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i B DRSS S —EE RIS RN YIA R, BH50 T KM Cd.Pb.As Hg Cr 5 P E & J& B XN (22 9023,
/ME 22 )FPRL7 i KA AR R 2R e . 25 RRYIE S RMNA T, Cd \Pb,As Hg. Cr E &8 X7 it =2 K By T AR AR A 0 5 )
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Effects of Varieties Heavy Metals Stress on Wheat Grain Yields of Two Genotypes and the Main Ingredients
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Abstract: In this article, effects of 5 heavy metals(Cd, Pb, As, Hg, Cr) stress on wheat(Zhengmai9023, Xiaoyan22) yields and ingredient in
farmlands were analyzed. The results showed that 5 heavy metals greatly influenced on spikes per hectare, then followed kernels per spikes
and weight of 1 000 kernels; and spikes per hectare was sensitive to Cr and Pb, which the critical values of Cr and Pb to spikes per hectare
were 187.5 mg-kg™, 175 mg-kg™, respectively, in glebe and alkaline soils. Furthermore, the grain yields of two wheat genotypes were also af—
fected by Cd, Pb, As, Hg, and Cr compared with CK treatment; and the grain yield order of Zhengmai9023, Xiaoyan22 under 5 heavy metals
stress were Cr2<Cr1<CK<Cd2<Hgl <As2<As1<Hg2<Pb1<Cd1<Pb2 and Cr2<Cr1<CK<Hgl<As2<Hg2<Cd1<Cd2<Pb2<As1<Pbl, respec—
tively. In addition, the results also indicated that the increasing trends of wheat under Cd, Pb, As, and Hg stress, and the decreasing trends of
wheat under Cr stress. Finally, the order of 5 heavy metals effects on wheat is Hg<Cd<As<Pb<Cr.
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SE AR FE BT R B 5 FIois Justh X7 BFR R A,
K HESEGY(Cd As . Pb.Cr . Hg 5% ) FEL R H b7k
Jte A A% H Y5 0 it P A AILHE (oK b AR 245 bR L
FIA R KRS VIREFRE &Y, HhESRE & &8
AR e B SR G B R R T S R R E
SR 80% L L, 15 HIEMELE FEFA He,
Cd.Pb.Cr.As.Zn.Cu.Co.Ni %, JuHJE Cd.Pb.Hg,
As FHE G5 YR R IBY, MHTA XE LR
REEEPERESENBZRE BREE A
FEHLHIELL B 5 e i RS SN S5 T 1

BRELEBIAN/NE R0, AR AN E
48 Cd™ PbP AsP+2 HglP CrP3Ufih 38 72 3 fI Mk
FEBEX/INE AR A — e SRR, 7 m vk BE T S
FFRIRFEE RFR FUMMBMERK., £ELR
Cd BHE T, B3R/ NE RS (PS D) ™ #k A= LA
S AE PRI [ B A R RIS TE MY, Hg B3 4 iy
TR IR A K AZ B, e A F R AR R T R
A KB F MDA & &7 =™, Pb A fmfl/ Nz
PRI IR B R G DB D IR A AR R PR AR R T
F1LA K% SOD #1 POD JH 2, As T EEFE/NERE
AR AR A AR R S AL RR HI AR S FLAE
PRI, B/ NE AR FUE B 7R R E As I
T, INEARL o-TERBRE R RS
=W N, A MDA & & . JHER S ENAE AR
RIS /NEr i R SAA AR F R BB
HEZ, SILE R, RS AR /N,

AT E & B A X/ NE B, F 24+
FEX TR S A K DL AR R S R R
GRS DT T , TR/ N P 2 LA KA B R &R BB SR
WG RAE , HRT AR KB IEKIE Bk 5L 5
FRET, X5 RHELPREEARELFZRER,H
MZEKRHZAE TS Cd.PbAs Hg Cr 5 HEEEAS

