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B UZSSHRE (K AR 818) 48, B AR Cd REACE , RAAFEE , IR T AR LIEER T (H L AUKE1L)ESE Cd
A AR RS T B R R . SR E R, 7E 3 me-kg L WRBEACE R, SR HEAA L, BORP - HERA R Cd MRS T
AKFESIT L EEER), K L &84T LS T 6.4%;1M Y Cd ABKEES] 7 mg kg B, BiFp 1 3BEAT P B E I,
HApKFELENT P, SXTEEMLL T RET 13.8%, Cd 7EMRIRBEAKT-(1~3 mg-kg B, BiFp LR A KRS SO AP R A T
W AHTE R K (5~7 mg kg )T, K FEES LR FRIRE S B E T R (P<0.05) A HERAT , Cd BTN ER B, AR
BKE TR+ Cd XKFRE P, A fE B Al b 832 = T 1.
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Effects of Soil Cd on Rice Photosynthetic Characteristics of Flag Leaf and Yield Components Under Two Soil

Types
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Abstract; Increasing attentions have been paid to the food safety along with people’s living improvement. Cd is one of the most deadly heavy

metal to human healthy. Due to unreasonable use and management, a considerable area of farmland soil has been contaminated by Cd. In or—
der to understand the impacts of soil Cd on rice production, a pot culture experiment was conducted with one rice variety of hybrid Indica KU

818 under two soil types(alluvial soil and paddy soil ) in 2008, Nanjing City. Five soil treatment levels(0.1.3.5.7 mg Cd kg™ soil ) were se—

lected with three replicates. The effects of soil Cd on flag leaf photosynthesis, chlorophyll fluorescence characteristics and grain yield compo—

nents were tested in this experiment. The results showed that below the Cd treatment level of 3 mg-kg™, the net photosynthesis rates(P,) of
rice flag leaf significantly increased in the two soil types, and the increment was 6.4% in the alluvial soil. Above the level of 3 mg-kg™, the

values of P, significantly decreased in the two soil types, and the reduction was 13.8% at the level of 7 mg-kg™ compared to the CK in the

paddy soil. Also, below the level of 3 mg-kg'(1~3 mg-kg™), the single spike weight and seed—setting rates of rice slightly reduced relative to

the control, but the reduction was significant compared to the CK when the treatment level increased(5~7 mg-kg™). There were significant

differences in the inhibitory effects of Cd on the P,, SPAD values, and single panicle weight between soil types, significant higher inhibitory

effects existed in the paddy soil. These results suggest that soil Cd may stimulate rice growth under low level, and the mechanism need to fur—
ther study. Moreover, different practices should be executed for crop production with high quality and safety in different field condition due to

the soil condition differences.
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WEEF I Tl = J " HER A i A 25 ARAE<F
REFA, FEARVAESRRENES ARG, &
SR LIBAER Y B, R LE S R AN
R, fE B ANAGERY, R(Cd)R—FH LR FEtaml
WE SR, AT LM ES e AR M, AT e
PRI B, FUABTSERI, Cd Al Rl st
REEK RN OB R GRS BFAVLRE W(PSIDIE
PEEE M AT A SRR SR, A
e & TR R R AP AL, REOKRET &
TR, B, HATA XEER Cd WRFELEE M
ERTIE 28 KSR e A — IR T T,
A AFERAT Cd SRR MTOLAFE K= &
M REREE D Toh, HRR IO AT
BRNHEE AT R 5 T 2R R a9, RS
AR ARG NTERE” AR e, AR SCR
FHPIRSA R B 2R T AT Cd 5 etk Rl &1 -
B AEB FOLNHE AR RS B UG B B,
PUB 7R AN R T KR L& A BRI = B TR v
THESRE Cd RS,

1 #BREF*%

L1 X584

X AEY Dy A2 HIFE K AL 818 (i Bk I3
K17AxR818, J& T = RASHFE) , FE I T e
M A T 137.5 d, BHR NI HE B
o SRS [ 398 - ]kt DX Ay - U975 1 o DX AR 7K
o PR R HOA RS F A8 13 (0~15 em) , T
J5, 1 5 mm FLARHR RIS M RN, BT+
BEREIE 1.000 mm FT 0.149 mm J& i, i 4 HEREA
JRsE B AR RE 20 A F P SRR, HAR Ak
R 1o

