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Effect of the combined pollution of perchlorate and hexavalent chromium on

physiological characteristics of rice
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Abstract; A pot experiment was conducted to study the stress effects of different concentration levels of perchlorate ( Cl10, )
and hexavalent chromium (Cr®*) as well as their combination ( ClO, + Cr**)upon the changes of chlorophyll florescence
parameters, antioxidant enzyme activity, and chlorophyll and malondialdehyde (MDA) contents of leaves of rice. Results
showed that an increase in ClO, , Cr°", and ClO, + Cr’' concentrations decreased the chlorophyll florescence and
chlorophyll contents of leaves significantly. Such a decrease was higher in the earlier than in the later growth stage of the
rice. Both single treatment and combined treatment enhanced the peroxidase (POD) and catalase ( CAT) activities and
increased MDA contents in leaf. The activities of POD and CAT and the contents of MDA were higher for the C10, + Cr®*
combined treatment than for the individual ClO, or Cr6" treatment. As the pollution of perchlorate and hexavalent
chromium increased, the superoxide dismutase ( SOD) activity decreased in the tillering phase but increased in the heading

stage. Toxicity and injury of the ClO, + Cr’" combined treatment were higher than that of individual C1O, or Cr®*

treatment. Interaction mechanism of perchlorate and chromium pollution on rice were warranted for further study.
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PR 8 R o SRR (Y5 Y, 76 SR AK) T 5K IR KA R R K N A 0 s B R A 1 Y . H R %
TRARLEE T OTIR FEREE" T3 7 1 M 24 ¥4 R ARE , X F— ek
SRAME YU REFEER 0, B, EELH TME M0 AESEEER, B LEIFBHEK
B .

BRRLTEPRFENESBIE LY, HREZ, GF KM FaXE BRiBR™ 35
YRS R R, BEE, REESBITRNR BT 0.2 12 ’, HREHHE 1/5, Hrh & K5 fe
HEED REWMGHEX TRAEN % 2RERY B LR S BRI E R AR ED .

KRR BT R IR 5 B RV, Bk A % R 0786 30 3 7 B 1 v R o T 3 5 R
FIZKBEARH . B P (8 ) EBREL T RIS /K FB s vh 2005 e Sy 8 R ER R , T JEI 004k PR T i 96 6 T
BEF A R A5 YL, R AR RS AR R A XS AR SR E AL
X 7K R B BRSO SE R MLARIE o AR SOl ST ST i R EE B S LR A 15 e xd K R I i R RIS B
SRR PUEMEREE RN RS B S — RV A BRI, K RS 2E MR R & 15 YL e T i 4R 3
i B ALEE B LR AR Y, AT o 125 SRR ER AR TS e B , DA Bk R 06 3 A B b B AR LB 4
1 #REHE
1.1 REH K

P FAAE R RO K2R B AR KRG e A 0, LR RT3 )5 9F 8 MRS, 45 (30em ( HAR) x
35em( ) )%+ 8ke( T&E) , HAEATMERIN TR 1. Mk RS e Rl K ¥R EBR R E 7 38R
5 PR B UK A AR AE T ofF L B T 30— B 4 IR , T 2007 4E 4 A ZEAE AR KPR 2 BR R iR % K
PN IR

F1 i ENEBEAEER
Table 1 Physical and chemical properties of soil tested

AHUR ki A A A do- o+
/(g-kg™") /% pH /(mg-kg™!) /(mg-kg™!) /(mg-kg™!) P hl4 Hexavalent
Organic matter Water content Available N Available K Available P erchlorate chromium

26.73 15.74 6.62 105.7 111.5 17.62 AR AAH

1.2 FEZHALH

AR (KCI0,H,0 ) (AR) , BRI (K,Cr,0;) (AR), HERMB N2 0draiisln.
1.3 i {mikit

RIRERAZHE 4 KFEREEHARB T R, L8P C° MRS58 0.0.2.0.5.1.0 mmol-
kg ™' (431 C10.C10.2.,C0. 5.Crl 71) ,ClO; KI¥BESM 510 0.1.2.4 mmol- kg ™' (4351 PO P1.P2 P4 3%
w) 316 AN (% 2) . BB 3 AER  RAAAS C°F R Clo, MEKSIA

