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OE . NI B TS Y0 TR RE (Abutilon theophrasti) Y64 5 Ko A K Y 5 W T2 B 48 7% 1R JRR X 405 Jp
I8 GA IS N B T, TER TG Y 4 5 X R S AE W Pl W S IR B R R EE (0,500,1 000, 1 500,
2000 mg - kg") , 0T T AEAFEIRBE RIS Y E T HORR RO HT AR R RS R S M S R DOLRRE S A )
WAL, SRR CYHTREEAE D 000 mg - kg LUF B, G HUR (P,) MARILFE (6,) JefbEseR
(F/F,) M T8 8 R (ETR) M 9 525 41 P, .G F,/F, ETR {HA A B2 (P>0.05) , % W4+
WEE/NT1 000 mg « kg™ IF, TH] JBR (149 Y 5 1 P A 52 2404 47 , A AR 5 09 06 5 35 I BB 7 . 1) R AR ) = 7E 500,
1 000 mg - kg I T A2 ALY 88.6% ,106% , 4 R BE % 1F 5 A= <, 16 W 1] bR 8 08 1 107 45 ¥ e 1 e
MR EE T 1 000 mg - kg BF 7 BRI B350 55 R SO A AR S A RO R SR B, SR AR TS Y X T PR R
A BB R R T o AR AT TS Y - S DI SR 0, 254 TR A IR VR B T G 8 R AR e I R
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Abstract: In order to reveal the effects of Pb stress on the photosynthetic characteristics and growth of Abutilon theo-
phrasti, to reveal the photosynthetic adaptability of A. theophrasii under Pb stress, and to provide potential species for Pb
contaminated soil area, five Pb concentration gradients (0, 200, 500, 1 000, 1 500 mg - kg™ ) were set in the experi-
ment. Pb accumulation, gas exchange parameters, chlorophyll fluorescence characteristics and biomass were analyzed
under different concentrations of Ph stress. The results showed that net photosynthetic rate (P,) and stomatal conduct-
ance (G, ), photochemical efficiency (F,/ F, ), electron transport rate (ETR) of were not significant ( P>0.05). This
indicated that when the Pb concentration was less than 1 000 mg - kg, the activity of the reaction center of A. theo-
phrasti was not affected, and the photosynthetic ability was strong. The biomass of A. theophrasti was 88.6% and 106% of
the blank group under 500, 1 000 mg + kg Pb stress, it could grow normally. A. theophrasti had a adaptability under Ph
stress, and had strong ability of Pb accumulating in polluted areas of Pb. In summary, when the Pb pollution is less than
1 000 mg - kg, A. theophrasti has strong adaptability to Pb stress. A. theophrasti can be used as a potential species for

Pb contaminated areas, according to the actual situation of Pb contaminated soil area, for the characteristics of high effi-

38 &

ciency in the low concentration Pb pollution area.

Key words: Pb pollution, Abutilon theophrasti, photosynthetic index, biomass, Pb accumulation

H AT Tl 225545 2 P & 8, (0 4 [E A 5E 5 YL
PRI ZE SR, T T 8 i X 3 4 4 5 4
JE V5 YL ln) i B ol 28 (™ 4R R4, 20155 =AW T 4
2011) ,3X S H A A= 2 FRBE A 52 10 5 0 (JRI 18 55
2015 ; pe bel 55, 2015) . Horbr, B s de gl g A [
F(ELBIGPLEAPE T R EaAES
15 Y ) HE B s ) R R 4 R 2 — (Li et al,
2014), HET,JFRMMRZ L FIREESIRITYM
WFgEr N )2 R AR S EBOR ) BIV3E i A
Prxof -4 b i 4 R 1Y A S RS LS IR ARG 1
HEEIRHY (Ba R4%,2015; Z#EHH, 2013)
I, BRI SRR 4 R T 7 & AR AL LA L
Gikrd ) SERONCE Y 7/ NiOb ek ia e IO AN )
UTAE O HE 9 36 B AR B 2% F O R (1A AR
2008) , BB FISE(2005) BF 75 A8 A R AW 8 35 K
H 4R Y R DL L AR AR MRS (2015) BF 5T
() AR LT RO 42 | 1) 5 4R 5 i B e bR e o
AR AR T 2 B S A R A R
MY %2 4 R W a5 S8BT R SR T RE,
s PS 6O RO & M B AR b FE A 7R
RS M S TR G E RO S BUE Y R T RE
(Prasad,2004) , &7k 55 (2011 ) BT 0 & 4 )&
TEXFERZEM PS T -2 25 ama I fih & 152 e, 16
AR ZEA003E 5 15 PS I s o7 oo PR B S5 9 e
X B 4 R W R e A T A A

