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Effect on the quality of sandy fluvo-aquic soil by application of nhon-hazardous sewage sludge with molybde-
num tailings
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(1.Institute of Agricultural Resources and Regional Planning, CAAS, National Engineering Laboratory for Improving Quality of Arable Land,
Beijing 100081, China; 2.Sewage Purification Co., Ltd. of Zhengzhou City, Zhengzhou 450000, China; 3.College of Environment, Sichuan
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Abstract: The products of non-hazardous commercial sewage sludge and molybdenum tailings were used in the accordance of the national
standard in the experiment using sandy fluvo-aquic soil under wheat-maize rotation system during 2013 to 2015. The 5-season of 3-year
experiment focused on the effects of soil quality variations of the sandy fluvo-aquic soil by the use of non-hazardous sewage sludge and
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molybdenum tailings for providing theoretical and technical basis for the resource utilization of non-hazardous sewage sludge and molybde—

num tailings. Results showed that the combined application of 45 t-hm2 sewage sludge(W3) with molybdenum tailings had the most signifi—
cant impact on soil organic matter(SOM ), which improved significantly by 165.10% for W3+M1 treatment in maize season and 106.1% for
W3+M2 in wheat season respectively. In wheat season, compared with that of the single application of the same level of the sewage sludge,

>0.25 mm soil water-stable aggregates(WR,2), mean weight diameter (MWD ), and geometry weight diameter (GWD ) enhanced signifi-
cantly by 38.04%~60.24%, 28.45%~45.27%, and 41.34%~67.77% respectively, in the combined application of sewage sludge with 75 t-

hm-2 molybdenum tailings (M1 )(P<0.05). It showed that the combined application of sewage sludge with 75 t-hm=2 molybdenum tailings
were more prominent in improving the formation of soil water-stable aggregates and soil water-stable aggregates formed under the combined

application of sewage sludge with 75 t-hm= molybdenum tailings were more stable. The combined application of 45 t-hm=2 sewage sludge
with 75 t -hm =2 molybdenum tailings had the most significant impact on SMBC and SMBN, which raised significantly by 235.52% and

156.79% in maize season(P<0.05) and significantly improved by 249.24% and 128.32% in wheat season(P<0.05 ). Microbial biomass en—

tropy (qMB) increased significantly in the single application of sewage sludge and combined application of sewage sludge with 75 t-hm-2
molybdenum tailings (P<0.05) and in maize and wheat season, respectively improved by 21.95%~46.25% and 36.38%~71.17%. While the
combined application of sewage sludge with 150 t-hm=2 molybdenum tailings, SMBC, SMBN and qMB compared with the single application

of the same level sewage sludge and the combined application with 75 t-hm=2 molybdenum tailings in maize season respectively decreased

by 3.89%~19.85%, 4.31%~17.86% and 6.95%~33.47%; in wheat season reduced by 5.34%~23.24%, 4.33%~28.08% and 3.09%~32.33%
respectively. It indicated that the higher application of molybdenum tailings inhibited the soil microbial activity. The combined application

of 45 t-hm non-hazardous sewage sludge with 75 t-hm= molybdenum tailings significantly ameliorated SOM, WR,2, MWD, GMD, SMBC,
SMBN, and gMB, and improved the quality of sandy fluvo-aquic soil effectively by the mean of grey correlation analysis method, and which

did not cause the heavy metals pollution to the soil and grain during the experiment. Furthermore, W3+M1 significantly met to first grade of
the soil fertilizer and on this basis, it was recommended that the sewage sludge and molybdenum tailings were no more applied.

Keywords: sandy fluvo-aquic soil; non-hazardous sewage sludge; molybdenum tailings; organic matter; soil water-stable aggregates; soil mi-
crobial biomass carbon and nitrogen
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1.1 A

B TC 3 TS U8 HR SN T T K A PR ]
PRAL  JEFERM T T5 7K W5 T I A AR 15 V5 7K™ A2 1
158 WEREFT ABA: SRR RHE IR — 2 L 5 15 e iR
B HE ARG B ZEAOAT I R s AR A S TR A
BRI 38 e AR T v s AT i e e R A i
K% 33.08%,pH 8.05, A HLTi223.929-kg?, %K
17.60 g-kg*, 4k 9.86 g- kg™, 441 13.90 g-kg™., JLE
oI5 F R E S JE u R SRR T Ol 5 K Ab
PR e kb B 4 Hh ol )R U 5) (GB/T 24600—2009)
FITRLE WA, A A5 TR AR ifE (3R 1),

HE Y JC F AL AT Hh W R A 4 A1 48 )1 5
BN R (£ )5 ZL2010101606824 ) : 75 7K 3
21.58% ,pH 7.93, A #1)% 8.49 g-kg™, & %A 1.70 g-kg™,
47 0.23 g-kg™, 241 13.7 g-kg™, 4H & & 211.25 mg -
kg?, TEMHEY P EEEESRICRN T EIKT
AGVERIE(E 1),

