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Abstract; Effects of corn stalk on wheat seedling, contents of Pb and protein in mature grains as well as yield properties
were studied in polluted soil of Pb by in-door and out-door pot experiments. At the same time, the physiological mechanism
of alleviating toxicity of Pb to wheat by corn stalk was investigated in detail. The results showed that the growth of wheat
seedling was significantly promoted by adding 3g/kg and 6g/kg corn stalk into the Pb polluted soil and the toxicity of Pb to
wheat was also effectively alleviated. Detailedly, compared to the control, the root length, shoot length, dry weight of
plant, chlorophyl content and root activity increased by contraries of the activities decreasing of peroxidase (POD) and
superoxide dismutase(SOD) isoenzymes as well as malondialdehyde (MDA ) content. What is more, the corn stalk could

reduce the content of Pb in grains and enhance the grains protein content and biological yield.
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FLAEMFEYEE A TIMEASSH ; B AR BRTERL N E SRS B EHOR (B AL Y 7 A R
HIBR ], B 250 By A K ARK WMEE . BREMXBANEESRBE LA IENEEBERR
—o WIS BADRHIE AR BERREL Rk RS T

VEMIREFT RARIED BRI 5, REGEREDREFTZRIX 6.2 12t 22, Hrh £ RFEF SR 5 60%
~70% , W2 ZHIVEMFEFT , B4R A 20% ~30% B RS . REBFE—ME L. 558 EENAE,
(B HAE N — R B 1, P IR B &R Y O B R RS . 4RI R ERFEFE e &
), 33 2 IR B AR, BFSY T EORFEFFAS Ph {5 3e 1398 b /NG 40y B A 03000, A0 BB /N P B IR
FPR: Pb &8 FPRLEE R & B IS, HHE T Hsiz Pb B OLER , Jofd ] RS AT Pb X/ i
Fa /e, HEAT Pb I5 e 4 B/NE AR K B ARG T — B INEE S E R .
1 RS HE
1.1 kbR

IR - B T R UV R 2R B £ (0 ~20em) B2 LIRS B K Pb W IR 1; FRFEFT
BE S 38X, T, B85, 5 Pb 58 6. 67 mg/ke; HiRk/NE (Tritium aestivum L. ) F 50 %4t 58 518550 49 Pb
(CH,C00) »3H,0 (A.R.),
1.2 R

BRI R AR )1, EA BT 014 x hi2em KRAES, B 20255 1 500g, 45140 B B vk BE b
N2, RERAZEMENEIT, 2 KEH. LRV 7d 5, ST 30 kL, BIRFRLMNERE (18 =
0.5)°C JRBE(75 +5) % RH SBHEEE 10000Lx (45 i A TS MEAMEY4E (HP1000GS-B &) i35, 4#&)5 154,
TS /N B B A AT s $8 05 20d, T8 /NGE S TAR 2RI I AR 53508, P 208 Fl @28 x h30cem 48}
T4, a2 L 10kg, b FH B YR EEAS B I13E 3, IR0 R 52 2 BN, 3 IREH . /NET 2006 4 10
A 21 B%Fh, 5248 F 30 KL, 6 Sem, F=H-HIEH 10 b, IE WM& H,2007 485 A 30 H sk, ks
HEFT R BRPRL Pb S EAZE AR S B AIIE .

F1 #HiXTWFIRPhIE
Table 1 The nutrition and Pb content of the soil in experiments

28 HHA HAE A AHLER Exit

R &S|

Soil pH Total N Available N Available P Available K Organic matter Total Pb
oil type
P (g/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (mg/kg)
Pat 7.94 0.58 72.92 9.71 39.31 2.47 11.43
1.3 WET

1.3.1 JBEIERHIE

)5 20d, U AL 3B/INZZ 4 R, VRS 2 AR ZERER 43, BEALER 10 BRIV E 40 B ZF K FIAREC , 105°C %
# 30min, 85 CH BEEFHRELTE,
1.3.2 ISR E