%2 ClO; .Crf* 1P H LG
Table 2 Experimental designof perchlorate and hexavalent chromium
ClO; /(mmol-kg™1)

Cr%* /(mmol-kg ')

0 1 2 4
0 0 P1 P2 P4
0.2 Cr0.2 Pl +C10.2 P2 +C10.2 P4 + Ci0.2
0.5 Ci0.5 Pl +C10.5 P2 +C10.5 P4 +Ci0.5
1.0 Crl.0 P1 +Crl.0 P2 +Crl.0 P4 +Crl.0

IKTELE R Td 5 1 UHEAN A R BE BT F I W o SR R AL P 1) A B, 7 70 BE S A el R0 0 31
ZENE, B Sgo TE5r BEHAFAEI 2053k 45 Ff AL BRI AR
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1.4 EZERIRIIE Ik
1.4.1 HRRISESH

FEHUAE K —B AR S = B3 0S-30P B4R VOB E W I 92t Fo A 289 Fo Fil K5t
Fm, X & FHGRIOESER a0, TGRS A ORI HRENELE .. Hf Fv/Fm [EVRELRS
65 B B KRR B PS 1R WG RE R (LR ; Fo/ FO {HR LT M EOG S DU B 52 21910 , & B S
HL BE R /N
1.4.2 HEE5E

SRESERTE,

1.4.3  mt FHra iR Es S v

Z IR PREE S 55 T g L I de 15 , P AU DU mk (NBT) 340 Ji 0k o 8 48Tk 4 5 AL Bl ( SOD) ¥ 1, AT 4k
RJFE 50% Sy 1 AEGE AL ; FIAUIAR B B0 € 1 AL Y8 (POD) Fiidt E AL S EE (CAT) Y& 1, LASA oL ff o &
O AR B RN BRSO/ N Y
1.4.4 MEHN_ESE

R AR E L Z B ( TBA) HaykillE 5 9 — B (MDA) F &,

1.5 Sitsr#r

PR AR EEE - Y981 + FrifE2E (Mean + SD) , R Microsoft Excel 1 SPSS14. 0 #4713 MG 7047, I FH
Duncan KB vER BEMEZE R (P <0.05) #1T2H K,

o T A A5 G A 3K T X 7K RS A A 30 H BV SR BE , % LAF ik i S I R (R,) 3
fR#EE(R,) :

X T=C o, Fon BB REER, HRHER R, =( T/C -1) x100;

4 T<Cuf, FRERMEHEIER, HMFEIR R, = (1 - T/C) x100;

K, C Xt BRAE, T b HEE,

2 ZR55H
2.1 XKAEM R SRR IOCSENE N

AR LER (& 1) . ClO, BE Cr°* B — b BN K ARG H M-S R Pk Fo/FO {E I Fo/Fm 64 — & K0
HFER. (BRAY ClO, ¥R 4 mmol - kg ™" i, Xf 4 BEHI M M 5 Fo/FO {45 3 30 I /8 A (o X B #)
74.8% ) ,HAbALBE S5 XT BAAM TR BEHER

Clo; 5 Cr°* BAN, KEHAHN 4> BERI KRG H SR IOESH Fo/FO J Fo/Fm {H78 B35 M H1E
A AR RS SR R SRS B I HIE S B B, UL RE & KR A K, Clo, Al Cr®* B A5 ext
KR P 3 1 P B 055
2.2 SPKAEM R SRR S REN

M-SR RN ATE R Y AR, K& BRI BRSO & /E A 5R5S S & B R =K. ERR
e AR, AR DL RIS YT B i R B R A B R, XA R B A AT R
EA 2B SRR AR, G 3 5 S K RS A MR G5 4 2 A s , BRI B SE B S5 T BB, S 3ot
BB S BWA .