® 1 HTRERELER
Table 1 Physical and chemical properties of the tested soils

in the pot experiment

EWLE/  CEC/ BN/

B Cd/ A2 Cd/

ErE S|
if‘%gé:b PH g'kg'l cmol-kg‘l g,kg—l mg'kg_l mg'kg_l
WMt+A 75 26.4 7.23 1.23 0.31 0.027
KFELP 59 30.6 8.53 1.52 0.31 0.032

12 RBigit

B 3 Cd 50K F— R S mg-kg”
BITRS9 BRI M Cd #9773 4440 B
CACL-2.5H,0 B T 58 TOKRLH AR KB B

RAIIMALIE, #E 5 MEKE Cd K¥:0.1.3.5.7 mg-
kg o IR A EAS 25 em 5 30 em AYERLGL, AT
BRI . FA L 8.00 kg, JE 1.72 g JRE \1.42 g 1 B
BRATGFN 1.39 g SALS , /K BE A3 RS Z 5 s
20d,5E 4% Cd AT R, W05 0.03,
0.18.0.49.0.92.1.19 mg-kg™; K&+ 4> 51H 0.03,
0.46.1.07.1.47 3.03 mg-kg™, KWL MREFINSRIMEEE,
TEYDRE A KBRS 30 d INSAE T8k b, S 4 4R
FAH, K AR PR I THE K FLB AL, 44k
5 ANEE . AR T 2008 AEAE R AR R
MRS EEHEAT 6 A 3 BRER,9 A 20 Bk,
1.3 MEHLREFZE

HASECAOK SRR S —B e R
FH S, FZEE Li-COR 2 /A=Y LI-6400 {#1%
KIEAAN, BB EIRAER R 9:00—11:00 WE
KRG RS, B ENE 3 2, BaE
B 3~4 #ko 7E CO, ¥R A (38545 ) mol - mol™, 58Ky
1000 wmol - (m*s)! XA TFMEFHAEE (P).X
LS (G) AR CO, He B (C)HESRAERLHSH,
i, FRAIFIH U-COR AR A 7= )5 LI-6400
MELEMZ =, MESRI . HgE
(SPAD-502 14, H A< ) xg AR -4 2 & i, ZE DU LB
WEFFUFBK, KA RBWSR R , B BRI TR A
1.4 HiEAERZ

Jr 25 MR A SPSS 11.0 #4347, F LSD Bk
W22 5 @& (P<0.05) 6

2 BEREHSH

2.1 SIS e

Bl 1-a.b.d &7, EARF AT, KREHITE
eI A HE(P) RILTE (G) FFE B B R
(T bR —B, i Cd AL3EVR B R R 2
TSR TS, FEWEN 3 mg-kg™ AT,
PG, T, L3R ME, 7E + L H A A b 4R = T
6.4% 15.2%F1 8.8% , KFEL EorAlHeE 6.1%.8.1%
Rl 1.1%; AL3RYEE AR 7 mg kg B, P, G, . T, TS,
WL RET B L BT T 8.1%.27.7%F14.4%,
KRB H&B T THET 13.8%.22.1%F1 6.9%, T
H P..G, T P& Bk 21 2 7K (P<0.05)

Bl 1-c B/~ , 7ERFE AT, 41HE CO, ik
FE(C)WEE 13 Cd AbFRYK FEHE = 1 2 RS 31
FRES . HA, WRED 3 mg-kg BFRAR, B L FIK
FEL TR X BB TR T 1.4%F0 0.8%; FEUE R 7
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S FLFEE Stomatal conductance

0.0
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16¢
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T./wmol s m2+ g7