&5 15d, BUS AL F/NE L A, Yer s MDA & BRI E R A B L 2 iR s M SR S B IE R
FITRER-Tok Z B 3 s s B AL YEE AL B (POD ) A8 A ALk AL (SOD ) [ T 1 K6 00 3R i 588 79 445 T
et ks o #B)E 20d, BUR AL BE/NGE AR R, Ped s AR AR T 7 I RE SRR AL = R FE Y KU (TTC)
&[12] .
1.3.3 Pb & EHNE

FEFFHCR A B ORK ZRIBK VR B 7k JE , T 60 ~80°CHt EJE E, A FZ102 SR AE M i A 4 BR ALK
W, /N FPRLE IXFMI10 fEiE KB B , HIERE A TR MR & 5 B AT B, 1 , R F§ HNO,-HCIO, JH /%
PR TR R A B TR RSB (SEE TIA AR 477, IRIS Advantage 7Y ) Yl & AE R A 1 584
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mm 4 Pb & &
x2 ERAHRBHRERE *3 NEEFRBHRERE
Table 2  The concentrations of the treatments in in-door pot Table 3 The concentrations of the treatments in out-door pot
experiments experiments
Pb(CH,C00),-3H,0 Pb(CH,C00),+3H,0
. (/K VL P T ) JLsk (/e 11 P TEH )
Treatments > Treatments .
0 350 600 0 350 600
0 +0(X}Hg N
0 * 04350 0 +600 ERFF 0+0
TARAEFF CK) Com stalk 0 (Xt CK) 0 +350 0 +600
Corn stalk 3.0 3.0+0 3.0 +350 3.0 +600
(g/kg) 6.0 6.0 +0 6.0+350 6.0 +600 (g/kg) 4.0 4.0+0  4.0+350 4.0 4600
8.0 8.0+0 8.0 +350 8.0 +600

1.3.4 FERREENE

1.3.5 %

TRE /N R B S5 S/DMEE ERLE T RLE A B
RIELE R Excel A1 SPSS GEiH 8 AT 704 o

2 HZR55MH

2.1 FEKRFEFFXS Pb Bl T /NE L TE S8R 5200

B & 1 F]%0,350mg/ kg B — Pb AbFEXT/INE G 1 2F K AR K BB R R SEVE % /INZE 4 i 2R EE AR
TR HI4EH ;600me/ kg Bi— Pb AR /NEZ G ZF K ARK ZFE AR E LRI IHIER, 75t
XFHRREAR T 3.7% \3.4% \15.4% \30.8% , 24 Pb 2y Omg/kg B}, & EARFEFF R MG, NELE R ZFK
A ZFE AR E 2T G FRRR S 24 Pb 2 350mg/ kg B, BN 3g/kg il 6g/kg B ERFEFFIEHE T 2F
KAMRK PR, T & FORFEF X ZFE MR E A R /ER; 24 Pb Jy 600mg/kg B, N [A] F & FOKFE
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Fig. 1 Effects of corn stalk on the lengths and weights of wheat shoot and root with Pb stress
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FFXF P B A —E K EMVER, Hob L 3g/kg FORFEFF AR 2R R E ZFE M ERMAIE AR K, 7251
X RESEANT 9.9% \21.6% \33.3% \25% . HiBLAIA, FEFR B Pb {5 5L ) 14 (350mg/kg) |, 7N AiN 3g/kg B 6
g/ kgl TORFEFTBEA UG/ N E Y B ) Pb 35 7K Pb 1552 13 (600mg/kg) b, #SIN 3g/ke 9 ERFERT
XN G R ZE R AR ZFE AR E RS AFE SR
2.2 FORFEFTXS Pb il T /N2 4 v A B AR R R

