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WEBSARTRRT Cubhia T EREEM 788 (Alternaria tenuis Nees) ST E B Cu TR X GE/ERFBE T )MEB R GEER
FED) S E R ( Trifolium repens L) EHA LB MNE W, SFREXH, FHAFAEWE A bHESEMEBRE, 0~ 1500
mg-kg ' Bf A B3R MDA & BB T oREM A, B BAYR B 00T FH 85 ,2000mg- kg ™' B L AKX TR B4, MDA & BRE{R(E
B FREME, RHABEREHEE BORIBEREMATH, BM Co WEMNTIREE, XM REX SR SRELRE
BB EREL, MBI IELREDIN -0.954" f1 -0.961" " . FEMHAEH G EHF SOD & #£ K% B (0 1 500
mg kg VB FREMA, B ENFEME, EMS POD IEYERE Cu W B ¥ I 5518 /5 W, 500mg- ke ™' ¥R B T B Fh 41 POD i TR #Z R
HOMEEMEET  EERTFREMA, 0~ 1000mg kg™ FHEMA CATEHR TAREMNA, LM Co REMMEHER. 3
AR P EEXT B 38 19 BUBE 5 POD > SOD > CAT, Hi¥REF Cu(2000 mg-kg™ )MMHA T BEMERPBEENZHRITHR T HAES
FrEESERZAMNENFERS  RRTIEMNEHE BRI EABRENE MAEMEFEFE EXMEEREMNER
HESXAERTE, HHABEOEMSHEL, A3 ] HMYE T Cu<2000mg kg BT AE R, B ERREEE KT Ca¥RE
RLESHI7E 1500mg kg™ LA P ;R BE 1 76 Cu 383Kk BE AR AB AL 1500mg- kg ™', % 48 FU B 0 Cu WU EE M8 i R B3 1000mg-keg ™' AT A Ko
MEIACULE FREEE -NEMETERAMGEHEL R,

XA A EHE SRR RSN Cu
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Effects of Alternaria tenuis Nees on physiological and biochemical characteristics of

Trifolium repens L. under Cu stress

LIU Deng-Yi, LI Jing, WANG Xing-Ming, LI Zheng, HUANG Yong-Jie ( College of Life Science , Anhui Normal University , Wuhu 241000,
China) . Acta Ecologica Sinica ,2006,26(5) :1396 ~ 1404.

Abstract: Through pot cultivation experiments of Trifolium repens L under Cu stress, we studied the effects of Alternaria tenuis
Nees on the physiological and biochemical characteristics of two different populations of Trifolium repens L selected from a Cu-
polluted area (marked as population I ) and a non-pollutéd area (marked as population II ). The results showed that with Cu
treatment, the infection of A. tenuis increased leaves’ electric conductivity and MDA content of two populations with Cu

concentrations from 0 ~ 1500mg- kg™’

, while electric conductivity was lower and MDA content higher than that of population I
when Cu concentration was 2000mg - kg™ ' . The infection also decreased chlorophyll and protein contents. In two inoculated
populations, chlorophyll and protein contents declined with the increasing concentration, and chlorophyll content was negatively
related to Cu concentration ( correlation coefficients of population | and [l were - 0.954" and - 0.961" " ). When Cu

concentration was low (0 and 500 mg-kg '), the SOD activity in two populations of inoculated plants was higher than that of non-
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inoculated plants. But when Cu concentration was high the inoculated plants’ SOD activity was lower than that of non-inoculated
plants. Similarly, under low levels of Cu ( < 500mg- kg™') POD activity was higher of inoculated plants than that of non-
inoculated plants. After the increase of Cu concentration POD activity declined rapidly and was lower than that of non-inoculated
plants. Finally, CAT in two inoculated populations was higher than in non-inoculated ones from 0 ~ 1000mg- kg~ ", but lower from
1500mg- kg~ ' in population I , whereas in population I it was lower at 2000mg- kg ™' . The sensibilities of the protective enzyme
also differed from each other according to the Cu stress.The order was POD > SOD > CAT. The results also indicated that under
the stress of a high Cu level(ZOOOmg' kg" ), the decline of antioxidative enzyme acitivities broke the normal balance between
production and elimination of acitive oxygen, resulting in the accumulation of excessive active oxygen which aggravated lipid
peroxidation, thereby causing toxic effects on T. repens.And within the inoculation with A. tenuis ,these toxic effects were more
serious. Population I could subsist within 2000mg-kg ™' Cu in soil, but when infected with A . tenuis the concentration should be
less than 1500 mg-kg ™' .In comparison, population II could subsist within 1500mg- kg~ Cu in soil but within 1000 mg-kg™'
under the stress of Cu together with A . tenuis . However, compared with population [I from the non-polluted area, the T. repens in
population I from the Cu-polluted area showed more resistance to the stress of Cu and A . tenuis .

