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OB LA BIER(Cucumis melo L) AR, BFSE T U414 N ARV E (0.0.1,0.25.0.35.0.7.1.1.2.2 g- L) BT
R ZHERT 150 mg- kg™ EALAR(CACL-2.5H0) B F MR WRTER . 5REFW, FIMY BB HRER TR R R AR &
H AR 8 (MDA) & & JBLf 1 DA R S AL BRE Y3 5 T TR Sk B 12384k B G M - FEVE BT BRR S iR B
5, AR R P EREENB SRS T ,025 - L 1035 g L B HBREHACE T LB E 2R, SHAKRE K-
RBEP.05);MEFEFE AYR EORSE AR (SOD) i S (POD) it H A E M (CAT) FHi A LR i
£ FFE T REEHE,0.35 g- L @ BRIR S MK L T & B s s MDA RIEE N R I SE TR RS, H 0.35 g- L @il s
ZRKE T ERERM. G6kF , SIBTmMmEENREILT 0.35 g- L7 &, XHRHE T WEURG TG —E/E/, &S F 035 g-
L B, AMUBEE SR T F R, RO e X SR i 53
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Protective Effects of Laminaria Polysaccharide Sulfate on the Cadmium Poisoned Melon Seedlings

PENG Xiang—yong, YU Hui, SHI Lei, KONG Fan-hua

(School of Life Science, Qufu Normal University, Qufu 273165, China)

Abstract: Laminaria polysaccharide sulfate (LPS) prepared in our laboratory was used to spray “2—leavies—1—heart” stage cadmium (Cd)
poisoned melon( Cucumis melo L.) seedlings. Protective effects of LPS levels(0.,0.1,0.25,0.35.0.7.1.1,2.2 g-L*) on the cadmium poisoned
melon seedlings were studied. The results showed that LPS concentration had certain relations with Cd accumulation, the contents of chloro—
phyll, biomass, contents of soluble proteins, content of malonaldehyde (MDA ), membrane permeability, activities of superoxide dismutase
(SOD), peroxidase(POD) and catalase (CAT) in melon seedling leaves and roots. With the LPS concentration increasing, cadmium content
and osmotic potential in melon seedling leaves and roots declined continuously. It was no significant difference between 0.25 gL and 0.35
g+ L' LPS level (P<0.05). Chlorophyll content, biomass accumulation, protein content and the activities of SOD, POD and CAT increased
firstly and then decreased. The values were highest at 0.35 g+ L™ LPS level. MDA content and membrane permeability firstly decreased and
then went upward, and they reached the lowest values at 0.35 g+L™ LPS level. In general, less than 0.35 g+L™ of LPS had some protective
effects on the cadmium poisoned melon seedlings, but did some damage to the melon seedlings above 0.35g+ L™ LPS level instead.
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1.1 ##
“FET—SENF 7 (A A KB A R

W AB BRA R A=, WA TEMHE S : 1209746 ) ; TH & T
M s SALSR (CdCL- 2.5H,0, S A 4l 3 3 b 27350
T o
1.2 Fi&
1.2.1 MR 22 B ORI

TESZ RS RNE Z R HUT B E il
b ASCRBOF AT  BGER I T8, % 1:60 &
BHE LM AZER K, A ZE pH=2.0, @A R 1 h,
4 000 r-min™ B.0> 20 min, FIFRT 10%6) =8 2%
I s 2 RIRFRI 174, SHEINA 3 AR
K, B3R LW, B UT0E ] 95% PRk ¥ 2
WA HIR B
1.2.2 F NG A8 57 B s

FEFREEBTNESIN 150 mg kg™ (1) CdCL-2.5H,0 1
PRI FNRF TR R 12 h, 38T 8 em
(BER)x 10 em(F)EFEN IEHRRE 25 °C,F 3 d
BEVE Hoagland 28 3R R5 3R MK 20 mL, ZE1E7K 30 mL,
RS 3 B S A B R M0 Bl T E A7 Ak
B, 431X 0(CK),0.1,0.25,0.35.0.7.1.1,2.2 g* L' i
LR S SRR, B H 1K, BIK 15 mL, E4;
VEE T d, AL 3 ANER

Sy BRI AR R 0.2 g, 2 BAH 2 SOk
WE T 514818

RS B ER AR ST B ORK SRR, R T
K oPgk, BT, 43 B e - ER A FARFRE , 76 95 CF
AT 15 min, 78 65 CT LT FRE, B4 2 43E D
0.85 mm #iF . R F HNO;-HCIO, JH &, IR F R Bst
JERETHE N B M MR PR I BT &= 7 2

