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Effects of Crop Straw Returning with Lime on Activity of Cu, Zn, Pb and Cd in Paddy Soil

NI Zhong-ying', SHEN Qian?, ZHANG Ming—kui*

(1.Agricultural and Forestry Technology Promotion Center of Tonglu County, Tonglu 311500, China; 2.College of Environmental and
Resource Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract: Crop straw returning is an important measure for increasing soil carbon fixation and soil fertility in China, but it also may result in
some risk of raising activity of heavy metals in the soil. In order to understand the effects of different sources of crop straw on heavy metals
activity in soil with different pollution levels, and to take appropriate measures to prevent the activation of heavy metals in the soil, both pot
and field experiments were carried out to study the effects of crop straw returning with lime on activity of Cu, Zn, Pb and Cd in paddy soil. The
experiments were carried out in the soils with both light and heavy pollution of heavy metals. In the pot experiment, three straws, including
rice straw with heavy pollution of heavy metals, rice straw with light pollution of heavy metals, and rape straw with light pollution of heavy
metals, were tested. Two dosages of lime (0 kg+hm and 750 kg-hm™) were applied. Field experiment had three treatments, ie., control
without application of straw and lime, straw returning and straw returning + lime. Soil available heavy metals, accumulation of heavy metals in
rice grain, and chemical forms of soil heavy metals were dynamical monitored. The results showed that crop straw returning increased

significantly the concentrations of dissolved organic carbon and water soluble heavy metals in paddy soils at the early stage of experiment
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(in first 20 days). The increase in water soluble heavy metals in the soil with heavy pollution of heavy metals was most obvious as compared
with the control treatment. After 60th day of the experiment, the effects of straw returning on the activity of heavy metals in the soil decreased
gradually with the time, and became no obvious. The concentrations of water soluble heavy metals in the soil treated with rape straw was
generally lower than that of rice straw, while those in the soil treated with heavy pollution of rice straw was higher than low pollution of rice
straw. The results of both pot and field experiments showed that the accumulation of Cd in rice grains could be slightly increased by
application of rice straw with heavy pollution. However, application rice straw or rape straw with slight pollution had little effects on the
accumulation of Cd in rice grain. The effects of all three tested straws on the accumulation of Pb, Cu and Zn in rice grains were not obvious.
The content of soil water soluble heavy metals and heavy metals accumulation in rice grain could be significantly reduced by the application
of lime. It was suggested that the rice straw returning should be controlled in the field with heavy pollution of heavy metals. When returning

straw to the field, it was better to cooperate with the application of lime.

Keywords: straw returning; heavy metal pollution; food safety; straw returning with lime
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Table 1 Basic properties and concentrations of heavy metals of the tested soils
A H aes =31 pH {H HHLT/g ke JEHh Cd/mg-kg" Cu/mg kg™ Pb/mg kg Zn/mg kg
{5 YA H KFEL 5.78 28.54 gt 457 168.65 143.68 554.82
R H KFEL 5.69 31.46 gt 0.56 54.32 58.65 154.26

®2 HilBEHPESEQE

Table 2 Concentrations of heavy metals of the tested straws

SRR Cd/mg-kg?  Cu/mg-kg? Pb/mg-kg’ Zn/mg-kg”
IS YOKFEREFE 3.87 59.76 5.76 87.65
RIS YOKFEREFE 0.43 32.75 2.75 40.98
RV YIRS 0.56 37.34 3.47 47.89