JBiriE 3PS IR HC O T BCAS A 0 2 3, SR K
e, B RAE (2012) BT 5T BB A0 X L <5 T
oM B I 7, A5 BK AR B PS T T Y S
HUAR IR BB I BCR RO G PR AL &
PET5 TR A BRI G T 52 P, BEHEAT IR W AR W)
A, CAUERY Y e RS EmE T
A AVE IR Z 005, T 75 1§ 3 4 . 2 [ ( Haag-
Kerwer et al, 1999) . A] WL AN[GIAE %)%} i 4 @ 1))
B A AR KR IA ]

1] Bk ( Abutilon theophrasti) i —4F 42 U HE AR
PR TEA M) 2 AR A s R HAR
AL (HH I, 2016557 H %,2016) , HAIT, i
A DR G Ja A P 38 X TR RR IO B S 8 A K
R IE, A5 DL N AR 07 RR R A 58 %)
C WL U SERON N ORI R N
B SR OGP K AR W i S R W AN [R] ik
LX) SERONHIENIUEAT AR S = SR N E 5 G S
B VORI S A K B AR FE S R I 48 78 1R RO
i a YRR AR DG G S B RE T, S IZAE YA L
FHT A 40 75 G AR LR 22 AR A |

1 #HEF*

1.1 SEI8& it
SCHS B A Sl K2 AR Y [l S AR A LT B
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FEAR L 0, FH pH THIUE L pH B, 3% R #1 AR Ak 1
5 A ML, (50 PR — BH 86 e EL 6 I A TP 3
FE i S B3R M TN, SR HF-HNO, 75
it = JELF W43 06 6 B 5 T 52 S 6+ Y P Cd
Cr . Cu, 38 g A B AR AG I 45 F an 26 1 o ( fifg
+H,1981) , IS — K/ SC0 %L, F M PR A ok
Behil 5 A~ v BE B BE 5286 + 43 34 (0,500, 1 000,
15002 000 mg - kg') . SEfLSLE+ (T &) BLS
BV FE AR L A e o R - SO () R
IRE), F— IR RR R S 3 4L, PR SE s + % 4 5]
3R (AL S ke) , HE TR A IR
St RS 1 AN H S S
BA (5 BREF,2014) , 1E =W RK2EM Y R TH
11,2016 45 5 %), 226 B S50RH R0 A% TH7 JRR 407 17 A% A
BN A (AR 2 k) 4 LI AR =K A A )
LR LR P BR AR BN [FI A0 R B R A Ak
—3, FLH 60 d J5MlE Mk A A S4,90 d 5
I ERIRR A AR 8 B3 S R e & i

®1 TEMEUER

Physical and chemical properties of soil

Table 1

AOLE 2B 2% 0 #® W

LR pH (Organic TP TN Pb  Cr Cd

tei(t)lillre (lj:/JS()Lt matter) (mg -+ (mg-+ (mg- (mg- (mg-
o (g-kg') kg") kg') kg') kg') kg')

gt 7.02 2.19 311

Common loess

253 48.35 103.12 0.32

1.2 SEZHSE N E

60 d J5i, >R I ( LI-6400XT ) i #5 6 A AL 47
SRASHSELI I E . BB R AE W 20 434l
CO, ¥ FE 400 wmol - mol™, Y38 A1 000 wmol -
m? s RBK SR AP (A R D
FOEAERE(P,) RILTE (G,) R Co, ¥ JE
(C,) FEBH A (T,) (Long et al ,1993) ,
1.3 HERKASHMNE

60 d Ji , >R HI (LI-6400XT) i 1% 2O A 400
AR TR o7 1Y i 2 3R 9O, 45l CO, ik BE Sy 400
pmol « mol” M Z I/l 25 C B A K 78 40 I
N, FHE5IEDSGIE RO (F,) , 45 1 AN Ak

(6 000 wmol + m™ - s, fkihAfE] 4 0.8 s) , Ml
BRI (F,), FERIEHE LA, T8k
(1000 wmol - m? - )R8 MU B A2 75
WOG(F,), B 1 AR Ak 5% (6 000 pmol -
m? - s Bk E R 0.8 ), A3 O6 T ok EEOk
(F,") . KM, R FTIFm 2 B ST 3 s,
MAE T I /NTOCME(F,") o B85 B4 E
10 Y, DGR R ey PS TG & RO A N BTG
FAESE Ak 20 B Ak F S5 /N B R AT AR 56 (F, =
F,-F) 6 FRKRME/NEG2E(F, =F,'-F,),
Stk TR F/F, =(F, ~F,)/F |, W1
Y[ F/F,=(F, -F,)/F,] 6T FFRCE 6 R R oo
MR REHAR RO [ F, /F, = (F,'~F,")/F,"| )
HL AL MR [ ETR=(F,'~F ) /F,' xPARX0.5 X
0.8, 6& A SRS ( PAR) 5595 6 5 8 (bRER S5,
2015 ; Jackson & Ordaz,2011) ,
14 EYMESEKSENNE