& A Transpiration rate

1
Cd &
Concentration of Cd/mg-kg™

P

(s AR b STLFHE o MU COLVEIE . RMHEROA ML, PoKRRL, BFERR P R, T,
(a:P,,b:G,,c:C;,d: T,).A; Alluvial soil, P:Paddy soil. Values are means + SE, the same as below.
1 AERE Cd A IEXf KBS K& E B R R
Figure 1 Effects of different Cd levels on photosynthetic characteristics in rice flag leaf

mg-kg™ B, 43 I LU X BRI 2.4%F0 4.8%

RULIMEIRE Cd T, BETHAFSILSE
FFRRE 2R A T 40 a] CO, W, T3 T 0%
AR M AR E Cd ARHF, WA T /KR A <AL
SR FNZR I R, W T A B[R] CO, YRR , AT AR
THEER, BI, PG, .C. T, FEAR[F + R a5 B
Z5 . ML T/KREM P.G..C. T = TR L, i
ALEE Ry 3 mg-keg B, BT P, RAKRE A 1.1 45,
2.2 SIMEESeEEE

M2 A LAE 1, AR HIEIR B AT, K FE
I SEER B 2E R ( Do) AR FREZE Cd AbFRUE ()
FETREAL, EWREIRD] 7 mg kg B, Opy BET
K, W - FUKFE 11 Dy 3 HI LU BT RE T 48%F0
27%(P<0.05), fEikE Cd(1~3 mg-kg )AEHELHT,
IKFE LT B F PR K R (¢ P FIX B E T A B E
FRE Cd(5~7 mg-kg™ )b IRSAAFT, PR+ 4K
qP ¥R E TR, P 7 mg-kg B TR, 55T HE

AL, W FOK RS £ B R 2 3058 B 13.5% Fn
14.2%, AR ZE(NPQIER IR T 24
P REAL PRV B KO T R A, WK RS £ TS
BB ks, PidhHEERMT  AhFE RIS R SR
PSII e KB F S (FF,) 25 A B  (HERRI T
B 5 Ak SEKSE A3 R TR % 7350, T Drars
P THREAR, 8B T ER(ETR)LEE
Cd ¥R BRI T %o RIET , @pse F/F, S57E R 3B
BZEERARE,

2.3 HMHFEESE(SPAD &)

2 %mn, EARIERET, MEESRE Cd
ARFRVER BT, KRB G TS AN B (SPAD
E) ZEIMHBARHET (1~3 mg-kg ) FEWEA THE, T =
W (5~7 mg-kg™ ) LT FERIEE 7E 3 mg kg™ 4bFE
A, SPAD B K FEW FEN 7 mg kg™ B, SPAD {H
MR E R, S0 IRAEL , ¥ KRS A 2 51 F
T 4.7%.6.2% ., B 5, SPAD {HAE 1 KR > [F] 2 FLH



1024 WHFEE AR T HRA T ESE Cd XKFESIM b SRR = B S

201046 A

£ 2 AE Cd B3 GIH 3 S E BT

Table 2 Effects of different Cd levels on fluorescence parameters

in the rice flag leaf

43 Soil Cd D gP NPQ ETR FJF,
A 0 0.51a 0.82a  0.59¢d  82.30a 0.83a
1 0.52a 0.73b 0.39d §2.90a 0.82a

3 0.47ab  0.77ab 0.90¢c  74.70b 0.80a

5 0.40b 0.80a 1.34b 63.90c 0.79a

7 0.27¢ 0.71b 1.89a 54.20d 0.78a

p 0 0.49a 0.79a 1.13ab  78.36a 0.83a
1 0.49a 0.84a 0.78¢ 78.30a 0.83a

3 0.53a 0.81a  0.92bc 84.26a 0.83a

5 0.39b 0.70b 1.27a 62.56b 0.82a

7 036b  0.68b  0.85c 57.13bc  08la
H:F—51H, AR/NG FHEERRTE PO.05 KT LERBE,
TH.

Notes : Values followed by different lowercase leiters within the same

column mean significant differences at 95% level , the same as below.

