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Main characteristics of physiological-ecological dynamics of soybean during the
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Abstract: Growth processes of soybean plants under the stress of different Cd’* concentrations and the changes of
chlorophyll contents, SOD ( superoxide dismutase) activities, POD ( Peroxidase) activities and MDA ( malondialdehyde )
contents in their leaves during the whole growth cycle were studied through pot experiments. The following results were
obtained; (1) During the whole growth cycle of soybean plants, the influences of Cd** stress on chlorophyll contents, SOD
activities, POD activities, and MDA contents in the leaves were very significant (P <0.01). (2) Growth of the plants
were enhanced under low concentrations and short time of Cd’* stress, and were restrained under high concentrations and
long time of Cd’* stress. Cd** concentration begun to restrain the plant heights was 1.00 mg-kg ™', which was far lower
than that (2.50 mg-kg™') begun to restrain the biomass of the plants. (3) When Cd** concentration reached a certain
level , there was a very significant positive correlation between the restraining effects on biomass and height of soybean plants
and Cd’>" concentration ( P < 0. 01), which could be used to indicate soil Cd** pollution, especially by using the

correlation concerning plant height. The sensitivity of chlorophyll content to Cd’* stress was higher at seeding stage than
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those at flowering and podding stages. (4) Increase of POD and SOD activities could reduce, to some extent, the injury
effects of soybean plants due to membrane-lipid peroxidation caused by Cd’* stress. However, when Cd’* concentration
reached 2.50 mg-kg ™", further increasing activities of plant protective enzyme system did not make up enough for the
soybean plant injury caused by Cd’* stress. The POD activities of soybean at seedling stage and flowering-podding stage, or
the activities of SOD at flowering-podding stage and mature stage, could indicate well Cd>* pollution level in soil. MDA

contents in soybean plants increased under Cd** stress, implying peroxidation of membrane reinforced.
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1 #REFE
1.1 firet

XK (Clycine max) G N FA E , BRRIETLA M ETRIAE A RA AIRME . AU 90% A Wk
MRS I KRN L+ R LR, HIEAEFOR A H ML AT ekl BB R
1,

F1 g TEeERER
Table 1 Basic properties of the tested soil

2N & N
Lk pH CEC 0 o Total N T talﬁgéd Eﬁﬁ‘ ﬁcwd
Soil type (ZKE Flooding) /(cmol'kg'l ) rganic matter ot o ective
/(g'kg™") /(g'kg™") /(mg-kg™") /(mg-kg™")
#1.3 Red soil 4.42 10.24 15.59 1.409 0.090 0.040

1.2 #ZRid%E

TR AR S £ B AT ERE ok 5 mm i, %4 kg £ 0.10 g N,0.15 g P,0,,0.10 g K,0 i+5, LA
RE AR AW S IR, BTG S C Sl — R P S R (R K, 5 40
em, % 20 em) a2 X T4 15.0 kg, #ME Cd** dshnE 2 0.25.0.50.1.00.2.50.5.00.10.0 mg-kg ' (4RJF
J43 4l CdCLy2. 5H,0) , IREEIN Cd** A%t iR, MEACFREE 3 Ko BRI ) KR ERFLL 0. 5% IR
FREAVE R M TH B 30 min, IR B F/KPYETHE T 2008 44 H 10 HEET 13, A 30 kL, fF RS
MRS 2 B 23R o (FEFUG S5 20 K) AR 27 MR (RFERDKN 27 M 47) o RIE LK
HRIEOL, N ERRHEZRIEK , DMRRS T3 RK & 70%
1.3 WEH:

RREYHE 2 R EM 2RI 1 FE(BMHESE 27 X) , B8R 7d KGR 2RI 15 3 i
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TR A AL TEAT , EER B WERERRAY & (S E) MR S MRZE AR 2 T002F 59 & R i
PRI (em) o KSR SOD {71 FI R mUR A ) TARBTFE BT 9 SOD 13RI & %E , LA%E mL [ B2 SOD il
H3K B 50% X LK SOD & g—4~ SOD & J1 B (BRI U-g ™' om )  POD 1M FA A A AR B i 5 ,
TEHE A P NROGEE Ao B 4L 0.01 Jg—MEGTEHESAAL (B U- (min-g) ~'3R7R) s MDA & TBA (#
RE HZRR) BWE (ALK pmol g ™) s G RE R 95% R IRITE, TRt a e, HEE
MR AR (AN mgg ™),
1.4 Bt