1.2 ik Eih

TR B T R A4 = T AR ARR LR B i
H (734 114.27°,4b45 34.77°) , M Ab BB R KRl PEZR X
SR AR 14.52° AEB TCRE I 221 d, 48
Rk R 627.5 mm, (K ZEMTEE Z= 7.8 A, T3k
TRV 1 o 3BT -2 (0~20 cm) iy A L,
PR : 7K 2% 5.87%, pH 8.42, A7 L)% 12.10 g-kg™, 4>
A 044 g-kg?, Bif# A 20.33 mg-kg™, 3z @5 13.25 mg -
kg™, BB 40.32 mg-kg™, FHE i 201 mg-kg™, HEE
ArHE R :Cr26.71 mg-kg™,Ni 12.31 mg-kg™,Cu 9.77 mg-
kg™,Zn 28.90 mg-kg™,Cd 0.14 mg-kg™,Pb 13.95 mg -
kg, TG DX R B2 A K-/ N AR A EY R Y
AR SR, KRR TR 157, /N N TR
18",

1.3 it

HH i) A7 15036 A 2012 4F 10 J] FF4R, 3] 2015 4F
6 J] CHELLAME 3 /N 2 A0k, IR E 10
AREFE: (1) B fR e, CK; (2)CK+ 15 t-hm™? Jo & fk

7598 ,W1; (3)CK+30 t-hm=2 j5 8 ,W2; (4)CK+45 t-
hm=2 359 ,W3; (5)W1+75 t-hm2 42 H" (M1) , W1+
M1; (6)W2+75 t-hm= fH 2 A" (M1),W2+M1; (7)W3+
75 t-hm2 §HE#H" (M1),W3+M1; (8)W1+150 t-hm=2 4H
A (M2), W1+ M2; (9)W2+150 t-hm2 4 E# (M2),
W2+M2; (10)W3+150 t-hm2 7" (M2),W3+M2,
AR 3 RER , XAREYLHES . H R[4~/ NX
FKIREE A NK T AR 5 m2, F5RE Y Ak B ST it
NEAK-TE /N2 220 F oK 25t N 225 kg-hm, it P.Os
86 kg-hm?2, Jifi K;0 113 kg-hm=2, jifi FHAEEN 511k R
R BEIR— e ASALE, i T BT ARMR AR SE B iR
H o BN R, ToE TS TR BE A — Ut LU TR
R RO 2 3 STt 5 B KT, JTF Ak T5 U
B R A Bl BB Ak — W LA 3 BB 3R FH AR 125 340 5 it
Ao TLFEATTVEHE T 278 R A S S it FH Ry
0~60 t-hm?, JoFE AL AH A it FH 1 275 5Kk e T M7
Jiti A 45~75 t-hm 2, HAW R H A B it 5 2 1l
A R — 3L

1.4 KEWHE

141 +HEREE

TR 43 0T 2014 4F 9 J] 28 H (E KRR
1) 2015 4£ 6 A 15 H (/N W) 76 438 5/
XN R 27720k 5 0~20 cm AHFZ L HERE N, 5
A G FATRAIE | E Vo B Ay, — 3 [l
S e RT3 2 mm G 5 E IR S,
Ff3E FH /N2 WSCER 8 B A 0 e K s A SR AR
Ji— 0y A AR AT SRl A 4 COKFRRAE T
WE e A . I, /NZZ 2R PR )R AR
TEEREAL, R, WEJEAW RS E T LS E
I E o
1.4.2 SR rik:

AL 5 R T S R P - MR A R A 0 B
I 0 - 4 R FHER DA s - SRR
Sl AU ST AR B IR e M, P SR AR A AR B
Elliott™ 753k, Nk 2 mm G i 4= 4 rp 23 25 10 R A% >
0.25 mm .0.053~0.25 mm 2 1) %) |41 2% {4 #1<0.053 mm
KPR 43, $9>0.25 mm 22 51 i A SR ARFR SR ok A1 3R

*1 HATENTRETENHEEVESRESE
Table 1 The content of heavy metal of non-hazardous sewage sludge and molybdenum tailings/mg - kg

H 4 )& Heavy metal

Cr Ni Cu Zn Cd Pb

JeE Ak 578 Non-hazardous sewage sludge

100.49 52.25 163.35 335.24 131 21.25

GBIT 24600—2009 #.1& i =1 2 & The maximum capacity set by GB/T 24600—2009 1000 200 1500 4000 20 1000

ToEALEH W Non-hazardous molybdenum tailings

18.03 12.35 127.39 84.46 0.25 22.25
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A (Macro-aggregate ) ,0.053~0.25 mm & 51 A1 28 /& R
A B 44 (Micro-aggregate ) , <0.053 mm ZH 3 F5 N
KEADRL, ARG A RAR B TFR R, 115345 A
RIKR R A, BRI R - SRR -
FIRIRIRTH AR \CP-MS W% ; -S54 BF 40 7 AN
B R SRR - 1 U8 - 6 R - s 1% DU 2 T %% L 1ICP-MIS
MR o FKRFINZZF AL R AR UL B0 b ik
FORFNZZ R BE R R BRI R R R - =
FRIR IR 1 fif: . ICP-MS %€ .
143 8k

FIFR ARG A R ARE AR, 43 5T 2 o i AR
(MWD, mm) JUffF-2 42 (GMD, mm)

MWD= Y X\W; (1)
GMD=exp( ZWiInXi )/ZWi (2)

K Xi RGO 0 IR R IR AR, FdE L
S5 TR R P G 0 FLALAR A S48 W SR X 1
RIEE D
1.5 #T\SIT DI

FH Excel #AF AT AHCE IR TR iR 45 3 R
SAS 9.1 BRAFHEAT 7 26 0 A AR DG 34, AR AL FE ]
K A f /MR 2 22800 (LSD 1) 725 55 B & T 16
(P<0.05), ff] Origin 9.1 4-1EK .