Key words: Trifolium repens L. ; Alternaria tenuis Nees; enzyme activities; Cu

WEASHF FTHEYOHEERT ZHRETERAR. IREH, ARAYDHBEP RENEENEDR, FE
MY PR ERZE  REENBR A MEBR N SZRERR (IR LR BE EHS)E W, KB
BEFHFIWREENSRBREERE A REEARFEIAYDZAHEEERANERERRERSHRET
FUHX" Y, EER EETEFRMGE T HRERRE, KBEELEWM Cu.Pb.Zn As B3 AT, 3R
FPEEY, HP Co SRERIHRAEEE,XT Cu MHEYHEENHREE AEEY,

EEBRRRET M BRRE AP, SRHEY A LW E ( Trifolium repens L) N FZ -1,
F B8 (Alternaria tenuis Nees) R EEM —FH LR FEEE KU R EBRAFR P SAEHESRENH
HEM, BFAMAERR . ARFRYV SAEHEN B P EEBAEERALE T EFEMYEARE—F
FIAEBELTN, —BERT BREARLATNAXFIHEY , FEFEHYLSER T, IFREE |-
Ft,BERg T EACINGR , B B A R R A MR ALY . HP SH YT A X608 108 S0 Y Is 4L B§ (SOD) |
TEAYEE(POD) W EAEH(CAT) EE R B ¥ EMAMAE"  BXEHRTRELRBRTREHESH
FHYWRGEMEEER.

EFRRERKL AEENT REAMOEMBENGEREME"", MERRYV  EELRIEEK
BT BEWMEERARZREEEE, BHEBERKRM AKEAFRZHELYH, HEEMET BEHERZ
FERAEFLEAEA SN TAMEN AR LRE, AXSHMWETEAR Co RELAHET, F¥HRER
Skm R F(Co S RK)MEHEMM LGB R AT ENE EHER B ERSERAEG A e E
iR, EMBEAAR Co dREMBE T, Cu FRRMEF PR AEWMERPERRESE LS B4 LT, it
FEHEMBEINHERBEMDREE FENHURSREYNR R EETHRREXKE AN HEESR
BERBHET X R EEIURILE RS %,

1 HHS5FHE

1.1 {4t 8t

1.1.1 #EdHEY FFAFWESFIRTEREARLABRFAEY H(Cu FHRX),ICEFMEET ;M ML
(EBERX)CEMETL AKX L ETRENK 1, 2HER—SBRHNEHEAAEREEE AYE
REMHFWEREO O EMEYSE, FHEHRE., TLERAMREK 3em £ 303 BENAELERHTRIRESR.
1.1.2 #EEH SHEEEINELRSBRAEEAARENAERERYT MR Lo BabmE,

1.2 LRI

1.2.1 ZHEIXE UEZBMHAEELEE LR, FRERE 1. XREMBES S Co bHKRE,
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4% %1% 0(CK),500,1000,1500,2000mg kg™ ' (BAZE Cu it) . # CuSO,5SH,0 A EH FKEBREH, BEERE
BRAEKREHHST 20m BT EREREYS . AFEBRZEPRE A, BEEK L 1.5k, A LR 3em KK
HEMEATE. 82 10K, 8MMBRI4KER, BHROEEMR, EUEKIBTRABRAEE . EX1
~2 W, FEE3dic® 1 KEKRKR,

%1 BERHBAREKTFRELRIMEXRER
Table 1 Some physical and properties of the soils of two populations and used for pot experiment

M HHFEOM., HEToal N  EBEToal P S8 Total K BEREC CuE Total Cu
Population ol (g-kg™") (g-kg™") (g-kg™") (g-kg™") (us*cm™" (mg-kg™')
1 8.27 4.83 0.011 4.29 2.15 360.23 872.27
I 7.31 12.7 0.478 3.73 2.83 150.52 25.16
3218 1 4 The soil for experiment 7.26 13.6 0.506 3.26 3.45 134.67 25.46

1.2.2 BRI BEBRENSERTFEZRUM A RIEERHD LRSS 0d WEFHEG HE)H
ALEUEREEKENR, 2508HE] I EFEBRENEFXEKOEDIEMI(+). I(-)AI
(+)I(-). BEMESREEE od GBE, B TRFENEARBIRELER, FLHER 4 K,
1.3 WA B
1.3.1 ARIBRFHEYHSIRGEER SEREXAWFE, BUMGIT . BEEHMENMIERT N 4K
E¥EARKEGE), BUAAGEER: BREHE, NP LBIRGEPEHE, PLRIMNEHARBE RS
BEEGE, R4/ EBREND
1.3.2 HAHAKRBEEENE RAFEMEHR 0.2¢, WRBEH , MARE 20ml BEKM=MAMS, THIRK
L L LL 400 K min™' B3R % EE IR 1h, i IEJ5 A DDS-307 RSP E R FH (psem ™),
1.3.3 MDA KFHlFE AR S 2B (TBA) B I E (pmol - g~ ' FW) !,
1.3.4 HAEXRGEESENE S5REH 0.2 g /MA 80% WA ERRG, RA 7524 BAaXXET,
433 £ 663nm,645nm Fl 440nm B@ﬁjﬁ%g(mg'g-lFW)[m o
1.3.5 BEAFRSEMNE RALIFHEE G250 PREGHME",
1.3.6 SOD FEHME kA A& MM (NBT) & B, Fl A HE X NBT WOt MifER, RSB LI B8k,
pH7 .8 B BR 28 mh ik 2 3000g* min ™' Y3 R 2.0 ML S L 20min REXES I , T 25°C ,40001x B9 Y B8 # 47 K B , 20min J&
W E 560nm AL BN E, BiHE RSN (U ' FW min )",
1.3.7 PODEHME RAX. H.EFEZ I, BEEANH 1 MY ETE 1min WL R EIKRB HHEE
BkRFR(U-g ' FWemin~" )",
1.3.8 CATHEHAE RAREMABTE BEHUSEHMERES lmin A2 H,0, HEFTHERSR (mg/
min)[m]o
1.4 ¥ELH