(Rl BE R o /N2 7 B LA A TR 2R B i), f A%
A LB SN RES BRI RAMG T R
L TGRSR AR FE PR LA AN Bl

1 #RE5FE

1.1 X Be iR

TR b 67 T B TV Y IR N BT R 4 AR B B
AP FRFER M A A IR AT AR 2 UL e
(34°47'N, 113°40'E), SARIEHI A BRI Z2 XM,
MR, 7 A, ¥ 273 °C 51 AR, P 0.2
C, SR 14.4 °C,>10 CRIEZ 5169 C, 4EF
BIRE T i 645 mm, TCFEHA 224 d, P78 R & 1450
mm, 4E F FEAFE] 25 2 400 h, 325748+, pHS.56,
T YL (SOM)T.0 g-kg™, £ HER S R (Alkali-
hydrolysable Nitrogen )70.6 mg kg™, £ % #% (Olsen—P)
12.0 mg kg™, HRLH(K)123.2 mg kg™,
1.2 {3t

R 5 FESESr5M Cd.Pb.Cr .Hg As, LA
ATINE S B LA IR (CK), 5 FhEE 4R M Eshn
FERER 1, &0 0.1.2 = MREME, HE/NX
AN 1.5 mx1.5 m, 0 HEL 3 K%, it 334
INX, SE A FEHLHES B 48 S INAT , S5 A/ N
JZ 20 cm B IELIRBOE , BT B S AR R IR EE
RIFRERE KRR E S BISRE — &, IR
3 5/NX PSR R, S B S IR
A B SR TERIEARN /NX N, RSE R &4k 30 d
A, URIEESR S RN FETRE

I E P /N PR 9023 (PR 881xBk
213) . /ME 22[(/ME 6 5 x775-1)x/]ME 107], ¥ K
SAEMESF . 20104 10 A 15 HIEM, ATIHHESE
& ,A7HE 20 cm, 57 9023 . /ME 22 FEE M 135 kg-
hm™; ZHE A FRE[CO(NH,),], 25 A 165 kg-hm?, JiK

R 1 FRAESRKFTELERMFAERERE
Table 1 Applied dose levels of different heavy metals

PR w0y BRI g ) BOREMAR ey o) BEREMAGR LRI 1
As [Na;AsO4( V)] 0 0 0.75 18.75 1.50 37.50 25.00
Cd(CdS04+5H;0) 0 0 1.00 0.60 2.00 1.20 0.60

Hg(HgCL) 0 0 1.00 1.00 2.00 2.00 1.00

Cr [CrCL( 1)) 0 0 0.75 187.50 1.00 250.00 250.00

Pb(PbNO;) 0 0 0.50 175.00 1.00 350.00 350.00

E:Eéﬁ%ﬁhﬂﬁli=(0\1\2ﬁ;|;ﬁ%§% étiﬁl

Notes: Dose of heavy metal=(values of 0, 1 and

a1 erson

soil background levels

).
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HE GEBAEA G 172 BEAE IR — R £5(Ca(H,PO,) ], jifh
WAL (P,05)75 kg hm™; FHAE A BT AR (K,SO,), Hti 53 AR
(K;0)75 kg-hm™, 8% AEAE I AE— KA . 2011 4F 6
A 10 Bk, &4~/ X S0 7= 5 /N AR B
PIAAN/INX. H ) A B — 3
1.3 IEIRMITE RO %

TE/NZE B , /XSSO L A
B R E AR AR & R TR E
IR A 1.5 m BRATEESEER 20 RRIIEDS, SCHEL
% il Excel 2003 DPS 7.5 255048 Ab BRARF HEATHE T |
J5 22 AT A A AT

2 ER5H5H

21 AREERREX/NE S EMERRME

HE 1 AR, ARESREULFA—EREA
(R JBE Ak BRSNS P~/ N2 it b ) 3 _E R A M R M A
o A 9023 SXHEAHIL, E&)E Cr b BB (P<
0.05 )Pk 7 3 b ER A A=W B, T EL v ok JBE (Cr2 ) B 9
IV e ; )8 Cd . Hg Pb AL BEA R
FERE G N AR, P Cd Hg Mira 23 5I1E
o T BE I RO RRE RN R TR BE, 17 Pb B 28 F T
WA, W63 T FEE ) T veg e A 000, B T PG 5 As b2
TR FEREAM IR, vk BER R B et A
/IME 22 5xFBAEL, EER Cr Cd ALBRREAR T #h 1
ERAEY R, o Cr Ab 3R R 8 2 (P<0.05)7KF, T
H. Cr Cd i3 735 76 e o JBE s 9400 SR 2800, R ik
B E 4R He Pb a3y in 7 b4y & (HE
Hg Ab PRFEE e BE 38 T (e FE R0 0 22 /)N, T P Ak
BRAESZ ; As AR BREEARIR BE TR BEAE A, R T
R IMHINER o