K Fil SigmaStat 3.0 Demo #K{FHEATHETH 04T , SEIEHE " P 3IMH = A" R, A MBIRZERHEHTT ¢ K
L
2 HZR55H
2.1 SRE X R AR A B A 4K B R

MNIE 1AL ARYRBE Cd™ ' i3t 3o DR AR Ak A= B8 R ke 1ol 289 B RS, (ELBE A €™ e B2 Y 18 e
TRTAU0 ) K S A Ak A T v B, EL VIR B LIk AR B B, %S BRARLL, 24 Cd* ¥R 0.50 mg-kg ™
i, Yo K S ALk A= 0 AR 0 BE AR ON, B A 5 2 Cd” " 3K 1. 00 mg-kg ™ 7K, BEAFFAE A KB B (4%
G 41d) Bk AR B BE 34 32 B B A0 (P <0.01) 524 Cd°* YR EEKE 2. 50 mg. kg™ /KB, 7EHEA
HERIAPY, Cd® " 3 R EARMRAE A AR LA R 2 R 800, (P < 0. 01 ) , LB e BE iy o H 400 ol 7 8
TR 2 Cd** YR BE— 2 i, B 3 B[] S8 4K L2 B Rk 5 25 88 o, (ELZE R b 55d R, Rk AR B HAR
RGN 5 Ay R R RR 26 AE R VR BE Cd™ T3 T WAL IR 38 M 9 W 2 D /0N AU o B I )88 i M BE o ety
BT, Cd™ " YR BE | Jilhaed Ak 18] LA K — 2 22 IR] i 38 LA FE 0 R S ARk A A e BE A Ml |83 (P <0.01)

8 27d 8 34d 84]d D48d ©@55d ® 62d B 69d © 76d
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16 | 70
m%"m- 560
$%12— Eso
ﬁﬁ 6 = 30 |32
*g al 220 2
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o LENERE HENIERE] B
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Cdyk ¥ Cd concentration/(mg-kg™)

E1 FRERECIXNKRELKENESKBRIZM
Fig. 1 Effects of different concentrations of Cd on biomass and height of Glycine max plants

2.2 @R KREMSE S BERNERH

HPENHH SRS EERRRRERAFIIRR, F2 KW, 458 C&* b 4k 35— &K Fit, 78
KEHENERKE S, HSGRSEESE Y (BE 27—34d) HXTEAE, TS 368 (&R 5 34—62d)
ST, B (& FI G 69—76d) RZL FEBH . —EWER Cd" Bhaxt K G4 A g R4 ma
B RIBSEN , 4+ IR Cd> YREE R 1.00 mg-kg ™" B FLRIBALN ok (B BEE Cd** ¥k BE A 30— 25 18 Jin i i
MEHFREE, XTEHEME G EWREEE NS C MHavkE s, KXt k4l HEE a
MR b W& MEA —ERRIBESNL” AT RA—B. X RSBS54 R & BRI
PR Cd* W BEHy 5.00 mg-kg ™", B 155 T %ot &l 1 300 43 2 O 8300 17 5 A 8 A9 3 (1. 00 mg-kg ™)
2.3 @axtKkE SOD &M R

SOD A LA BRI SR MBERAE T ARG E S, B3 £, KEAKEFLES, %
MR KT ) SOD TEHERARE , HFIBAVE H SOD FEHEA 2UR T M. ZESMNE Cd*' KT 0.50 mg-kg ™' fy¥k
JBESHFEI P, SOD 355 1 Bl st ] (1425 fh s 355 %ok HR AR 5 H 24 4MR Cd™ " Jialt Mk BE SR B 1. 00 mg-kg ™' K, K
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5. SOD {EHEMNFFIELE FEMG 1 (55d) FFIRRURIFEAR. 24 Cd*" e i Bl — € B, K E7E R B BIFIE4SEH B
ZHI,SOD JEHEREE Cd** ¥ BE RIS IR I s ZERE AT 48d, 2% Cd** 2 2.5 mg-kg ™' /KPS, KEL SOD {& 3k
BIEKME, TG HE Cd* " KPR E A T TR B AR ERRK T . RRIKRERN C& WEFEFEHRE €2
TEE o