WK Clo, (C° A5 R HA AR KT A GRS BHG BENEM(EK3) ., H—
AbFERT , FEE TS YR B TR, SR S B, Y Clo, ARFRYRE N 4 mmol -kg ™' B, AN BEMIM- SR R S R
St HR A 31.70% , T B A [ A Sy 3o HR A 58.9% 524 Cr®* ¥REEN 1 mmol - kg ™' i, S} BERAM G R SRR
it BB 59. 5% , BRI [t BB 75. 1% . 1BA ClO, BF Cr®* M /K fi A K B M-S R A B
BIEHE.

BTGP Z AR Z S EAE R . RYE Bliss™®) 382 i 975 Yy 8] 9 38 AR IS0 AR In L $5 47t
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Fig.1 Effect of the combined pollution of perchlorate and hexavalent chromium on chlorophyll florescence parameters of leaf of rice

A RSy BE B AR s C AR BN —/ DNED R ARR/NE FRORTE P <0.05 K P B BERER

FIPRIVE A, AT AR A S ST AR T Cl0, M1 G IS8 EAR RS AL SR «

()ARfNFER  ClO; 1 Cr*" BA—Kb3Z A = ClO, (G HAT5HY;

(2)#EHUERA ClO; 1 G BA—4bBEZ I > CIO, \Cr** EAT5Y;

(3) BrEfEF  ClO; il Cr°* B —4bBEZ A < ClO; (Cr'* EATSH

AN IR BES Yo YA A /KRG I R S A AR A A SR BE, T AR ) CIOS + Cr° " A AL
ZIE SR B AR SR AR 3 (MG R o SiRRPZ GBS 4R & B AR EA L EHL, &L E
YRR BRI D, (BHE S MHERREERTHAE SR 7E R E R T BRI 5 mm, iil
W2 A TS Y Xt KRR AR B 15 3 L B — 5 Y B, S A AR E 4 R — B0, IRl , €10, (Cr°* ZERT
SRR SR RN B B B R TR, SR CI0, 5 " XK 8 i3 3 15 FI BE A & 30 I SE K T A B
Zft o
2.3 Xt/KAEM A SOD EEE PR R

SOD 2Rt 4a A i ZEX MR R G0 E MR B, TEEYIRNA S R ™ E KA B b 2T R
Btd A B BURGE X PR AR EMF T K HE . SOD /Ry ak B b2 B, gt
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RSEYHER/NE —E AR, o RMHE (NhFE ESRERF) RBEE A RE LN, B
BROERR A B2, R A2 AALME 0 E o (25 PR R AN N IE A 1E B L RE T R, AN £
o RE RS LA K R Se MBI R , AR FRARISHEEAL , SOD & v S T 32 24l R e

x3 TEFELEXNABHERSENYNRESSLAZEEALR
Table 3 Effect of each treatment of pollutant on chlorophyll content of rice and type of interaction of combined treatment
M4 E YR/ (mg-g ™' FW) (Mean £ SD) R R,/ % RHARFARE

Chlorophyll content Inhibition rate Type of interaction

resmen 45 v GIEN - E RE R
Tillering phase Heading stage Tillering Heading Tillering Heading
phase stage phase stage
0 52.182 +0.351a 43.429 +1.959abc
Cré* Ci0.2 50.909 +0.607b 45.716 +2.945a 2.4 -5.3
0.5 40.580 +0.137¢ 44.223 +1.593ab 22.2 -1.8
Crl 31.069 +0.470f 32.631 +1.139% 40.5 24.9
Clo; P1 32.203 +0.117e 31.321 £1.472¢ 38.3 27.9
P2 27.615 £0.231h 28.101 +1.949f 47.1 35.3
P4 16.545 +0.079m 25.126 +0.673f 68.3 42.1
Clo; +Ci%* Pl +C10.2 27.093 +0.35%i 40.550 +0. 646¢ 48.1 6.6 | i
Pl +C10.5 29.331 +0.128¢g 41.502 +1.475bc 43.8 4.4 EEaR i
P1 +Crl 33.103 +0.526d 42.144 +1.267bc 36.6 3.0 EEaR i
P2 +Ci0.2 31.213 +0.543f 33.526 +1.930de 40.2 22.8 EEaR i
P2 +Ci0.5 26.979 +£0.167i 27.800 +2.570f 48.3 36.0 ECE HipIn)
P2 +Crl 23.882 +0. 080k 36.173 +1.369d 54.2 16.7 EEaR i
P4 +C10.2 20.678 +0.3291 31.577 £1.326¢ 60.4 27.3 ECE ECEn
P4 +C10.5 24.594 +0.195j 27.620 +1.635f 52.9 36.4 EEaR i
P4 +Crl 27.359 +£0.463hi 26.573 £1.179f 47.6 38.8 ECE ECEn

