55 40 B4 6 W] T 2 X K I #F R Vol.40 No.6
2022 4 11 H Agricultural Research in the Arid Areas Nov. 2022

X EHS :1000-7601(2022) 06-0132-15 doi:10.7606/].issn.1000-7601.2022.06.15
EZmARLEFWAHASIESFEXHIEN
HREBEENESE T
mHA VCELEBREL,R OB E OB,
KXHC,EHAE R, EFE
LA SETRF RS, HEAT 75 7350002, HAIET Al A7 R 24 ), 1A 75 7350005

3R EUH AL BB R AT B, HR 22 735000 5 4785 SR T 7 KA H AT il
5t HOR R 73500055, W SR AL RRERE, HR R 735000)

W OB EHAEHATTESE4a AR LEFDALEH A EREEMM R ABEEERE S B L VAR F
Ro BREWN. RV EFWAEEHAELA S EFAGE I8t - hm™”: FHEEFHEE36t - hm™: FEAEE
15t-hm™, EHRYEFPALIE4a 5 FHPE, G A ERKEEE pH EMEE K E 2 1K 6.77% .6.20%
126.19%; IR E AREERE EFAKE ECH., 7 EME T CEC 251 % v 6.63% .18.95% .6.62% .5.23% .
5.36% %1 36.10% ; A LT A WLAR A WL 5 AR A R sk A R 4 A B 4 A B e 23.72% ,24.10% ,15.48% |
28.44% 49.92%F1 27.97%; M E B B KA WH E R AER, KB AR £ B F 8 E K 5] 3 n38.20% .
86.60% .63.46% .38.89% .61.48% 1 58.82% ; Hg .Cd ,Cr.Pb F1 Zn 4 & 4 2| ¥ 40 21.74% .30.00% .24.49% .27.55% Fu
31.81%, RUVEFMAGIEHAFREANMEREAE pHEMATHEZ R ERFAMAXR, SRILBE K
M RE CECECE AR SHAE AR ANGEE ARARTLE AHHE KEAFTHE HF
N ELEAEZLHEREEMAKRR, RAESZ4a AR LEFNAG L ELELCELA LS, EELE S
BENTFLEGTEE A, AAATRRER L EF DAL RELESCERK, F 23t EHE RN,

FEER RV EFHAL BT RES, ELR

hE 425 .9513;5152;8153  XEREREE:A

Characteristics of physicochemical properties, enzyme activities
and heavy metal changes of seed maize field under continuous
application of agricultural waste compost

PAN Yanhua', CAO Liguo’, XUE Zhijun’, HE Yong®, WANG Qiang’,
ZHANG Wenjing”, XIA Shangyou®, ZHENG Rong’, WANG Xuegiang’

(1. Jiuquan Seed Management Station, Jiuquan, Gansu 735000, China; 2. Gansu Jiuyu Seed Industry Co., Lid.,
Jiugquan, Gansu 735000, China; 3. Jiuquan Kaidi Agricultural Science and Technology Development Co., Lid.
Lanzhou, Gansu 735000, China; 4. Agricultural Technology Extension Service Center of Suzhou District,
Jiuquan, Gansu 735000, China; 5. Jiuquan Academy of Agricultural Sciences, Jiuquan, Gansu 735000, China)

Abstract ; Physical and chemical properties, enzyme activities and heavy metal changes in the seed production
maize field of Gansu Province applied with agricultural waste compost for 4 years were studied. The results showed
that the dosage ratio of agricultural waste was 18 t + hm™ in straw group, 36 t - hm™ in livestock and poultry ma-
nure group, and 15 t - hm™ in waste residue group. In addition, the bulk density, pH value and fungus quantity of
maize seed production group decreased by 6.77% , 6.20% and 26.19% compared with that without the waste com-
post. Total porosity, water-stable aggregate, total water holding capacity, EC value, soluble salt and CEC increased

