd JBa B PS TR H O I FF T
R, B T58 SRR 71 R .
2.2.3 CdX}HEIEHH OPSTFI ETR HIENH

OPSTL Al ETR J B T PS I i Fp Uy FE PR A PG 020 SR PRI DL T B SE PRt Ak 27 S B 3803 AT, 15388
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Fig.5 The Photochemical quench(¢P) , and non-photochemical quench( NPQ) of two Miscanthus floridulus populations under different Cd
treatment

HRP, B 6A K 6B FKH FEFE Cd Ba vk B RINGE, 7T RiA#E oPS 1 \ETR ¥ [, HFIF BT M AR
BERA], 5533 BRAR L, 76 Cd ¥R BE (40.80mg - kg ™'l 160mg - kg ™) i3l T, B X ¥ &PS I 1 ETR 4351 T B¢
18. 11% .22. 10% ,24. 05% F1 15. 44% .17.99% .20. 05% ;IEH" X FhEE HPS I F1 ETR 43 5| F K& 30. 77% .
40.38% \51.92% F122.19% .30.86% 47.99% , FAH X Fh#E OPS I Fl ETR T [k (08 B /N FIET- X Fb
B FEMEY,TE Cd BE WK EME (80mg-kg ™' Al 160mg-kg ') T, " X Fh#E OPS Il # ETR {65 H A4k
HEZFAEE(P>0. 05), MR XKFp#E OPS I Al ETR {HW] 5 HAb b P A 22 57 8 3 (P <0. 05)
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Fig. 6 The PS 11 actual photochemical efficiency and the acyclic electron transfer rate of two Miscanthus floridulus populations under
different Cd treatment

2.3 CdMRFEH G BEREENZR

JeE BRI SRR SR R E AR R AL LA AE PSIL\PS T Z [l i 7 BL Bk e & R ATP 5
NADPH (98!, NS & 1R o 20 BE3R 8T A R e /e R B W RIHDOE SRR TR, G
EREBME™ . K2 PR, Cd MEFEN ARG AR S RIEAE Cd WERME N AR, 57X
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FHBEAE Cd IRV BE (10mg kg ™' 1 20mg-kg ' ) 38 B, . Chla Chlb i Chl )& B HIZEHI S MR SRR B
A RSN WA XFhREREE Cd WBERITHR, Chla Chlb & Chl F& BHIZRI S bR, JF AL
MR SR — B, WIFNEERY Chla/b HBE Cd ¥ BER AT/ o 7E Cd 1o ¥ BE 80mg - kg ™' 1 160mg - kg ™ fiy
B, B X AR Chla,Chlb & Chl & B WSS TARF XA, 27 B3 (P <0. 05),

F2 CAPETEFTEHRAAGEBRSE (M £ hrfEE)
Table 2  Chlorophyll contents ( mean + SD) in Miscanthus floridulus leaves under different Cd treatment

Fpt Cd 4b Pty B Lig=s 43 b M4 a/b ISTIESS 3 K% PR
Population Cd treatm_elnt Chla conf(int Chlb conf(int Chl a/_h1 Total chl ct_)rlltent Car contja:'lt
/(mg-kg™") /(mg-g™") /(mg-g™") /(mg-g™") /(mg-g™") /(mg-g™")
2 R 0 1.32+0.011a 0.76 +0.049a 1.73 £0.156d 2.08 +0.053a 0.42 +0.004a
Boluo population 10 1.26 +0.013ab 0.69 +0.057a 1.82 +0.090cd 1.95 +0.093¢ 0.40 +0.006a
20 1.24 +0.033b 0.53 +0.103b 2.34 £0.472bed 1.77 +0.232b 0.38 +0.028b
40 1.12 +0.015¢ 0.44 +0.040b 2.54 £0.181be 1.57 +0.088¢ 0.38 +0.023b
80 1.01 +£0.072d 0.30 +0.082¢ 3.14 £0.523a 1.31 +0.263d 0.33 +0.024¢
160 0.77 +£0.018¢ 0.26 +0.007¢ 3.25 +0.663ab 1.09 +0.253¢ 0.30 +0.035¢
K ILFPEE 0 1.27 £0.027a 0.70 +0.009a 1.78 £0.319¢ 1.98 +0.127a 0.38 +0.016ab
Dabaoshan 10 1.30 +0.012a 0.73 +0.003a 1.81 +0.061c¢ 2.06 +0.034a 0.40 +0.005a
population 20 1.29 +0.010a 0.76 +0.017a 1.85 +0.063¢ 2.12 +0.030a 0.39 +0.006ab
40 1.21 +£0.021b 0.58 +0.043b 2.10 £0.179be 1.95 +0.103b 0.37 +0.012ab
80 1.19 +£0.012b 0.52 +0.081bc 2.28 +0.603ab 1.82 +0.287¢ 0.35 +0.045ab
160 1.16 +0.009¢ 0.46 +0.006¢ 2.52 +0.072a 1.75 +0.050d 0.35 +0.007b