KA SPSS HAF AT HENT o R FERE HXEREAEE. ERESN 4 KREZYHE,
2 BRESW
2.1 Cu ZbFX B E MBS RGF LR Z A

MNEF2EH, CuMBEMENRGES LEP Cu FBFE X, MBEAKKELBAMY I RGEERAS
BB AEWIEEEK, &K E (1500.2000mg- kg™ ' ) Ab FH 41 A8 4 i 5 B A5 25 4%, 2000mg - kg ™' 20 H 40 M Bk < 3
B, JLFEILEK  BEXA4H  FHREZEE, XTRABEOEME, X BM 500mg-kg™ ' LBAS, M1
K#5F 1,1 1000.1500.2000mg kg™ 'Cu EH ,F# | K{EEBHFF I, TR, KKE Cu MEPEKTH
BAREW BY L Cu RERMNI —-EBE, SXEKTLEHBEEW, FE, B8 uBELAXNEBERE
FMRECABETKEFTEAESRXK,
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22 CuABNEBERTENRGEOENR
Table 2 Effect of Cu treatments on the harm symptom of Trifolium repens L.

P Cu(mg-kg™")
Population 0 500 1000 1500 2000
I EH 4K Normal growth  IEH A Normhal growth  IE A 4 & Normal growth B F 4 F Light injury A5 E Secondary injury

I EEH¥4EK Normal growth IEH K Normal growth RF{4F Light injury HE 5 F Secondary injury  H i F Serious injury

2.2 AR Cu¥EHBETEMEEBEN S EMEH
FB T EE

B 1,5 2000mg- kg™ ' Cu AL BE AN, P9 Fh BE 4 7b 4 1
HESRBETREMA., 1000mg kg™ ' Cu WEE LT T
(+)H I (-)® 54.77% (p <0.05),2000 mg- kg™ 'Ht,
I(+)HI(-)FM23.8%(p<0.05), 1 (+).1
(=)FD(-)MFShewR TR 3] Cu R E M
MR, EEFEMX HEXREDHH 0.9247 |
0.948" #10.940" . II ( +)Ha FZ e Cu ¥ B 1% hn 3¢
KB 1500mg- kg™ ' A B H, B X B 2.94 £5(p <
0.05),2000mg- kg™ B LA B T &, £ 1500mg- kg™ T P&
44.47%(p <0.05), WA PIFFEEH DML, XiCER
BERTESE,7E 0~ 1500mg-kg ', MBI RS FE/NT
FREED , HAEB IR E (1000.1500mg- kg ) THREH EE
EZR8(p<0.05), HA,1500mg-kg 'CulEE N (+)L T
(+) D(-HHI(-)BREFHE32.67%H 18.57%
(p<0.05), M7 2000mg-kg 'Cu WE T, D (+) I
() D(HHEI(-)BBEIRLSFIFEMR 19.03% (p <
0.05)F111.33%, (p <0.05),
23 ARl CuikEMETEMERBENAEMEY
kB RS it E ALK B9 R

BEMEFERWECEEHEGELEYEIRE P,
BREEMERIELTYREN B (MDA). EMKE
RABEIEABRENEREZHERE, AI/ENES
SEABEN—FEFEY . BHBRES Cu 0B P (B
2), EMEHEYK MDA S BB ES TREMHA(p <
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Fig.1 Effect of A. tenuis on electric conductivity of T. repens leaves under
Cu stress

T(-): %8 I KM Non-inoculated of population T ; T ( + )& I

B Inoculated of population I ; 1 ( - ) : F & I K #F Non-inoculated of
population Il 5 T ( + ) : #8¥ Il £/ Inoculated of population H ; [8— B #il
FRAFGRAFFE Cu LBEAMYH HEIFEREE(THE) Values
within the same column followed by different letters are statistically

significantly different among Cu treatments; p < 0.05; the same below
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H2 colria TEBBEXNEEMENF MDA W
Fig.2 Effect of A. tenuis on the MDA content of T. repens leaves under

Cu stress

0.05), 1500mg-kg "B, I (+ )MDASEE I (-)M1.64 5 (p<0.05), I (+)BI(-)FEM1.6915(p <
0.05)s IT(-).I(-)HEHMDA S ENSIE U SELEENREETHE, HERKS N 0.962" 1

0.969" " , X—RLBHE SHMY F B IFREEL—E,

I(+). O(+)H A MDA & EBE Cu lREIINT A, Bl 1500mg-kg™' Cu AL FRET X e {H , 43 HIE H T B
7 2.41 £5.3.03 f5(p <0.05), ) 2000mg-kg 'Cu ¥RE MDA S B X T, BB THE, HHBEHEADLE,
AR E (500mg-kg ' )I (+ ) I (+ ) 10.08% (p <0.05) , 24 Cu ¥ F 1500mg-kg 'ff ,FpEEN L I & 20.48%
(p<0.05), AT  EMEERBAEEHBHLL [ RIESEAKES, HESERETRATENHAE ., I, H
T MDA 5P FAABRB SR RARBEZHERENIER, MARRERAR _ET 80, B
I, XF MDA FIHE FRMAAXEST, B H ZFERBEMHX, HEXRH A 0.861" ",
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2.4 AR Cu¥REMBTEMEBARENAERMENAHFZESENE W

