HYE TR SRLRER 2011,17(2) « 349 -357

Plant Nutrition and Fertilizer Science

58T X 2 o A 1K P R T BB 2R I T
R B SR NO ) B35 Mi

BEH, XDE, FRE, FERL
AR A HE IR S TRHE B , LI R %2 271018)

BE: RHIRITSME NO(SNP R ft4k) 3 50 pmol/L 4 SRTEFH I EMANL , R FVEFREEF Ik, R T ARBER
B R E (S pmol/L F1 50 pmol/L) Rf 7 Ak 4h i A= W) B IR R VG ) AR B IR B8 ' B R S AE W EE ATPase,
H™-PPaseSF D REZE H ARG RV M . S5 RRY 40 R B M E B . BEAL I B i, TR R .
THERIE RS P B AR, Al R B 25 4. SR M 28 X AR 2R 8 W e 1y 322 Wi e i K T i e, LR ik, 50
pmol/ L. 4R 8 (H & SR R AR & BN T 12 £, HRUR B RGN XT R A B IO A , SRR BE BB T 4R B I
B SRA R AL S AR (Pn) AL R (Gs) FIZRBE R (Tr) B2 AR, SRl CO, AR (Ci) BE1g i, RIAN
JESTLIRH . 50 pmol/L 4l SRALHE & PEALH A MR R A H ' ~ATPase Ca’  —~ATPase FIHR R H* —ATPase.,
Ca’*—ATPase fl H* —PPase }&1:; 5 T 5 1 50 pumol/L 34y 4 ¥ i H- W JO i H* - ATPase, Ca’* — ATPase FI
H ™ —PPasefi5 . FRBIAWIIRTI BB R A (5] 72 BE A | 4% Mip 368 9 o oz Bof () RO R L AR ZE 22 57 ) 75 5 00 400 M o
ATPase HIFEIABER , 405 T R F R BEBIR . 100 wmol/ L. SNP AJ D) i & 2 i@ 4 . SR 18 5 By R A 2R
K320, 40 A S Rl i R S T AL B

KR Fh; WA BNE; B A AR

HE4EE: S641.2; 0945.78 SCHRFRIRED: A MERS: 1008 -505X (2011)02 0349 -09

Responses of growth, functional enzyme activity in biomembrane of tomato
seedlings to excessive copper, cadmium and the alleviating effect of
exogenous nitric oxide

CUI Xiu-min, WU Xiao-bin, LI Xiao-yun, LI Xu-hua”
(College of Resources and Environment, Shandong Agricultural University, Taian 271018, China)

Abstract; The effects of the toxicity of copper, cadmium (5 pmol/L and 50 pmol/L) on tomato seedlings growth
and physiological and biochemical characteristics were investigated, using nutrient solution culture in greenhouse in
this study. The testing indices included copper and cadmium contents, root activity, nitrate reductase activity, pho-
tosynthetic characteristics, ATPase and H'—PPase activities in biomembrane. The alleviating effect of exogenous
nitric oxide under copper, cadmium stress was also discussed preliminarily. The results showed that copper, cadmi-
um stress significantly restrained tomato growth. With the increase of stress degree, root activity and nitrate reduc-
tase activity declined dramatically, and the appearance of plant turned into worse. The copper, cadmium stress had
a more severe effect on ion adsorption in roots than in leaves, particularly for copper. Copper stress at 50 pmol/L
increased copper content by 12 times in tomato roots, but had no effect on cadmium content. The cadmium stress
reduced copper absorption. The copper, cadmium siress dramatically decreased net photosynthetic rate (Pn), tran-

spiration rate (Tr), and stomatal conductance ( Gs), while enhanced the intercellular CO, concentration (Ci).
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The copper, cadmium stress (50 pumol/L) also remarkably depressed the activities of H*—ATPase ,Ca’* —~ATPase

in plasma membrane of leaves and roots, and the activities of H*-ATPase . Ca’* —ATPase and H*—PPase in root

vacuolar membrane, indicating the response time and location of function protein of biological membrane to copper