24

,._ Lk )
" R NS ¥
18
;- e ev

12} i

LML g ke
N
~

T e

2 ER5HMH

21 TENTRMNERY BREX TEEVR(SOM)E
=N

1 &l 1 AT, SOM 76 £ oK 2, Hijitu V5 e b #E W1,
W2 W3 % CK 435I i 242 5 T 39.77% .54.68% il
142.12%(P<0.05); 5 MIEH A Fl it AbHE W1+M1
W2+M1 W3+M1 W1+M2 W2+M2 W3+M2 % CK 43
WP 4R E T 38.81% .88.17% .165.10% .60.22% .
116.01% #1 128.40%(P<0.05) ,SOM 4 i % 15 Ve ifa i
A HE TG, Forh W3+M1 b3 2 v T A Ab
FH(P<0.05), V5iefsHEN BehtAb 3, 8 W1, Wi+
M1 W1+M2 %45 i % 2% 5 (P<0.05) ; 5 W2, W2+M1,
W2+M2 B2 SR it R g, A AL 7 i i
BT 21.68% F1 39.63%(P<0.05); % W3,W3+M1
BEHLET 9.49%, W3+M2 1545 B %25 5 (P<0.05) .

SOM /NAZ Z A AL AR AV AN FORZAR L, HLife
T5URAL R W1 W2 W3 % CK 4351 i 245 25 739.78% .
54.87% F1 142.13%(P<0.05); 5540w Fe jiti 5
CK /3 %Il i 3 3% & T 38.81% .88.17% .165.10% .
62.22% .116.01% I 128.40% (P<0.05),SOM [ %
15 Vit A = A i sg n, Fe b W3+M2 Ab B 2
FHAbALPE(P<0.05) ., 5 FIEH A Blkt b # 4
W1, W1+M1 W1+M2 %4 8 3% 22 5 (P<0.05) ; 4 W2,

eedinn

,_
#o

P

AR ING FHRERIR A B B] 22 5 .35 (P<0.05) . R[]
Different lowercase letters indicate significant differences(P<0.05) among different treatments. The same below
1 AERELTEFIREE
Figure 1 Content of soil organic matter of different treatments
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W2+M1 B4 B2 245 W2+M2 i E %K T 10.90%
(P<0.05) ;% W3, W3+M1 W3+M2 %&£ i 22 F (P<
0.05),
22 TENATRMBEY EHEXT KIS RARE
el
2.2.1 JKFME B R AR A%

HH % 2 AT FE/NFE 2R, 45 A 3E>0.25 mm K BRE
Pk KA R A% i (WRo2s) 24 38.10%~61.05% ,0.25~
0.053 mm 7K A4 141 SR AR 5 1l 31.42%~49.77%,
AL FH<0.053 mm ALK i b, WRozs FLIE TS T8
Ab PR AEE CK 43 gl B 35 48 & T 20.29% .24.15% FI
29.97%(P<0.05) ; 15 e MI4H A A i b #i48 CK 4331
I HLE T 38.04% .41.56% .60.24% .25.81% . 23.10%
1 32.99%(P<0.05) , WRs 34 Fifi 5 15 & FH 2t 9 184 o iy
B, Herh W3+M1 b BRER T 5CR o B i (P<0.05) .
HRSHET A, B WL, W1+M1 B & T
T 15.27%, W1+M2 Jo i 3 2 5 (P>0.05) ; 5 W2, W2+
M1 2T E T 14.02%, W2+M2 TG I 3525 55 45 W3,
W3+M1 527155 T 23.28%, W3+M2 T &2 5, X
ULEHYS5R5 75 t-hm2 1R (ML) B 55 Bt 75 e B
AFITFUAE 1 WRos FUTE R, 11575 150 t-hm?
FHER T2 Bt 75 e X WR2s 1A B 38 A A
2.2.2 JRARME BRI S iy Fee tE

FH 2 3 0l TE/NE 2 KRS E 1 B R AR 1)
2 5 AR (MWD ) Bt 75 e b B CK Ab 3143 5]
LR 15.67% .18.10% il 22.48%(P<0.05); V57
FEH R4 TC it b A CK 3 Jil) i 2 4 =y 1 28.45%

30.59% .45.27% .19.74% . 17.46% #1 24.80%(P<0.05),
MWD 4k 25 75 e F B g 3 i m i m, Hed wa+M1
b BRI TR B o B B (P<0.05 ), ¥5 R it 5H 2 Ak
AR B WL, WI+ML B 27+ 1 11.15%, W1+M2 Tt
3% 22 5 (P>0.05) ; 0 W2, W2+M1 & % Tt 1
10.58% ,W2+M2 Jg & % 2= 5 (P>0.05) ; 4 W3, W3+
M1 B2 T 22.15%, W3+M2 TG i3 2% 5:(P>0.05).