B 2 ATLLE Y ,350me/ kg — Pb ABHFEAR T/NZAE M 4K a S8 SR (a +b) HFEAMRRIE S,
EXFIH4RER b & BAA fesbfE MDA & BASA NN ; M 600me/kg Bi— Pb e F , /NELF AR a F & .
MR Db F' R (a+b) TRUSMRKNE N BEFE, M MDA S REETR . RUREEK Pb AF
F/AINELNHEHIER . 2 Pb O Omg/kg B, AR B FORFEFF I T /ML LR b &8, Hpiim 3
&/kg Ml 6g/kg Y FORFEFHE/NE LB MR R T 0 B2 540, MDA & 8 1 38 [ MI%; TOKFS AT R4k geig izl 8
g/kgit, RMFER T/NEL B4R 2 SR AT SR TRARRGE N, M DPEZNEERAHN. L Pb Ny
350mg/ kg Fif, AR B EKRFEF A 4R R a S ERIA K, 6g/kg TKFEATMBBETHR THEER b MG
SRR, A RN 13% 1 10% , R AR R 16 J1A Bl 5ok, 3 R 173% , MDA & & 1 3 i,
EXIRAH LR T 35% o ULBIAERRBE Pb 54 L3 b, IS0 6g/kg M EKRFREATBEMRERY. L Pb Ny
600mg/kg i, 3g/kg B FRFEFFALEIE AN T 483K a 4R b MLEMH SR NE &, 05| LRI T 4.9% |
8.1% H5.7% , A [Fl & ERFEAT I N TARARE S AR T MDA &8, Hrp L 3g/kg il 6g/kg B EKFS
FRALFEACR BT . ERHZETRJE Ph 5L +35 |, 3g/kg FRFEFFALIRRER RUEM Pb X/NEMFEIEM.

FEFF Cornstalk(gkg) OO0 EH3 Hoe M

30 HH4EE (atb)
Or Chlorophyl (atb
WA a phyl (atb)
= 25| Chlorophyl a
>
£
%S
t:: i nHR#E b
o Chlorophyl b
= 7
| B | [ RS I 2 | I I
350 600 350 600 350 600
Pbik & Pb content (mg/kg)
= 4000 0.10
& @
= ]
a. 3000 Q £
R § N Eﬂé
P ¥ ¥ £
> S 2000 g B 5
-5 o
& 1000 § % <QC
g ¥ =
0 350 600 0 350 600
Pbik i Pb content (mg/kg) Pbyk J& Pb content (mg/kg)

B2 FORFEFFXT Pb 8 T/NZE4 B4R R & i AT DA B R

Fig. 2 Effects of com stalk on contents of chlorophyl and MDA and root activity in wheat with Pb stress

2.3 FOKFSFXS Pb jid T /N2 4 POD SOD [&] TR R

X LK BT (B 3) M el A, A , ARSI BE Pb AREE A [R] AN 0 EORAEAT AL B T /N 4 3Rk
52 POD A TEEXA: I K IX. MX. VX, VX, K [ XD 2 K8 (2 F000) , 1XaAHE 1 &%
WAL 250, XA 1 RS9 1 AR5RAF AN 1 ZR0GRYF, IV XS 1 405870, VIXKEAMOHE | &5, X F
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SOD [A) TE§RUL, A R EE Pb 4B A RIS INE FOKFEFFAL B T /NE 4 i B3R5 6 A& TEgIXH , b VIX
VI S G (0 i fi S H BRI 2 AR AT , R foe e BB, JB T oiass, T IX ANV X e o i e i 1 BRI 2 R g
W, BT, AR, POD [F TEHEMELL C2P0,C3P0,C1P1,C1P2,C2P2 JLAMAbHE 441K ; SOD [F] TR
WEHENL C2PO,COPL C1P2 C2P2 JLAMKEER AR , 3 B[R] EOKFEAT AL B AT ik POD F1 SOD [ TR 74
il COP2 b3 ) POD Al SOD 5 P35 , Ui B 600mg/ kg Pb ALHHEL X /N 4l W =2 T B H AL, 2 Pb Oy
350mg/kg B, C1P1 4b3 ¥ POD A1 SOD [&] T EHE M IR ; 24 Pb ol 600mg/ kg B}, C1P2 . C2P2 £hF# ) SOD [F]
RS PEREAR, BLRAAS N 3g/kg I 6g/kg (I ERTEFTREA B0BSZ Pb i T /N AR AR B i 2L H9HE I, 8l
BT/NEYE 3 Pb MEEE R T HIGEN MRS HEE T o

1 i

I

vE L B

COPO CI1PO C2POC3PO COP1 CIP1 C2P1 C3P1COP2 C1P2 C2P2 C3P2 COPO CIPO C2PO C3PO COP1 CIP1 C2P1 C3P1 COP2 CIP2 C2P2 C3P2

B3 FORFEFFAT Pb il T /N Sl POD [F] LAfAI SOD [ TR KRN
Fig. 3 Effects of corn stalk on the POD and SOD isoenzymes of wheat seedling with Pb stress