and cadmium stress varied with stress levels. Copper toxicity damaged more on the plasma membrane, while cadmi-

um toxicity injured more on vacuolar membrane. Addition of 100 pmol/L SNP (a NO donor) could significantly al-

leviate the inhibitory effects induced by excessive copper, cadmium, and increased the total absorption of copper

and cadmium.
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Table 1 Effects of Cu, Cd stress on growth of

tomato seedlings

e o B RE H%rm.
Shoot wt. Root wt. Plant height
Treat.
(g/pot,FW)  (g/pot,FW) (em)
CK 24.55+1.58a 9.52+0.93a 20.51+1.43 a
Cul 18.61%2.17b 7.96+1.06b 16.25+1.12b
Cui2 13.87x1.07c¢ 5.07+0.72c¢ 11.77+1.29¢
Cdl  19.13+2.14b 7.65+0.69b 17.38+1.40b
Cd2 14.29x2.83c¢ 4.82+0.65¢ 12.79+1.07 ¢

TE(Note) : [FFIA]FEFRZERIE 5% BEKF Values fol-

lowed by different letters in a column are significant at 5% level.

2.2 FREKRENREGEHEXNEMRSEFEESE
e

AN Cu Bt A 3ERS , F Al AR R Cu
SRYBER T CHRR R, R2FH,5.50
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me/kg, L 2T R AR K

F2 ASEMHEX BN . RS 2RI (mg/ kg, DW)
Table 2 Effects of Cu, Cd stress on the Cu, Cd

contents in tomato seedlings

B2 M )J Leaf % Root
Treat. Cu Cd Cu Cd
CK 14.78 £3.23 ¢ 55.39 £6.27 ¢

Cul 20.53+2.67 b 387.54 £1.58 b

Cu2 29.85+1.58 a 713.96 £1.58 a

Cdl 11.29+2.19 ¢ 2.1720.59 b 62.75£4.55¢ 7.590.72 b

Cd2 9.76+2.35¢c 3.85+0.44a 58.39+3.91 ¢12.880.46 a
H(Note) : FIFIEARSE AR 7 RIRERE 5% BEKF Val-

ues followed by different letters in a column are significant at 5% level.

2.3 FEKREHE.EXIEMLSEIRREHFHE
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FHBRIE I B (NR ) 2 5 S ) RO R (1 PR
B, AT ECHETA T AR R SRR TR, AT IR T /AR, E R
maEDEA A K1 B, BEE Cu LB K
I, F A 7 NR & PEA BT B, 75 50 wmol/L A2
i, BET X, 76 CAWREN S wmol/L ALHN,
NR AT BEE W B R, TP 2l
EARXS T Cu ALBET FEIERZE/N
2.4 AEKREREEXEMSELSHENRME

R 3 AT UL, A R T, WAL R
AL T BEREE AL BV BE B A 2 F I, 2 Cu Cd
W TED 50 wmol/L i E73f BEAH Uk B B E K5 £
Cu.Cd PR, 285 H R B K, 50 pmol/L Cu 4k
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Fig.1 Effect of Cu and Cd on the root activity ( A ) and nitrate reductase activity of the leaves(B)in tomato seedlings
[ (Note) : # EAFFZRFRRZERIE 5% 8. E K Different letters above the bars mean significant at 5% level. ]
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Table 3 Effect of Cu, Cd stress on the photosynthetic parameters of tomato seedlings

gl JEE R Pn PR Tr SALFEE Gs Jfa ] CO, ¥EE Ci
Treatments [ wmol/ (m” - ) ] [ mmol/ (m® - s) ] [ mmol/(m® - s) ] ( pmol/mol )
CK 12.80 +2.42 a 5.63%£0.92 a 163 £8.08 a 218+14.43 a
Cul 8.90+1.85 ab 4.11 +0.79 ab 135 £22.52 ab 256 £17.89 ab
Cu2 4.70+0.35 b 2.57+0.85b 88 +£20.79 b 287 £28.86 b
Cd1 9.20£1.56 ab 3.70 £0. 67 ab 138 £15.59 ab 243 £13. 86 ab
Cd2 6.80x1.21b 3.19£0.74 ab 103 £11.43 b 283 +15.10 b