JUAT-F- X 542 (GMD ) Hujiti 75 e Ab FR 4L CK 43 5]
IR E T 23.45% .25.26% Fi1 31.64% (P<0.05); 5
WA BT b L CK 3B &R T
41.34% 41.27% .67.77% .29.05% .23.07% F1 36.57%

=3 TENFTRMEEY REMKEEEHRERR
MILAEHEZRZ M
Table 3 Effects on soil water-stable aggregates MWD and GMD
after application of non-hazardous sludge
with molybdenum tailings

s R I 4 P
Treatment Mean weight diameter Geometry weight diameter
(MWD )/pm (GMD)/pm
CK 506.87+7.48e 272.17+7.51d
w1 585.77+14.96d 335.99+22.40bc
w2 598.61+24.12cd 340.92+18.73bc
W3 620.82+12.44bcd 358.29+15.40bc
W1+M1 651.09+11.27b 384.69+14.93b
W2+M1 661.93+5.49b 384.52+3.38b
W3+M1 736.32+17.90a 456.63+16.13a
W1+M2 606.90+8.62cd 351.23+11.87hc
W2+M2 595.36+8.34cd 334.97+9.55¢c
W3+M2 632.55+15.74bc 371.70+16.64bc

R 2 INEFERENTRMERET B LR L kIR REAR K0

Table 2 Composition of water-stable aggregates of the sandy fluvo-aquic soil after the application of non-hazardous sludge

with molybdenum tailings

A B4k 424341 The size of soil aggregate/%

AbFR Treatment
2~0.25 mm 0.25~0.053 mm <0.053 mm WRo

CK 38.10+0.74f 49.77+0.84a 10.73+0.86a 38.10+0.74f

w1 45.83+1.24e 44.92+1.99b 7.90+2.75a 45.83+1.24e

W2 47.30+2.48de 42.35+2.81bcd 8.78+1.26a 47.30+2.48de

W3 49.52+1.17cde 40.62+1.10bcd 8.40+1.41a 49.52+1.17cde
Wi+M1 52.58+1.09bc 37.90+1.10de 7.95+1.23a 52.83+1.08bc
W2+M1 53.93+0.64b 34.75+1.20ef 9.55+0.35a 53.93+0.64b
W3+M1 61.05+1.68a 31.42+0.91f 7.22+0.78a 61.05+1.67a
W1+M2 47.93+0.77de 43.33+0.99hc 7.53+1.20a 47.93+0.77de
W2+M2 46.90+0.75de 43.15+0.62bc 8.93+0.81a 46.90+0.75de
W3+M2 50.67+1.54bcd 39.93+1.01cd 7.75+0.71a 50.67+1.54bcd

T RAPRR NG FREROR &AL LR 22 5 35 (P<0.05), FAl.

Note . Different lowercase letters indicate significant differences(P<0.05 ). The same below.
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(P<0.05),MWD ¥ %5 5 e F 52 (34 i 384 i, Her
W3+M1 Zb 3L RO e R B I (P<0.05) . 75 YR it
FHER AP, 8 W1, WI+M1 B ZTHE T 14.49%,
W1+M2 TG &g 3 2% 5 (P>0.05) ; 4% W2, W2+M1 g 3T}
1 12.79% ,W2+M2 JG I % 22 5% (P>0.05) ; 3¢ W3,
W3+M1 BT 5 T 27.45%, W3+M2 TG I 225 7 (P>
0.05). ZZEHRULHI5IES 75 t-hm FHE A L)t T2
B K AR E A RARSE A RS A .

X WRzs 43515 MWD F1 GMD #4745
IR R, WRos 5 MWD Fi1 GMD 25 52 1% i 25 2k 1tk
1EAASE(R?=0.999;R?=0.965) , )i Bt E WRozs 75 34
T, 7K B Ve A B4R MWD GMD o AH v 341
2.3 ZENTRIEREY BET TEFE(BD) RN

& 2 I, 1325 5 (BD) Mt {5 e A BE W2,
W3 # CK 43 5l 2 3 [ K T 11.46% F11 14.15% (P<
0.05); VYR FEHEN FLiEALFERR W1+M2 &1 fth4b 2
i CK 439 i 45 s 1 8.35% ,13.28% ,15.47% ,7.75%
1 8.67%(P<0.05), HoA W3+M1 RS i i B, 2
Jiti {5 e M iE i 5 75 t-hm? g1 ECitiAb BR R B TS
Vet FH 34, BD bl B 5 FRAIR(P<0.05) . 4757
TC it 1= et BH R A it PR BT, it [ — 7K1 g i) At Ak
FH,BD 45 T 1.82%~8.05%., %44 FFHH Mt V5 e M
B4R BB RE S 2 WA BD, (A4 R0 5 it FH I,
B[R — K5 e i HA AL 3, BD A5 T
24 REXTRMEEY Wi L EREY =K
(SMBC) #4412 5 (SMBN)FN# 4= 4145 (qMB ) B 240
2.4.1 XF A HERA Pyt o B S R S