90 d Ji , 52 50 7% N 14 S 5 5 AR A EL
L2 K R BRIE B R AR 1) 52 BV | S RS
BE (1 mm) A Bz RO 2 3 A bk oo B, A MR R A
FEMSE 3 Bk AR5 20 mmol - L2 Z DU 21 —
B9 (Na,-EDTA) A4 15 min, 25 BRHS 28 2 1 W Bt 119
s e F 2 B K gk T I BT I A )
T (AR HEAE,2015)
1.5 EYMESEHHNE

HRPE 4 J2 7 35 1 40 T2k 43 IS 4R A 0 1 b
TSR M T HB R AE A S TR AR SR B HINO, -
HCIO, A8k ( B 3+ 1) AT 15 A, R
FHEF W43 Y66 BE 35 ( Pinnacle 900T , PerkinElmer
U JE - WS S0 ) 0 A v ) B A R Y A
(M =), THE & R R B B RAC(ARBR
,2015), HAEAX . EERYU =K TELR
A R A R R B R  R =
R 4 R R A B R 4 R R
1.6 #ES

FH Office 2010 52 56 £ 4 75 47 wiy 3 Ab 34 5 £
SPSS 20.0 X & HE AT B 2 J5 2253 1 LSD ( Least
Significance Difference , fix/Mi 3 22 5545 ) , 255 B 3
P£(P<0.05) ; FIH Origin 8 #E17 &I Z A HIE .
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Table 2 Pb content, enrichment coefficient and transfer coefficient of Pb in different parts of Abutilon theophrasti

. Hb bR A Hu R AR R b | AR R AL b E A R AL . "
JUE BE =] =1 . ¥
H I . Pb content on Pb content under Above-ground Below-ground R R
Pb concentration . . Transfer
kg the ground the ground enrichment enrichment oefficient
(mg - kg (mg - kg") (mg - kg™) coefficient coefficient coethicien
0 12.2+1.22d 30.5+2.21e
500 221.2+8.78¢ 314.8+13.22d 0.442+0.025a 0.628+0.024b 0.706+0.021a
1 000 296.3+6.98b 464.5+11.98¢ 0.296+0.014b 0.464+0.009¢ 0.638+0.010a
1 500 346.1+£15.37a 1180.4+26.57b 0.231+0.022b 0.787+0.015a 0.293+0.019b
2 000 350.6+£19.87a 1278.3+29.36a 0.175+0.012¢ 0.639+0.023b 0.274+0.016b

0 AFE/NG FREFOR A ] 2 % B 2% (P<0.05)

Note ; Different small letters mean significant differences between treatment ( P<0.05).

1000 1500 2000
5 Pb(mg - k)

0 500 1000 1500 2000 0

wn
o
o

Z i A
2000 0 500 1000 1500 2000
% Pb(mg - kg")

58 Pb(ng * kg ")

1 ARG B3R Ak B E] 22 57 3% (P<0.05) , T,
Note: Different small letters mean significant differences between treatment ( P<0.05). The same below.
BT A X TH] R AR 52 45 Y 52 Wil

Fig. 1 Effects of Pb stress on gas exchange of Abutilon theophrasti
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kg™ 41 1l A B G B XA (P>0.05) L,
RTE A EF A NI S R R B E
(P<0.05) , 45k Bk 51 500 mg - kg™ B, 18] JBR
H R AR B IAT 180.4 mg - ke MR T AV B
T I 5 5T 23 BObR #E (1 000 mg - kg™ ), H
H1,2 000 mg - kg HFPRAE T M1 EB R0 ML H A 4
SRR, /R 350,51 278.3 mg - kg, TR
Hby b e A 2R AR A A Uk R G R/ H R A
A R BBE B B R R R B S NS BT TR
WEE 500 mg - kg B, Hb b E £ R BN R
(0.44) M T s £ R BWILH] 0.628, FlHTIK
(BG4 RR % i 2R B 38 T B AIK, #E 500 mg -
ke BIERE T TR RR BA T 0 B Is RECH 0.71,
H O AT FERS R 0~ 500 mg - kg I B4R &
BRI B 22 B 12 05 TR Ty JRR WG SR8 199 %003 b
b 8 A B B 30 TS S B THT PR AT AR 5 A R
Pl I by 1 83 i 4 SR A Y R
2.2 BN ERSEZ RS HAF N