22 ARESRREMNNEFRTERTE=EX
A1

H15% 2 AT LU ), AR E SR Bra Xt/ Z kL™
BUNBEZEREYTET —ENEmH, =&k
&, Cr LB P~/ S FiokoRL ™ B 55 5% FEAH L S
# (P<0.05) A%, SRI A R Cr ARFR A4
MR TR Cr 4078 ;Cd Hg Pb As ZbBR /N HF
R B TR, Horp Cd1.Pb2 AR BRAGHR A 9023
INZERFRL P B B3 (P<0.05) 7 T4 B, T Cd.Hg.
Pb.As AL B/ ME 22 /NEHPRL BINBA X2 B35
KR 2)0 AALBEFRFE 9023 kPRI B R/ MRIR
A Cr2<Cr1<CK<Cd2<Hgl<As2<As1<Hg2<Pb1<Cd1<
Pb2; % AbFH/ME 22 BRFRL™ B RN Cr2<Crl<
CK<Hgl<As2<Hg2<Cd1<Cd2<Pb2<As1<Pbl,

INGE TR Tl AT T AR AR R T
KIE 3 NERIE B RMNA T, /N B
3HEAWRIARBRERZN, HR2TUEL, M
AN R B LA T AR B AR B A R B R, 5
XFRRAHEE , Cr Pb JipiEIAS] T B3 (P<0.05)Eitk B &
(P<0.01) )22 5K ; T AR ZL (Crl ARBRERS) ) (T
K Z BB, BRI SX B2
FAW R, BEEX R = ER R R/IMRUCN B
(OATTRAVEESE S S S0 1k o VAT W kg 1= 0 e i
AR, FER A& AT /N 7 B AN B R Wi A/ LA
AR Hze3 /AN ,S AR ES R E 4
JEIEXT /N BB —E 2SR, H Cr X
INZE BRI M HIRON , Cd \Hg Pb As X /hZE
PR RS R IR G PR . AR E SR AT
INE B R/MEIH Cr<Hg<Cd<As<Pb, A [FEFH
4B Ml Xt /N 7R B R K Y R Hg<Cd<As<

ab
19 000 153 9023(Zhenmai9023 )
& 17 000 D/ME 22(Xiaoyan22) ab a a ab
T 150001 a a a
= 13000 | a
I
K 11000 F
4 L
o 9 000
4] 7000}
R 5000}
3000
Asl Pbl  Ph2

RSS2 jt"%’ﬁﬁ'lﬁi P=<0.05,P<0.01 E‘Ji%ﬂﬂz TH

Uppercase and lowercase letters means significant levels at P<<0.05 and P<0 01, respectively
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R2 FEAMEEERME T/ NETFEBEMNTE=ERHRM

Table 2 Effect of 5 varieties heavy metals on wheat productivity and the main gradients