FH &l 3 AT, IR Wtk (SMBC) 7E £k 22
F/INFZ 2 AR A AR AL o T oK 2 Af Bt 75 R Ak L A
CK 435I 3 2 $2 &5 T 78.54% .125.89% #i1 213.46%
(P<0.05), {5 e FI4H A AL it b P4 CK 4351t 2 4
T 90.56% .121.10% ,235.52% .71.59% ,110.60% Fi
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o 2 e
< 128 0 H T e S
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© I
f# 0.8
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B i
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0—""Ck w1

168.93%(P<0.05) ; /]NA7 ZEif i 15 e Ab 345 CK 4351
B T 109.92% .165.31% Fi1 193.25%(P<0.05),
TSR A FOMEAL AL CK /5 B 425 1 92.45%
167.49% ,249.24% 98.72% ,130.75% Fl1 168.07% (P <
0.05). MZ=HLL W3+M1 4b# SMBC & &t i, HY
i 5 e it FH 4 RT3 R (H 5 U S e A R it
(M2) I}, & i [i] — 7K 5 Je A1 S 75 t-hm2 1A
Jic fita AH Hb ,SMBC 7 £ K ZERI/NE F4r 5l TR T
3.89%~19.85%F/1 5.34%~23.24%, SMBC /N3¢ Z= 4% 4ib
PRY T KRS S AL AR A/ NETE Sk 2 A
Tl , B2 A AL AR R LA K 75 T — S o) it S 5
B a4k, AR ) A A i Sl SRR L, DA T R B
A= 1 T 2k
2.4.2 X L HERAE Y AR

Il 4 T, 3 Py A (SMBN) oK 2R H
it V5 P AL B AL CK 431 i 2% Tt =5 T 68.93% ,88.25%
1 150.83%( P<0.05 ) ; {5 Ufe F4H e Fic it b B R W1+
M2 kb34b, oAb Ab BEAE CK 435 B & TR 169.51%
79.86% .156.79% .72.10% Fi1 117.57%(P<0.05), H:r
W3+M1 T} i 2% SMBN /N2 W3 W2+M1 W3+
M1 W3+M2 4k B 4E CK 43 9l i #3217 96.55% .
78.03% ,128.32% Fil 64.22%(P<0.05), HH {7514 W3+
M1 FHE i . Pz SMBN & i R e g ok
MR AR5 065 i H R B hE AT, 4 it ] — 7K
Fi5le A 75 t-hm? FH R Bt AH EE , SMBN 7E £ K
ZM/NEZ B R T 4.31%~17.86% F1 4.33% ~
28.08%, 3455 SMBC HLHAHL . 73 4h, SMBN F oK Z4%
SEBRI S T /ANE AT, 3R KRR, £
BB BRI T E P A, 2 AR
B A RUE P E
2.4.3 5% -3 W 5

A Wi ik 7 A ML T R 43 LUK
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2 AERETERSE
Figure 2 Bulk density of different treatments
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Figure 4 Content of microbial biomass nitrogen of different treatments

FIREE Y (QMB) ,— % qMB {2k 1%~4%, Hi |4 5 7]
1, &R TR A 13 gMB YL T 1.56%~3.12% 2 1], K
K2 Bt 75 PR b BRAR CK 43 1) {2 25 T+ 1 29.07% |
46.52% Fl1 29.57%(P<0.05),75{ ) 75 t-hm2 4H 7"
P i Ak R 5 CK 43 391 S 25 38 i 1 37.44% . 21.95% Fl
26.72%(P<0.05); y5i 5 150 t-hm2 4H B4 Jic it #¢
CK %A 83525 5 (P>0.05) . /INAZ Z5 Bt 15 e Ak 331
CK 435I . % 1725 T 38.13% .36.38% #il 45.11% ; 5
65 75 t-hm 4H 47 e it A B W2+M1 W3+M1 £
CK 435I 8 % F+ 85 T 32.25% #1 71.17%(P<0.05), ¥5

Jé 150 t-hm2 FHE 0 Rt 4 CK 3 i % 22 = (P>
0.05) . XG5 FH HiET5 U8 )5 75 t-hm2 FH 6 Tid
it BE Y2 2 1 i 3% qMB(P<0.05) ,{Hi5 18 54 2
W ELHERT , gMB 5 CK JC i 3% 2% 5 (P>0.05) , - % it
[F] /K- V5 e Ak B AR R Ot A B, 78 oK 2R A
INFEF R % T 6.95% ~33.47% F1 3.09% ~
32.33%,
25 TEAHR KRQERARK HMEMEHRAEE
NEIEEES e i

