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Influences of multiple stress by Cd, Pb and Cr on physiological-biochemical

characters of wheat seedlings
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Abstract: The coexisting and independent stress effects were studied of three heavy metals of Cd, Pb and Cr on the
physiological and biochemical characters of wheat seedlings. The results showed that there were five patterns of joint actions
(JA) because of their interactions, comparing with the sum of independent actions ( SIA) by three heavy metals. Under
exposure to triplicate heavy metal stresses, JAs were always larger than SIAs for the decreases in leaf chlorophyll content
and osmotic potential, whereas JAs were smaller than SIAs all the time for leaf stomatal resistance, soluble protein and
MDA contents. With the prolongation of stress time, JAs in the solute leakage of roots and leaves presented dramatic
changes so that the trend that JAs were smaller than SIAs in early stage was inversely changed in late stage. In contrast,
changes in JAs related to SIAs showed the pattern from highness to lowness through the exposure course. POD enzymogram
changes were obvious so that triplicate heavy metal stresses induced some new bands and inhibited other bands, compared to
individual metal stresses. The findings will serve as a theoretical basis for stress mechanism in crop physiology, and for
early monitoring harmful effects of heavy metals in wheat production and deserve to be further explored in the context of

pollution ecology.

Key Words: heavy metals;multiple stresses ;interaction ; physiological and biochemical traits ;wheat seedlings
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BISYS 22 4, Hh 2 B BHELEBR, MEGEX L IEFELRE MR, SEX AR U2 R
FIREREYR . EeEERZ S REIRTE L TR P4, + 39095 e im B it Ko e iy, 8 R
TG AR RSB NTS Y, JEILTE H R 2008 453 H 26 HER, AETASAE AR TS X LS
B R A B HTE KR X LS B 20 4%, RIETTHE b BUATTS Yl 4 1 3 X B 3K 56% , H 25U X 4575
PR E R — R KT BRI RS B Rk 84.2% By 3K 75% o 40 B R AE X e A
FEEHANTEESRIGEY, £ ARFRPAERANSE  HNAESEREREE. B, 2HELBHR
HAEFXEY REME MR RIEARL , BRI RXEL B/ NEE MR RZERRTREMES B S
Mhimgeia T Hrp B 6 RIS TR, BRAME LA BRI A RAEL B ITE Z A ERE
VERD (BVERA BT BB A 2 T 56 = ol iBF S B 38 A Hesp Cd\Pb . Cr = TG A X/ 50
HIBESE M AR ARGE . Uk, ASWF5T ALL P Tk s 4™ B E3R K Cd \Pb.Cr AHRE £ B IR, KA
BHEJR = uhaxt/ NERE NI, DK BH/NEES B ISREAEINMEGERHEEMES %,

1 #R5H®

1.1 48

BEIRA/INE B 95-120 , f LG ARV K2 /N B 5 25 bR , 38 & 76 LU PG Hh e 30 5 b A
1.2 R 53T

FMFHEEEEDK LB Y, R Sem BFREUAE K —BUOHR, MO KRR, B EAFN 1000ml /)
kL2, Fl Hoagland S8 &35 FRMHEATIE 3R . B 4L 50 M/NZ2 , A AR A M TR SRR [ 5 , B K e i R 358
S RETE BN RIK AR R R . EBREA MG RS R, ARG — IR T E S RIS Y
EALFE, DA 10 B R BURE B SEA TR AR AR A AL FE AR I SE

R IR (CK) 4@ (Cd) (45 (Pb) (4 (Cr) FigR4 4 =JolhE (CdNPbNCr)5 b3, E R 3 K. .
By 4% 3 MESRE T RME W B R E SR I BT, 45128 Cd 0.3 mmol/L . Pb 0.8 mmol/L.Cr 0. 25
mmol/L,

1.3 WEmHS %

MRS B E R A -2 B IR A R B, 26 e BEvE" s MDA & 8 I < 3R WU KB AR B L 2 1R
BT TR R S B E SR A Folin-Bsl k" s AR RIS I R A TTC id k™,