1 #s B H#A . 2021-07-28 &8 B #5:2022-03-16

EEWB: HN A &AW R TR (20YF3NF035) 5 H it 48 #0042 450 22 A A% 301 (2020GSSBIRCZX ) ; 1 S & R BL 5 & Wi ¢ B i H
(JQZDKJZX2018001) ,
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by 6.63%, 18.95%, 6.62%, 5.23% , 5.36% and 36.10%. The contents of organic matter, organic carbon, organic
carbon density, alkali-hydrolyzed nitrogen, available phosphorus and available potassium increased by 23.72%,
24.10% , 15.48% , 28.44% , 49.92% and 27.97%. The number of bacteria, actinomycetes, activities of sucrase,
urease, phosphatase and polyphenol oxidase increased by 38.20%, 86.60% , 63.46% , 38.89% , 61.48% and
58.82% ; The contents of Hg, Cd, Cr, Pb and Zn increased by 21.74% , 30.00% , 24.49% , 27.55% and 31.81%.
Agricultural waste compost using fixed number of years with seed corn field bulk density, pH value and the number
of fungi was significantly negatively correlated, and the aggregate total porosity, water stability, the soluble salt,
CEC, EC value, the total water holding capacity, organic matter, organic carbon density, available N,P,K con-
tent, number of bacteria, actinomyces, enzyme activity, heavy metals contentwas significantly positively correlated.
Although the heavy metal content of maize field with agricultural waste compost was higher than that without the
waste compost for 4 consecutive years, the heavy metal content was lower than the critical value of soil pollution,

indicating that the heavy metal content of maize field with agricultural waste compost in the study area was low and

would not pose a risk to crops.

Keywords: agricultural waste compost; physicochemical properties; enzyme activity; heavy metal
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il Fh E oK R R EIE A S IX 3T 25 a ok, B
I FEBEEE NI 900 Z AL LR FE I H T T 2y
10 5 hm?® [ R4 28 F K Fh A dth | 47 256 £ K A4
ZEF 6.38x 107, 2 5L H Y A 42 [ fie KA E K 4258 F
LY R P S e e S A Y8 e S R T =
i I 1 S T R R I A% e 1k N S B A R
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3Tl B P 1) 7 8 N 52T B AR ML, 2 T AR
DXl o T K 7l B T R A e 0

HR A SR TH 2016—2020 4E 4\l % 354 %8 5
SR 6.51x10° t1( & B FEMEAHUE 5.28%10°
t ARAVEIFEFT 1.05x10° t, R i 1.48%10° t, HHAE 3.51
x10*t) , Hoh PR TR B3 A5 55% , /)
AR 2.92 t WA IE 7Y HE AR AR A Ja RS ] it
RN A ST TG Y, LT, X B R R F
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i 0.32%~2.57 % P05 0.15% ~0.47% K, 0
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ESP!P) RO SR T 0 pH (L ANZE nhbEREN LX)
AR ST A5 R 2 I A T s T
BIAT R ; 2 2 B R AL IR 4R 5 T b S ma i R AT Rk
B AN A T T A D T ORRS
FFid X A L 2R BB R FHE L ; F
Fen] DA B HLTR S  E 2 H E S  a
FHUR & 2 AR B R e R BoKRS
FREHMAE s I T g HLR & = R
MV I 37 6 1 3 A A W e T RN TR A R S I
SR T R AR S RS R B R AR R A
P T R AR M EORAE AT IR BN £
e WA A K AR T T BRI
AT LM IR MR ) R 2R
A DL 4R R R Y A R T
2 TR RIDICZR B AR A T B AR ke
R 4 S VR 9T 2 I ML R A5 I i e g 48 55 -
SRR TG 5 2R 38 2R LA B T 4 IR
FIBERRRG AT Pk 772 R AR B 7 & B 10
it G ZE W93 TS5l SR Cu AT Zn BT,



134 TR XA BT

5540 45

2 SR AT B A i, BT AR TR AR Cd
0 AR D FARE T AR e &
U YR AR AL T LUK 4R B TR AE A
P SRR T 2R A it FE AT LRI R Cu
0 Zn 0 AW RO R S R A R BT
Cu Zn BRUEAT —E PRI/ 8280 + e
Pb . Cd HAHR AR 392 S5 )
RECATE LT Ph AR, W T KX Ph
BT R s AN A M TR A I D T oK
Xt Cd AR AR U7 308 36 s AR LK RE ek /b
KA E SR BB FER A E ST Y XHEY
TS 5 T < S AR A 0 B S A A it P A 2 T
DA 8t vo R 4 G U7 i 5 R R IR A T A
A RS FE RS EE ARG S A A T G
i B i 04 SRR KR e RN T A TR T 3R
i Ve FIAT R o 00 5 2 P B i A 1 ] g 3 4
o A A VE PR R T T B Y R
WE T KRR R ¢ AR LT R