BB R FRE 4 B A B

2R 3R B B I ED: SR A B R e
BERGE ., SRR A RSN A 02,
SIS, FH 723 366 THIAE 663,645,440 nm
WO HTHE MR R S & (mg g 'TW),

A 0 B I RE DY K D RS R TG AR /N B 28

YK phk  BEARIE T, F 105 °CAF 10 min, 70 C T4k
TE{aH, KTHE,

YRR ME MDA 5 B I e SN AR
40 mL WZEK B = fAMT, THRIREHIL L 160
Wemin™ YR HEHRY; 1 h, 1338/5 FH DDS-307 &
FH, SO R P4 P 5 A S BE 2 R (TBA )30
& MDA (pmol g DW ),

RS EWEY: RS S, e 595
nm TEME, RIEAERLITEERRER (ng-g”
FW),

SOD . POD. CAT 75 ¥ 3 R2 0011, SOD 354 % F
NBT Jtfbim ik, DAH NBT Stikid i 50% s /Y
Bk 1 D EERAL, TR EEYS (U-mg'pr); POD
TSP LA RIAR B A 3 EAL IR , R et
F 470 nm AR W SEE, DAE4rBR OD 3 1n0.01 &
SR —ATE s, A RIS 1 (U - mg'pr) ; CAT 7%
PR FH R AR FR PR 2 B 2 (U - mg'premin™)

1.3 #HEAE

FH Excel 2003 & SPSS 10.0 B {4:HE4T 75 2= 40 Hr

LSR #%

2 BEREHSH

21 BERBRSEMESETHASETRENE
YIERME

MR BRI AR R Y R AR 1 AT L
FH,150 mg kg AR, FHRE 4 E a.
b & B REIN A B R 2 W VR (M TR 2 5 BT
JEFRE#aE, Hi 0.35 g- L7 BT IR £k T
TR, A B K R 2 5 B 3 (P<0.05),

HEMFHFRBREZHKTE T, o AR & TR
Fo 150 mg-kg! EALERALBET | BHRAI B A 4 B E
NIRRT R 258 LR TR L
0.35 g-L™ W B ER S WAL B R ik A B &
i, S e AL P He A 22 R | 3 (P<0.05); L 0.25
g L7 i IR A B T IR A B, HY
0.35 g L (IR SN L B E 25, 5
e B A BHGR B S 2 2= F K (P<0.05) o
22 BHERBRESENREE THILYHERSENS
EBRRM

H1R 2 W5, 150 mg kg ' RALIRALET , Fl R 4h
iR AR R R Cd> RFE S B WA A
B2k E TR E TREEYE, MF035g-L1 K
RS ;KT 035 g- L7 KIS, AR id
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Table 1 Effects of LPS on chlorophyll and biomass accumulation of Cd poisoned melon seedlings

W R 2k 4% a & & Chla content/ 4¢3 b & & Chlb content/ A4 2 Biomass content of #3448 Biomass content of
LPS/g-1* mg-g(FW) mg- g (FW) leaf/mg-g(FW) root/mg g (FW)

0 0.8550.005¢ 0.354+0.001e 7.94£0.04¢ 5.73+0.13d

0.1 1.052+0.007d 0.394+0.004d 8.11+0.06d 5.76+0.09d
0.25 1.165+0.008¢ 0.415+0.002¢ 8.30+0.03¢ 6.69+0.09a
0.35 1.375+0.007a 0.460+0.003a 8.75+0.03a 6.51+0.10ab

0.7 1.325+0.011b 0.441+0.003b 8.59+0.04b 6.27+0.10b

1.1 1.211+0.012¢ 0.412+0.002¢ 8.24+0.07¢ 6.12+0.06¢

22 1.178+0.006¢ 0.388+0.001d 7.83+£0.03e 5.32+0.18¢

A RIF R E R KB B EKF (0=0.05), T .

Note: Those different letters indicate significant difference at 5% probability level. The same as below.

R2 BERBRSEXREESE THLH RS ENSERHZN

Table 2 Effects of LPS on Cd content and osmotic potential of Cd poisoned melon seedlings

TR IR i F45 S & Cd content in leaf/  AR4F &1 Cd content in root/ - J BiE# Osmotic potential HIE#EH Osmotic potential
LPS/g-L* e kg (DW) e kg (DW) in leaf/MPa in root/MPa

0 271.7+4.3a 6189.3+17.9a -1.196+0.009f -0.511+0.009f

0.1 265.0+3.5b 5893.3+18.8b -1.239+0.004e -0.542+0.004e

0.25 254.0+£2.1¢ 5745.0£20.2¢ -1.255£0.007de -0.553+0.007de

0.35 245.7£3.5¢ 5732.6+£12.3¢ -1.277+0.007d -0.576+0.006d

0.7 232.7+2.9d 5 608.3x4.4d -1.399+0.009¢ -0.612+0.013¢

1.1 212.0+3.5¢ 5584.3+23.4d -1.48620.017b -0.672+0.009b

2.2 197.7+1.5¢ 5414.3+18.3e -1.579+0.007a -0.708+0.005a

R3 BERBSENRSE THNLH MDA SEMREE IR
Table 3 Effects of LPS on MDA content and membrane permeability of Cd poisoned melon seedlings