H5E A AR RR, 5 AN NS FF AL K A% B Ak
B ANEE— S 7 AN EE, 3 IRER . IR — Y
R T (EAE 30 em 5% 30 em) , B &
CGRIEHTIE 5 mm) Ry 15 kg, #EFF R LR 0.33% (BRI
% 50 g, AT 500 kg+667 m™); 41 KA1 E 4351124 0
g M5 g 45, M4 TF 0kg-hm™ 1 750 kg-hm;
FE N NH,NO; KH,PO, KCI 4% 1 g PEIRIE . il f #1
it TV R 2 2~5 em. HIESFEFF AR SZNERL 5853
RAVER A WK R R 5 em KB BEFER/N .
KPR 3.5 MoKREM R ED T, TS
o 1A A e hnita B A — ik, il 2 [RDECHE o a1 )
MR PR A T BRI HRK )2 , A BRAS S it
PREF—3 405155 10,20.40.60,90 d RAE 4%,
FHF 007 3ok T 48 Al i e AU . T4
B — ATl REIR (PR 2 em) RAFE RS BE— 2525 2R
£ 5 MR EFER A AL, ARSI E IR 30 g /£
LT, 25 IR AR IRIE 2 A o KA
U5 (5 90 d)RFE M HTHFRLH EE 43 5 i
1.3 HELKE

FH (B /N6 [ Bf E 2 2895 e R gk A T, &1
3 ANRREE, 435 kX6 B ORF RS FE ALK ) S AF 4 H
KFEFFIL A+ K 3 A4 B, /NXTEFLR 10 m*(2 mx
5m),EHE 3K /NXEEE 1 m FERRTTT, BE—/)
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£ 2~5 em) N 45 H B F—ZFOKFEREFE, 1 500
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Table 3 Effects of straw returning on soil DOC concentration in pot experiment(mg-kg™)

- e I ESR]/d
10 20 40 60 90

G ANt FHFREFE 343+16d 315+11c 308+12¢ 28749c¢ 279+20ab
EIT YK FEREFF+ A A K 554=19h 417+8b 387+8a 345+14ab 289=+17ab

ISR RERSFE A K 523+21hc 367+28b 354+6b 328=11b 279=+16ab

BRI YoK RS+ A Ak 607+33a 453+17a 412+13a 378+16a 332+18a

BRI YoKRERSFE+ Ak 583+22ab 432+14a 387+14a 369+13a 326+17a

RIS Y SRS+ A LA K 549+24b 432+12a 398+16a 337+12b 265+15b

B YIS RS FE N A R 513+18c¢ 412+9b 364+13ab 317+10c 258+13b

By L4 ANt FHFREFE 364220c 343+11d 324=+15d 309+12¢ 314=13bc
EIG YK FEREF+ A A K 623+39% 514+22a 458+22a 423+27a 359+13a

EIG YK RERSFE AR 587+26a 477+19b 423+24ab 40719 364+15a

BV5 YUK RS AT+ AN K 593+30a 448+20bc 397+19h 354=16b 328=12b

BRI YoKRERSFE+ Ak 564+31ab 411%19c¢ 357+20c 339+15b 317=12bc

5 Yl SRS FR NI IR 563+27ab 437+18bc 385+21hbe 339+13b 287+12c¢

T PSR REFE A R 534+20b 398+17¢ 35719 314+22hc 278+14c

T« [RIFAS [ 5 Bl R ) — b AN ) b 380 i 2 5 W 25 (P<0.05 ) . R IR

Note: Different letters in the same column indicate significant difference among different treatments in the same soil at 0.05 level. The same below.
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% 4 FHAWNEFEEX LEKBYE Cd 2 (mg-kg™)

Table 4 Effects of straw returning on soil water soluble Cd concentration in pot experiment(mg-kg™)