G2 G

25 Lk AR S it FH O g 32
SR TR R RO T B SR K Bk TS
Ve A=W PR 56 B0 A it FH 5 %o 338 1 Jo i) 52 i) 32
BESE T AR BT G | BT N A R R
XVEY) & JBT 0 5 ) 32 B4 X R B ih L B A
FK e SR SR, T 2248 i A Ol B 57 W 406
Xl o T oK FH Ak 1 B R i T P R R AR Ak R
TE G5 ) i /0 UL SCHRHGE , DR X 2SR
R SR R A B IR 46, A0l K 574 i H
AR A LB i, i R o 1 e ) A
TR P 5, o) 4 w5 - A ) R 4 7 1 3 R
[ he )& BT 25 S, R R0k B 5 id |
AT v B TR 80 W8 PR S L RN S AR
v T HRFEE R, PRI 7R A DXl o it FH Al 52
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1.1 iR B g os Anik 58 4 44
111 Xl 50T 2016—2020 4F7E H
AT SR T A M DX < BT O AR A A R OK
FeHh b EAT (99°38'63"E,38°29'33"N) , ¥4k 1 550
m, AEIR 7.2°C , AR K i 86 mm, AE 2K K i

2 400 mm, CFEWI 150 d, TR AR EAE AN
+70~20 em +EHIELE BFLEUE >0.25 mm
AR FEFE KR8 1.33 g - em™ ,49.81%
21.58%1996.25 t + hm™> ; A ML & 7 A ALK & =
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1.1.2 XEHH FHEEBEAGI (5 FE I
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Table 2 Agricultural waste fermentation parameters
B N frﬁﬁ?ﬁ% o
number e /(kg -t straw fermentation time/d Stirring number days/d
/(kg-t™h)

001 ¥ %€ Pig manure 0 0 30 2 60

002 43% Cow dung 2.26 0 28 3 84

003 (2% Sheep dung 2.43 0 31 3 93

004 JHIE Biogas residue 2.26 0 28 3 84

005 BEREIE Furfural residue 4.61 0 45 4 180

006 T Edible fungi residue 0 0 35 2 70

007 T KFEFF Corn stover 4.61 6.00 44 4 176

008 B EIEFT Pea stalks 0 6.00 22 2 44

009 IhESZEE Potato vine 6.26 6.00 50 4 200
123 #Hux REOMO/NXEAN 36 m* Bk, BE RS T RE I R EE R 5,

(K 8.00 mx % 4.50 m) , KMV JF 59 240 5 NEAEREFh
HIEA 0~20 em FHEZVEIRIE, #EFMET 2 2016—
2020 SFEEEAE) 4 H 20 H, R E 4~5 em, BRI 22
em A7 50 em, CHREARTTH R 1 2 7, FRAC &R A2
AR (AP REAE AT REAS ], BRBE R 50 em)
FAS/NX R 1A A BTG, 16 S B IT A H 48 5 i)
W 70 3R FK 2, 43 i AE B ORI I R L H
B FAE] R LAV K 1R A/ NXE
K 4.80 m® , oA A B it ] AL A

1.24 #®REF & KOG M ERBKE &
AWK BERETE] 3 47, BEATRANLRAE 15 B, 43000
FERRLE | REOR A OB BN /N X B R
BN AT A A B TS, iR
Qi Rl E ARG , 73 BIHE RS /N X Hext # Ze A
S AREES R 0~20 em HHEZE HFES kg, H
PUori 8 2 ke (1 kg BrfE L REBOA 4°C VKA B IR
FEDE A I BCRE PRSP, 5350 1 kg HREXT 3
1 mm i, Z I E A AL pH i, CEC, Al A HEE:
TR 2R RO R &R B ) . R E M
PR IR TR JFUR &, ST R