@27d ®34d ©4ld m48d B 55d ® 62d ® 69d @ 76d @27d @34d w4ld m48d @ 55d ® 62d ® 69d ® 76d
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Fig.3 Effects of different concentrations of Cd on SOD activities

B2 FRRERECIMAREMHFERSEHPM

Fig. 2 Effects of different concentrations of Cd on chlorophyll

of Glycine max plant
contents of Glycine max plants Y P

2.4 GRhEXKE POD {1 K0 827d ®m34d w41d ©48d B 55d @ 62d ® 69d @ 76d
it ALY (POD) ALK N EZ MR E, T [

ABOB IR R R R R R e 2

FHAb Y EL AR, POD FEMBEHNA PRBEWRE FS

ok, HFFLERt Rk ™) ZE 0 Bl R AR, 25

HCE R POD SEPEE(L KT RIS HINER 2 s \

FEEIY o W 4 TR SXEEA L, Y Ca i T o LR U

iR — e B, fE & Cd** ¥k BE 93 i, POD ¥ 1 32 7 7+ Cdyk i Cd concentration/(mg-kg™)

Pio 3 Cd°" JRIE /20T 2 G VKRBT 0.50 me-kg B4 FEKE Cd X KE POD FHEHIHM

H?J- ’ %ﬁ Cd2 ' Hj}iﬂ_ﬁ{]‘ IETJ E‘Jigj]l] ’ ﬁ_@_%ﬁ\ﬁf(ﬁﬁgﬂ POD Fig.4 Effects of different concentrations of Cd on POD activities
YRR T3 24 CA°* YRBERE) 1.00 mgekg "B, K op Givcine mas plant

T4 POD I M Bl [ B A < SR IR (ELRE

Cd™* 36 Fef ] Fry 38 i , oK S5 76 €35 A POD (9 1 M XU B 35 86 T o #6%h 76d )5, 2% Cd** 2.5
mg-kg "' KB, KEH J POD WEHER R . Goit#4rHTR 9T, POD YEFERESM IR Cd* " R EE | Johie i [B] 38 fin 55
X B LB AR BE AR (P <0.01) 6

2.5 fRAMEXT KT MDA & &

N R (MDA) SRR A A R B8, BE 5 E B R LR R R E W SR , A AL &9 (R
W) UURR, T T 40 MU IE B A A 15 30, R B AE R R R, i MDA 3 FH R SR s ML o 390858 28 B L
(o3RES" o ARG R I, MHia e — i, BEE Cd” ' WK EEROREHE , K SRR DY MDA SR (28 (b LA
AU ;Y Cd* WREE—EmT, KEAIE R4 (5 27 X) MDA & BHUK , (EHEE e i [ B9 2 4 MDA & & 2Rl
Fh , RS (FEFJS 48—55d) MDA & BARXT 4 ; # Fh 48d J5 , 24 Cd*" 2.5 mg-kg ™' 7KFH, K& MDA
B RIBEIRNKME, )& K E A MDA S8 XZEH THE(ES) .

3 e
BEE Tk A7 R 5 3h AR TR BT B3 A B I8 5 /K E RS IR B & R A L3, B R T P iU il
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Rt ™ E P PR A , B R X AR E ) B AN BT 827d ®34d ®41d @48d 8550 @ 62d ® 69d @ 76d
MR, ekABELRENEBEEDZ —.
Sanita ZEHF 5T &L, BRI E R Cd** turT LS80
BRE R OEAVE RS Y E BT R AL .

RVREE Cd*" XY WA 7 5 1E I, (H R VR B wo A
Wyt AR EVE ") 5 Ghorbanli %8 A /K 3% 1k & 31, bl
Cd™* ¥ BE B384 hn BB 3 ) K F i LE W &™) . Ghorbanli
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Fig.5 Effects of different concentrations of Cd on MDA contents