S e XIS ESa)/d
10 20 40 60 90
iR ANt FHFEFE 0.213+0.008¢ 0.1960.004d 0.188+0.018bc  0.189+0.006b 0.192+0.008bc
EIG YK FEREFF+ A A K 0.318+0.022a 0.268+0.006a 0.273+0.011a 0.224+0.006a 0.238+0.005a
I YK RERSFE+ A K 0.218+0.007¢ 0.203+0.005¢ 0.169+0.010¢ 0.178+0.006b 0.1720.009¢
BRI YoK FRs -+ A Ak 0.287+0.026ab 0.235+0.009b 0.217+0.016b 0.228+0.007a 0.223+0.006a
BRI YoKRERSFE+ Ak 0.201+0.010¢ 0.189+0.005d 0.1720.009¢ 0.178+0.008bc 0.167+0.010¢
Y5 Y SRS FF R IR 0.234+0.011b 0.2040.004c 0.221£0.012b  0.208£0.009ab  0.21320.007ab
LSRN T ) (VY 0.173+0.011d 0.1540.004e 0.146+0.008d 0.1520.004c 0.1420.004d
B 4 ANt FAFS A 0.059+0.004b 0.055+0.003¢ 0.057+0.003b 0.055+0.004b 0.056=0.006ab
EIG YK FEREFF+ A A K 0.096+0.008a 0.087+0.007a 0.063+0.002a 0.074+0.006a 0.061+0.005a
EIG YK RERSFE AR 0.083+0.010a 0.074+0.006ab  0.060£0.004ab 0.072+0.005a 0.057+0.004a
BT5 YK R PRI K 0.078+0.011ab  0.0720.006ab  0.068+0.004a 0.053+0.004b 0.059+0.005a
BRIk RERSFE+ ATk 0.069:0.006h 0.063+0.006bc  0.061+0.004ab  0.049+0.003hc 0.045+0.003b
5 Yl SRS FR NI IR 0.0630.005h 0.0540.004c 0.056+0.003b 0.053+0.003b  0.052+0.005ab
T PSR REFE A R 0.052:0.006b 0.043:+0.006¢ 0.0440.003¢ 0.0410.003¢ 0.039£0.004b
F 5 AFANFEFTIE BT LT BN Cu FEMF MW (mg-kg™)
Table 5 Effects of straw returning on soil water soluble Cu concentration in pot experiment(mg-kg™)
S e I ESR)/d
10 20 40 60 90
G ANt FAFSFE 6.19£0.27h 5.78+0.27ab 5.88+0.14b 5.4740.21a 5.01£0.16a
EIG YK FEREFF+ A A K 7.370.36a 6.35+0.24a 6.13£0.26a 5.160.30ab 4.78+0.22ab
EIG YK RERSFE A K 6.42+0.28b 5.89+0.24ab 5.540.21h 4.98+0.29ab 4.46+0.15h
BRI YoK RS+ A Ak 7.1420.39a 6.2120.17a 5.98+0.29ab 5.04+0.27ab 4.49+0.13b
BRIk RERFE+ Ak 6.23+0.31b 5.58+0.16b 5.47+0.22h 4.68+0.32h 4.21+0.15hc
Y5 Yl SRS FR NG IR 7.32+0.36a 6.34+0.23a 6.03£0.27ab 4.89+0.14b 4.52+0.12b
B YIS RS FE N A R 6.08+0.40b 5.630.16b 5.55+0.20b 4.78+0.26b 4.180.11c¢
BRI 4 ANt RS A 1.12+0.13ab 0.95+0.16ab 0.91+0.05ab 0.89+0.03a 0.82+0.06a
EIT YK FEREFF+ A A K 1.32+0.11a 1.1720.13a 0.96:0.04a 0.87+0.03a 0.74+0.07ab
EIG YK RERFE A K 1.030.12h 0.89+0.12b 0.830.03b 0.82+0.05ab 0.66=0.05h
BT YK G PR+ AR K 1.28+0.09a 1.08+0.17ab 0.97+0.05a 0.82+0.04ab 0.7620.06ab
BRI Yok RERFE+InAa K 0.97+0.08b 0.85+0.10b 0.81=0.03b 0.73+0.04b 0.67+0.04b
5 Yl SRS FF R IR 1.29+0.14a 1.030.14ab 1.03+0.04a 0.81+0.04ab 0.79+0.07a
TS PSR REFE A R 0.910.11b 0.84+0.08b 0.76+0.03¢ 0.79+0.03b 0.64+0.03b
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* 6 ZRINEREE A LEEKEA