7 H/kg hm B AR T - b R - B THIE/g
Qb3 Grain yields Spikes/Hectare Kernels/Spikes 1 000 kernels weight
Treatments 3 9023 JIME 22 FRZE 9023 JIME 22 #9023 JIME 22 FRZE 9023 JIME 22
Zhengmai9023 Xiaoyan22 Zhengmai9023 Xiaoyan22 Zhengmai9023 Xiaoyan22 Zhengmai9023 Xiaoyan22
Asl 6 131.9abA 8 226.3aA 435.3abAB 479.6aAB 27.3bB 37.1abA 52.3aA 46.0aA
As2 6 065.3abA 7 448.1aAB 411.8abcAB 410.6abABC 30.1bAB 37.9abA 49.0aA 48.0aA
Cd1 6 612.2aA 7 692.7aAB 440.7abAB 467.11aAB 28.9bB 36.8abA 51.8aA 45.0aA
Cd2 5 714.1abA 7 692.7aAB 394.8bcAB 477.97aAB 27.2bB 35.8bA 53.6aA 45.1aA
Crl 3 935.3¢BC 5 633.9bcBC 217.3dD 322.6bcBC 35.8aA 40.3abA 53.3aA 44.2aA
Cr2 3 566.2¢C 4 642.3¢C 250.3dCD 256.3¢C 28.0bB 41.8aA 51.3aA 44.7aA
Hgl 5 914.1abA 7 283.6abAB  396.7abcAB 397.9abABC 27.6bB 40.9abA 54.1aA 46.4aA
Hg2 6 327.6abA 7 608.3aAB 413.2abcAB 452.3aAB 30.9bAB 38.0abA 49.6aA 44.6aA
Pbl 6 545.5abA 8 466.5aA 475.8aA 511.3aA 27.4bB 35.2bA 50.6aA 47.2aA
Pb2 6 643.3aA 7 932.9aAB 440.5abAB 442.4abAB 28.9bB 39.9abA 52.2aA 44.9aA
CK 5313.8bAB 6 870.1abABC 346.1cBC 410.6abABC 30.4bAB 37.4abA 51.0aA 45.0aA
. Rh RN KEA5IE P<0.05.P<0.01 BB EKFE,
Notes: uppercase and lowercase letters means significant levels at P<<0.05 and P<<0.01, respectively.
R 3 FRAMEXESEHE T/NEFERIXTLE (kg-hm™)
Table 3 Wheat grain yields under varieties heavy metal stress(kg*hm™)
vayﬁ ital szni:jg?% S+ g;o{faj222 SR +1-) Aviiz{ﬁ;ds SR +1-)
As 6 098.6 784.8 7 8373 967.2 6 967.9 876.0
Cd 6 163.1 849.3 7 692.7 822.6 6927.9 836.0
Cr 37508 -1563.0 5138.1 -1732.0 44444 -16475
Hg 6 120.8 807.0 74459 575.8 67834 691.5
Pb 6 594.4 1 280.6 8 199.7 1329.6 7 397.0 1305.1
CK 5313.8 0 6 870.1 0 6 091.9 0

Pb<Cr, PN SFITARIESE W EUREE S
iR, 5 9023 Lk, /ME 22 X%} &4 J8Pb.Cr,
As BN B iU, XTE 4R Cd Hg MR N AR
Bi(E3),

BN AR BT E AR Cr.Pb il B R
FeA Uk, 53T HRAR L, + 3 Cr[CrCL( T ] &k
2l 187.5 mg-kg™ B, REAEAR L 3F (P<0.01)REARAS %
9023 {4y By TEI AR AT AR /M 22 A9 HLER b aE BB
s — &, 24 Cr(CrCly) & 2353 250 mg kg™ B}, 7
KRF B (P<0.05)KF(F1,£2), HTHEHPb
(PbNO:) &N 175 mg-kg™ I, SRS HEAH L, Pb JiiriE
REAEAR B3 (P<0.01 )3 hNARZE 9023 4B i R
TREGTEM S BT DA S B K 1453 Pb(PBNO;)
T RIAF] 350 mg-kg AT, BARLREIR Ri/IME 22 YR

L, BEA% .25 (P<<0.05 )34 ARz 9023 [ A IRIFHAE
TR%, Y& B R F] 1.20 mg-kg™ /KA, BRI
— R M3 N B R SX BEIER B R AR
243 As(NasAsO,) & & 7E 18.75 mg-kg™ /KFhT,
5B L, RS .35 (P < 0.05) 3G fin#8ZE 9023 fyH
AEFRBARLL, Y& B KEF] 37.50 mg-kg™ /KA,
NS S X A L E B E EF  FEAMR
0T, He RAXTARZE 9023 DL K Cd,As,Hg A xt
/ME 22 B RESE IR T AR ALY, (B AR AT
MR, A B3 K

AR RTE T pH=T7.5 (Y 1 IEH RE
KT 1Y, B ko 52t O i P 1) 148 Cr 195
=R 187.5 mg-kg! B, ELEXF/NEE KB T LR
%SIFETBES'EEIQTFP%WEFH ; 24 1+ 48 Pb(PbNO;) & &