MESAUER BRTABEILI(+)MAHEERSE—HF Cu REMMMEEES, KA 3 ALEMH H &
RaMHBEb.HEEa+b S EBYAEM Cu B ( <500mg-kg™" )G N, B/ BE Cu IR ERIMTREL, BE2 T
BEY FEESES I REESEESRBEMMEX  HXRE LB ERLE 4, FHBEAEHER
B EMSERAENHAHZESENEERTREMNA(p HH/NTF 0.05), XFHEEE R KE (1500
M 2000mg kg™ VERIAM AT . XFFEE I MY, 7 Cu BN 2000mg- kg™ 'Bf , B ERBE X HRE o.M
BREa+b SEREWBNAE, LR BFA S FIFEIK 27.19% (p <0.05) .24.53% (p < 0.05) ; XF TR EE 1 44,
7 Cu VRN 1500mg- kg™ "Bt BEFM L AR B FIH 2 5 T 28.15% (p <0.05) F129.36%(p <0.05) , EFHHA B,
MEMEBRREXHEE b SEMNEWE, ## T 0437 1500 1 2000mg-kg 'Cu IRERHE , B HEAE
FEE 45 T FE 32.30% (p <0.05)F135.09% (p <0.05), & Cu RET ,BMBHLE, LLEMSE, A

IMBREBYF TR, BE CoRBEEN FHIOFHEHRREBERMBBEELX,

23 CoETHRAREAXNAEREHAHERSBOEME (mg-kg™')
Table 3 Effect of A. tenuis on chlorophyll content of T. repens leaves under Cu stress

B X & Content of

Cu ¥

mlairi et I(-) I(+) I¢-) D(+)
“‘f‘ﬁiaChlorophylla 0(CK) 0.8850+0.12a 0.8434 £ 0.09a 0.8769+ 0.09a 0.8439 £ 0.06a
500 0.9096 + 0.09b 0.8543+0.13a 0.8950£0.13a 0.8407 £ 0.11a
1000 0.8656 + 0.04c 0.7852+0.01b 0.7910 £ 0.01b 0.6357 £ 0.01b
1500 0.7809 +0.01d 0.6165 £+ 0.09¢ 0.7514 £ 0.09¢ 0.5398 + 0.01¢
2000 0.7579 £ 0.0le 0.5518 £ 0.01d 0.6874 £+ 0.01d 0.5020 £+ 0.09d
ﬂ‘f‘ﬁibChlorophyll b 0(CK) 0.4850 £ 0.01a 0.4194 £ 0.02a 0.4666 £ 0.09a 0.4456 £ 0.15a
500 0.4872+0.07a 0.4252 £+ 0.09a 0.4761 £ 0.06a 0.4062 + 0.07b
1000 0.4374 £ 0.05b 0.3262 £ 0.13b 0.3963 + 0.03b 0.2572+ 0.04¢
1500 0.3363 £ 0.10c 0.2277 £ 0.06¢ 0.2805 £ 0.06¢ 0.1891 £ 0.01d
2000 0.2479 £ 0.05d 0.2073 £ 0.05¢ 0.2277 £ 0.02d 0.1779 £ 0.03d
HZE a+ b Chlorophyll a+b 0(CK) 1.3516 £ 0.13a 1.2628 £ 0.11a 1.3435+0.17a 1.2895+0.25a
500 1.3968 + 0.16b 1.2795+£0.23a 1.3711 £ 0.13a 1.2470£0.11b
1000 1.3030 £ 0.04c¢ 1.1114 £ 0.13b 1.1872 £0.03b 0.8929+0.07¢c
1500 1.1173 £ 0.12d 0.8442 + 0.15¢ 1.0319+£0.11c 0.7289 £ 0.02d
2000 1.0058 + 0.05e 0.7591 £ 0.06d 0.9151 £ 0.03d 0.6798 £ 0.12¢

24 AFTHMEHAHSRSBS IR CuRERARARE

Table 4 The interrelation among the chlorophyll content of T. repens and Cu concentration

8 Population

W H Item

I(-)

1(+)

I¢-)

O(+)

B4 & a Chlorophyll a
£ & b Chlorophyll b
4 K a+ b Chlorophyll a + b
4 % a Chlorophyll a
# 4 % b Chlorophyll b
M4 % a+ b Chlorophyll a + b
HEK a Chlorophyll a
i 22 & b Chlorophyll b
42K a+ b Chlorophyll a + b
M-4¢ % a Chlorophyll a
42 % b Chiorophyll b
M4 % a+ b Chlorophyll a+ b

[ 35 # Regression equation R

Y= -0.000077X +0.916 -0.909"
Y= -0.00012X +0.521 -0.943"
Y=-0.0002X +1.438 -0.935"
Y= -0.00016X +0.89%4 -0.942°
Y= -0.00012X + 0.446 -0.957"
Y= -0.00029X +1.340 -0.954"
Y= -0.001X +0.905 -0.953"
Y= -0.00013X +0.5041 -0.957"
Y= -0.00024X +1.409 -0.966" "
Y= -0.0002X +0.869 -0.958"
Y= -0.00015X +0.446 -0.960" "
Y= -0.00035X +1.315 -0.961" "