A Zn EERRIE(mg-ke)

Table 6 Effects of straw returning on soil water soluble Zn concentration in pot experiment(mg-kg™)

S e XA a]/d
10 20 40 60 90
GEACE U ie: ANt RS A 11.45+0.33b 10.98+0.16ab 10.71+0.20ab 10.54+0.27a 10.42+0.61a
EIT YK FEREFF+ A A K 13.25+0.43a 11.32+0.15a 11.07+0.13a 10.23+0.26a 9.89+0.22a
EIG YK RERSFE+InA K 11.43+0.38h 11.14+0.15ab 10.63+0.18ab 9.98+0.34a 9.56+0.26a
BRI Yok RS+ A Ak 12.87+0.40a 11.4320.14a 10.97+0.11a 10.14+0.32a 9.97+0.39a
BRI YoKRERSFE+ Ak 11.29+0.36h 11.02+0.16ab 10.54+0.17ab 9.760.41a 9.52+0.46a
Y5 Y SRS FR NI IR 12.64+0.39ab 11.2340.13a 10.740.28ab 10.04£0.27a 9.79+0.37a
R PSR REFE A R 11.03+0.35h 10.87+0.13b 10.23+0.32b 9.82+0.32a 9.41+0.56a
BRI L4 ANt RS FF 3.13£0.31ab 2.79+0.31ab 2.68+0.24ab 2.71£0.23a 2.73+0.34a
EIT YK FEREFF+ A A K 3.56+0.25a 3.02+0.30a 3.1120.18a 2.68+0.21a 2.56+0.21a
EIG YK RERFE A K 2.98+0.32ab 2.65+0.33ab 2.48+0.13b 2.43+0.22ab 2.32+0.28ab
5 YK RS PRI K 3.55+0.27a 3.24+0.32a 3.08+0.17a 2.69+0.20a 2.66+0.30a
BRI Yok RERFE ATk 2.76=0.14h 2.56+0.36ab 2.3420.15h 2.44+0.24ab 2.21+0.26ab
BRI P Il SERE - K 3.48+0.30a 3.1420.30a 2.98+0.16a 2.64+0.19a 2.69+0.29a
RS P SRS R 2.81+0.14b 2.48+0.26b 2.29+0.14b 2.3320.13b 2.160.18b
F 7 EFAETEFE A KA P S=EHFNT(mg-kg™)
Table 7 Effects of straw returning on soil water soluble Pb concentration in pot experiment(mg-kg™)
e e XIS ETR]/d
10 20 40 60 90

GERCE U ie: ANt RS FF 1.45+0.16ab 1.38+0.11a 1.27+0.14a 1.31+0.13a 1.29+0.15a
EIG YK FEREFF+ A A K 1.69+0.14a 1.32+0.10a 1.170.16ab 1.21+0.12a 1.13+0.17ab
EIG YK RERSFE AR 1.35+0.12h 1.29+0.18ab 1.11x0.15ab 0.91x0.05b 0.93+0.10b
BRI Yok s+ A Ak 1.66+0.13a 1.25+0.18ab 1.22+0.11a 1.13+0.16ab 1.17£0.16ab
BRI YoKRERFE+ Ak 1.29+0.11b 1.17+0.17ab 1.03+0.14ab 0.94+0.24ab 0.910.07h
BRI Y Il SERE A IAa K 1.7120.15a 1.42+0.12a 1.28+0.13a 1.1720.19ab 1.08+0.18ab
BT Y SRRS A K 1.32+0.12b 1.09+0.06b 0.93+0.07h 0.87+0.05b 0.84+0.08h
By L4 ANt FAFS A 0.41+0.08ab 0.38+0.09ab 0.39+0.08a 0.38+0.06a 0.370.05a
EIG YK FEREFF+ A A K 0.52+0.09a 0.48+0.10a 0.4120.10a 0.36+0.06a 0.31x0.06ab
EIG YK RERSFE A K 0.32+0.06h 0.29£0.07b 0.27+0.05h 0.24+0.04b 0.22+0.04b
BT5 YK R R K 0.4620.08ab 0.42+0.08ab 0.37+0.08a 0.32+0.07ab 0.3020.06ab
BRI YoKRERFE+ Ak 0.310.05h 0.29+0.06b 0.23+0.06h 0.250.03b 0.230.04b
BT Y SERG FF+ AR IR 0.47+0.09ab 0.44+0.09ab 0.3520.10ab 0.31+0.07ab 0.29+0.07ab
RS P SRS R 0.350.06b 0.3120.06b 0.28+0.11ab 0.230.03b 0.19+0.03b