ﬁﬁfﬁﬁ@ﬁ@@f&ﬁﬁﬁ'ﬂhfig jsﬁatm alf Xﬁ%ﬁ“ S 1 B4 S0 T REURE (AR B 16
(CdSO,+SH,0) A B 0.60 mig-Rg FRPH] e 1 U SRR X /N2 B T RV AR B 14
www.adul tpdf.com
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TR, + 3R Cd(CdSO,-SH,0) & Bl S 7K R
TE 0.60~1.20 mg kg™ 2 [a] , + 3 As(NasAsO,) 7E
18.75~37.50 mg-kg™ [,
23 AREERREN TR TERNM

AR EE 4 B AL BT L T FRAR T EE B e, S % R
I, EEJE Cr Bl B iH (P<0.05)%5% 9023 31T
TR A AR, BB VR BE B T 40 R T I 5 T Cd
Pb.As Hg & & & 8 W BB GS (e #Etth T #AR A K,
2 b FRAE AR BE i O BEVE RIS R T S vk BE I Y
TRHEVE R (B 2) o 4 40 38 b T AR T 2 K/IMKIR R
Cr2 <Crl <CK <Cd2 <Ph2 <Cd1 <Hg2 <Hgl <Pb1 <As2 <
Aslo & ARG/ ME 22 T ERIR AR KL RN
M (Hgl BRAb), Horh Cr Cd As Jb BRI 7E R
JE B A RIAE R PR BT R RIAE RS, T Pb Ab
P ; 4 JR Hg AL BRAE m vk BE I R I 0 A
R, TEARHR FE B RN AR HEAE o 25 A0 B T AR T
H R/ A Cr2<Crl <Cd2<Cd1 <As2 <Hg2 <Pb1<
As1<Pb2<CK<Hgl
24 AEEEEAEN/NEF-EMHERHEX MY
S

UNBIEEEp 8 A EIVNT 2l 92 28 7 XA
T AR AR TRLEE S 4 b , B X HPRL A 7 Bt
B TR, ULEE S B MHE T NE B
SR 2 2 [B) A AR SR P AR T — B IR

HZR 4 AR S, XA /NE LR ZE
AAEDRERR , 7 B 5 R T E (r=0.80, P<0.05) . F#kL
B (r=0.83, P<0.05). BN EFREEAE (r=0.84,P<
0.05), 3t ¥4y SR T 5 (r=0.85,P<0.05) . Fifif
T BB IR B 8 (r=0.82, P<0.05) , AR T2 5 B THT AR
ATEE(r=0.88, P<0.01) 35 ¥ R I H BRI IEAH GG
R TRLE 5 E A Y& (r=-0.81,P<0.05) MR T
H (r=-0.80,P<0.05) . ki $ (r=-0.76, P<0.05 ) . J* &

1350
1200 -
1050 |

900 -

B /ME 22(Xiaoyan22)

1 AR T E# kg - hm™

Ok 9023(Zhenmai9023)