T RIS AR (P,) ML (G,) B
Tk AR AR LB 1A, C)  FEAR I
JEATAL BRI P, G, A D EISIN(P>0.05),
MR BT 000 mg - kg, P, Fl G, {H B E AR
(P<0.05) , 500.1000.1 500 .2 000 mg - kg™ £H 1
BRI P, B AE X 25 F1 A 53 R 107.4% (117.6%
81.4% .70.1% ; G, {H 73 5l 25 FH 41 19 105.3% .
118.2% 73.6% .63.2% , Bl ST IHIE B 3G K, 15 R
ZERB A (T, ) R ME TGS (B 1.B),
500.1 000 mg - kg A FFHEREEFXT T2 AU
AL A (P>0.05) ;1 500.2 000 mg - kg 41y
Tr {8 2 FE T 25 41 (P<0.05) , 439 9 28 4L 1)
82.1% 74.4% ., Mila] CO, Uk & (C,) BBy ok J3E 1) 384
T AR |- FF# #5001 000,1 500,2 000 mg -
kgAY C, B 539 A FZH 9 103.1% ,101.1% |
125.4% ,133.6% ., 1500.2 000 mg - kg 4 C,
{ELARRTZS L34 BH 2 ( P<0.05) .
2.3 AR AR T 4R R S AF R I

JAF R (F,/F,) TR M OGRE R 1L R
fE2ERE MY e KACR, I 2. A 3BT 5 72 5 b
i8R ,500.1 0001 500 mg - kg 41Ky F,/F, FI*F

FEAHAZERARE (P>0.05), 2000 mg « kg’
W F/F, HAMXTA4h 83.6% , 22530 i (P<
0.05) . ULWISLEH AR BEAR T 1 500 mg - kg B,
THIJER 114 47 2R ' e 1 80 52 ) R W 3 vk R A
2 000 mg « kg "W}, F /F, AEJE/IN, i 3R RE O R0
FEAK . WRTETEE (F /F,) WBERARLa A/ S F /F,
AL FAFA AL, ZEA A T ,500 .1 000 mg -+ kg
My F/F, AN TEAAERAHE (P>
0.05),1500.2 000 mg - kg i F /F, {5} 25 A4
H 70.1% ,62.4% , 2 5 1% W 2 (P<0.05) ; BL A 7
1o TR B A 38 R TR S e PS T BV AR T
Z N

Wk e AR ZLR (F,'/F,") 1E 500, 1 000,
1 500 mg - kg MI{EARXT T 25 F AL AR fbf SO . 3
(P>0.05), 445k B35 52 000 mg - kg ' B, F,'/
F AR ZEEMK(P<0.05), X T A4 N
82.6% . ML F1Lidh# A (ETR) S48 6 v Hl» PS
I 76638 B 1 45 40 T B SE T %338, 500,11 000,
1 500.2 000 mg - kg ' 4% ETR {EAXT T2 A4
514 93.3% .96.9% . 74.3% 1 62.9% ; 5y Ik & 15 3
1 500 mg - kg i}, ETR {5 . # MK (P<0.05) , Ot
S E HP O B LS A% 3 AW Tk A
TR LA RRARG , D5 R385
2.4 SREMEX H R E S EMEN NI

THIJBR B 4 S, A ) i K, ke A ) i
R AR W i | AR K e AR LA A [m] e B2 48 Ak
PR A AR R AR b, 2 10 4 DBy S 4 7 % A 5 ) T
Pk, A& 3. A H]%1,500,1 0001 500,2 000 mg -
ke "2 B AR ) A I S ALY 88.6% . 106% |
73.1% .69.6% ., 500 .1 000 mg - kg £H ) A ¥ A1
YT HAZEMHAK(P>0.05),1500,2 000
mg + kg LAY AN TS H AL B E R (P<
0.05) , MM 3551 500 mg - kg™ B, T JBR A0
AYe 2P B ENMEEN, hE 3B i,
THRAE K = B 5 AR Y i T A R SR AL, 8RR
7£500.1 000 mg « kg B YK S ES S A4 %
SR E(P>0.05),1500.2 000 mg - kg B A4
e B A X T2 AL 3 A, 430 69.5%
66.7% . Ui IR E L F 1 500 mg - kg B,
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R I 75 28 3 R (P<0.05)
3 it