WFH R R 2 - MDA & & MDA contentin 8 MDA & MDA content in H-JEZ HE Membrane R BL%E T Membrane
LPS/g-L* leaf/pmol - g( DW) root/pmol - g(DW) permeability in leaf/% permeability in root/%

0 28.30£1.04ab 37.87+0.78b 85.63+0.81a 84.10+1.32ab

0.1 26.63+1.39bc 37.93+0.47b 82.03+1.40b 82.37+0.85bc

0.25 24.17+1.59d 35.37+0.35d 75.93+2.18¢ 76.80+1.30d

0.35 21.63+1.70e 34.60+0.46d 72.53+2.16¢ 68.27+0.91f

0.7 25.20+£0.56¢d 36.20+0.35¢ 72.70£1.81¢ 74.20£1.54¢

1.1 27.60+£0.90bc 37.40+0.40b 81.77+1.88b 81.93x1.64¢

22 29.80+0.40a 38.87+0.31a 87.77+1.21a 85.93+0.45a

IR Cd* BHE MBS ESIPE TR . R
ZHHRE R 0.25 g- L7 #1 0.35 g- L K0, BB EHE
5, HoAth 45 v BE K - a1k 21 i 3 22 5K SE (P<0.05 ),
23 BEHRBSENMEEE TH/N4E MDA &2
FEEMRI R

£33, HRABTREBRZHEKET, AT
MDA & & B EM TR, PEEEENZERAKR,
150 mg-kg™ AT, HURLIEE MDA & 240

JRRE 1 HEE F T BRI S MR R TR 2 BT
REJ5 BT i MDA S8 DL 035 g- 17 BRI
BRAR WK T & Bk, 5 HAMMK BRI 258y
BET R E K (P<0.01); 42 F MDA & B T 1
JE/NF I, 0.35 g LT I BIR MK E T & B
%, {85 025 g+ 17 (P RIR ZHKF LB ZERA
B3, SHMUKY LR B3 (P<0.05), Bil—E
VR UM R 229 T AR R FIAR R R ) MDA 5
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B, 55 T MDA & 27 e i B B A R
RN, R URE TR HE T

150 mg kg™ SALERALTR T, FHJKHT F A XS 5
BIELL 035 g L BT BRI 2K -F T ST BRI,
HAE 0.25~0.7 g L™ (I BLR 2008 7K -0 Rl P4 22 57
AEZE; WRPHMEEIELL 035 ¢- L7 BIFMRE
BEKET & B R AK, 5 HAKF T 87 3% (P<
0.05), ZH R, M HRIRZE ] SRR R T XHER
Ay et v R PR R R AR A
24 BHRBESENEHETHLSHEARSE
ML BEE R RN

x4 1Y MR RRZHKE T, "t A&
A& B3 R RS, 150 mg kg™ SALMALIET , 5t
IRrEE A&’ ESE LA TRES, A E R A
WRRFEARTEILL 035 g L M HER RS
KT R (B, M AT SR 2 K 7E 0.25~
22 L JEREN, RPEEHRREFIKETE 0.25~1.1
g L JEEN, S EREQ RS BERAEE,

13 4.3 5 ATH1, 150 mg- kg™ @ALHRALPE T, B
JR& B LR A AL EE SOD POD Fll CAT i #4742
X BRI B R 2 M BE ) TR 26 ETHE T e

#OIEH L 0.35 g- L7 (I BRER S WK T o o 4
R B ER 28K T, i A v SOD Fi POD &4 2
ERTREL, 1 CAT {EHENIMS . &K F- A SOD
TEPERL 0.25~1.1 g L7 A5 R R 22 A 7K S-S BBl 9 22
FARE, WP 03517507 ¢ L7 W HRRSE
WAKFTFERARE, SHAMKFHRNZS BE
(P<0.05) ; NN Frid AR, FNS) H POD 15
TE 0.35 g- L BT R 2K F B, L5 HoAth
e B K 35 31 i 3 2 7 K (P<0.05) 5 7£0.35 g+ L
0.7 g- L I R R BT, BN o CAT
EHETZ S (BS H ALK A 2 57 8 3 (P<0.05 ).
3 iTig

BB R EE S BT gAY RO SR
T Xof L A0 3 A T, A Tk B IS R A A A ) SOD
POD 1 CAT S5 R LB ATE TR, DATEBRTETER
B 2, SRUFFE R IE B A K s 32— e v BT, 1l
Yt SRR R Bk ARsk FEVR R/ D E P REER,
WA R G2 G T W, 7B A hZR e %
ik, MDA & &7+, BT A E FE, A K
ZEMHI ST AR, RATE MR T