7 (Note) : [FFIBIRIG AN FRFERZERIE 5% B3E/KT Values followed by different letters in a column are significant at 5% level.
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f& H*-ATPase 1 Ca’*—ATPase 5120

Cu . Cd AbFEXT AL H "~ ATPase T 14 i) 2 i A
Al B2 %HA,5 wmol/L ) Cu ZLEXF M 1 FIAR 5
JR R H' — ATPase 75 P JG Bl B 3 W9, 50 pmol/L Cu
AEPRAE I AR R BT R H '~ ATPase §if 9 F [, 35
BEKF, 50 pmol/L Ky Cd AL PR f i H'
—ATPase JEE T [, 1R R R H* - ATPase 15 14 W
I R A RXB BEKT, 5 Cu LA L
TR /N, 5 H™ - ATPase 1 14 72 1k & % 41
1,5 wmol/L #) Cu. Cd 458 XF 1 F AR 5 5% 8
Ca’*—ATPase JEME LB E &0 ; 50 pumol/L FJ Cu
REFEAET AR R R Ca”* - ATPase [ HE B E T
Ré& , T 50 wmol/L #) Cd 4 BAUA M A R K Ca®' -
ATPase V&1 B2 T %,
2.6 FARREHHE. BEEEMYERQE H -AT-
Pase #1 Ca’**—ATPase & MRS

F3&FE, X FHRAK H' - ATPase,5 pumol/L
) Cu . Cd ALFXTH AR & H '~ ATPase 1 HE5Z MR

AEE, 50 pmol/L Yy Cu ZbFRMEM R WM H' -
ATPase V&R # L, (HIPHIR KRB H' -AT-
Pase {5 % ; 50 wmol/T. [¥] Cd ZbFE XS M- iRy H
—ATPase JEPERA B2, TR R IR H' -AT-
Pase 1 PEDEZ A ME, 5 Cu ZbFHAR L 52 1)
Ko MBI Ca® —ATPase 155 F- R fE
H*—ATPase 24k #AH L, Cu  Cd JihE iR R KM
¥ Ca’*—ATPase ¥ 8 T, Cd b FRH, Cu b T
MR B BE R, TR B W E K,
2.7 AEREMNRE.EBXEMSEREE H -
PPase i& %R M0

5 wmol/L ) Cu ZbHXF I K- AR RIRMEHE H”
—PPase 1§ WA W%, 1M 5 wmol/L f) Cd Ab 3
WEEMMR R H -PPase [FME, 50 wmol/L [
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353

BEFEE: R E A KR REE RS P i S NIR NO B R AR

28

[urog01d “(y.-Swr)/jowr 1]

FhEosed LV - Hgl Ml +f {n
SOAB] UI A)ADOR 9SBJ 1V~ H-d

‘g e
$1001 Ut AYIAIOE 0SB V-, H-d $1001 U KAV 3S8d LY~ BD-d
< . m &) - %////% m

[urog01d “(y.-Swr)/jowr 1]
Fhigt 9S8 LV-, 80 B fu

SOABS[ U A)ANOE 3SEdLV-,BD-d

AbPE Treatments

2 R REMEX BRI AR R R H -ATPase(A,B) 1 Ca’*-ATPase( C,D) iF 8% 1

Fig.2 Effects of Cu, Cd stress on H*~ATPase(A,B) and Ca’*—-ATPase ( C,D) activity

in plasma membrane of tomato leaves and roots
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Fig.3 Effects of Cu, Cd stress on H*~ATPase( A, B) and Ca’*—ATPase(C, D)activities in

vacuolar membrane of tomato leaves and roots

[ (Note) : # EAFFZRFRRZERIE 5% 8. E K Different letters above the bars mean significant at 5% level. ]
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Fig.4 Effects of Cu,Cd stress on H*—PPase activities in vacuolar membrane of tomato leaves and roots
[ (Note) : # EAFFZRFRRZERIE 5% 8. E K Different letters above the bars mean significant at 5% level. ]
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Table 4 Effects of exogenous NO on the growth of tomato seedlings under Cu, Cd stress

s Wb bR E WT e E 3= CILLT e B

Treatments Shoot fresh weight Root fresh weight Shoot height Absorption of Cu Absorption of Cd
(g/pot) (g/pot) (em) (pg/pot) (pg/pot)