BP0 B A% 52 I AR ) 1 25 TP TR R <L T
J& |, 3 52 i 2o A 4E H ( White & Brown, 2010
Vassilev et al,2005) , 7EHTRE 0~1 000 mg - kg
BF X BRI ot AR (P,) RALRE(G,) Al
MR (T )H—ERHEN, W& S0
B R P, BEAR, BTSSR B8 E AT B0 19O
A A U8 B T BR300 B AT A5 1 O A i 32
4 ( Poschenrieder et al, 1989 ), 4 #F ¥k & # i
1 000 mg - ke "B, TR R 7 AL (G,) FIZE [
AR (T)) W T, X0 B AT i 518 T R R
FAALBIFR AT A D CO, IR T, /) R K%,
XA g2 T ROG A R T B 09 5 8 2 — ( Pietrini
et al,2003) , A AF 4 0906 GV A0 sl 55 7% 1
T 3 1) A R e M AR DG | B T 058 1o [ CO,
SALSEHEZE R E] CO, ¥ wit , A 1 & X5
Jilp 38 A5 15 £ ( Barcelo et al, 1986)

Dl N SN & D& i C P ]
PIFEROGRE 19 = Rk 42, 178 33 58 b =3 1 L Bl
SRR BT R SRR ORI B F T A A
YOG EAE RSB SR, B LUl 5O S 80
AR A, KA 7 HE P N R A AR AR IR P B b 38
BF Y P9 AE O B F U L ( Poschenrieder et al,
1989) ,F,/F, AF R ot e % 40 0% m AR B AR B, 78
Toyf B 1532 000 mg - kg I AR 52 B A LA 0
TIVER F,/F, A8 2 AR, X506 52 1 oo (19 PSIT
RGP AR (E SR ,2009) , T OF/F,
{B7E 5001 0001 500 mg - kg™ £ ikia it 25 46 A B
i BB X R PS IR RE R HsieR 52
e 45 55 ( B H RAE,2011)

F,'/F, "R3B 0 B 38 % RE A R AR,
BER Tl T IGEE RO T AR T S 2 e
BB AR BE A TP RR £,/ F, H BE T 38
PR 1 T T AR AR, 0 P o A JRE A 20 6 T RR 1Y B
2 LI IRFE R IR U0k, TG Ak 27 52 BI04 R 1 R
il (Genty et al,1989) , 7E45HIE 60 d &, T JFR HY

ETR {ELF A W FE T v i 5 25 A0, 36 WA A 4
T THIBR Y G B A FH B9 06 BRE L 75 A3 4 B
W, PSIL B H 15388 52 238 7 JH , 7T BE 2 4 a8
T T HRR PSIL AR 3Z 4K QA By GAL 4 34 JE AL
HOBEART PS I PS T AL F A% 38, (45 i Jr %
WA F S B T A% 128 31 38 S I ol Z T, 3 G T B
FERLAIE ZCHICSR , AT HG ik F B 0906 OR 4 6E 1, LA
G T UK O T A O SR O A LA 1 4
T AL Z GEHE— 5 K ROEA R (B R,
2012 ; Kiipper et al,2007) ,,

) 1) o 4 J O e i T R TS G 1 1
HHRE IE W A K B A A, I BB I Y — 2 B I A BE
(Shu et al,2003) , ¥ A 1o B AR K v E T LA
LA S W A 1 A A OIR S TN 32 I 38 ) A AR
(JAH7 % ,2014) . 7EETIK E L1 000 mg - kg
I TR I A= | ok v e T 0 I e 32 190 184 o g
BEREAC, Y E K BA W B mEEN, x5
MO 555 (2014) WFFE N T 10 AR 40 1) A ) 2 i 4
Ay | B ) N2 N R (D o0 R S
B iz FRHRE S G TR TE AR ) & ALY
o3 AT 1 DL LA R 1) Hb B ER R RS 4 Jm nY e )
( Ghnaya et al,2005) , 7£ 500 mg - kg #iHria T,
Hb b RS R A R R BUR K, s R AU .
BEL R I B8 3 0, 1R P R B R EOR T M B B
12 ZR0Z T K AT T JRR A BE 22 1) A 11 45 7 AR S R
Tl I b FR A dz T U A 0 TR RR b
PR R RO RE FAE T, R AR (2005) FAR
BIAF(2015) N0, & R AW o E 5 ALY
RPN IE REGI KT 1, T LU RA &8 T 1% 45t
TE SCHE R AR . A (2011) 76 b 3 G
YA E U sh SRR I B B ik
A LUK — S0 A K R PR AR W R, BT IR RE
JisR I REY . BRI E S 2L —
SEA AN F HRRTE A Wi A ) 55 T A
P, HRRR BB S A0R 5 LR IS R R A K
HRAE H AT T T AT Y 0y PRI O (5,
2014) , 454 T RAEAR MR B2 5 15 A8 S 3003 v Y o
S TTUAE s Qe S ng e W R IS TR RR
55 H At H 4 T i AR R ARG T i — 2P Y IS,
SR MG 5 T AT A B T 0 2 R B S R AR
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(1) Bl v BE A BE I, TR7 RO A B (P,) 1Y
H 2 TH)E B, 42 500 .1 000 mg - kg™ FY il F,
P, AEAHRZS A HA — @ R E R, EaT Ik B
M1000 mg - kg LAR S SGAL2A80R (F /F,) i
FEDC(F /F,) TG H R (ETR) A RBOL
FHE(F,/F,)) FEROCS IR E AR (P>
0.05) , VLB BRZEL 000 mg - kg™ LR 4L F
JNE L A T MR A2 BB A, A AR 5RO A IR
NfRETT