1.2.5 MEigrrhrE AT SFLEE >
0.25 mm AR R 7E 43 512K FH 28 T0 3 1530k A A
KrAE R A A s pH (B, CEC , AT P £ A HLas
SEAT AR R BT (K 5+ 1)  LREE-F 1k
B | PR R R A R B ARk — A A 5 B L
SR AR R R AR I 2 3 A1) R R O TR R
P BA BT HL €0 1 e P T R e Vs RO B - Ok
FETF  BAFK R (1 - hm™) = AL (m®) x S fLBR
(%) X ZUBE (m) 0 S P b B A5 2 R P

YRR FH A B B 1 PR BG5S R I B 97 A
SRHR R 1 SR R IR A s 5%, 3 R EY
SYRIERE R 4.8 d AT 12 d J5 g8, 4 o
AT ST G | IR | R R 2
T3 48 A it T P D 2 43 R 3,5 - A S KA IR L
Bk Bel bk B IR AR AN L vk A
B R HEA MRS E (kg - hm™) = ALK (g
~kg') xFH (g + em”) xRAEEE (em) x
0.01%) ;Hg .Cd .Pb .Cr Fl Zn 45 & 2% b [F R}
24 Bt AR ST T AR AT ) B

12.6 #¥EHH FKH SPSS16.0 Geit i iF ki 5
ST, R Duncan #r @ 220 T 2 H L,

2 ERLE/b T
2.1 Rl EZ A A BBER 5 b B R E

1 2016 4£ 9 H 30 H il F KR fe ) e Zcis
AILVE (R 3) ,RBAFAE I F &2 A5 AL
T2 A A b oK H AT SR AR CEC il K A
R AR AR E ROV (R) . & B2l
HHESTEAF A G IS BA G, W& KEBEE
LK, >K G >K K >K e >K L K >K Fi K, B
Al % 70 416 NE D fek T it FH 4 LU 481 Sk 5 A 2
fE18t-hm™ : EEXMAHAI 36t - hm™* @ Bk
HAENE 15 ¢« hm ™, BIZLA HB R 0.2609 : 0.5217 -
0.2174,
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TR A% 774 4H A5 it FH 4 BIR A E K T A1
SALBREEFN>0.25 mm W RAKBEE RO K 55 H A
JIE it FH A B A A T 3 R, it FH A B S M 4
JE 4 a 5ANHENE (CK) Lo, &2 MR A T 25 5 4
KT EFLBE W I K T Rk (R 4), il
RN EFIHEN 4 a 53 a2 a LA F TS
TIFEAR 2.36% F1 3.88% , £ FL B EE 43 B 14 i 1.98%
H13.49% (P>0.05),>0.25 mm W15 {443 5138 fin
4.95% (P>0.05) Fll 8.40% ( P<0.05) ; 5jtifH 1 a &b
PHCHE , 2 AR 5.34% , S FLBRE RN 5.029% ( P<
0.05),>0.25 mm F RN 12.98% (P<0.01) ; 5
ANTEAEAL R LY 3, 45 H FEAIK 6.77% , S L B 2 3
6.63% ( P<0.05) ,>0.25 mm A SRR 18.95% (P<
0.01) . A& 579 41 & BB it FH 47 FR 5 25 1 2 ] 12
TR R, I R BN -0.9888, 15 i LB B Al >
0.25 mm P RKZ 8] 2 IEAH K R, H X RECH
0.9935F1 0.9793, A % 554y 4 & NE Jiti FH 4 FiR
KA E BN, BB R RR P A SR AR
222 MWEWFfFKEEAFIE BE4TH,
Tilh F oK B pH ELFf & £l & 579 20 A NE it FH A1 BR
[ RE KT REAR , CEC \EC {H | PT¥ P55 FE R /K & Bl
AT 579 A A N it FH AP BR A% JE T 1E K it
LM EFYH G 4 a 5 CK Fi, 8RR T
il Fh oK H pH AE, 3K T B RpK &  EC {E AT %
PEER M B M K T CEC( 32 4) ., M4 % 3¢
YWIHAN 4 a 553 a LL#, pH {EF£0.42% ,EC 1H .
AL MR A B RE K B 4 B 3G N 0.91% 1. 14% F
1.97% ( P>0.05) ,CEC ¥4Il 5.42% ( P<0.05) ;5 2 a
Ho# , pH (B IR 2.60% , EC {H 7T I PR F sk
BN 1.84% (1.72% 11 3.48% (P>0.05) ,CEC
1N 8.52% (P<0.05); 5 1 a WAL, pH {HFE K
4.69% , EC (BN AT 5 14 £ 43 501l 14 112.32% F1 2.91%
(P>0.05) , B FR/KE I 5.02% (P<0.05) ,CEC 1
H126.11%( P<0.01) ;5 CK Fo&%, pH {E[%41%6.20% ,
SRR EC {E AN 43 i 0 6.62% .5.23%
H15.36% (P<0.05) , CEC #4/1136.10% ( P<0.01) ,
b & s Al G N AR RR 5 pH (B 2Z 18] 22 67 AH ¢
KFR MERECH-0.9352, 5 CEC .EC AT tEE:
FLEF /K B 2Z 8] 42 1 AH OC G &, A OC R B 5l
0.9021.0.9305 .0.7014 F10.9936,
23 EGHmARLEFRWHAESEHMERBEN
BRAERFS S ETHHE
2.3.1  AHUR B A Fe WU B T A AE
f% 5 g, iR E oK A9 ML A PR A PLER
5 1 Bt o AR M P 5 0 2 T i P A PR 1 0 i