CK 26.00£1.69 a 10.05+£1.43 a 21.17 £1.71a 75.63 b 0
Cu 15.83+£2.54 b 5.47+1.18 b 14.37+£1.07 b 52.21d
Cu+S 24.89+£1.07 a 9.15+0.93 a 19.53 £1.43 a 101.25 a
Cu+N 15.17£2.83 b 5.89+0.73 b 13.70£1.40 b 48.50 d
Cu+F 16.35+£2.39b 5.48 £0.98 b 14.53£1.47 b 19.56 ¢
Cu+S+H 17.11£2.70 b 5.25+0.85b 14.97£1.54 b 60.53 ¢
Cd 16.23£2.09 b 5.26+1.58 b 14.17+£1.12 b 10.59 b
Cd+S 23.87+1.46 a 8.87+0.86 a 18.86 +1.33 a 14.61 a
Cd+N 15.52+1.90 b 5.59+0.83 b 14.09£1.28 b 9.52 b
Cd+F 15.67£2.01 b 5.78+0.92 b 13.85+£1.07 b 8.96 b
Cd+S+H 16.63£1.74 b 5.55+0.75b 14.66£1.31 b 9.20 b

¥ (Note) ; [EFIA R FRFRRNZEFE 5% BEKF Values followed by different letters in a column are significant at 5% level.

) e AR AR 2E K, N SNP AR F (Cu + S F1 Cd +
S)YMBEZMF Cu,Cd B8 512 B M IR 8 2 AR
I F B, AR E BN IE KOV BRI NO BB
MIEH(Cu+S+H Fl Cd +S+H) J5,SNP 1 254#
RORWLIHER; (H7E Cu Cd ZEFH A NO (Cu +
N Al Cd + N) B BREAH (Cu +F F Cd +F) FH T
WHCR, NO, & NO )53/ 77 ¥, Na;Fe (CN ) s &
SNP AR B 8 7= 4 , Wi S 6B A4 NO, I
£ FZ NO MIERR Btk AT DL, SNP Bk
HH) NO B SR B E )R Cu Cd X HAMAKE

ARVE A o

AhIR NO EFFHRT A ZE MR R Cu .Cd F &
IR BERER,H Cu Cd BRI E B3 T rE ik
B % FEJE R AR A KRB S TR

3 WeS%ER

HR AR I T R R i S G PR AR AR Ay IR
R B E R AR, A K R, 50 wmol/L
Cu.Cd ZEEHIG s HLA 4 25 T I, S EUE KRB 2
]G VSRS B A1 AR E X
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MR HAR R AR L - ATPase Hii H ' —PPase
k22 B 0] e R M XTI £ 8 B Y LN SRR
Cu . Cd Jpfpi8 #£ 5 B [6] P9 AT REAE VR MK H™ - ATPase
1 H " —PPase & ¥ 32 B4, {6 & & bl 38 B[] 1) 5
K ,H*—ATPase 1 H* -PPase {FIE B F 5 A&
ST A0 B RS O A . AN R, Cu
Cd EEXRAMGFLN F/™E, XERNER
WA T RRBLLTIEES Cu.Cd BT
FH BAK G’ C BFEETHA, LHE
Cu®* (F£2), AL 50 wmol/L fY Cu AbHIE 2
50 pwmol/L Cd AbFH , R 7 A= ¥y & 52 3| i 4 il R BE 34
KT EF(E ),
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B R 4 1 B o e R B R BB AT A
SR HMENO 25 T HAiX E4 8 Cu.Cd fria
fg 2 TR 36 b FE A B, SM i 100
pmol/L SNP 4b 3 {) F AR I 22 MR R Cu.Cd
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