FH 3R 4 AL, £ 46 bR R B I i 25 AH 56 ¢
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Figure 5 Microbial biomass carbon to organic carbon of different treatments

Z, WA Z A, AU, SOM 5
WRg25.SMBC ,SMBN . qMB 2 [a] M 471 35 #3516 AH
KKZ U] SOM Ay KA #1 T2 F SMBC .SMBN
qMB \WR s, M $E T+ AR J1 . WRo» 5 SMBC,
SMBN .qMB Z [AJ A7 7E G B & IEAHOC G R, 1]
R 3 PREE M RR AL U R A A K R E .
BD 5 SOM WRg.SMBC .SMBN .qMB 47775 % 1% i
AL ZR, BB SOM K WRozs & 5 30 i L &
TR YIS R RS I35 22 A% BD, (R4 138 B R 47
W BREE R, RIS G 06 Pk 2 E A AR A 25 S A
T LA WU R AR 25 .

x4 TIEEVR ABREARE REVERESE
fEtREIRIEE R E(r)
Table 4 Correlation coefficients(r) between SOM, WR,, SMBC,
SMBN, gMB and BD

2.6 IREXBEKEST

F3% 5 AT, 7E/NAE 2R W3+M1 JCHK B R 0.99,
KN 1, UEB] W3+ML b F7E 3 25 S PP
Al
27 RELXTRIEET REX T IENENFES
BE&ENHI

MR 6 TTLUE ), S AL BUNG B I &R & i
BERTEIAANFRRE T o /N2 2= 135 Cu . Zn .Cd,
Cr.Ni F1 Pb & & Fifi T 3 4k 15 e A1 4H S it P £ 1 34
KGR, A LE W3+M2 4b 35k 31 55 KA, 43 91
2 J} = ¥ 64.47 .84.08.0.27..56.06.,19.39,16.68 mg
kg *(P<0.05) . fH 5% & i fIk T - PR IE it & —
bR (GB 15618—1995 ) T R 2 H4H , 1 B 15~45 t-
hm? V5 e JLiti 5 75~150 t-hm 516 Bl 4 A 25
XA 43t A JEm 5 G

7 ATLAE A B R KRR/ INZ PR R 4

G SOM  WR  SWEC SN @B B0 AL REISO I, ML Cu.Zn CO.
el Cr Ni 1 P 715 555 475 U2 A1 & 7 it 0
W ossse 1 KR, FLI7E W3-+M2 b 35k 50 A L 43 5
SMBC  0.928%* 0.758%* 1 = TtE%) 2.68,23.36.,0.0191,0.24 ,0.28 ,0.038 mg - kg™
SMBN  0.897** 0.728** 0.887** 1 (P<0.05), (HREHSEW K FCE M5 ey R )
gMB  0.478** 0.600** 0.856** 0.744** 1 (GB 2762—2012) . { £ 4 v 4 B & 14 k7 i) (GB
BD -0.727** -0.643** -0.780** -0.685** -0.643** 1 15199—1994) . <<,§ llclll qj %$ BE % T A 1:/]? {E >> (GB
®5 NEFAEAMBEE TN BIREKERKEKF
Table 5 Correlation degrees and rank of comprehensive evaluations of different treatments in wheat season
AbFE Treatments CK W1 W2 W3 W1+M1 W2+M1 W3+M1 W1+M2 W2+M2 W3+M2
JIJE Correlation degree 0.67 0.82 0.89 0.93 0.81 0.91 0.99 0.80 0.84 0.90
K Correlation rank 10 7 5 2 8 3 1 9 6 4
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13106—1991) T i 5 M B {8, Ui FH 15~45 t-hm™ 5
U Uit FN 55 75~150 t-hm FH R0 FLiE A 20 £ oK
FNFE R PR B 4 JE 15 G o

A 3 X6} A HE R AR S I 2 2 B ( 3R 6
MFET), BAHNEZ LMY AR S
KZEWH AR T o /NAZ 2 - 4850 o 1 W3 b B
5 CK ol %22 5, W3+M1 1 W3+M2 b2 43 51 i 2
Th % 16.04.40.51 mg - kg™(P<0.05) ; /NFZ FF i 5H &
i W3 435 CK i % 22 57, W3+M1 il W3+M2 4b
350 0 2T B %) 0.99.2.37 mg - kg (P<0.05),

(% IR {5 e b S A IR T I BT R 2
A SR P BB 9 PO SR PR IBE I S5 D o, R 4 - 3
R, (2 i S P SR BT JIC . 3ok AN A5 21 S5 B A i ot
PR R SRR L RIS R — 2 Al
ZERIA KB, 155 75 t-hm? S A ROt AL PR
) — 7 75 R AL BEVD AR £ WRozs 5 I
FR R —Jr mi ] RE RS A B B A BORAY LR
RRFNASEHE (R L 370 , it FH T 398 v MR ] P 240 L
KA, T BT SR 75— J7 T BH R AT At FH 23 U0 ot
AN FER RS OB ORI OKRRER A 53, 59893
figk 1 v 18] 7= R LA SR 0~ Rt oL S UKL A