K, HHRWIEFYHEN 4 a 5 CK i, B E
i T AV A LA HLEK R it AR
EFEHAIE 4 a 5 3 a Hed, A LT A P A
MLBR 25 B 4y 4 I 4.87% . 4.92% F1 2.83% (P>
0.05);5 2 a #, A LI A ALK 53 3 34 fin
13.26% 1 13.32% , A HLEK 25 & 35 8.99% (P <
0.05) ;5 1 a LWE, A ML A HLIR FA HLEK S FE
SN 17.47% 17.52% F1 11.49% ( P<0.01) ; 5 CK
Feds, 47 ML A7 BB R AT BILBR 5 R 43 ) 3
23.72% 24.10% 1 15.48% ( P<0.01) . 4V JEFY)
A Nt FHAFEBR 56 BUST A AL A LR %% 2
] 2 IEAH G OC R, AH O R A5 512 0.9813,0.9812
F10.9703, AR E 79 20 6 N8 it FH A7 FR B A L
T A WL SR

2.3.2 AR ESTEMSELE BRES AL H
o K P 20 255 Tl R OB B R B AR
J: 34 2 A R it D A B F 15 Jonn v 3 K it P AR b
FYHEIE 4 a 5 CK Hod, i 35 42 & T 0
R RRUBE RN AR & f . it AR R S AL A
4253 a bE, A S EHIN4.67%(P>0.05),
TR RIS AL 7 2t 43 ) 3 16.49% F11 6.02% ( P<
0.05) ;5 2 a LA, B fif 80 AL 5 k43 0l 35 hn
6.65%F1 8.92% ( P<0.05 ) , ¥ &5 H & B 484 i 13.22%
(P<0.01) ;5 1 a FR&, B0 2, 1 R50WE A1 S8R 5
H I 11.96% .16.98% 1 12.98% ( P<0.01) ;
5 CK He#, il fife 220 SRR s sk 490 5 2t 31 184
28.44% 49.92%F1 27.97% (P<0.01) . R JEFHY
20 G A it FH A IR 5 0 e 2L T30l R AR % R 2
] 2 IEAHOC O R A R B30 0.9754 ,0.9766 F
0.9691