(r=-0.95,P<0.01), PAf; FFEH RS (r=-0.88,P<
0.01) BRI MR [ AR R

Cr e T, {CHE # LAY R SR TE(r=0.94,
P<0.01), r=& 5 B i FR A %0 (r=0.91, P<0.01) Z
() R HE A 2 ) TE AR DG, At ™ B ) i R =2 ]
A B B AR, As AT, = B SR (r=
0.80, P<0.01 ) , BALA7 T FRA#F A 8K (r=0.68 , P<0.05 ) Lk F
PR Hh BT AE Y R (r=0.62, P<0.05) Z [A] 3R Ky
WA IEA M s T R S AR B0 2= 3 R %
3% (r=-0.71, P<0.01) {9 MK, Cd AT,
B 5B (r=0.85,P<0.01) , B4 T FBF (AR RS (r=
0.79,P<0.01), i F#HEYWE SR TE (r=0.59,P<
0.05) Z[AIZRIH ERAECHE, TR E 5L
(r=-0.79,P<0.01) . /=& (r=-0.67, P<0.05) . BL{} ]
FUBEREL (r=-0.71,P<0.01) Z[A]FRIH 1 HAHK
. Hg i~ , #h B AW & 5B T (r=0.87, P<
0.01) . F# ki 3 (r=0.66, P<0.05 ) , B4 o7 Taj FH 7 {4 7
577/ (r=0.80,P<0.01) Z[AFRIAERA) IEH
xME, TR ESERE (r=-0.80,P<0.01), =&
(r=-0.71,P<0.01 ) Z [ F7AERR 5. 35 14 £ A 544 . Pb i
ET, RS A E(r=0.70, P<0.01) FEk 3L
(r=0.76,P<0.01), BA{v 1 FURBE (KRR 2L (r=0.58,P<
0.01), /NEFE AR EIAY RSV T E (=081,
P<0.01) . FE % % (r=0.76,P<0.01) , R F 5R T &
(r=0.66,P<0.05) Z [f] F B0 H 558 1Y 1EAH 0% 5 T T
L i A & (r=-0.58, P<0.05) MR T (r=-
0.55,P<0.05) . fi ki %k (r=—0.82,P<0.01) . F= & (r=-
0.70, P<0.01) Z [a] | = 30 4y S 2 A R A DG 1 (3R 4)
5xtiEM L, T4 /8 Cd.Pb As Hg Wil BB A 2%
= E& EFZ R AN, RS E
DBk T E 48 Cr 3l WIBEAR T 7= B AH G R+ (9 4
K, R AR T AR = '

a

Asl As2 Cd1

750
600 -
450
300
150 -
o U L

_AS h F Hg2, Pbl  Ph2 CK
F1gure$ Elects of vanetles eavy metals on root § welg!
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Table 4 Coefficient analysis of wheat yield gradients under varieties heavy metal stress

HE4JE Heavy metal #H5EZREL Coefficient(r) DB RW SP YH W NS

As DB 1

RW 0.37 1

Sp 0.62* 0.23 1

YH 0.55 0.24 0.80%* 1

™ -0.35 -0.11 -0.71%* -0.45 1

NS 0.13 0.05 0.18 0.68* -0.20 1
Cd DB 1

RW 0.59* 1

Sp 0.39 0.37 1

YH 0.46 0.44 0.85%* 1

™ -0.25 -0.11 —-0.79%* -0.67* 1

NS 0.30 0.19 0.50 0.79%* —0.71%x* 1
Cr DB 1

RW 0.94** 1

Sp -0.25 -0.37 1

YH 0.52 0.28 0.10 1

™ 0.22 0.50 -0.44 -0.55 1

NS 0.50 0.30 -0.26 0.91%* -0.50 1
He DB 1

RW 0.87** 1

Sp 0.66* 0.49 1

YH -0.05 -0.14 0.35 1

™ -0.46 -0.27 -0.80** —0.71%* 1

NS -0.37 -0.37 -0.27 0.80%* -0.28 1
Pb DB 1

RW 0.81** 1

Sp 0.76** 0.66* 1

YH 0.70** 0.47 0.76%* 1

™ —0.58* —0.55* —-0.82%* -0.70** 1

NS 0.15 -0.02 -0.01 0.58* -0.34 1
CK DB 1

RW 0.85* 1

Sp 0.36 0.47 1

YH 0.65 0.80* 0.83* 1

™ -0.81* -0.80* -0.76* —0.95%* 1

NS 0.82* 0.88%* 0.42 0.84* —0.88** 1

T * e ARl P<0.05.P<0.01 YB3 KF; DB.RW.SP.YH.TW NS 43-3RaR i EE A AR TE FRRE 7 2 TRE A AR
FEAL
Note: * and ** asterisk means significant levels at P<<0.05 and P<<0.01, respectively. DB, RW, SP, YH, TW, NS indicates the upper biomass, dry weight

of root, kernels/ spikes, grain yields, 1 000 kernels weight, and spikes per hectare, respectively.
3 Wi YRR, T 7R R vk BE T RERS I b 70 R 2R 3 R 2R R
A K ZEFIAR A= 4 o AT DA 46588 3 F) 7 B A,
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