WK A RIBAE R B R B Cd™* BB K B0 A 4 B A
HRE 3G, BYRBEE R I R . EiEHENTIR
KBRS JE IR A9 Cd™ b3 R TR R bk B 3B 20 B AR K R (TAA) AR B R (GA) AR . PFi
B, IAA I GA YE MMM IR N E B 1A K KRR, BB 5 WY i Ay B A Ak s 0 . IRIRBE 1Y)
Cd>* Jiits BERIBLK T TAA FI GA A AR, 3X AT RERARMR BE ) Cd* " S ok 5 9 A= 4y B8 bk v LA T 88 o F)
Ho EYBAREEIFATER, Y Cd* = 1.00 mg-kg ™' KF, K G Mk IMHIRLE 55ME Cd* WRE2
W BERIEAE(P <0.01) ;24 Cd** = 2.50 mg-kg ™' /K, KT AW & M0 AR B 55MNE Cd* YR 24k B
MIIEASE (P <0.01) , i XEHA K G AV B MK MM ERES -5 C& BREEREE —EWiEREM. &
RIG &I, K GAEVRR B AR 32 B30I A9 Cd> ¥RBEN 1.00 mg-kg ™' i F K G AW B KK I 16 2 20
) Cd* " YR BE (2.50 mg-kg™') o XYL, KEAERR BEXT Cd** Mt TR E AW BT Cd* MUt

EIBWLEE 2RE  E—E R ETEE A, MR C X KRG IR E a IS E b A REAE—
REMIRIBORN . ASBFFE & B, Cd>* Jiaf REZE — 2 AR B B3 oK B3 KA (4 30 P B 45 €3 L L)
FI SR RS &, (B8 B A R K T R S BRI (PSS R RSB ER ) . XRPK
BRI Cd** il B2t K GRS L T 8 E , SN SR A M IR, BBk, Cd" bl fERt iR
BRARR LAY AR SR T R R & B AR Mg " -ATPase 35HE™ , X ATRER BT E] ) Cd®* il
RASHKERAHSESE THRNNERR .. 5 E LI, Cd SR EFFEEIEN B SRS
BB B KR 5.00 mg-kg ™", B 15 T %5 &)y vy 393 830 o A K MR BE (1. 00 mg kg ™' ) o XK HA
K G LB R I U & T T TR 45 SE 0 AU

BEALYIE L (SOD) BAF7E TR AP REENIHRIEEAWEERZ ', Fit,S0D &8 &%
MK BB AR, SR B R A+ EEME X, CF A] LS| A AL , DA T S 25040 M P i % 3 6 17
P RGBT AL BN - 40 M R A B AR . R E R &Y BT R B, Cd A S BUEE SOD [TE
FeTHEME . WFEPIBRER, BEE Cd BYMEMInRE, 0 =% SOD 1E T B MR, AFRE
B, MAMNE Cd* " e vk — e i, K SOD FITE T A4 i B TR 16 B 5 35, B 2 K 5 ALY SOD kA &
E T, XKW, C' Rl TS RSN AR Z T, KGR RTIL T 8858 , 26 P 1B 45 I i
PR , BRI AR R K 1] 32 8 Cd** %, Ktk S BRI K. AP R, —E W ETEE Cd’" iy
HREHI K S SOD &M, WA K ARSI 52 A B AL ] , LY B 7k =i SR S8 308 oz b A 5 L L S i —
SE VR BE R ] FRLBE , A X AN PR RS S B R T SOD IE A RIMER . KT A SOD IE M AR IR
B, Cd* " ¥k B FIA B F S EAE T R E B8 RS REEEM. MAEELSERY,C kES
SOD {EHEMAEE REEESS 55 R (FEFEH) Jy -0.781(n =7,P <0.05) ; 7E55 69.76 K (BLEAM) , 4351
-0.779(n=7,P <0.05) , -0.810(n =7,P <0.05) , XFEH K SIS, 7T LA SOD 1S H:k R
B+ 3E Cd V5YRRRE