24 ESHARLEFYASESMHEXRBRE

MHE BIEERESESETHISTE

241 WMAEMHFEEAFIE HE6 M, HIME
oK FE 448 A1 R 2k A1 8500 B AR % 5 0 21 6 TR i
FHAFE FR B $8 i ig K, 5w B B A0l % 52 i
A N it FH A B P 154 fam i B3 ARG, it HH Al B 5 0 4
HIE 4 a 5 CK b, W 2 M B =5 1T 40 B R 2 T
o R E AR T B RGO R 5
HENE 4 a 53 a LI, 40 TEFIRLZ A ECR 50 Bi3E
1.65%F1 4.62% , FL IR A F#%6.06% (P>0.05) ; 5
2 a A, TEEEEIGN 8.37% ( P<0.05) , iR T %k
AN 16.77% , BB F$13.89% (P<0.01) ;5
1a FUAE, 4 BRI 00 2 T8 400 0 0l 35 14, 42% N
32.12% , LR R 4K 20.51% (P<0.01) ; 5 CK It
B T RN T2 A L 3 N 38.20% F1 86.60%
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Table 4 The change characteristics of physicochemical properties and water holding capacity
in seed maize field with agricultural waste compost applied for 4 consecutive years
V&L
i AT
o ARER e uqm 02 , A Rk
Kb 3 Agricultural o ) R 4> CEC EC/ .
Bulk density Total porosity 4 pH o Soluble salt Water capacity
Treatment waste compost /(g em) /% >0.25 mm /(cmol - kg™') /(mS -+ cm™) /(g kg™h) /(t - hm™)
application g om aggregate/ % g %8 m
years/a
1 0(CK) 1.33+0.07aA  49.81+0.13bA  21.58+0.36bB  16.29+0.30cB ~ 7.58+0.07aA  2.10+0.05bA 1.68+0.03bA  996.25+110.32bA
2 1 1.31£0.03aA  50.57+0.71bA  22.72+0.28bB 17.58+0.44cB  7.46+0.06bA  2.15+0.02aA 1.72+0.02aA  1011.40+10.24bA
3 2 1.29+0.01bA  51.32+0.68aA 23.68+0.44bA 20.43+0.24bA  7.30+0.02bA  2.17+0.06aA 1.74£0.02aA  1026.40+£9.87aA
4 3 1.27+0.04bA  52.08+0.84aA 24.46+0.32bA 21.03+0.27bA  7.14+0.10bA  2.19+0.08aA 1.75+0.03aA  1041.60+11.01aA
5 4 1.24+0.10bA  53.11+0.26aA  25.67+0.43aA 22.17+0.41aA  7.11+0.08bA  2.21+0.09aA 1.77+0.01aA  1062.15+11.01aA
x5 EFHARVEFMASREEHFHERBEIR . ANBRKRELFSFETURHE

Table 5 Change characteristics of organic matter, organic carbon and available nitrogen, phosphorus and

potassium contents in seed production maize field with agricultural waste compost applied for 4 consecutive years

% s A L

AL A HLEK

AHLREE WA A A

" AE yanic s
AL . MR Organic matter  Organic carbon Organic f,drbon Alkali N Available P Available K
Treatment Agricultural waste compost P o] ) o] density y o1 y Lol y Lol
application years/a (g-kg™) (g-kg™) /(kg + hm™) (mg - kg™') (mg - kg™) (mg - kg™")
1 0(CK) 16.36+0.02¢B 9.46+0.04cB 2.52+0.01bB 69.97+0.48dC 6.57+£0.04dC  118.29+1.44dC
2 1 17.23+0.28bB 9.99+0.98bB 2.61+£0.02bB 80.27+0.87¢B 8.42+0.10cB  133.97+1.12¢B
3 2 17.87+0.30bB  10.36+0.22bB 2.67+0.03bB 84.27+0.90bA 8.70+0.10cB  138.98+1.43cA
4 3 19.30+0.23aA  11.19+0.21aA 2.8+30.05aA 85.86+0.79aA 9.25+0.11bA  142.78+1.84+bA
5 4 20.24+0.41aA  11.74+0.24aA 2.91£0.07aA 89.87+0.67aA 9.85£0.03aA  151.37+1.98aA

FLEBFAE 26.19% ( P<0.01) . R JEFYH 5
JIES it FH AT R 55 B PR 5 B =2 ) S A C G R PG R
A -0.9918 , 5 20 T ALk B BCR: 22 18] 52 IR AR GG
R RE0 R 0.9756 F10.9740,