RS, EAREIEANFUE Cd 2 BKF
F, #3758 F kARG SPAD (A ZLNS & FKFE+ .
24 AETEHRAT Cd WABRSSHERZEHK
RIS

7 3 Won, B L AT KB R E S
LR Cd MR TR, 78 7 mg-keg™ WREKF
T, KAERRE . BRREE B BRERR T 4.1% F1
4.2%, FHM BRE HAFEE S Cd MIRE R BE RAX
(r=-0.92,-0.90), FELKMEIHSEFE 1~3 mg-kg? 4b
HKFTEA T, NAE 5~7 mg-kg ' ALFHKF TN

B oa  mp

A
[\
T

W
=]
T

X4k 2 & & SPAD value
s R
T T

(¥
<

Cd ¥RFE
Concentration of Cd/mg-kg™
B 2 AEREKFE Cd KBS
M43 (SPAD H) 2 EHIRND
Figure 2 Effects of different Cd levels on the relative chlorophyll
content(SPAD value ) in the rice flag leaf

WA TR, (I 22 R IRIBBE EKF, It EEMS
BEREAHE, SRR ETROEE, #7
mg-kg! AEEKSE T IR T 7.0%. KRB LT,
SN K M EMLRER FHEESRE
W B FH R T R, S50 RRAR B, 7 7 mg - kg ZbHIK
SR, BARRE T 28.4% SINHKEEFAFRE b P
eE 2> A8 B E M AR (P<0.05), TkRETE 1~3 mg-
ke KPP TFBSA TR, TE 5~7 mg kg™ /KE T IR A
TR 581280, KR+ F It 55 5 fn sy e gios
WATK . Cd Jlpae Xof 7= BoAs S8 i 52 W 7E 1 3 7 2 ]
EZRUE, W, ¥ EFE T KBRS K5
B P BER AR E IS KRS L, M4 SR MM T
KR+,

R 3 FRTHEEBT Cd MAREHSFAER = EHM RN

Table 3 Effects of different Cd levels on morphological characteristics and yield components of rice in different soil types

A Cd W E Concen—

#m Plant 1K Panicle #HKJE Flag S0 55 Flag  2BEEL Tillers

P Single 4552 Seed—set—

Soil types  tration/mg-kg™ height/cm length/om  leaf length/em  leaf width/em  per plant(N)  panicle weight/g ting rate/%

A 0 115.09a 25.99a 41.21a 1.82a 4.35a 4.32a 80.58a
1 116.35a 26.06a 41.92a 1.98a 3.60b 431a 77.57ab
3 113.36ab 2591a 41.56a 1.83a 3.65b 4.22a 76.52ab
5 113.03ab 25.85a 40.52a 1.81a 3.90ab 4.09a 71.37¢
7 110.35b 25.82a 39.02a 1.72a 3.85ab 4.14a 74.93be
r -0.92° -0.87 -0.85 -0.41 -0.27 -0.90° -0.78

P 0 114.96be 25.36a 41.30a 1.78a 4.26a 4.40a 83.59a
1 118.71ab 25.54a 40.73a 1.96a 3.65b 4.06ab 79.02ab
3 121.45a 25.53a 40.84a 1.77a 3.60b 3.85ab 78.10b
5 116.28ab 24.80ab 39.41b 1.81a 3.80ab 3.74b 78.60b
7 110.05¢ 23.48b 36.27b 1.63a 3.75ab 3.15¢ 76.51b
r -0.52 -0.86 -0.90° -0.67 -0.43 -0.96 -0.81

T RN 0.05 KT 2 LEE,

Notes: “ *”means : Correlation is significant at the 0.05 level (2—tailed ).
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AL Cd ARBHT (1~3 mg-kg™ ) KREAY PTG,
#usA LI, C A TR (I 1),SPAD fiite (K
2), UL R 9 AL AR BE Cd TR E IE
WHDEE T XA AR B TR ERIFT Cdxt
KFERDEE RABAERGE CEAERN S BB
BRZEEM . RHRE Cd ML B T &,
{EFRRFEAMN K CO, Bt A ATHAE, itk € 3
it 2 TR HABTSEERY, IR P, TR
B NMRE, —REAHER, TEZAHE R
FLFLE SALTF B S A S s 55 — 2o RS AL
R, EEZ NS D ADEE M ERP AT
xE, ®ng P, TREZERATREEIFSAFE. W
H, B HEE Cd AbBER (5~7 mg-kg™) AKRFEI - 58
J& .SPAD {H P, FHER B TRERBE, BRIk E
Cd X P, R T —RE BB  FERIHBE Cd AbPH
Ja, KAER B G, B TR, oo (8] 1o XUA,
BRI KRG A e AR AR AR f T AL R
RFT5IRE CO, BRI BrEL, M AR <AL R (0
TR, RuBP SRALRHAT A LSRR 1)
BELEF T CO; YA, AT ST AIE] CO, YR,