2.5 AR CudkEMETEMERBAMNOTHETFEQARSEHER
AR Co EAET  EMEBRARMAMHOFHENAZEORSERWAR (K 3). BHLERE
MENABEARTBSETREMLE, HEHERERN, ERET,. I(+)S1(-)ZEHEBELR,M
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Pt 1 {U7E 2000mg kg ' WE T EMGRBEMA B ELER , EEKE (500mg-kg™ ) F LI (+) LA Cu &b
H AR AR, Hoft 3 AL AT RS M H o BEJS , B LR Cu WREDM, Bib M A B RS B E T HREYE
I(+) M(-ERRTESERMCuREHBETMX , MXRHTHH -0.965" M1 -0.903" . MFH I H#
YIMB R G EMRIE(p >0.05),

PN A EAR TR, NEMRAT (-) <I(-), HAZERET , XL EHSE, M EAR
FERARMFEL > [, AR, BT, BHERAEMAHRIAYIH FEQAIERWELR, X 50t
FRZUARE -,

2.6 AR Cu¥EMHE T SR AEN B E B0 ; SOD.POD.CAT 3t B W

Cu 38 F , AP EEARFE B X B E R B M )T SOD.POD 1 CAT Bma 435I WA 4. & 5 FiEl 6, KRR
B PO E R M T E S00mg kg™ Cu YRIEET 3 FPEHIE tE 3 Lo Xt US40, BEE Cu WREEM IO, & FREGIE 1
BUAF

100 () =a0() ol(*) ol
£ wlpe b o T ar
ara ] E i ; .
=y 2 =2 300 & <
Eg © § B3 250 - R
B3 40 S ;"2 200 |
NP S 8 20 150 | —— 1) xe [3)
= & 8 3 100
g 20 £ $ e % —— () =&~ I+
M 0 i 8 8 501 1 1 ) 1 )
0 500 1000 1500 2000 @ 0 0 500 1000 1500 2000
Cu R Cu concentration (mg/kg) CudR ¥ Cu concentration (mg/kg)
B3 Colhid THRBEMAEHEHABEOARSTENEH A4 Cofpi THEBBESEEMEN H SOD BHEME W

Fig.3 Effect of A. tenuis on the protein content of T. repens leaves under Fig.4 Effect of A. tenuis on the activities of SOD in T. repens leaves

Cu stress under Cu stress

Bl 4,758 Cu MR, IR BHE RS R T B A0 FZH /Y SOD 5 XK TR R4 , M 72K % & (0 #1500
mg-kg '), BEFMAHKTFREMA, I (-)FII(-)SOD EHAE Cul000mg kg ' BT BB KE,BE TR, 1
(+ )0} SOD {HFE Cu ¥REEIANE] 1500 mg-kg™ 'K B AR F1H, tbXt BN 26.70% (p < 0.05) , Bl J5 & T &,
£ 2000mg kg™ ' BF LL X BELHMK 4.29% . 11 ( + )i SOD {& PEF 500mg- ke ™' B B 35 B B K (E, B /S Bl Cu K FF 3
i R, B 2000mg - kg™ B E X BRI 14.25% (p < 0.05)

Bl 5 R ,Cu b8 T, EFERBER POD EWMENHE ., 500mg-kg ' WE T, R HFEMNA POD KT
RERA, MEMEKET , EFHFHEEMTREMA, H 2000mg- kg ' WER, T (+)HI(-). I(+)KI
(- )IEHS B TR 54.92% (p <0.05).57.33% (p <0.05), EF/G, FFBAEY POD 35 M HIFE Cu PR N %
WA PRI AEE> I, REMHAPOD EHS REEEEHX, HXRBI(-)MI(-)25H
0.958" [0.915" ., HEIXETE, XREMNSE,Fi I ThBEE DT,

MR IEFERMAES, 0~ 1000mg-kg "B, CAT EHH B TRAEMA, BEXMLERLEEH, &
2000mg-kg ' WREEEEFF A CAT HEHEH /P FREFA, X5 POD.SOD ML —B(E 6). I (+)K Cu HE®
IEHZESHFE, B 1500mg-kg BB AE L BE 47.53% (p <0.05) , 85 X RE TR, %k SoD
—BG 0 (+)EHMERKEN T, B Cul000mg kg ' X BB KBS FE Cu PR ERINEERERK. 1(-)
AMI(-)CATWEHERE Cu IRER M B BE RZEH A, B 1500mg-kg ' J5 T B, H S &EBEHEA I PoD B
B, AHAE,Cu AT, EMEBAREE, DE#MEMN 3 FRP BN SRR POD > SOD > CAT,