J BB M A8 < ARUERRIRURE i 0. Sg, FI R B FoKk vk, 2SS 15min, Z{REECE 30min, i DDSJ-308A H,
SALISNE B RAE, E WK 10min, B HFMESIBBEFE, AERENESESZENERERNE S
RN

BBHWE /PR EHDIFES: , - 20°C T AAAHEE — M E , T8 Al BT, BRI EAH
VIESCOR HR-33T #& s AR 3T 2 5240

SFLBE 7 5E R 9% [E Delta-T Devices LTD ) APA S LT IR AL HHMRE .

POD [R]Zfj B - B 0. 1ml -0 FEAS KB THTE 8 0, A 0. 1ml 40% M FEMHA W, ARG IR,
HERI T B /A7, I BE AR 2 B AR B Bk ™, F vk 45 SR I UVPGDS800 8 i H ik i 15 43 1 {X ( Cambridge life
science, UK) MECEB AL Gelworks 1D FKEUEFIE HIH XS5,

1.4 FARMGHH ot s

B AR R Ay 2507 HE R FASCHR ™, T SAS #4 EXCEL B F#H7 8RB St s T 542
B, LIS R LS HE £ IR (x £5) R,

2 ZR5HW
2.1 JNEYGHHRERSREZN

MRS EEHYEENAIEER, HEBNEDUEEEYEEERRII RN, 5% =JomhE ™
ERR T /NEG M R E i W R EE S T =& MiERZ M, ZR58 T BEKFE, HE
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e T = & 2 A5 B 5T AR BDEE 1 35T AR X 5. —e—cK
S P B X4 2% B PR o S AP 16 e caneoncr
SIRMALETTSER(E 1,5 1,%2). z 1T -
2.2 Xf MDA MIRTFPESE R AR 2200
T S TOMA N LR MDA SrRs R, o]
SATHIBBE /N T A 2, s X 2 R = £ oor
B3 MESEZEARBANE 2 KT E 2l
T, N . . )
S 4 =TT 3 /N3 4 L 4 e T 2 1 K Swes s @)

B BT, BAEAEEE M55 2 K, TREEEERAR K,

ZJR THIRBE AR e S 4 Kile, ZTelpia Frryge 1 MRS A SR S

J = _ AT e Fig. 1 Interactions among Cd,Pb and Cr on wheat leaf chlorophyll
PSR R Bl A ‘#i Hj}lﬂ_ﬁiﬁ,%ﬁﬁﬂﬁiiﬂfﬁ AR AR, + R B2 A, FH 1 donotes jont
FAZ AN, E5% BRAL B 2 8] f) 25 5 R 3K 8.2 7K F (& 2 A

action, + denotes the sum of independent actions, the same below

£2),
—— CK —¥— Cd+Pb+Cr —&— CdNPbNCr
0.12 180
160
0.10 —~
_ S 140 |-
53}
MEO,OS— w120
413 IE 00 |-
#E 006 [ B
11E #HE 80
’< X a
8 004 | Eo 60
= o
= 40 |
0.02 A
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JpIE K%L Stress days (d) JpIE K%L Stress days (d)
K2 e =Joliba X/ N M MDA (RTs PR FI RS 3S
Fig. 2 Interactions among Cd, Pb and Cr on MDA and soluble protein in wheat leaf
F1 HEHEBE=THENNEHEHFRRIENEFE
Table 1 Interactions among Cd,Pb and Cr on wheat leaf chlorophyll contents
% 4% H-4
kst B HE a 4% b tH4¢E a+b WA ath
Stress days(d) Chalorophyll a Chalorophyll b Chalorophyll a + b haloroohvil ath
Tess days chaloroj a-
” (mg/g) (mg/g) (mg/g) o
2 -0.11 -0.07 -0.16 0.15
4 -0.34 -0.1 -0.45 -0.48
6 -0.09 0.03 -0.04 -0.56
8 -0.24 -0.2 -0.43 -0.12