Bl e C 2R FORFEFF,0.1.2.3 ZURFEFFAL BRI BE S 510 0 g/kg 3. 0g/kg 6.0 g/kg 8.0 g/kg; P 3% Pb,0.1.2 IR Pb ALTRHE B4 5 O
mg/kg 350 mg/kg 600 mg/kg In Fig.3, “C” represented comn stalk, and 0, 1, 2, 3 represented the com stalk content 0 g/kg, 3.0 g/kg, 6.0
¢/kg, 8.0 g/kg respectively; “P” represented Pb, and 0, 1, 2 represented the Pb content 0 mg/kg, 350 mg/kg, 600 mg/kg respectively

2.4 FORFEFTXS Pb il T /22 sl 3 ANHPRL Ph & & JFPRLE B R & B DL R BRI
HIZR 4 FTLAE ), SXTIRAR L, B0 4g/kg FORFEFFRBI/ N KPR Pb & BIEG, BB RS BIH R .

F4 HAXPOEHET/IEFN PO FE FHNEARASEUR=EIERKZ M
Table 4 Effects of corn stalk on Pb content, protein content of grains and yield characters with Pb stress

FEFF Pb(CH;C00),-3H,0

545 Indexes (g'kg) (mg/kg, LA Pb JTGHEIT) FAE

Corn stalk 0 350 600
¥EBL Pb 75 (mg/kg) 0 0.50 0.64 1.01  Fp, =116.626** F s =33.493** Fp,_cs =294.008 **
Grains Pb content 4.0 0.35 FH 0.53
BHFRERE(%) 0 13.53 15.56 14.90  Fp, =18.326** Fes =181.271** Fpy,_cs =59.713**
Protein content 4.0 16.32 15.72 15.97
PR (em) 0 63.25 64.59 66.01  Fp, =1.092 Fes =8.716** Fpy_cs =2.027
Plant height 4.0  66.77 68.24 66. 10
i (em) 0 9.09 9.07 9.03  Fy,=0.917 Fes =0.929 Fpy,_cs =0.867
Spike length 4.0 9.07 9.47 9.08
ERWINE £ 0 15.83 16.90 15.63  Fp, =3.514" Fes =3.057 Fp,_cs =0.235
Bearing spikelet 4.0 16. 80 17.17 16.30
PRI E (g) 0 2.00 1.77 1.67  Fp, =0.565 Fos =18.682** Fpy_cs =2.807
Spikelet weight 4.0 2.23 2.88 3.08
e (g ) 0 84.00 79.67 78.00  Fp, =10.544** Fes =13.976** Fpy,_cs =1.989
Biology yield 4.0 102.67 94.00 85.00
THLE(g) 0 39.01 40.38 38.31 Fp, =3.374 Feg=11..366** Fpy,_cs =15.666 **
1000 grains weight 4.0 39.46 39.56 42.63

* B FE(p<0.05) 5+ = AR BE(p<0.01);CS HEKFEFF + significant at 0.05 level (p <0.05); # #* significant at 0.01 level (p <
0.01); “CS” represented the corn stalk
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Hrp, X4 Pb 2y 350mg/kg B ,4g/kg FORFEFFALI FHRE LS R LW IRAR T 1.02% , MkFkiH Pb & &
KK ;24 Pb Jy 600mg/kg B ,4g/kg FRFEFFALHE T AFRL Pb & B L BRFRAK T 61. 4% , FPRLEE F & &
FX BT T 7. 18% ; B FHPRL Pb & BRI H R & B FIIEEIRR UL, TS 2 Pb A3 [H] KRS,
HRTH L HAE R ZRBR R B E K. R, FORFEFEXT Pb Bhil T /NE R 7= B R i 5 45 51
FH, Tit 2 350mg/ kg IS 600mg/ kg Hi— Pb b3, HIREAR T /N A K R E MY =8, M4
S/NERTREN 2R S M X FERFEFRUL, 49/ kg IR T /N Mk 4555/ ok
B AEYTRURTRENT G, bk FRRLE A9 7= BRI TRIE DU TR B5 AR R RS FFAL 3 6] 1 22 53K
R BEKT . LREPIJTE, 2 Pb Jy 350me/ ke B, BN 4g/kg FORFEFF /N AR R 4555/l
B FERLE A YRR H X RSN T 5. 65% 4.41% \1.60% 62.71% F1 17.99% ;4 Pb g 600mg/kg H,
WS 4g/kg FORFEFFMIGERE RS K 4550/ MBS E Y - B M TR EN AR, Hh 455/ MES
FLE AW R A TORLE 4 EU XS BRI N T 4.29% (84.43% 8.97% Fl 11.3% o FAHIKUEL, T & Pb {5
Qi R E P Pb {5 5¢ 4g/kg FRFEFFAL B BE B R FRL Pb & &, JF HAE ™ B MR W38 TR R
B