3 iTig
HERREEYNEESEARYRER. T@XMBRRSHRcERIBOLAERERWERK, EMEEY
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~~ — :.':=-4
E :2?)8 - E 6 F —_— 1) x- I
E 1400 E 5 —h— ne) --a- II(+)_
EE 1200 | WE 4| R S
W§ 1000 |- ok N Settsr”
24 800 Ef
HS 600 |- Do L
400 |- oo
# o1
200 r— #a
2 0 —1 1 L 1 1 0 1 L 1 | J
0 500 1000 1500 2000 g 0 500 1000 1500 2000
Cu ¥ J¥ Cu concentration (mg/kg) © Cu 3R Cu concentration (mg/kg)
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Fig.5 [Effect of A. tenuis on the activities of POD in T. repens leaves  Fig.6 Effect of A. tenuis on the activities of CAT in T. repens leaves

under Cu stress under Cu stress

KEEE, MY EKBRO™, BREYRA BT, EEEREEYHGESRMN SREFRLT
B, ABIRFI(-)50(- ) MHEHZRESBUEN T AHER"MIE, HYERIMEREER , T &i&%
BBIR HBREERZTH, AEERTREERLE LR Co, MEEN™ ., LBRP,(+ ) SEBYBERT
(-) . RABERAANAERMENGELZHAHREEGRERN™ERER. BEBE CuRET . HA % Cu i
BAEENERFE  AMZHENERBEE—SMNE MYNERZIAEE W, W 1(+)HYHHERESE
—HHE Cu 938 TR, ER TR EFEAK FIE u S BE/DTERAIREMNIEB R, BHEEMA
CuS00mg- kg™ ' B, W E B HH MG &X Cu W, M HRBENBA . SBHHIRESRZT IR, ATS
BT,

ZRPHABEAHRSENEMBEREHSEREMU BREE Cu BREHPERK ;M uIRES-SHES S
BEORTHRER, CTRREAAAGRBATE N DNA B2RRE2ZHERNTEARNERY . WEHE
AXFFHYDBEERBET TR ERARNREAEBRERBAENE X EERAR, HBEAREGRE
MEEIB™ . FLREFHAZTAFTSBBRTREMNA, BH S IELTX WA, HH,BE Cu vkBEH N
MEABRBBERIAONE, EHEREENEDEARRBEAXRAENE,

FREEER MY EER ISR — AR XA E2EMAT AR/ BBRESEHS
BRYIREZEEMX, AZRP BB REMARSETAMERE5Z . REHERAHDES. SBHR
FEMY MBS, B ERES R, AT EE SR, LR PEFERBES, 0~ 1500mg kg™’
B, AERAEEER(+)>(-) B CulEH MmN A, XRAEBBERR THARBESH SR ER
WERRE X, AT &Y. MDA S B7E 0~ 1500mg-kg "B AR, BH(+)>(-). BHKE Cu b BfH
YN MDA BERR, EMESAEE T i@ LR R, M MDA S EAMMME RIS T EKFHAS, 5
HRBRARE P AMA R D> S EREK, BERBIE, FHEE BRI, ANTTFBUREEE X, AN S
BEAKBBE, FEBSRUMK AYTEHESE™ . LR MDA SESHABRSREREEF ML @
H—H XL EMWE . F5, Cu2000mg-kg™'BF , B FH MDA BB TREBHERME(+)>(-)BAHEFFAM Cu
MECEUMXFAREARNEYZHAETNER AN, ERERO THYEZRIZ XK THELEKAFEN
CudEM AN, ARBEHEALHARBECSHERR  EHERAEE EEERDAREEDEES
BRI B BB, B0 HMFE T AR, LR R E WY, AT B SRR Faf, EXE™E
FrE T, RN AWt BB BN, =4 MDA & BEFRILA Cu dRELAHE,

EREE ESRET MRBAURGOSHEAT . HYRNRERSAREHETE™ , BHEYE
HABES , SOD.POD #1 CAT A RBYAEN - T ERNEHEERRR, ZE M A-BWILFER, &
HREREY AN A hENTEAY . BEEST . HYEEEE SHEPHLE, k& XRERD H
E, XMBKRLE P Cu W, SOD .CAT.POD ABMERZ —, Cu lEW AR —EBE, FHEES
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BHRE, 2 (RNA K, SFHEOR SR ZHNEHR N BREEE, RN SOD.CATHEE., TR, £
BMAT BHEBRAENHYARWEP RS —CREN BIXITREEDREZIGHGE,

Buonaria ™ AN, R ERRE , BANMBF(REFMTA) K SOD.CAT EHBEARTEEARE, 7 POD
RS, FEEEANEME PODEHEEAS, EEERHR™ . LHFH,S0D.POD M Cu IRE F(+) >
(=), MERKET(+))E®THEAMKT(-), EUXIHETANEER, KKE Cu TP 4 KA {2 HE1E
A HEOKEET  ZREERME AN REZEKEBESHE, ATRERREEFMY 8, NEH R E, R
B, —RIRPBEED LA BESEERERE , ERANEHE LT ARBER . FHYEAZHE, ZRET
BERBER,NEKRE Cu —MHEENAFEMELAKEHELZB K, TBEERKENERHETE, C 2 W%
PRMEANTE. KEEMERRES Y EEENRAEAE KEESHESEURBFRE, BXRER
TPERNEEEERIR(+)<(-), FEAMHERZEEREEMN od KEWEAKN, K RFEECHIBRAF
FHYHFERRALBHENRFERCRRE IFHAKREE), FERBBTEE. MEPBEEEOEAIE
FHEBRMEY, SEHEARERMMEFHRBER , KEFHERTHRPBEEERLREEREKT T
R0 B LR 9d B IS IRE R B BRI S B AR P BRSO L. HEWTEE & B R R X
HHNEAT . ANRPBEEXATFESEITHR, BFATREZHERE, FBARWEE, A KZM, X MaimEEe FaE
H A EENE ERITEAKTE HEE BEORESEZHNEWMES -, WM BE=ZFRPBEAER SR LE
8 T , 8RB 4 POD > SOD > CAT, X H A “CAT X H,0, FMHEK, EERFEY SHYIER T B b=
A H,0, YEFI T 864 BB, A 40 POD Xt H,0, A" HW &0,