FNF—F P ARR/NE FRERTE P <0.05 K F LA BEES

M 4 B]H,Cl0, B Cr®* B — Kb FE T4 BERA R /K ARSI - SOD B I v EL A B35 I 16 A, B R
i SOD BT L7t BA— Cr®" Ab B S50 FEAH LA B B 225 (8 — ClO, AbFRRR P2 4bFHAN, P1 Al P4 4bFE
SR A BEEER . O A HEERTHIR KRS A T BEEE A R G2 2R R R 05 , AR B3R
7L, SOD ¥ P32 B4 T T [, BEE KRG RO K, Hop vk om , A& P SOD 35+ b7t

ClO; 1 Cr®* A AbFRES , 764 BEM , BEHE 15 YL P vk BE B3 i, SOD 355 1 B (B8 FARAIK , ARG A2 1 RO o
AREEE > C°t B—hFR > ClO, BA—4bBR UERA ClO, Fl Cr®" AL HXT KA A Th BEEE AL R G0 i 15 K
FH— b3, AT AR A (Rl R85 Wk 4.

2.4 SP/KFEM F POD B HE I

POD EA Y E IR 1 R BR A 2 — , HiE PR/ R B M i B AL BE 1 SR 59 A ) 2 5
RO AR , BRTE— i YU B YR IR . BTSRRI ClO, (Cr® B — R A A b B AT 5 AR 5
FKAE i H POD BAGIEHE( K S5) o BA— ClO, AbFRH 4 BEM 5 AR A /K RS0 - POD BIE MR B 7R, H
B ClO, ¥RJE M3 AN, POD BEIEPEMRR . BA— Cr®' AbFRAH A BEA/KRE M H- POD BHE YERA B b7, B W
A5 {k , POD B K /N e TH G M, #E Cr®* YREEN 0.5 mmol -kg ™' Bk B , Joxd BRI 197. 3% ;B AR
Cr®* ¥ BETA 1 mmol -kg ™' B A] B 3542 7 POD 51 , HoAbvk B Ab38 5 % HRLA TG BB R

Clo, 1 Cr** & & kb HE BT, b5 15 e W0 W B 19 28 4k, POD BT 1 K /NBE =2 A8 4k, % 1 1k 2 X e B9
279. 9% ; ZEAHEA , POD B 5 A5 fh % 55 4% 5 — b A 01, 5 2 B, POD B 3% K /N B2 C&° YK i
ClO, 0 Cr°* S & Ab BRI % POD BEE M S0 B 38 H AN , TEIRYK B & B 38 B AR IR R £ R I R M A,
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MR FHWKER G EAE RS RINHEIT R S, R HRITR) .

F4 FRETFTHELERKE SOD BiEHMNEMEESFTEAXEERALE
Table 4 Effect of each treatment of pollutant on SOD activity of rice and type of interaction of combined treatment

SOD HEEH: / (Unit-g "' FW) (Mean + SD) A R,/ % R H AR
4 SOD activity Inhibition rate Type of interaction
Treatment 48 s OIER - REAL GRER
Tillering phase Heading stage Tillering Heading Tillering Heading
phase stage phase stage
0 383.323 +17.962a 182.127 +4.153ab

Cré* C10.2 343.196 +19.691bc 205.664 +4.404de 10.5 -12.9
Ci0.5 305.947 +13.089cde 203.636 +6.836 d 20.2 -11.8
Crl 320.508 +8.978bcde 188.738 +2.764bc 16.4 -3.6
Clo; P1 338.624 +19.023bcd 183.978 +4.789ab 11.7 -1.0
P2 357.418 +20.895ab 187.152 +4.100 b 6.8 -2.8
P4 315.090 +9.361cde 184.066 +9.679ab 17.8 -1.1