of Glycine max plant
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A ALY (POD) AR NIRRT EEZ —, AT RS BR H,0,, SIPRAE R Dt &R R KA KR (TAA)
MENAENRR, MY ERETEERT , ERTEEART LA L, R 8 P B i
PRI IR S B2 A5 3 AR BE o Fry ™™ HEBFE T A B B — Fh IR R, Horh POD 2RI E AL
TR A9 S , IEBA T 40 Bk POD AR 4 fiz Ik A KR PER . AWK, POD BA IR ZER(TAA) Afb
RGDIAE™", POD & HERRIZLBE N AT B IAA £ T FE ; POD & AT (R UHHE P40 ML BE L AT 5 R SRR
SF R SCHE TIOR3 20 B R AL AR BE , B AE 4R A, AT AR O A2 1 o Balestrasse 558 A
TKEEIE R FERGE S WK Cd** (200pmol - 17" ) SHUK T POD HTE M FHIFREE S K G4 % A0
FRI, Y Cd*" e nfal—Em, B Cd™* WBE M N, POD Y& MR M i - AERFFERE R /K75 2 Cd* ' s
YR BE— eI, B T 3E ] PO R A8 T A ) POD & MR ST o A IR & 8, K& POD I 1
BEE Cd™* MBS e i T i , TR AR AR e BE R A A B A 8 I 32 B il o X R B, K EEZ 351
R Cd™* e i, HAR BRI ORAE POD TEHEASBINNGE , SRR AR bR B & i DAL , BE— e FREE L3k A Bk
P g Cd™ " o360 T 25 | X2 A %o AL A 0 i B 480 B A %5 25 3o 2 5 1L ) B T R Ay JEL A1 3 4 4 ML oo
PR RIE R R A, T RARR, AR MR AT 6 T REAERKE R X HTERN,
Cd*" ¥k BEY POD {EHEARSKC R EAES 27 R (L) H 0.776(n =7, P <0.05) ;58 48.55 K (FE3EH) , 4+l
7 0.843(n=7,P<0.05).0.853 (n=7,P<0.05) , XFEWH,ZERKGLHEHMIEIEI, 7T LLH POD 153k &
BRI Cd TR

SOD .POD 2T AALEE RGE A 2 FEZME, ENEE R A h 2R ERR 0 EE L S F it
WA A AFEEAE M 7E Cd /I8, SOD 1 POD 5 P 3 55 2 B , 5 e 6 40 i b O35 P 480 A Pl 2
W%, NG SR B , DR AR E 5 4 5 T A A T8 PR Cd 7 A2 B 55 1 R AR B th i — e R B4R
TIE BT E IRE S 5 T REE 1E P 6] 284 LA YR BE AR, SOD 35 152 2] , 17 POD 5 PEFFEE TR, R B
A BEHI T SOD 1 POD JEHEXT Cd BN & HIHLEEA R, SBCEA]% B KSR A —2

N B (MDA) J2 R AL E B4, W R Y W 25 R OB 58 55 o ABEFE R, RE
F MDA BB CA™* a6 Fef ] Fr B T SR, (EL7E BRI BT R R . BRARTERE Cd** il R, K& SOD A
POD T VLI SR , HOBBRIE ML A B 2R RE 7338 (AR M i MDA & BEIZ BN, XFRH Cd** il 3
K EAERIENS i A AL /R 5% ,SOD 1 POD XY IE R SR 1E I RA —EFRER .

4 #Hit

(1) Cd** fpaea %o K A 05 LI A 4 3 B \POD Y& 1 . SOD ¥ & MDA & B ) s i # 2AK 8.3 1Y
(P<0.01),

(2) it I] RWRBE R CA** it xd R SABAR IO AE K K B A RIBOVLAE T , R YR BE K I TR Cd™ st 3
KGR R BB F IR . KA B M KPR Z B Cd® ¥REEH 1.00 mg-kg ™', AR T K
SAYR IR ZEIMEIH Cd™ WREE(2. 50 mg-kg ™) s K EAEBRAE Y& AR M3 IR BE 5 5ME Cd™*
WREE R AR BE M IEARSC(P <0.01) 3 L3 Cd* S RBERARAEM; E XSk ES KAWL,
% Cd** {5 YRR R A B R A SE A R R o T ELR 4 i 3 4 3 & B4R A SR e 13 TP AR 4 3%

(3) K5 POD SOD {E LM N, BB7E—EFREE bgi% Cd™" Jhit 51 & i B 1 SR A i A 5 3 1 T, (L
ZEMEYIE RGP E A —E R 7E C° 3K F] 2.5 mg-kg ™ AKCTE, PRI HERS R G IR A
ELEARE LAFRAMNE Cd** Bl v K AR B o R AR RIEIEI F () POD Y& X 148 Cd {55
FERARGF e s KEIEIEH RS i SOD JE#EXS 13 Cd 5 QR B B A B A EM.
BEE Cd** YR FO B AU 8 I [B] B AE 4, K5 MDA & 82548 i , 2% B 40 M JE Bl ik Ak VE T I
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