(2) TIRRAE Y (FE) ££ 500 .1 000 mg - kg
Y0 R R as 4 88.6% 106% , 25 I AEAR ¥
H A T R RE 9% IE A4, 0~1 000 mg - kg
S IAED , T JRR AR pt L 3H0 R b R S Y AR R B, B RS
RO, HHRAE A W 35 PR AE Ty T B A
PEB AR H F e DX A5 Y SE BRI, 25 6 1R kR
PTG MR B2 4 V5 Y 18 52 280238 van O R i, THTRR T AR
KT YAE B R

SE .

BAO SD, 1981. Soil agrochemical analysis [ M]. 2nd ed. Beijing:
China Agriculture Press: 29-99. [ i+ H  1981. +3E4£ /b5
Br [M]. 250 JEat: PR AR 29-99.]

BARCELO J, CABOT C, POSCHENREIDER CH, 1986. Cad-
mium induced decrease of water stress resistance in bush
bean plants ( Phaseolus vulgaris L. cv. contender). Effects of
Cd on water potential, relative water content, and cell wall
elasticity [ J]. J Plant Physiol, 125(1, 2) . 17-25.

CHANG QS, ZHANG LX, LIU J, et al, 2016. Dormancy mech-
anism and breaking approaches of Abutilon theophrasti seeds
[J]. J Plant Physiol, 52(6) :967-974. [ %% 1L, #FI&,
Xy, 4, 2016. FRRBR T ORIRALEL K BEIRJs% [1]. A8
YIEBAEAR, 52(6) : 967-974.]

GHNAYA T, NOUAIRI I, SLAMA I, et al, 2005. Cadmium
effects on growth and mineral nutrition of two halophytes; Se-
suvium portulacastrum and Mesembryanthemum crystallinum
[J]. J Plant Physiol, 162: 1133-1140.

GAO L, LI ZQ, LI GC, 2011. Research progress on pro-vitamin
A of maize [J]. Crops, (5): 12—-15. [ ik, 2538, 2H
Fi, 2011, HIEEGE L PEYB RIS (1], Y
2R, (5): 12-15.]

GENTY B, BRIANTAIS JM, BAKER NR, 1989. The relation-

ship between quantum vyield of photosynthetic electron
transport and quenching of chlorophyll fluorescence [ J].
Bba-Gen Subj, 90(1) ; 87-92.

HAAG-KERWER A, SCHFER HJ, HEISS S, et al, 1999, Cad-
mium exposurein Brassica juncea causes a decline in transpi-
ration rate and leaf expansion without effect on photosynthesis
[J].J Exp Bot, 50(341): 1827-1835.

JIA ZM, CHENG H, WEI H, et al, 2012. Photosynthetic Re-
sponses of the riparian Salix variegata to cadmium stress in
Three Gorges Reservoir Region [ J]. Sci Silv Sin, 44(6):
152-158. [ B, fefe, BRL, 2, 2012. —BREX R/
TIRKAEMI RN BC B WAL [1]. Mok Bz, 44(6)
152-158.]

JACKSON B, ORDAZ O, 2011. Genotypic difference in the in-
hibition of photosynthesis and chlorophyll fluorescence by sa-
linity and cadmium stresses in wheat [ J]. J Plant Nutr, 34
(3):315-323.

JIA ZM, WEI H, SUN XC, et al, 2011. Accumulation and to-
lerance of Salix variegate and Pterocarya stenoptera seedlings
to cadmium [J]. Acta Ecol Sin, 31(1): 107-114. [ %%
B, BT, PhBRAL, 25, 2011, FRAEMIFIHRS 4l i %4
BURMM 3228 (1], AEA5R, 31(1) : 107-114.]