ZL BN EEYSEBEMER, LB HAE ] B EMELE LB Cu /K TF 2000mg- kg™ "B 7] 4 77,
ERPFABEEN Co MEMHE , AR LI Co IRERIEHTE 1500mg kg 'R HBIAR— CuIREARE
if 1500mg-kg™ ", FEAR AU A0 Cu SNE B8 B T35 Cu IRE AT 1000mg-kg ' FAEK . LRF,Cu FIFREM
B WNEMET , HHEINBESFEMNASTENTI HEEXE . EOREFES T, R 8L EE B/
FI.AIRMEIEYHIAESNHEE. THPERK THEST X, ELERMA Cu MRS, X3 58 59 i L
HAMN R EREENFEES], B EZ B SEERENER  AKERZRHEEMW, METF Cu Bl
T . HEMEZKREERENIPENEREATABRAARESRBRNXREG S TH BT, U#HE—F
BRCBEET, BFEHENTHRILGE, MUEHRELRIERMAT , BAYUNERIEENIURILERES S,

References:

[ 1] Burdon JJ. Diseases and plant population biology. Cambridge University Press, 1987.
[2] Ericson L&A. Wennstrom. The effect of herbivory on the interaction between the clonal plant Trientalis europaca and its sinut fungus Urocystis trientalis.
Oikos. 1997, 80:107 ~ 111.
] Marvier M A. Parasite impacts on host communities : plant parasitism in a California coastal prairie . Ecology, 1998,79:2616 ~ 2623.
4] LiuDY, Lars Ericson. Effects of an interspecific competition gradient on the interactions between Trifolium repens and its pathogenic rust fungus Uromyces
trifolii-repentis . Acta Phytoecologyica Sinica, 2001,25(3):344 ~ 350.
[ 51 Thrall PH, Godfree R, Burdon JJ. Influence of spatial structure on pathogen colonization and extinction: a test using an experimental metapopulation. Plant
Pathology, 2003, 52(3): 350 ~ 361.
[6] Wang S H,Yang Z M, Xu L L. Mechanisms of copper toxicity and resistance of plants. Ecology and Environment, 2003,12(3) :336 ~ 341.
71 Wang Y B, Liu DY, Zhang L, et al. Patterns of vegetation succession in the process of ecological restoration on the deserted land of Shizishan copper
tailings in Tongling city. Acta Botanica Sinica, 2004,46(7) :780 ~ 787.
[8] LiZ,LiuDY,DingJ] H, et al. Effect of A. azukiae on physiological metabolism and active oxygen-eliminating acyivitues of Trifolium repens. Chin. J.
Appl.Ecol., 2005,16(3):529 ~ 532.
[9] DongJG,Fan M Z,Han J M, et al. The effect of AB-Toxin from Alternaria brassicae on membrane permeability and the activities of SOD and POD in cell
of Chinese cabbage leaves. Acta Phytopathologica Sinica,1999,29(2) :138 ~ 141.
[10] Wan Z X,Zhu J J,Qiang S. The phathogenic mechanism of toxin of Alternaria alternate (Fr.) Keissler to Eupatorium Spreng. Journal of Plant Resources and
Environment, 2001,10(3) :47 ~ 50.
[11] Thrall P H, Burdon J J. and Young A. Variation in resistance and virulence among demes of a plant host-pathogen metapopulation. Journal of Ecology,
2001,89(5) :736 ~ 748.


http://www.cqvip.com

£ 000 http://www.cqvip.com|

1404 = OB ¥ B ‘ 26 #

[12]

Qin T C, Wu Y S. Effects of cadmium, lead single and combination pollution on the contents of ascorbic acid and in Brassica chinese L. Chin J Ecol,
1997,16(3) :31 ~ 34,

[13] Zhang Z L.The Experimental Guide for Plant Physiology (Third Edition) . Beijing: Higher Education Press, 2003.

(14] Lin Z F,Li S S,Lin G Z. The relationship between the dec-repitude of leaf of ripe and the enzyme activity of SOD and peroxidatiom of lipid. Acta Botanica
Sinica, 1984,26(6) :605 ~ 615.

[15] Chen J X, Wang X F. Plant Physiology Experi tion. Guangzhou: South China Science and Engineering University Press, 2002.

[16] Li H S.Principle and Technologies to Plant Physiological and Biochemical Experiment. Beijing: Higher Education Press,2000. 165 ~ 167.

[(17] Zhu G L,Zhong W H,Zhang A Q.Plant Physiology Experimentation. Beijing: Peking University Press, 1990.51 ~ 53, 126 ~ 130.

[18] Proinoke X H. The analysis methods of biochemistry of plants. Beijing: Science Press, 1981.197 ~ 200

[19] Wang A G. The discussion of MDA be as the index of superoxide of plants. Plant Physiology Communications, 1986, 6(2):55 ~ 58.

[20] Liu DY, Wang Y B, Zhang X X, et al. Effect of sewage irrigation on wheat growth and its activate oxygen metabolism. Chin. J. Appl.Ecol.,2002, 13
(10): 1319~ 1322.

(21] ChuL, LiuD Y, Wang Y B, et al. Effect of copper pollution on seedling growth and activate oxgen metabolism of Trifolium pretense. Chin. J. Appl.
Ecol., 2004,15(1): 119 ~ 122.