Clo;y +C**  P1+Ci0.2 342.688 +21.180bc 203.372 +3.391 d 10.6 -11.7 ECE HipIn)

Pl +Ci0.5 302.730 +28.549 de 209.278 +8.860de 21.0 -14.9 ECE ECEn

P1 +Crl 289.185 +32. 849¢f 175.339 +9.197 a 24.6 3.7 EEaR iG]

P2 +Ci0.2 308.995 +24.095cde 198.435 +2.300cd 19.4 -9.0 | Brlw)

P2 +C10.5 283.429 +15.052 ef 203.989 +4.668de 26.1 -12.0 ECE Brlw)

P2 +Crl 200.127 +22.436 g 198.523 +5.049¢d 47.8 -9.0 | i

P4 +C10.2 298.328 +6.863 ¢ 208.309 +3.571de 22.2 -14.4 ECE #H

P4 +Ci0.5 257.524 +21.279 241.366 +6.111 f 32.8 -32.5 EEaR i

P4 + Crl 252.783 +26.221 214.479 +4.573 € 34.1 -17.8 EEaR i

RHNF—FI P ARFE/NEFRRRTE P <0.05 KPHBEXESR

x5 ATEFHRALEIKE POD BEENHMRESTEIEERALE
Table 5 Effect of each treatment of pollutant on POD activity of rice and type of interaction of combined treatment

POD %/ (Unit-g ~'FW) (Mean + SD) e R,/ % & H AR FAA
45 POD activity Inhibition rate Type of interaction
- wom  ARW AW Am
o . Tillering Heading Tillering Heading
Tillering phase Heading stage phase stage phase stage
0 13109. 333 +1560. 253i 17808. 000 +976. 098ij

Cré* C10.2 16640. 000 +1215.57%h 18848.000 +1032. 372ij 26.9 5.8
Ci0.5 25866.667 +1550.047¢d  16085.333 £974. 075 jk 97.3 9.7
Crl 19296.000 +2290.628fgh  14917.333 +794.434 k 47.2 16.2
Clo, P1 18400.000 +2379.432gh  27786.667 +1012.603de 40.4 56.0
P2 23392.000 +2574.919de 31450.667 +2652.351¢ 78.4 76.6
P4 25778.667 +2872.371cd 37914.667 +1486.049a 96.6 112.9

Clo;y +C**  P1+Ci0.2 36693.333 +1696.101a  30080.000 +1188.855¢cd 179.9 68.9 HpIE] HipIn)

Pl +C10.5 29418.667 +2400.071bc  26501.333 +2138. 580ef 124.4 48.8 EEaR Brlw)

P1 +Crl 26176.000 +1923.197cd  22352.000 +1475.192gh 99.7 25.5 | i

P2 +Ci0.2 25770.667 +260.625cd  34858.667 +998. 858 b 96.6 95.7 EEaR iG]

P2 +C10.5 36416.000 +2829.287a  22778.667 +1240.834gh 177.8 27.9 | #H

P2 +Crl 21461.333 +981.275efg  20037.333 +1185.117hi 63.7 12.5 EEaR #H

P4 +C10.2 27794.667 +1425.580c  38810.667 +3030.568 a 112.0 117.9 ECE ECEn

P4 +Ci0.5 31872.000 +1822.596b  30528.000 +2074.269cd 143.1 71.4 ECE ECEn

P4 + Crl 22549.333 £2140.016def  23946.667 +1609.916fg 72.0 34.5 EEaR i

RHNF—FI P ARFE/NEFRRRTE P <0.05 KPHBEXESR

2.5 Xt/KAEM A CAT BE PR R0
i AR B (CAT) B —FhEESIE RN, BRI H, 0,508 o 737 A AK , 15 BR iR A 9 AL, T i
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AR TER W0, E, REYHIBERNREIZ —. APTFEEER (K 6) KY Clo, H—LbBHm, KAk
B (1mmol -kg ™) ALFEAf M i+ CAT BT HETH i , HIE MR X BRI 115. 49% , K BE (4mmol - kg ™) fifi CAT i
PERRAR (B 50 R L R B E M2 R, C°" B —4b 3T, A CAT WEMERE B VR M LT, 53 Rl L
ARERER,

fE ClO; Fl Cr°* B A AbHERT , CAT &M A AR RIFLEE I BT, bR BER/NAR —, Bi8T 10, A1 Cr°* 3k
TR TR AR A (3K 6 4R E IR R B BRI H 50, (HAE Cr°* YREEAR (0. 2mmol kg ™) IR &
AR YR BEHE R (452 2 Ammol - kg ™) I ISR B BRI PR o