KUPPER H, PARAMESWARAN A, LEITENMAIER B, et al,
2007. Cadmium-induced inhibition of photosynthesis and long-
term acclimation to cadmium stress in the hyperaccumulator
Thlaspi caerulescens [J]. New Phytol, 175(4) ; 655-674.

LI Z, MA Z, VANDERKUIJP TJ, et al, 2014. A review of soil
heavy metal pollution from mines in China; pollution and
health risk assessment [ J]. Sci Total Environ, 468-469C .
843-853.

LONG SP, BAKER NR, RAINES CA, 1993. Analyzing the re-
sponses of photosynthetic CO, assimilation to long-term eleva-
tion of atmospheric CO, concentration [J]. J Veg Sci, 104-
105, 33-45.

LIN L, TANG Y, ZHANG JT, et al, 2015. Effects of different
water potentials on leaf gas exchange and chlorophyll fluores-
cence parameters of cucumber during post-flowering growth
stage [J]. Chin J Appl Ecol, 26(7): 2030—-2040. [ MEx,
U, SR, A, 2015, ANJRK FEor EURAE S it A
e N B R PO SH I (1], AR, 26
(7) : 2030-2040. ]

LIN FF, CONG X, HUANG JL, et al, 2014. Resistance of ar-
tificial wetland plants to lead [ J]. Chin J Environ Eng, 8
(6):2329-2334. [ #I7T7, &, BftE, 45, 2014. A
TR 0 B R A R phE [J]. BREE TRk, 8
(6): 2329-2334.]

PRASAD MNV, 2004. Heavy metal stress in plants: from bio-
molecules to ecosystems [ J]. 2nd ed. Berlin: Springer
Press: 148-170.

PIETRINI F, TANNELLI MA, PASQUALINI S, et al,
2003. Interaction of cadmium with glutathione and photosyn-

thesis in developing leaves and chloroplasts of Phragmites



6 HoR A - HERTIN0 X T ROL G Rtk S A P g 2 745

australis (Cav.) Trin. ex Strudel [ J]. J Plant Physiol, 133
(2): 829-837.

POSCHENRIEDER C, GUNSE B, BARCELO J, 1989.
Influence of cadmium on water relations, stomatal resistance-
and abscisic acid content in expanding bean leaves [ J]. J
Plant Physiol, 90(4) : 1365-1371.

QIAN YQ, ZHOU XX, HAN L, et al, 2100. Rapid Light-re-
sponse curves of PSII chlorophyll fluorescence parameters in
leaves of Salix leucopithecia subjected to eadmium-ion stress
[J]. Acta Ecol Sin, 31(20) : 6134-6142. [ ki, J&bE
B, W, AF, 2011 Cd™ BhiE xR 20 PSITM 2R K 98k
S Rz ph £k sz [J]. A2A5254, 31(20) ; 6134-6142.]

QI'Y, GUAN X, YAN B, et al, 2016. Seed germination and
seedling growth of seed from velvetleaf treated by herbicides
[J7. Chin Environ Sci, 36(8) : 2480-2486. [ 5% H , i,
=K, A, 2016, BRACFIX TR TIUBE A 040 H A KA AE
B [T]. HEPRSERNE, 36(8) : 2480-2486.

SUN YY, XU LL, FENG XD, et al, 2015. Biomass, cadmium
accumulation and  chlorophyll fluorescence parameters
response of Ageratum conyzoides to different concentrations of
cadmium stress [ J]. Guihaia, 35(5): 679-684. [ FhwEl [,
RIBEy IGIRZR, 4, 2015, FEFHI TR Yt
SRR VOCSEOS AR A e RL [J]. 7P AEY)
35(5): 679-684. ]

SHU WS, YE ZH, ZHANG ZH, et al, 2003. Restoration of
lead and zinc mine tailings in South China [J]. Act Ecol
Sin, 23(8): 1629-1639.

VASSILEV A, PEREZ-SANZ A, SEMANE B, et al, 2005.
Cadmium accumulation and tolerance of two Salix genotypes
hydrophoniclly grown in presence of cadmium [ J]. J Plant
Nutr, 28(12); 2159-2177.