R4 BERBSENEEE THA4EEDRESEMN SOD FEHM

Table 4 Effects of LPS on protein content and SOD activity of Cd poisoned melon seedlings

MRS HERE  EAASE Protein content  ARZFE & Protein content B SOD 3544k SOD activity 4R SOD j&#: SOD activity
LPS/g-L* in leaf/mg- g™ (FW) in root/mg - g (FW ) in leaf/U -mg™(Pr) in root/U*mg™(Pr)

0 16.87+0.20b 5.83+0.15be 1.74+0.02b 27.95+0.42d

0.1 17.13+0.44b 5.93+0.12b 1.75+0.02b 28.13+0.40d

0.25 18.13+0.46ab 6.20+0.25ab 1.92+0.04a 31.11+£0.38¢

0.35 19.40+£0.72a 6.70+0.29a 1.96+0.04a 36.37£0.49a

0.7 19.30+0.32ab 6.57+0.12ab 1.93+0.04a 34.14+0.42ab

1.1 18.33+0.35ab 6.33+0.19ab 1.91+0.04a 32.14+0.24¢

22 17.87+0.18ab 5.97+0.012b 1.81+0.04b 33.67+0.52b

RS BEMBSENEEE T4 & POD 0 CAT AR R0
Table 5 Effects of LPS on POD and CAT activity of Cd poisoned melon seedlings
TR IR it POD 3544 POD activity AR POD & POD activity it CAT 35 CAT activity AR CAT 75 CAT activity
LPS/g-L* in leaf/U-mg™(Pr) in root/U - mg*(Pr) in leaf/U - mg™(Pr) in root/U+-mg(Pr)
0 1.29+0.02¢ 2.78+0.11e 11.17+0.25d 8.8310.11e
0.1 1.48+0.04¢d 3.43+0.13d 12.42+0.18¢ 9.94+0.25d

0.25 1.68+0.04b 5.00+£0.07b 14.11+0.28b 10.28+0.12¢

0.35 1.82+0.05a 5.60+0.10a 16.39+0.26a 11.84+0.12a

0.7 1.54+0.03¢ 4.92+0.03b 15.74+£0.26a 11.40+0.22ab

1.1 1.67+0.03¢ 4.37+0.16¢ 13.78+0.23b 11.18+0.15b

2.2 1.60+0.01be 3.76+0.07d 12.49+0.18¢ 10.89+0.25d
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BMER AN 0.25.50.75.100,150,200 mg +kg™ CdCl,
2.5H,0 B FRRN A KA, KIY CdCL-2.5H,0
IKFAETF 50 mg-kg™ B, MARRVTIER AR (KT 100
mg-kg™ B, FARRI B B MFEFFER; & F 100 mg-
kg™ i, BRI AR KRB H B BB E R b T
FIPE R RS RS FRE T HUNE K0, %
7 150 mg-kg™ CAdCL VRN AR PI R FUE

—Le b A AN A e BB SR RIS R S S R
55000 LUTRE AR B th 40, i iR 208 P 1R
FLEEPA A S S & B IO LT, 3R IR S A I
PRI, X R YRR 5 & B B TR, B4
EWBESY, R REN , SRR SR
JE/NT 0.35 g+ L7 I, W B R 2 KK 9 TR, i
JNSHIAR R A P B8 & AR, VA BRI E Rt v A
PR M , T B A ERRAR 22 8 BB 30 004 , Uk T 4l
o IR, BT R R R T A
ML T AR SES ERE 18R T EH
B, HOmEE IR RS LT, T MDA
TR EEE TR,

ZIRANEIMRIE , A R R R R A - B
RSB RRIE A TS, B R B 3, B BRiE
A A HILRIBE R, MRS TRE , (LR & 5
IR A HEERETE  EMEEEN
LiRE. 2, MG IRIREZ PERE KT 0.35 g- L7 B,
RIS o AR 2 rh i S s T M e R TR RR K
i [E BT, MDA & i KB, it = TR
HE EBEAFRSE T, XTTRER K i mR L hE
WRE R, TN L2 Ui, BEARAE AR R Y 2B
B E, REEMETRREERAE S Cd PR
YER, RO INEE T X ERG i s HAE - 5300, A
I R I, B B RR S WK T, BTAR 2
R B BB, FAR M P IRBOK 4 BB SR A
M, A R BT R R B S
7K, i MDA & & SR R

4 it

GARE ER— W E R R 2T
REE T UG R A KROS5 R AR
T & B LA S BTEAGEEE M, R MDA & & FfE
BV, SGORANAE DB E RN ; FE , W6 R 2 Hhe
T DARRAGRH TGRS B 5, S B A R 1 T Rk
EHE S, RERmE e, FE2WHNIE
LT & A U E R 0.35 g+ L7,
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