F6 ATETFHELEXNKBLES CAT BEMHYMEEAFTELEEAER
Table 6 Effect of each treatment of pollutant on CAT activity of rice in tillering phase and type of interaction of combined treatment

hb B CAT FHE PR32/ % AH AR
Treatment /(Unit-g "'FW) (Mean + SD) CAT activity promotion rate Type of interaction
0 41.307 +1.827fg
Crd* Ci0.2 45.867 +1.746¢de 11.0
Ci0.5 49.031 +1.227be 18.7
Crl 51.093 +0. 864b 23.7
Clo, P1 47.707 +2.564bcd 15.5
P2 42.729 +1.95%fg 3.4
P4 39.529 +0.907g -4.3
Clo; +Ci%* P1 +C10.2 44,551 +2.808def 7.9 Entin
P1 +Ci0.5 49.387 +1.525bc 19.6 ECER
P1 +Crl 55.040 +£1.707a 33.2 ECER
P2 +Ci0.2 48.533 £2.359bc 17.5 Brlm)
P2 +Ci0.5 49.316 +2.867bc 19.4 ECEN
P2 +Crl 46.436 +2.105¢d 12.4 ECER
P4 +Ci0.2 47.182 +1.495¢d 14.2 Gl
P4 +Ci0.5 44.800 +2.053def 8.5 Rt
P4 +Crl 49.138 +2.281bc 19.0 ECER

RHNF—FI P ARFE/NEFRRRTE P <0.05 KPHBEXESR

2.6 Xt/KAEM F MDA & &R

MDA 2 AR 13 A =W 2 — , HVR BE 3RR IR ot AU fh o B B R G M R BE, Bl 12 PR A B RS AR i
SR HFE PR , MDA & B3 hnise B SRR i A g , 2 0 1S R 1 1 o

ABFFRER (£ 7) KW ClO, H—4b3Ef , KA A MDA S ESX RAL LB EEER, -G 4
AT MDA £ B 5 AL FRYR B A inde LA T, BAZEE SR C° Bl T, AR 13 &4k 7=4) MDA )
R, S5EES . AFREREVREE C° ' BB RN, LA EE 12 B S, B ¥R
FRAEAREE G, DT Xt 7K e 400 M P vl T o T 7= A A P SRR B T WS R P A, 3 AT BB S 7 A MDA 55 BB Cr°”
AEFRVE BE B3 I Se T E R A

Clo; 1 Cr°* B A A HA] B E 3R /KRG Ao MDA & &, HAR (b # 5 C° — b et AE R, 8 LS
TR, ClO; Fil C°* IA7RT A E AR B W3R 7 GRIR R E) o
3 itig

CAEVREN, AEPanhE EERE LSS EMYENEEE B B AT & RFRAEY R L
He 3 AT , AT 105 200 D 4 RS 8 A I B P 2 BB A AL AR O ZE L2272 AR b, ARt B
— RS2 AR B AT i 2 SR K ARG A POD i CAT BE 1 A1 MDA &8, 16 B /K R A P A 47 B M 2% 2 T B
WL 3 ATE R MR B E A S 7, A\ IR R . AR R LI Cl0, (G RHE &5 Y%t
KT EEAMKEETHNERENER. TRER, —FHEKEAG T EL R BREMGER —
E 8 R FAHEBTRE 7T, 75— R T — R e A T3 s R ER Sk () 48 76 3 b R AR it L, R
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AR AR B — BB TS MY A A R B R A A28, NS BUS R 2257 . R+ R R
HRES T B 1 2R A AR AR, R 12 O Cl0, —ClO; — C10, —Cl™ + 0, , T AE# BE AT M i RS
AR AR —E MR RE ST, U0 Aken 508 FHBCRE R A2 R AR IE B 75 85, ME AR AR A o SR AR 7T
BERAMEE N Cl0; (ClO; A CL™ B 710, SBH AN, C° MY MM ETER T C°",C ' 35 3 390k
TR, C° 72 30 5 FEB B o [t Tk o AR b — KPR A R Cr° " th & 7E + 4
HARR ) IR M PR AT, B TTEN > L3 R G R AT, AT AR ZE R K Cr° " B
TRCE . N AR S SR A AR , 1B AR 20 R R £ 1o R 2 R, R R B i ] S X 7K A
FEIERAPTEMR .