\‘ \/\
3 g PL-JCHLE A I, A T 3R LS ORE, B TR
31 RENTRSHEET BEXN L HKRMERARE K. (H27505 150 t-hm? 516" BCiE i Hit R — K
IR PG IRAL P W 2R IR N R A B

I AT B A - 0 o A AR 0, S L SR
Py Al e o, HOK RS RN 2 1 M8 AT ol ) B
PR HEARE AT A B, 506 AR ELVME I £ WRoz
E R CIE B TS YR = 15 U8 5 H A T i 1 2
I, I B TS Vet AN, WRes A Rl Z 48 T

JEE 5, g e T s 2 (07— P 5 R B, 3 T BEL A%
T IRPRIAIIIE

THOKFRMEARBAS E , TR AS B R A, m]
U 2 VR AR O O RS P SR S5 PRI
RUREE IS S B, A HLPD KL AL 3 MWD .GMD

®6 FEAELESEEEASE(Mg-kg™)
Table 6 The content of soil heavy metal and Mo in different treatments/mg - kg

AL FR Treatments Cu Zn Cd Cr Ni Pb Mo
F K Maize CK 12.78+0.14d  37.10+0.22b  0.15+0.01d 23.87+0.51c 15.68+0.54b 14.41+0.07a  1.18+0.25c
w3 27.89+0.79c 71.12 +4.46a 0.17+0.01c 34.69+1.11b 17.99+0.49a 15.19+0.19a  1.46+0.40c
W3+M1 40.72+3.78b  74.42+5.48a 0.21+0.01b 40.35:1.53a 18.41+0.42a 15.55+0.50a 11.52+0.61b
W3+M2 58.03+0.92a 81.09+11.44a 0.23:0.0la 41.08+0.88a 19.16+0.15a 16.16+0.89a 34.54+2.26a
/N Wheat CK 14.1940.81c  38.64+1.25b 0.15+0.01d 26.23+1.84b 15.22+0.71b 13.96+0.15¢  1.19+0.20c
w3 26.23+1.67c  74.40 £0.79a 0.21+0.01c 39.91+4.45ab 18.43+0.17a 15.14+0.37bc  1.79+0.06¢c
W3+M1 46.36+6.27b  77.75+3.62a 0.25:0.01b 69.80+2.53a 19.26+1.24a 16.11+0.40ab 16.04+1.29b
W3+M2 64.47+6.82a 84.08+6.35a 0.27+0.0l1a 56.06+0.82b 19.39+0.41a 16.68+0.59a 40.51+1.33a
T HERR T i AR
(GB 15618—1995) Soil 100 300 0.6 250 60 350 —
environmental quality standard
F 7 FRAMBERFUNEIFNPESEMHETE(mg-kg™)
Table 7 The content of heavy metal and Mo of maize and wheat grains in different treatments/mg - kg
Kb Treatments Cu Zn Cd Cr Ni Pb Mo
F K Maize CK 1.35+0.03c  15.58+1.03b 0.004+0.000c 0.17+0.0la  0.16+0.01b — 0.30+0.03c
w3 1.68+0.09b  16.48+0.53b 0.005+0.000c 0.16+0.0la  0.25+0.02a  0.03+0.00b  0.46+0.06c
W3+M1 1.89+0.10ab 17.07+0.56ab 0.012+0.001b 0.15+0.02a  0.22+0.13a  0.04+0.00ab  0.92+0.05b
W3+M2 2.08+0.07a  20.03+1.34a 0.015+0.000a 0.19+0.02a  0.22+0.03a 0.05+£0.00a  2.03+0.09a
/N Wheat CK 1.47£0.27b  10.93+0.52c 0.003+0.000b 0.12+0.01b  0.11+0.02b — 0.36+0.07¢c
w3 1.96+0.18b  16.49+0.82bc 0.007+0.002b 0.19+0.04ab  0.16+0.01b  0.03+0.00a  0.54+0.13c
W3+M1 2.70+0.10a 21.55+2.34ab 0.016+0.001a 0.28+0.03a  0.24+0.33a  0.04+0.00a  0.99+0.02b
W3+M2 2.68+0.23a  23.36+2.99a 0.019+0.002a 0.24+0.07ab  0.28+0.0la 0.04+0.00a  2.37+0.08a
AP i FURLAAE Quality 10 50 0.1 1 0.4 0.2 —

standard of agricultural product
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FhiE, ST /IR SR A ) FORAR A R AR e AL
R IE T IR RMK T e, AR, SX)
WEAR L, Bt V5 U S 5 e 5 B0 R Bt v Ak i 1= 3 e
L E L= MWD Fil GMD, 3 HLFfi 25 75 U it FH 2 il 184
Jir, MWD F1 GMD A &7y %, FEr ABFoe 2 R —
SRR R iE e A R IR , FLEA
BB K , 6 KRR T R R AR e e o . ACBIFSR
WERBL, 55 75 t-hm=2 4 H it b BR 45 2 it 7]
— K5 R AL FRVD AL + MWD Rl GMD i &,
{H2475 255 150 t-hm? 4H 2 e it it 458 B it [7] — 7K
RGBS X WRozs LA
o, JLIFEPRFNTS U6 5 50 B B it X WRozs 19 52 1 AH
I
32 RENTREHEREY MG L EMEWFHER
EEA