2.4 Cd X FEEmy SRR RIS A A 1 R

MR A R G, FEG A VR FE T B R Al S B 7 A R A B RS TE MR EEE R B LT,
e P 95 P SR 7R A T BR AL T 3h S T HRR S R N i SOD mK B A BA B 7 B B 2R 4k H,0,, Ik
J& H,0, fiE K F 22T AsA-GSH fEFF 2" . E&BnaE R T &k + H,0, M E, H,0, 28 EA
Ak35), ATt Haber-Weiss [ = A B0 JBE SR 22k B B 5, J8 sh AR & 4k, SR AR PR 2R (1, AT 51
AR 45 4 A0 B AR S A B AR AL

XF F PR R R SRS AR R, IE S50 T, BIFNEE A SR (A g i [BTE , Sk L i
FZ1EMT (B 6A, B 6E) . SRTM, B Cd Jih@E KT H3sn , — 3 B ATE 8 &4 T BB 2Rk, FE 4R X
FREERIT SR, BIRPBET AR IS e IR Cd(10mg-kg™") pill T, 2L RARBA 2 (8 6B, [&] 6F) . Thi7E
HEE Cd(40mg-kg ") Bl , JE0" XA B SRR R T B , KB435 H 2 BN 10 % BIR A, 23S
BB FEMSRAC ST B REE R AE TN (ANEAE T REESE) (B 6C) , XURBEAES VM KOLEGE
FIF R B0 X FPREN SRR (0 SME J Bobr 254 Z B M i B B4 — 20, 30k R A F R RERES (A
6G), YEEE Cd(160mg-kg™") il T, A0 XA HE IR E G+ 04000 , ok i B ME T4 3F , B3R 4 i SR i
FEF R =R AR T I (B 6D) s B XA AR R REM K, 12 RGEHES 7 1) & A B8 7R AR AL, 2
R . B 6 FIE H, 7E B RERE Cd ia T , JE0™ KA M-SR (R T8 25 A 540 28 4k 32 B i s e LL ™ DX A
HEREZ,
3 itig

(1) 3R Y+ 3—8 mg/kg & 9.5 mg/kg Cd AWM = EFEMRRA™ . EQRBRHFEHYH—A
BEHEMET EM GRS EARSEERE, ATEayLs, magEERL™ . Ha&RIENEYLE
TER FZEER TGI8 Frik b iR S BERAEM, HE BRI SEY LS 1E KT 15255 % I
%P0, Cd B—FiRESIE(—SH) WELBILE, Cd A5 e H S Z S BMAR, R iR Cd #EA i
Frv-ath)e , SHEAR E SRS ARBURE A H F’' (Zn®" F Mg®", BEIR T M-SR B 454 Fngh e

http ://www. ecologica. cn



296 E oA ¥ W 30 %

E7 CdREMEXEHEFANFEMFHREBREGNZE
Fig.7 Effects of different Cd treatment on chloroplast ultrastructure of two Miscanthus floridulus populations

A= Do ARG DRI BEN -2k A X BSR4, x 80005 B:10mg-kg ™' Cd ALBRJF , -2k fA i) 2 AR 43 Jiv e , > 80005 C :40mg kg ™! Cd 4k
R, HEAAE R , x 100003D:160mg: kg ™' Cd AL BHJS , 44 Py i) HoRL ] J R R0 A T8, SREASN , S (A ™ bl ik , x 100005 E — H:
B KRB A E X BRI 4{A , x 80005 F: 10mg-kg ™! Cd AbFRJT , MR SEA SR FH 5 AT TEIR 54544, x 14000 G :40mg-kg ™' Cd 4b 3
JG , MR i BB UM K , x 140005 H:160mg- kg = Cd KEHHS , MR, 304 LA AR 25 , x 4000

Stobart A K" &\ Ny, M4 3 S BREAR AR : —J2 Cd ikl 4% 3 MR R SR s R T 3 - AR
ME . TEASLEF,Cd BEFMRT LW 355 KRN A KR S &, e XA REE Cd R E (10
mg-kg ™'l 20mg-kg ") AbHERS LR 3R A BA BTN, 7ER Cd (80mg kg ™' I 160mg kg ™" ) AL AT AR .35
TR ERECAET XA R S BR R  XARATRER N X B e R ie ™ A T L AL A
DT Cd MR RHE .