Se AR BRI B TR DA BRIR L
ERFEALBT BE L . ASBIFERB, Rk Cd g n] BE
Xf BRI TT AR E o B 5, Cd Mg i Ao
R RFEE(E 2), AR SRERBIEYEE
REFEEVEHBES I — D E R, SPAD fHY
YRS BB U2, RS H KRR
SPAD {E7E = ¥ JE (5~7 mg-kg™ ) AP T I T 1,
HE LR TR E B . M ESEPRITRIA
A, Cd TR TR R BARE BT IR T, i
H ALYy iy (POD) AR A ALY B2 AL R (SOD) T -5 +
HESR G ELRIEMX, B EIE g mE
R E Cd T, SOD i M T, AR AL mas , S2L
P (MDA ) 3 — 25 R 2R, DA T X A8k 2H U8 7 1
Fo ik, FkE Cd R R ek m S = TR
LRIRSERBIR ARG & o A <5 T RETE R 0 [
Z—o BEMEAMR AL 2y PSIT SN H0 L REIR
AN(F22), BRI . UK, FUEE Cd 4R BT
JRAATR (PQ)IE R Z B T R, W T BT
RFPIEEZ S T AR E T IR a1
i, QA BYRALMRMI TOLREHESI ) PSIL BT
T, qP /2B PSILIT LI SO AL L B A2 5

CO, [FI5E I Tl o X LB D asR S e &
LT3 RE 105 , o B e RO R 2B, e A R T
R, 35 Cd Jil T o BRI A3 FIF,. 5K
Protfb2ER PSIL T RE (£ 2). HFA3#ERE ETR
AR (FR 2)H—F, B 5~7 mg-kg ' YREE Cd BT
TP QI A9 FE B SPAD {H P, 3 BERL 4550 R T
K, FBOLA TR BN TR, AR T KRS
HREAER,

Cd X 7K FEFEA A= B R 7= B Jo 1) 3 M) 7 TR — A
ARFEKSE T R FE R R 2 R K, PG, T,
C; D1 SPAD {E%ﬂii@ig$%%7k$§i<{%i , X
A RE 5 AE FHERA T Cd kB BRERRA
Ko KFEL pH (AR 55 (pH=5.94) R T IkAaER
Rkfg, I, 4R Cd 28 HIETP RIAc S L2,
3G N T X 7K RS ol 36 A2 B 5 T 080 - AUk /0, o A
JRGER , T B 44 pH {62 % (pH=7.50), REH
XTE 4R Cd I BN VR R, AT szl 7%
KRG A M ™, b, e Cd WEKET,
TR BR M B 7K 78 1 (pH=5.9 )&% PRt (13 1 (pH=7.5)
XK FE G A B = e i Rl K

4 &g

3 Cd ARPRTE 3 mg- kg™ WK T, W L4 AF
KRR A AR (P,)- 5 X AR LY iR R i,
WEIEN 6.4%; TFE 7 mg-kg™ WRLIKF T, KR L4
T P, 53 IRAR PR R AL, 4 13.8%, Cd AbFEXF7K
TSI G A SRR R AR B IUKRE L 5%
AT RETELE . KRR s Tk, T
SESLAOKRE LW m T 4o TERMEEKE (1~3 mg-
kg )P, INGESRE TR BE , MTE R EAKF (5~
7 mg-kg™ )T, NP3 KE K, MHIF] A Cd MK
e BT B9 7K 8 7K R A 30 AR B 5 i
I ER IR L B,

S 3k :

(1] FhERHT, R B, 2535 2. I Y R824, 6o - B3 AL, 2001,
SUN Tie-heng, ZHOU Qi-xing, LI Pei—jun. Pollution ecology[M]. Bei-
jing: Science Press, 2001.

[2] Foy C D, Chaney R L, White M C. The Physiology of metal toxicity in
plants[J]. Ann Rev Plant Physiol, 1978, 29.511-566.

[3] Kastori R, Petrovic M, Petrovic N. Effects of excess lead, cadmium, cop—
per and zinc on water relations in sunflower[J]. J Plans Nutrition, 1992,
15.:2427-2439.