2.3 x4 SELE T B ES X RS R AR RTE S B
2.3.1 XM/PEAE AT B ES

SALBH ) R R SRS B ) B R SR, SR B = ool iy, = Z [E A RZUMSE 2 K EAE, Hrp—Ff
R/ Y H T ALBE T B3 AR FIR BE K & R D 55 S PIRN E R AP A T B 55 , 7 A T BRE 1R
W/ T EMAERZ ISR B A — SRR G MHE 51 &M H LB B SR, B i i [] ) 2E < Fe e R
W BB AAET  BRE RS AR M 22 Sk K (181 3) o B 19 Rk 70 il 25 T VR 438
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W EBMLH Z —  FERBT B &1 T B A B E TR, R K RIS 2 5 18 2™ s,
HRB B H AR BRI &L T

R2 EIAEBSTENMEI/NE S B ERERRN
Table 2 Effects of Cd,Pb and Cr on physiological characters of wheat seedlings

Jip36 B [E] Stress time(d)
Kb Bf Treatment
2d 4d 6d 8d
MiEE a+b CK 1.319 £0.0247 a 1.396 +0.0067 a 1.463 £0.0405 a 1.557 £0.0315 a
Chlorophylla + b cd 1.281 +0.0264 a 1.404 +£0.0195 a 1.304 £0.0013 b 1.450 £0.0742 b
(mg/gFW) Pb 1.133 £0.0116 b 0.906 =0.0460 ¢ 0.757 £0.0420 d 1.059 +0.0755 d
Cr 1.197 £0.0301 b 1.302 +0.0331 b 1.112 £0.0189 ¢ 1.217 £0.0087 ¢
Cd +Pb +Cr 0.959 £0.0789 ¢ 0.836 £0.0422 d 0.243 £0.0725 e 0.607 £0.0914 e
CdNPbNCr 0.799 £0.0239 d 0.386 £0.0157 e 0.203 £0.0177 e 0.177 £0.0224 f
P MDA CK 0.044 £0.0040 ¢ 0.044 £0.0075 b 0.050 +0.0061 b 0.045 £0.0035 ¢
(m mol/gFW) cd 0.056 +0.0020 b 0.052 +0.0020 b 0.054 +0.0026 ab 0.063 £0.0010 b
Pb 0.054 £0.0020 b 0.051 £0.0036 b 0.057 +0.0089 ab 0.059 £0.0040 b
Cr 0.054 £0.0020 b 0.051 £0.0040 b 0.063 +0.0053 ab 0.062 +0.0089 b
Cd +Pb +Cr 0.076 0. 0060 a 0.066 £0.0101 a 0.074 £0.0229 a 0.094 £0.0101 a
CdNPbNCr 0.052 £0.0020 b 0.045 +0.0036 b 0.056 +0.0061 ab 0.054 £0.0035 be
MR R CK 157.320 £2.9687 a 158.290 +4.5401 a 164.530 +3.1217 a 161.460 +£3.1040 a
Soluble protein cd 149.340 +5.6131 ab 147.560 +5.1220 abe ~ 150.420 £7.2789 abc  147.350 £3.2007 b
(mg/gFW) Pb 138.610 £2.0183 b 135.390 +4.3595 ¢ 135.700 +0.7854 ¢ 148.890 £5.2177 b
Cr 144.130 £2.6933 b 139.530 +1.0300 be 144.900 +3.5200 be 143.210 £2.7531 b
Cd +Pb +Cr 117.440 £11.4880 ¢ 105.900 +17.3128 d 101.960 +19.9238 d 116.530 £11.2290 ¢
CdNPbNCr 122.050 +6.7251 ¢ 153.640 +2.8079 ab 153.030 +4. 0288 ab 159.470 £1.0237 a
WRE S CK 1226.415 £23.4151 a  1305.376 £197.9108 b 1685.086 £203.4574 b 2541.424 +166.2476 a
Root vigor cd 1186.756 £98.8447 a  1740.670 £90.8675 a  2428.571 £371.4286 a  2540.323 +36.3687 a
(pg/h-gFW) Pb 348.113 £109.2100 ¢ 446.928 +41.2707 cd  806.842 +66.8421 ¢ 1329.320 +168.4550 b
Cr 1030.097 £18.1258 b 779.304 £53.1064 ¢ 467.423 £24.5673 ¢ 481.706 +24.8517 ¢
Cd +Pb +Cr 112.136 £55.8397 d ~ 356.149 £40.6979 d  332.664 £86.1589 ¢ —731.499 £272.7937 e
CdNPbNCr 179.469 +39.2815 d 176.136 +51.1364 d 159.224 +38.8155 ¢ 134.757 £78.5768 d
AR SR CK 12.101 £0.1011 d 13.816 +3.0197 b 14.379 +0.8333 ¢ 12.833 +1.1785 d
Leaf solute leakage cd 14.742 +3.3138 od 13.957 £2.5411 b 18.064 +1.8333 abe 13.833 £2.5927 d
(%) Pb 13.551 0. 5063 cd 16.171 £2.4123 ab 17.990 +0.9295 abc 23.430 +1.3145 be
Cr 16.441 £2.9509 be 16.647 £1.1673 ab 16.053 +2. 1402 be 19.110 +3. 0266 cd
Cd +Pb +Cr 20.532 +0.8575 a 19.141 £7.2048 ab 23.349 +2.9030 ab 30.706 +4.1054 b
CdNPbNCr 18.314 £0.9047 ab 22.522 £6.3891 a 25.880 +£4.5469 a 46.808 +5.5687 a
AR CK 13.771 £1.5039 ¢ 9.302 +0.9947 d 9.920 +1.8865 b 9.265 +1.7905 b
Root solute leakage cd 13.480 +1.5326 ¢ 10.361 +1.3473 d 12.591 £2.4705 b 10.171 0. 8082 b
(%) Pb 20.081 £0.6516 ab 21.344 £2.3700 be 13.018 +8.7107 b 9.920+0.4119 b
Cr 17.558 £1.2240 b 16.473 £5.7599 cd 10.889 +1.0184 b 11.830 £0.5278 b
Cd +Pb +Cr 23.577 £2.1500 a 29.573 +2.2921 ab 16.658 +4.1208 b 13.390 +3.2236 b
CdNPbNCr 20.766 +3.6801 ab 36.202 £10.3159 a 40.385 +12.161 a 39.075 +11.9482 a