[22] Zhao F G, et al . Plant stress physiological ecology . Beijing: Chemical Industry Press,2004.96 ~98.

(23] Liu D Y,Li Z,Li J, et al.Effect of Alternaria azukiae on the physiological and biochemical characteristics of Trifolium repens under different light
intensities . Acta Ecological Sinica,2005,25(8):1874 ~ 1880.

[24] Song F M, Zheng Z, Ge X C. Role of active oxygen and membrane lipid peroxidation in plant-pathogen interactions. Plant Physiology Communications,
1996,32(5) :377 ~ 385.

[25] NiCY,Chen Y X,Luo Y M, et al. Change of superficial shape and cell microstructure of milk-vetch{ Astragalus L.) root under simulated Cu pollution in
a Red soil. Environmental Science, 2003,24(3) : 116 ~ 120.

[26] Lamb C,Dixon R A. The oxidative burst in plant disease resistance. Annu Rev Plant Physiol Plant Mol Biol,1997,48:251 ~ 275.

[27] LinKF, Xu X Q,Jin X. Eco-toxicological effects of germanium stress on rice( Oryza satica L.) and their critical value. Acta Ecologica Sinica, 2005,25
(1):108 ~ 114.

{28] Pang X,Wang D H,Peng A. Effect of lead stress on the activity of antioxidant enzymes in wheat seedling . Environmental Science, 2001,22(5):108 ~ 111.

[(29] Yuan Q H, Gui Z, Zhang W S. Comparison of the activities of SOD,PODand PPO within alfalfa cultivars resistant and susceptible to alfalfa common leaf.
Acta Prataculturae Sinica, 2002,11(2) :100 ~ 104,

[30] Buonario R, Torre G D, Montalbini P. Soluble superioxide dismutase(SOD) in suscepetible and resistant host-parasite complex of Phaseolus unlgaris and
Uromyces phaseoli . Physiol Plant Pathol,1987,31:173 ~ 184.

[31] Guo Z J,Li D B. Active oxygen species in plant di resi .Acta Botanica Sinica, 2000,42(9) :881 ~ 8901.

B XMW :

[4] X% X, Lars Ericson. ARG HEMAFWERARENAFN AL REEHEIEANE Y. HYESEIR,2001,25(3) :34 ~ 350.

[6] EMKL.GEH KUK EAYHFRFRIENHDRS R . £ BFIE,2003,12(3) :336 ~ 341.

(8] FENEX THL, ¥ SHBEAMNAOTHEEERYPRFEAHRRABOBR N ES ¥ ,2005,16(3) :529 ~ 532.

(9] ELa 2R HER,F ESMRER R GRMAMBEL . SOD B POD MIE M B WM. MYHRHEEIHR, 1999, 29(2): 138 ~ 141.

[10] FEE AGR BE SRANERNRZEFLOBRIE MY TR SR ,2001,10(3) :47 ~ 50.

[12]) RXA ,2EW BEL-HESERNPEARNAT ORI RO 8 ET¥IE,1997,16(3):31 ~ 34,

[13] HRER EWER¥ZRES FIM. L. BFHF HARIL,2003.

[14] FREFS, EIUM, MEESR, F KBH AHNEES AW LBIEE RIS R AL EANXR HY¥IHE,1984,26(6) :605 ~ 615.

[1s] BREESh, TS MYWEESEIRES. 7M. SEET ¥ LR, 2002

(16] Z=&4% HYEREATRFEHEABLAR . L5 BFHEF & RK4,2000.165 ~ 167.

(17] R B, $h X, KEF . EYPEHEFLER. L5 ERKFE S, 1990.126 ~ 130.

(18] X.H.EHIERE. MFE %5 MYEREMSHTHE. JLR: B¥ LR, 1981.197 ~ 200.

[19] EREH FA-RENEYSAAERORN. HYEBEER, 1986, 6(2): 55~ 58.

[20] XEX,ERG KEH, . SENPIEHEERREEA MR8 . BB ¥,2002,13(10) - 1319 ~ 1322,

[21] £&% XL FAKR.F EERIEHEHHERREHARBEWORR . HAES¥IR,2004,15(1): 119~ 122.

[22] REER, % MY EEERYE ¥ Tl HAEH,2004.96 ~ 98.

(23] XU, FME,F8,F. ARAARBET SEHSRE O EME L 3£ ANEAE R 4558 ,2005,25(8) : 1874 ~ 1880.

[24] KRR NE BEE FEHEARBETAMEEY-RED TS QER . Y EBHEN,1996,32(5):377 ~ 385.

[25) fRA 22, BR3EIE, Bk U AMBLABRT X Z RV RS RAMALANBRER T SFRBA,2003,24(3) : 116 ~ 120.

[27] HREX®RNE. 8 FEXKBOESEERNRERIER . E5 ¥ ,2005,25(1):108 ~ 114,

(28] EEAK,ERL,. TR, % SBYEXNEHERALBELQR W SRR E,2001,22(5):108 ~ 111.

[29] HKE HELEKUN. BENBEERGHABEADELE S EYBNSHACBEEN LS. T2 ,2002,11(2):100 ~ 104,

[31]

RER FER FHEASHEYIRE. AP ¥R, 2000,42(9) :881 ~ 891,


http://www.cqvip.com