(2) BN E T BRI N A TR AR S O B0 R S R S R S B RRR M SS R R .
Yit SRARNEA — DRI R RS, B BUZ RS A e /NSRBI , BIM KL . 7EIEH HC &R
R R AR Y  AR I G A SRS R UE B, Cd Ml T R AR KRR G R A
PR R RBIRER . I SRRIZAK , SRR R R b K, SUZ IR ZER B | SRR RS . R Bk
He)® Cd X AT i N EEZOEE B RAEEME AR E U™ E R BIRME R, B A K R i 2
HYDEEERRAREST . ALECEERNRKBRN R AREINZ SR X 5T SR 1 e a3
RIFBAZ Cd IR, TR B B D AR KA RS G 8 AR AL B B A i B R (B 1) .
(Rl , B 138 A BUARR™ XA RELE XS B (ot & B R A B 8 T DR, T e AL B U A X P S
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FAEH XA, 0 XARKYAERK TESRBIE P (E 1), TREC & E TEMERERL, ERTESR
YA SRL,

(3) Farquhar 253\ 3, Pn (AR SALBR BN FIAESFLBR BB E K, 24 Pr 0 Ci A 405 AR R, 5 2 )
iU/, B Ls 38 KT, Pn TR R ER M Gs BIHEH, T Pr i T REEH B T 48R ILEE T R . 5B
B, - GR R 5 B E TR EIAR G , SR R BRI BB £ , Bk F 2 HEF ) B , b BB D it
BB AR EN,ERE Cd B FE WIS X AR Pn FREMIFR Ci B BIEAK Ls THE B EERA, M43
TRFBIREEAZ Cd s BIRE AN, IR Cd Bhia T B2 3E0 KA B Pn FEIRH EER K 2SFLIRE,
BFEH AR Cd WA F B Pn BHE— B FEA%, Ci % Ls 550 BEAE EL AR AL R K, T PH 3 2 4 A 45 40 Wl
IR, B2 B SR R B PR , R AR K R A R B ANEE RS Cd A T Pr B 3 B2 i Y 40Ok
B TR ER, IESILREIREE TE/EM. Mo XAREREEHERERE Cd AT Pn AH T T4, R
Bf Ci NFELs FHE , B A Z 2 M0Em , 2 Cd i T BN 50 KA EE Pn FRAK 222 B <AL R
I o

(4) A VR A Yy A P A% O B8 B AR R, T I I 43 2 96 06 45 D 1 ) PP 4% 2 I 5 R 25 1) A
3 AT R T GA VR R R MR AT ST SR R TSN 2 R R, TR I S R POL R A A
A Ve S A B N ERET ™ o SeBIERIR, Fo/Fm BE % 9T 48 7R FREE XY B 38 o 1538 B
G Fo/Fm BT 4074 PSILRS H D34 FIF RS I B 7728, B PS I g e kB g,
EREIRET, Fo/Fm & —A B E 8, Fo/Fm WEE 1 0.8 £47 . e T EM:E" 5 b
B s Sea ™ R Fo/Fm fEREA R I ETRAR . Fo/Fm fET 0. 8 $575 K&
HIA TR A TORRPEE PSR H0ZHY, AR, A0 KR Fo/Fm 376 0.8 24, T
H5 Cd WA EEBAR; AR 36 KA REER Cd R T Fo/Fm B3] 0.7 Z£4 , X B/~ Cd Bt 3Es
XA A VR F IR IE K T X AR

25 PR, A KA RIS ROAVE R R RAE F ZERIE AR & A B 2 3 Cd MR 5B IE™
PR/, BT HAER KRR FIE B AR D5 2 T ok s X B 48 15 Y 3R 58 & A B HUit i@ g /e A
HEL , RIS PR 45 5 X e K E AR K25 Wi2R H 0 15 YL 3R H i TE % AR KR it
T YR MEER NIE, & S1EN SR KK E &k AR BH &Y.
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