SRR HIRMAGE ), E?ﬁ‘mﬂ%&wﬁﬁnﬁﬂ
A RAS AT i 2 - e A RS S L b

X} BRI 16.58%~24.06% ; {H T 75 4L i%%@ﬁnﬁﬂ
AMBEBEAT G 3 o RS B BT B i, 2
BT EL AR XS IR (2 AN ), X BE 4331
TR 6.029%~13.69% .5.91%~9.20% F1 9.91%~15.95%
B35 Y - 9 Pt RS AR XS L3R RS R 1Y
MREE (3R 8), ZHUEHL N AL T X e 4%
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Table 8 Effects of straw returning on soil available heavy metals in pot experiment(at harvest time )

He R F i /mg kg

14 Gise

Cd Cu Zn Ph
GG e ANt FHFEFE 1.8720.14b 33.23+2.38a 148.65+12.24a 39.56+3.28a
EIT YK RER A+ A A IR 2.23+0.19a 29.65+3.39ab 139.87+10.48ab 34.56+3.47ab
YK FERE R+ A K 1.7620.15h 25.41+2.69b 124.65+10.57bc 23.14+2.64¢
BRI YoKRER A+ A A IR 2.32+0.22a 31.23+2.27a 135.46+11.37ab 35.64+3.11ab
BRI KFERs A K 1.73+0.14b 24.69+3.11b 117.65+6.48¢ 24.65+2.93¢
BT Y SRS PR AN I IR 2.18+0.31ab 28.68+3.69ab 134.98:£10.44ab 33.25+3.76b
5 YL SRS FEH A IR 1.68+0.16b 27.34+3.77ab 123.45+9.44bc 28.79+3.66hc
Biny 4 ANt FHFREFE 0.18+0.03a 13.1122.01a 35.68+3.45a 9.14+1.56a
EITYoKRER A+ A A IR 0.19+0.03a 12.32+1.70a 36.54+3.16a 8.69+1.29a
EIG YK FERE R+ A K 0.1120.02b 9.42+1.37b 30.14+3.44ab 6.02+1.03b
BRIk RER A+ A A IR 0.21+0.04a 13.24+2.33a 34.65+3.67ab 9.11£1.47a
BRI KFERs -+ A K 0.12+0.02b 8.64+1.47h 29.424+2.79b 5.65+1.22b
BT Y SRS P AN I IR 0.18+0.03a 11.68+2.75ab 37.41+4.11a 9.65+1.55a
5 YL SR FE A IR 0.12+0.02b 8.33x1.42b 28.64+2.45h 5.88+1.34b
® 9 BTEHEM T EERUSESESENH MM KFERERAT)
Table 9 Effects of straw returning on soil available heavy metals in field experiment( at harvest time )
L Jist] TR ek
Cd Cu Zn Ph
GG e ANt FHFEFE 1.58+0.12b 30.25+1.68a 134.26+3.14a 35.87+2.67a
BT YoKRER A+ A A IR 2.18+0.21a 28.74+2.03ab 131.28+3.06a 32.65+3.64ab
EIG YK FEREFF I A K 1.66+0.13b 26.33+2.21b 126.98+2.68b 26.98+3.98h
Biny 4 ANt FHFEFE 0.170.03ab 11.14+1.04a 31.29+2.33a 7.98+0.56a
BRI YoKRER A+ A A IR 0.19+0.04a 10.87+1.33a 30.58+2.08a 7.3420.48a
BRI KFaRs A K 0.13+0.03b 8.98+0.94h 26.33+2.14b 5.87+0.37h