[4] Siedlecka A, Krupa Z. Interaction between cadmium and iron and its ef—

fects on photosynthetic capacity of primary leaves of Phaseolus vulgaris

[J]. Plani Physiol Biochem, 1996, 34.833-841.



1026 RS AR LA T HSE Cd XKRESIT -G R 2 A =20

201046 A

[5] Baszynski T, Wajda L, Krol M, et al. Photosynthetic activities of cadmi—
um—treated tomato plants[J]. Physiol Plant, 1980, 48:365-370.

[6] Weigel H J. Inhibition of photosynthetic reactions of isolated intact
chloroplasts by cadmium(J]. J Plant Physiol, 1985, 119:179-189.

[7] Krupa Z O, Quist G, Huner N P. The effects of cadmium on photosynthe—
sis of phaseolus vulgaris a fluorescence analysis|J]. Physiol Plant, 1993,
88:626-630.

[8] Parad M N V. Cadmium toxicity and tolerance in vascular plants[J]. En—
vir Exper Botanw, 1996, 35(4) :525-545.

(9] LR, FRHIRY, 2700, 5. 2 P KA 2 MR L+ Cd R
5 23 BoAY LB Al FREER A4, 2008, 27(5) : 1895-1900.
CHENG Yan—jun, GONG Wei—qun, LI Lian—qing, et al. Comparison of
Cd uptake and partitioning in plant tissues by two hybrid rice grown in
two contrasting[J]. Journal of A gro—Environment Science, 2008, 27(5)
1895-1900.

[10] 44T, $BeE, BAE, 5. BUHAXIKRDL A  HERRTO L

FIRER AR T]. H EKFERLE, 2005, 19(4):338-342.

XU Hong—xia, WENG Xiao-yan, MAO Wei-hua, et al. Effects of cad—
mium siress on photosynthesis, chlorophyll fluorescence characteristics
and excitation energy distribution in leaves of rice []]. Chinese J Rice
Science, 2005, 19(4):338-342.

(1] BAHk, Bea0uE, XU v, 5. LR XKALEAE AR L
BT[], R 23, 2005, 19(3):214-218.

GE Cai-lin, LUO Jian—feng, LIU Chong, et al. Effect of heavy metals
on the photosynthesis and photosynthates transformation in rice[]]. Acm
Agriculturae Nudmme Sinica, 2005, 19(3):214-218.

[12] FTPCBH, SROCHE, ZEREIZ, 55, KFETT Cd Wine SR TRAE (LR 521,

[ e 2@ 3], 2008, 4(4):374-378.
KE Qing-ming, LIN Wen-xiong, LIANG Kang—jing, et al. Studies on
rice genotypes tolerant to Cd contamination and their characters of
physio—biochemistry[]]. Chinese A griculiural Science Bulletin, 2008, 4
(4):374-378.

[13] BRHETE, VIR, SRHAE, 45 R RT3 IS et b 3% |
AR AL P RN REE R, 1992, 9(1):1-16.
LIN Shi-qing, XU Chun-hui, ZHANG Qi-de, et al. Some application
of chlorophyll fluorescence kinettes to plant stress physiology phytoe—
cology and agricultural modernization[J]. Chinese Bulletin of Botany,
1992,9(1):1-16.

[14] Dugan 1. Chlorophyll a fluorescence induction[J]. Biochim Biophysiol
Acta, 1999, 1412.1-28.

[15] fa]5% 22, W {-pk, B30, 45, KA L MR RVR B RB ST (1] Rl
HIERD, 1990, 9(4):10-12.

HE Zong-lan, CAO Ren-lin, HUO Wen-—rui, et al. Critical concentra—
tion of cadmium in paddy soil[]]. A gro—environmenzal Proiection, 1990,
9(4):10-12.

[16] 2k 3, XURE, Bk . 3. ) ARSI X ES R T Y0OK H %

i Cu Pb Zn Cd £85 DTPA BIREF BN E X AMFN]. Al
HIERlE R, 2004, 23(6):1110-1114.
LI Yong—tao, LIU Ke—xue, ZHANG Chi, et al. Relationships between
total and DTPA extractable contents of Cu, Pb, Zn, Cd in trace metal
contaminated paddy soils of Dabaoshan, Guangdong[J]. Journal of Agro—
Environment Science, 2004, 23(6):1110-1114.