FIF IR R A F/NE F /R RTE0.05 KFE F2ZFEBE  The different small letters within the same row indicated significant difference at the
probability level of 0. 05

2.3.2 XNEMRRE S SRR R AR
W =oua U NE R AR TE S R, X 3 MRS R Z B EAE B T R
B =TT EIE R T /NG R SRR BRI LR B U R Sk A ) AR, AR X R 5 R R
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SRAE S X 3 MESR ZIEREALE R 2 KRB REAE, 7728 0 NG 4 KIT IR 25 B4 Wil 58 1956 1
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F3 EEB=THMEX/NEM 5 POD [E ) B8 %M
Table 3 Effects of Cd, Pb and Cr on wheat leaf POD isoenzyme spectrum

b fitf#7 Bands
Treatment A B C D E F G H
CK 0.09 X 0.26 0.32 0.37 0.45 X X
Cd 0.08 0.15 0.27 0.31 Y 0.44 X X
Pb 0.10 X Y 0.33 0.38 0.48 X X
Cr 0.10 X 0.28 0.33 0.38 0.47 X X
CdNPbNCr 0.08 X Y 0.31 Y 0.46 0.50 0.60
X FNZEEW AL, Y FRoRIZEFH I X denotes that the band of enzymogram was nonexistent, Y denotes that the band of enzymogram
disappeared
3 it
MR EEYHITEEEANEEAR, KBNS EEZWEY EF MO EEREZHHAE. ot