ARG BT S B IR T I . Reie et
S PP AR AT Xk L e PGSR R BRI R
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Table 10 Effects of straw returning on chemical forms of soil heavy metals in field experiment(at harvest time )

[ =a

WA

A

AL

Tk A e SBEeJBEEL ST inam REI

Cd Y4 ANt FAFS A 452+0.10  16.34+1.33ab  6.34x2.21ab  23.90+1.74a  28.76x0.76b  24.66x1.13a
EIS YUK+ AIMA K 462011 17.76+1.13a  4.65+1.48 b  21.49+1.86ab 32.43+1.54a  23.67+1.08a
IR RERSFE+ AR 465+0.12  14.87+1.06b  8.67x1.76a  19.43+1.66b  33.14+1.63a  23.89+1.47a
Biny 4 ANt FAFS A 0.58+0.04  7.45x1.64a  5.88+2.11ab  25.1122.14a 29.43+3.44a 32.13x1.18a
BISYUKFERFF+ A A K 0.61£0.02 7.38+1.12a  3.68+1.73b  26.21+2.08a  31.26+2.67a 31.47+1.47a
BRI YoKRERFE+ Ak 0.60+0.03 5.23+0.74b  7.25+2.16a  23.31+2.73a  32.18+3.13a  32.03%1.32a
Cu GG k- ANt FAFSFF 172.66+0.74  21.32+#2.14a  3.33x1.06a  16.51x1.13a  34.66x1.27b 24.184+2.14a
FEISYOKREREFF+AINA K 174.38£1.28  22.98+1.93a  1.63x0.73b  16.13+2.04a  36.79+2.11ab  22.47+1.63a
EISYKIEREFFHINA K 175.1621.14  16.58+1.18b  4.67x1.24a  17.87+1.67a  37.14%1.13a  23.74x1.78a
Biny 4 ANt FAFS A 53.67+0.36  4.65:1.03ab  2.88+0.78ab  18.05+1.28a  25.64+3.13a  48.78+2.66a
Bis YK+ AIMA K 55.14¢0.63  5.53x1.14a  1.64x0.55b  17.86x1.49a 27.38+2.63a  47.59+2.47a
RIS YOKTERFT AR 54.67£0.76  3.65x0.76b  3.65:0.73a  16.11x1.53a  28.31+2.46a  48.28+3.24a
7Zn G Y+ 4 A FHFEFF 551.66+2.74 21.68+1.17a 2.23+1.13ab  33.30+2.27a 14.32+1.67b  28.47+2.28a
FEISYOKIEREFF+AINA K 554.3242.68  22.68+1.28a  1.42+0.54b  32.79+3.16a  17.23+1.95ab  25.88+3.11a
WIS YOKTERFT A K 557.1622.46  18.23+1.06b  3.65:0.64a  32.91+3.66a  18.23+1.64a  26.98+2.93a
Biny 4 ANt FAFS A 152.64x1.68  6.58+1.66a  1.64+0.56ab  30.23+2.11a  10.32+2.4la  51.23+2.27a
REYOKFRFEARIA K 155684127 7.1422.43a  0.89+0.43b  29.9423.23a  13.25+2.63a  48.78+2.94a
RISYOKFERSFROIA K 156.74£1.03  5.49+1.98a  2.1420.46a  29.06+2.98a  13.65:2.28a  49.66+3.11a
Pb LR Jant: A FHAFSFF 144.171.65  5.47+1.67a  3.98+1.28ab  35.21+2.27a 15.47+1.94a 39.87+2.43a
FEISYOKIEREFF+AINA K 147.8741.66  6.22+1.74a  2.13+0.85b  35.63+2.63a  17.35+2.23a  38.67+2.08a
EISYOKFEFREFFA K 146.87x1.54  7.36£1.69a  4.32+1.14a  32.87#2.11a  18.21+2.46a 37.24+2.17a
Biny 4 ANt FAFS A 57.43£1.28  2.32+0.53a  2.99+1.12ab  39.72+2.27a  13.65x1.23b  41.32+3.66a
RISYOKREREFF+AINA K 59.64+1.16  3.14+0.67a  1.33+0.54b  40.11+3.68a 15.34+2.11ab  40.08+2.97a
RS YOKRERFT AR 60.12£1.08  2.08+0.48a  3.39:0.76a  37.78+3.88a  16.88+1.64a  39.87+3.48a
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Table 11 Effects of straw returning on heavy metal accumulation of grains in pot experiment( at harvest time )