3 g

RIEAR R TRGER , S BT S TR A H AR =B MR, TR Pb 54+ + 38 (350mg/kg) |, R
3g/kg B# 6g/kg FORFEFTRE B E(RH LB AR ZF K R E 2R NN 6g/kg FORFEFFRHE T/NE Ly
MR a FE SR b SR KA SRS RMBN, HFERRTE A2, BERIRT MDA & & ;5
4g/kg EARFEFFALIE BEHE T = BHRIF U RFEAR TR Pb &, SIUIERRRE Ph I5 e 138 b, jtifn 3 ~
6g/ kg H) EARFEFFHBAE B, FEAOI A 7= v A 24 4523 Bt P £ KA #F 4350 ~ 8700kg, TifEEE E Pb {55+
1 (600mg/kg) b, %N 3g/ kg FERFEFT AR B3 EM/NELH 1) Pb T IR 4g/kg FORFEFFREM = EMRTS
BFR[FIFREE R, R oA TAPRL Pb &8 BEBAWSIN 3 ~4g/kg ERFEFTREA R AR T BE Pb {544 13
/N Pb FE  FER AT AR 2 T A B FE EOKAE FF 4350 ~ 5775kg,

ARG, TS RR B Pb {5 YR R E B Ph IS Y /NER R A R BIAF], 4 A R A, vl RE R /NE 5
EITHR R Pb, B R BE ) Pb S BIOR R R A0 6 B e R B B 1 24, (BB v K . 534 Pb i
EIER] ASE AT A B SRR E IR TR R L R TR, NI RBUE 1S 5 A Y E AR
SR AR GIR RN, BRI/ NE R K, T ELAE BB SR /NE Pb B E . T
HIFERE XA T EARBHF P& RENAER ARR e HED BEIY, E5F A B HEE
FIUR, —HHEANE T Pb A TR B SIEEFCR, - HE THERS FER, AR JWEKR, ¥ e
J125, UEFRPEAR, CRE MR R B Pb SR, BETI 8 13 b Pb (A AUMEREIR . S350, i URIR 45 R RIS AT
F A AT DA 3980 0, 38 B+ 6 WLBR 2 3740 1o & B, AR AT AR o H IR B MR S i TE E T A
I, R FORFEFFE — @ R L BGE T Pb 54 13RI MR, IR 3 — 25 s T L4 rh Pb 24k, T /)
FZMha R EEREAR . AT 3g/kg Fl 6g/kg FRFEFFALIEREAR T POD Fi SOD ¥ 7 il [m) /g i 15 4, %
BRIk P AR B KT T B 32 ol AR R ™ B 3g/ke T 6g/kg FORAEFFAL RS MR T
Pb Xt/NELEMEFEEM.

HAT, B4R Pb {5 PR E 2R A IR BEK RIR S5 . AR R RR U ERFEFA AR
WA KT EL BB A S EM/NE Pb BEE . FORREFHEN —Fh i WA DR, IR E & K HAE h— M e E 15,
ACRAE R B 54T AR ER T ELIE RE ORI EREE , B AR AT M BL FHAT . AR BE — R U R V5 P T I|AE B SL
AL, BN A =R S A A SN E SR TR, B A RE G B AN ESBES
HYBERR , LB EIHIEA i — S R R FRALT .
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