WU BF, YUAN C, ZHU L, 2011. Characteristics of the ecology
and environment monitoring system of The Three Gorges Pro-
ject [J]. [ RIETT, M8, AR5E, 2011, =Wk TR S5
R RG R (1], KL IE S35, 20(3)
339-346. ]

WU YM, 2013. Patent bibliometric analysis on the remediation
techniques of soil heavy metal pollution [ J]. Ecol & Environ
Sci, 22(5) : 901-904. [ RHMEHE, 2013. P E HIE & Jm 5
QB ST BORRY LR SOk 00T [J]. A SFREE A, 22
(5): 901-904. ]

WEI SH, ZHOU QX, WANG X, 2005. Cadmium-hyperaccumu-
lator Solanum nigrum L. and its accumulating characteristics
[J]. Acta Sci Circumst, 26(3) . 167-171. [ B A1, S
B, R, 2005. R R ) e 2 K HO 4 1 B AR R AE
[J]. R, 26(3) : 167-171.]

WHITE PJ, BROWN PH, 2010, Plant nutrition for sustainable
development and global health [ J]. Ann Bot-London, 105
(7): 1073-1080.

WANG W], LI WX, ZU YG, 2009. Differences in pigments

and chlorophyll fluorescence parameters between stems and

leaves eupatorium adcnophorum under different temperature
treatments [ J]. Acta Ecol Sin, 29(10) ; 5424-5433. [ £
A, CE, HITHI, 2009. 5280 2L 25 R S 4R
PENANRSHON A R T BE A B I 37 22 5 [J]. AR
i, 29(10) ; 5424-5433.]

XU T, WANG F, GUO Q, et al, 2014. Transfer characteristic
and source identification of soil heavy metals from water-
level-fluctuating zone along Xiangxi River, Three-Gorges
Reservoir Area [ J]. Chin J Envir Sci, 35 (4). 1502 -
1508. [ 547, £K, #05ik, 55, 2014, =) X B H
Pl SRR R R R IT R R BRI T ()], BRI
Bl 35(4) ; 1502-1508. ]

YAN TL, ZHONG CR, LIU Q, 2015, et al. Effects of Pb and
Zn on the growth and physiological response of Sesuvium por-
tulacastrum []]. Guihaia, 35(5): 668-672. [ J%4E K, 4]
A, XU, S, 2015, WSR2 R Pb Zn BhA AR
RBEBAEARIRN [J]. ) P5HEH, 35(5) : 668-672.]

YANG QL, WU ZZ, CHEN JL, et al, 2015. Research status of
phytoremediation of heavy metals contaminated soil and pros-
pects of water and fertilizer regulating technology [J]. Ecol
Environ Sci, 24(6) : 1075-1084. [#)i R, Bk, Prahs,
S, 2015, HEMMESE 4 T TG Gl 3 AT 5T BRR S HOKIE
PR IS (1], IR, 24(6) : 1075-1084. ]

YAN Y, LI JP, ZHAO ZG, et al, 2008. Advances in the mech-
anisms of heavy metal tolerance and accumulation in hyperac-
cumualtors [ J]. Guihaia, 28(4): 505-510. [ E#}, Z=#
-, BRI, S, 2008. B R AEAR Y0 G It 52 AR AR
BLAIROBEFSIERE [J]. 7 P9HEY, 28(4) : 505-510.]

YI ZC, HE JB, CHENG H, et al, 2014. Effects of Cd polluted
soil on the modular growth and physiological characteristics of
Pennisetum hydridum [ J]. J Agro-Environ Sci, 33(2) ; 276—
282. [ By R, Bz, FRAE, 4%, 2014, R AT R 1
AR BRI [J]. AN IREERL AR, 33(2)
276-282. ]

ZHOU XL, NIU LY, ZHENG NG, et al, 2015. Effects of two
hydrogen-oxidizing bacterial ( zw-17, zw-35) on Pak chot
growth under heavy metal stress [ J]. Guihaia, 35(5) : 673-
678. [ JARAE, 422, JT I, &, 2015, MikREA LA
T (zw-17, zw-35) X 8 42 J& 8 T H 340 i A K i 52
[J]. TWGHEY, 35(5) : 673-678.]

Z0U CP, CHEN JF, SUN YB, et al, 2015. Experimental study
of cadmium accumulation and migration characteristics of Bi-
dens pilosa L. []]. S Chin Agric, 9(7): 23-26. [ 4BF7F,
Wraxie, PMBERE, 45, 2015. FIAE YL BH RO R B 4R 53T
BAFPERSMSTE (1], BT, 9(7) : 23-26.]

ZHOU H, GUO SR, SHAO HJ, et al, 2014. Effects of iso-
osmotic Ca(NOj;), and NaCl stress on growth and physiologi-
calcharacteristics of cucumber seedlings [ J]. Acta Ecol Sin,
34(7): 1880-1890. [ Ji #7, Witk 5%, #0 & 15, 5%,
2014. %35 NaCl Fl Ca(NO, ), Wi it # 4 A K fn A
SURFPERORAN (1], 2524, 34(7) - 1880-1890.]