[17] Markwell J, Osterman J C, Mitchell J L. Calibration of the Minolta
SPAD-502 leaf chlorophyll meter [J]. Photosynth Res, 1995, 46:467—
472.

[18] Comic G, Briantaris J M. Partitioning of photosynthetic electron flow
between CO, and O, reduction in a C; leaf ( Phaseolus vulgaris 1.) at
different CO, concentrations and during drought stress[J]. Plania,
1991, 183:178-184.

[19] Quick W P, Chaves M N, Wendler R, et al. The effect of water stress on
photosynihetic carbon metabolism in four species grown under field
conditions[J]. Plant Cell Environ, 1992, 15.25-35.

[20] Lai A M, Ku S B, Edwards G E. Analysis of inhibition of photosynthesis
due to water stress in the C; species Hordeum vulgate and Vicia faba:
Electron transport, CO, fixation and carboxylation capacity[J]. Photo—
synth Res, 1996, 49 :57-69.

[21] Voigt J, Nagel K, Wrann D. A cadmium tolerant Chlamydomonas mu—
tant strain impaired in photosystem Il activity[J]. Plant Physical, 1998,
153.:566-573.

[22] Pankovic D, Plesnicar M, et al. Effects of nitrogen nutrition on photo—
synthesis in Cd-treated sunflower plants[J]. Ann Bot, 2000, 86.841—
847.

[23] Sage R F. A model describing the regulation of ribulose—1, 5-bisphos—
phate carboxylase, electron transport and triose phosphate use in re —
sponse to light intensity and CO, in G, plants[J]. Plans Physiol, 1990,
94.1728-1734.

[24] Oh S A, Park ] H, Lee G L, et al. Identification of three genetic loci con—
trolling leaf senescence in Arabidopsis thalianalJ]. J Plans, 1997, 12
(3):527-533.

[25] Kitao M, Utsugi H, Kuramoto S, et al. Light—dependent photosynthetic
characteristics indicated by chlorophyll fluorescence in five mangrove
species native to Pohnpei Island, Micronesia[J]. Physiol Plant, 2003,
117.376-382.

[26] {REEEE, TRIST. PEBR 40 B 3 ST — xS AL s AL
TEPERIBEMALT]. A A TAEE IR, 1990(4):30-33.

WU Ze—-tang, ZHANG Gang—yuan. Effects of abscisic acid, cytokinin
and malonaldehyde on superoxide dismutase activity[J]. Plant Physiol—
ogy Communications, 1990, 4.30-33.

[27] Heidrum D, Helga W, Heike H, et al. Changes in D —proteinturnover
and recovery of photosystem Il activity precede accumulation of chloro—
phyll in plants after release from mineral stress[J]. Plant, 1996, 199:
34-42.

[28] Sharkey T D, Badger M R, Caemmerer S, et al. Increased heat sensitiv—
ity of photosynthesis in tobacco plants with reduced rubisico activase
[J]. Photosynth Res, 2001, 67.147-156.

[29] Eriksson J, Oborn I, Jansson G, et al. Factors influencing Cd—content in
crops : Results from Swedish field investigations[J]. Swed J Agric Res,
1996, 26(3):125-133.

[30] McLaughlin M J, Palmer L T, Tiller K G, et al. Increased soil salinity
causes elevated cadmium concentrations in field —grown potato tubers
[J]. J Enwiron Qual, 1994, 23:1013-1018.

[31] Mench M, Baize D, Mocquot B. Cadmium availability to wheat in five
soil series from the Yonne district Burgundy [J]. France Environ Polluz,
1997, 95:93-103.

3218 0, BREAE, BRF, 55 TH-F R ARG PATE T LR
Wit B AR HEROREW[T]. PRRALA2E4R, 2007, 27(2):220-227.
LIAO Ming, CHEN Xue-hua, CHEN Cheng-li, et al. The influence of
lead contamination on soil-microbial activity and community structure
diversity in a soil—greengrocery system[J]. Acta Scientiae Circumstan—
tiae, 2007, 27(2):220-227.