IR YRR AR ST R A, AU
e - e SRS A RO A AE P AT 1R, Sciubba L 452
I Fernandez J M 2P/ b1 +  Fernandes S A P 450
TERG LTI FAFSE R BN, 3 25 22 A it PR AE V5 e g 2
H4fim SMBC .SMBN 1) 7 it , I H 5 1 Fn s e it H o
SIS AR AT B2 AR A5, B 5 0 BEAH L
T L F 5 e, WL EAGRSHET
Hioiti , Yk 1+ SMBC . SMBN #2453 55, 3 BLFT5
Vet F = A g . wl RS S — A
T REW B i B ) LK R RS, S U
PP HEREIR , DI A 2 380E 3 RUE M I E A 55—
D7 TG U6 H 55 R s U E Pt 2 A 3R n
TSN GE P, JE T $E = SMBC (SMBN 4 .

ARG5S 75 t-hm2 1 R0 B i ab 3, o
HE W3+ML, Xt SMBC . SMBN 32 -1 i 8 4B o i
S TSR FIEH A FOE T 3 A R i,
R, Bt 5 VR BENS 45 TR W AR AL T O R AT R A
FERRSR AR E T A A K 0 8y, # " SMBC .SMBN
i, A58 150 t-hm2 4H W BCHERT , A1 e F
Fit [A]— KPR T5 P AN 75 t-hm? SR BTt AR B
SMBC .SMBN .qMB A T [ %, VT 2058 &, 1%
HE 4R O T R S ] R P o (O
A P RO Py e R B AR, AR 5 5
150 t-hm=2 S R fic it T - 3 5 4 % B B T
o, A AR T E KRBT R 9 hr 1fE (GB
15618—1995 ) , H )i ANAFAE - 38 5 4 J& X G2 i 411
HIVER .. FTLL SMBC SMBN F1 qMB T [ 14 J5L 5 7] fig
2 1o it T AH e 12 4% BD B R (181 5) , AFI Tl

AT S BRI, B0 L 2 ) C LN
33 TEUTRSHEY X LIEEYMAENR
LD

o R T AE TG 1S Ve (O Tk i5 08 ) & A K
(ISR, J—FIET 5 KA e R, 4Rk
YT e b A 1 e ORI , B A kT TS e
() L b RS, ARBF5E & BE, oAk 5 e FAH T
fite )5, BIEE R SRR FTHES HAFESE T
BRI T B2 A i A [R] O S i Y oK R o [ R
B4 T T Y brvE(GB 15618—1995), Ik i A 1 15 8
) 4 JE A A O B i B U - R R 1
A ER X YRR AR S m I B TE
VRS R RO e A IR MR P AR i (0
PO T B A i o e 4 W AR B B (L, 16 I ARt
5 - 49 EE 4 1A A ARANR , AR TR O 31

BB, BARFEYIRAR B = A SR AR,
R v B 0 2 T R it . 7E R4 B K T 100
mg- kg™ B, ZHHEYHHTICA RN, A LR H: 2 fE
W ISCRE > Z2 i 80, T ELA A RS Ao & B,
FREV MR B RS T H AR, NS W3+
M1 F1 W3+M2 b BEAH 7 & 43 51 24 16.04 .40.51 mg -
kg™, 7E75 15 150 t-hm=2 HEH Fcht T, H4H &=
Ik SRR 20 7% (HARXHE S A K il e 3, AN
ZE RS 25 R — B I A ARG Y R BN T
W3+M1 kb BiAFRE 4 75 & 0.99 mg-kg™, W3+M2 /b
POFPREH & 5 2.37 mg-kg ™o AR CH s RS R
FRSHRAR (2013 L)) , T E BT EH i AT
i} 52 fe e dse A i (UL) 2y 900 g -d™, F I ECMIIE &
BILF A HRE B 45 NIRRT 2 F/NEZ 103 kg,
RERA-Y R 282 g, HEULHESR, W3+M1 LbFH R 4H A K
A 279 ng-dt, W3+M2 4bFE y 668.34 pg-d?,
T IR bR v RILAE 14 T T A2 F e A I

AWFERA BT 115 Ve F15H R A Bt X Vb 1k 1)
- SOM SMBC .SMBN 4§ - ¢ i A5 i, X T4 7+
TZHIX - SRR 1K 7 A FH AT R - $945 PR it
HA—EREME . RN, BP9 & IR LE 5 2
HRMARY GRS E &R T E R AR
J R bR E(GB 15618—1995) , Ml -3 HE J7 43 2%
%2 KR (NY/T 391—2000) : SOM 4 H>15 mg - kg
3 1 9% ;10~15 mg-kg™ & 11 2% ;<10 mg-kg™ i M 2% .
FEHERREH R 150 t-hm jifi FH &2 A9 R 00, CK e
F1 5o 2% ;W1 W1+ML AE g ok 1T 4, W2,
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