SR TR, BEAT WY Rt R R RER5RSS , AT A RURIE S e P AR S E R
B o WA IR FAE R AT , xd /N I A A A R T RS , SR B 2 & it 5 28— ol —
BE IR T /ANEL M-SR EE, X 3 MERRNEAEUAER E, 58 MERIT AR, 8T 1 K51,
VAR ILAT , 58 T X J7 BRI, B ELAR AB R 75 2R A, B T AR R B B BRI, IR
W T ECEEFR T M I Z ISR o

P R B e (R A P R L e 2 2 I A4 S BB 3t SR A 38 35 A0 R R R AR B O B B4 A ™
ARG AT RS E S i MDA & BRTHI R A —Lb 3, B3R T =2 MRz, B
XIRAAHZ [MZER A BE . U 3 MES R IR Z MR, E—ERE Lo T B —JuRx M
HEAIEE R . EYALRSNE R RN E—E R LR T MY HRZ E G LR, 5HEY)
FoviE AR MBUERI A VIR A IR E R R A o A Wl 40 MU R G 0 R B 5 T A
TERZ M.

EEFRE MG ARBE , EH& R R U R R & & SR B bR g 1, A X bl S R F)
SR, DRSTEEAREBRMAR LA AR, ACEREN,3 MESRZEEER TR EEER)
AR IEEAR, JUHAESS 4 RUVE MRS X IE AR T S s e

WA e B0 A AL R B EH TR SFLBH 73 i, 2 B a0 72 BE 3 n, & AR — SR Ak it
ARS8, Sabb X e AR A R, Kb Cr AR RK . BEHMAEXHEMRK, S
BEREME . FATE =T R T /NEL R B B FERIE R T TR A A, X R T
=FHZ AR EAERZGE EAETT 10 5% B BMAE RS AR, B, — M ESR e AR e w
HEJR M E AR (18 3) .

R A4 NRETHE = U5 R a0 T /N G A RIPERAR B 3R, e R B/ MBS SR BRI ] R 2 i
RANR/AME A0 FR , LB PIRI i AR, Fe K 5 e/ IME R ZE Sl UL — by o IRAR VR A2
HRHPETE MR8 =I0T5 G B A 1F T IS8 OB U 5 — B0 UOBR RIS ) AT E A A R A
MR &R MDA ARABES ARG SR UMEN AR ESRE T2 a5 R /NEf
FREBENER . e 5ESRE 55 MR MmEHZ T LRSS R, LRERPH SRS R,
AR B EH AL R A R G155 e ORI, B R A 15 G 8 M ) & 46T o

AW B, BRI RE i POD [R) D B )T KA A T A4 4 B — 15 e i B & BT
GiE LB, 7EABMER bk 3 MEGRZ M EIER 2%, R FIZR IE R T2 RHF %
B4, I ELE 38 B 1R T R AR O, BRI A R T — B B . RS SRR X /N2 FF M b e
TEFERNAER , A ST ERE R P AT B
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Table 4 Inhibitions of multiple stresses by Cd, Pb and Cr on some growth traits of wheat seedlings

PR T i R ROK-RoMI T
Minimum Maximum Maximum- Minimum Average

S fLBHS7 Stomatal resistance -597.42% -336.06% 261.36% -492.92%

R H 5% Root solute leakage -126.77% -30.50% 96.27% -85.65%

I H 5% Leaf solute leakage —-101.00% -25.39% 75.61% —-48.06%

I F BB # Leaf osmotic potential -60.74% -5.09% 55.65% -23.22%

MDA & MDA content -32.22% -13.07% 19.15% -20.75%

M E H Fi & & Soluble Protein content 7.27% 11.94% 4.67% 9.87%

42 S5 Chlorophyll content 16.41% 42.31% 25.90% 31.12%

#ZR1E 1 Root vigor 39.81% 55.87% 16.06% 45.61%

TP R FZRBE N T AR E 45 %1 {H  Negative values of inhibitions indicate that absolute values of observations on a trait are increased

because of multiple stresses by Cd and Pb and Cr
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