RT TETHELBEXKBELSES MDA FEMNPYMEESSTLAXEMEALR
Table 7 Effect of each treatment of pollutant on MDA content of rice in tillering phase and type of interaction of combined treatment

kb p MDA &/ (Umol-g~'FW) ( Mean +SD) {EER % PR (e
Treatment MDA content Promotion rate Type of interaction
0 0.252 +0.022¢f
Crt+ Cr0.2 0.340 +0.028 ab 35.0
Ci0.5 0.374 £0.017 a 48.4
Crl 0.252 +0.009 ef -0.1
Clo, P1 0.284 +0.038cdef 12.7
P2 0.247 £0.017f -2.0
P4 0.248 +0.038f -1.7
Clo; +Cr8%* P1 +C10.2 0.282 +0.030cdef 12.1 EE
P1 +Ci0.5 0.344 +0.014ab 36.5 Rt
P1 + Crl 0.323 +£0.012abed 28.3 Hrln)
P2 +Ci0.2 0.336 +0.023abc 33.4 Brlm)
P2 +C10.5 0.305 +0. 040bcde 21.0 EE
P2 +Crl 0.272 +0.057def 7.9 Hrln)
P4 + C10.2 0.348 +0.030ab 38.3 Hrln)
P4 + C10.5 0.353 £0.019ab 40.2 EE
P4 + Crl 0.321 +0.033abed 27.5 Hrln)

RHNF—FI P ARFE/NEFRRRTE P <0.05 KPHBEXESR

HETERBZ TS gokUL, TSRS EAE R, MR R T e A B . KT R AT R0
TR ZE R EAE AR, AR BB E R TR 2K 55 Wi, 83&TZIAT K2
1939 4 Bliss 32 H A ANYE F J5PU/E IR BRI /R AT 3 A2 LSRR U« MIANAR 7= A RO B Ak
T RIS BB B RO 20 5 S5 HUVE R B MERBORL /N T35 G B Ve R B 1 2 R0 5 D R
P2 A FE PR RSON, K T 45 15 Y W B AR FE BN 2 F0 . SEBR b, BV [RIAE R 2635 e AT X T A [R] BR800
TEPRR UL AT BB R I A R 45 2R, 35X [R5 4o (Fh 2R SR Bk BE) 5 BAR A 3 A: A 46 b 1 BB A (E] 41
FF R FA %, 54 YT AL MR B E AR, BT AT B A 35 S B 2 B 6 T LR 9 > o AR B ge e o
PP = EERER A8 52 B 5 PP K AR BB PR 1 S ELAE R A T Bliss 197 s . PRRIE AR S
B SLAF I I3 EAE FRTEAS IRV BE i (2R B R DU [] , (B 7 1 Wk B B R 32 ELAE R R B A e AR, T 7EAR VR
FERT XS AR R IR A AR, B L AT A L PR, Wit T2 G5 R BN A SH W E k. &
LI R RIS R AR TR EATE R, M ENTLAAS [F] ¥R BE T LI, 2 75 2 i bR s 55 JH v — o ) ik J Ak 7 2
A REAZHAE VA TFRAS
Bt BB BR BH Fi 18 1 (Dr. Y. Ouyang, Department of Water Resources, St. Johns River Water Management.
District, po Box 1429, Palatka, FL 32178-1429, USA) XA SCEVERIH B o
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