L e B2 Rime ke
Cd Cu Zn Pbh

iR e ANt FHFREFE 0.98+0.05b 11.89+1.66ab 51.14+6.23ab 0.54+0.07a
EIT YRR A+ A A IR 1.1620.06a 12.2121.03a 53.90+3.66a 0.53+0.06a

EIG YK FERE R+ A K 0.7420.04c 9.87£1.01b 44.32+2.97h 0.370.06b

RIS YoKRER A+ A A IR 1.1320.05a 13.65+1.48a 54.66+3.84a 0.49:0.09ab

BRI Yo KFERs -+ A K 0.68+0.04¢ 10.12+0.92b 43.18+3.32b 0.34+0.08h

BT Y SRS PR AN I IR 1.08+0.06ab 13.56+1.54a 52.17+5.12ab 0.52+0.07a

5 YT SRS FEH A IR 0.74+0.04¢ 10.03+0.53b 42.68+5.11b 0.350.06b

Biny 4 ANt FHFREFE 0.35+0.04a 5.41x0.32a 12.98+1.13a 0.18+0.04ab
EITYoKRER A+ A A IR 0.33+0.06ab 5.47+0.31a 12.32+1.04a 0.19+0.03a

EI YK FERE R+ A K 0.26+0.05b 4.23+0.24b 9.74%1.07b 0.12+0.02b

BRI YUK AREFE AT+ A M K 0.39+0.07a 5.38+0.29a 13.65+1.65a 0.2120.04a
BRI KFERs A K 0.37+0.06a 3.98+0.22b 8.45+1.59h 0.1120.04b

BT Y SRS PR AN I IR 0.35+0.05a 5.46x031a 11.98+2.42ab 0.22+0.04a

5 YL I SRS FE A IR 0.24+0.05b 4.22+0.19h 8.12+1.47b 0.130.03b

% 12 HFEAMFHNESERZNZ MO IR KFFBERE)

Table 12 Effects of straw returning on heavy metal accumulation of grains in field experiment(at harvest time )

b i B Rjmg ke
Cd Cu Zn Ph

GG e ANt FHFEFE 1.1420.22ab 12.36+1.17a 57.48+3.58ab 0.66+0.06a
EITYoKRER A+ A A IR 1.29+0.21a 13.33+1.36a 60.14+3.36a 0.67+0.05a
YK FERE R+ A K 0.83+0.17b 10.48+1.03b 51.27+3.44h 0.48+0.03b

Biny 4 ANt FHFEFE 0.42+0.04ab 6.28+1.12a 14.12+1.27a 0.23+0.03a
BRI YoKRER A+ A A IR 0.48+0.04a 6.63+1.04a 16.87+1.43a 0.2620.02a

BRI KFaRs -+ A K 0.38+0.03b 4.53+0.84b 10.39+1.06h 0.160.02h
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