242 BERERETACAE 6 Al HIREKH
it 375 P o A b 5 ) 2 T it P4 FIR 1) 326 34 T
WK LR ESFIHGIE 4 a 5 CK R, il i
FHR T R | UK R I AT 22 1 AR Ak T TR
PEo MR IEFHGN 4 a 5 3 a LB, B
it TR RN 22 1y S ARt O 23 0 3 N 4.29% . 1.35%
F13.85% (P>0.05) , Bl W2 Wl 1% 38 im0 7.07% (P <
0.05) ;5 2 a L&, BREGIEPERS IN7.14% (P<0.05) ,
EWE . W R W RN 2 1 A Ak S R A 0 3
19.51% .19.03% H1 14.89% ( P<0.01) ; 5 1 a %%,
MR | DRI B R i R 22 1 4 Ak T 14 3 1 18
31.27% 13.64% 34.47% F 28.57% (P<0.01); 5
CK FbA, rEvEmeG | JURme | o R 1l 0 22 19 41k il 0%
A3 ST 63.46% . 38.89% . 61.48% F158.82% ( P <
0.01) . AV JE 579 41 4 M0 ite FH A7 PR 5 A g . ik
ity PR A 2 M R AL BRI P Z B R IEAH G KR,
HH2E R B0 51 40.9694 .0.9468 .0.9930 #i1 0.9689

243 EEEBASFEAKIE HET A, HFE
K HH 4 B 1 i G ROl R 5 A A N it
AERR AR I 3 R AR E A G 4 a 5
CK ek, e i 3 4 & 7 Hg Cd Cr Pb I Zn &
i, MR EFWHGIE 4 a5 3 a b, Cd
Zn SR N 8.33% 1 7.419% (P<0.05) ,Hg Cr
1 Ph & &5 B4 HN 3.70% . 2.49% F1 2.74% ( P>
0.05) ;5 2 a H &, Hg, Cd F1 Zn 5 2 43 51 34 i
12.00% .13.04%#1 11.54% ( P<0.01) , Cr F1 Pb 5 &
A3 BTN 8.20% 1 5.33% (P<0.05) ; 5 1 a lL#,
Hg .Cd . Cr Fl Zn & =43 50 3% fin 16.67% . 18.18% .
14.13% %1 16.00% ( P<0.01) , Pb 531 9.01% (P
<0.05) ;5 CK H%¢,Hg Cd ,Cr . Pb Fl Zn & &4 5
B4 21.74% 30.00% 24.49% 27.55%%1 31.81% (P
<0.01), A& 59 46 it F AR BR 5 158 Hg
Cd.Cr.Pb Fl Zn Z [A] 2 IEAH R, AHIC R E0 51
}3 0.9800 .0.9657 .0.9795 .0.9966 #10.9797 . IR &
224 ajii AW K v A5 I8 S 80 48 & wr i
I AL ATy /N T T el FE S I 5
XA P 5 20 5 N 4 5 s A, AN 2 6+l
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Table 6  Characteristics of microbial and enzyme activities in seed maize field

with agricultural waste compost applied for 4 consecutive years

el 52

EX REWH G Jo Tt BRI Z B AL
SR AIREAIER I A . ' i
. ‘ X Actinomycetes Sucrase Urease Phosphatase Polyphenol
Treatment Agricultural waste Fungus Bacteria ; . a 1 .

- 7 1 7 -1 /(x10 /(mg - g /(mg * kg /(g kg oxidase
compost application /(x10” - ¢7') /(x10" - g7") o g i 4! J(ml - g

years/a g) ’ ) ’ ) ’ ) mes
1 0(CK) 0.42+0.16aA 1.78+£0.01cC  0.97+0.05dC  4.16+0.02¢cC  0.54+0.03dC ~ 2.44+0.03dC  0.34+0.07¢C
2 0.39+£0.13bB  2.15+0.04bB  1.37+0.02¢C 5.18£0.07bB  0.66+0.03cB  2.93+0.04cB  0.42+0.03bB
3 2 0.36+0.11cC 2.27+0.02bA  1.55+0.08bC  5.69+0.10bB  0.70+0.04bA  3.31+0.07bB  0.47+0.09bB
4 3 0.33+£0.04dD  2.42+0.01aA  1.73+£0.07aA  6.52+0.12aA  0.74£0.01aA  3.68+0.09bA  0.52+0.05aA
5 4 0.31£0.0leD  2.46+0.05aA  1.81+0.03aA  6.80+0.87aA  0.75+0.05aA  3.94+0.05aA  0.54+0.02aA

xR EEHEARLEFMASREIMERBECESETUEE
Table 7 Change characteristics of heavy metal content in seed maize field

with agricultural waste compost applied for 4 consecutive years

Al 1 F Yy 2 WLt H 4 R

ozt Aericaltural wast ) Hg Cd Cr Pb Zn
) ericultural waste compos - k] R R ko]
Treatment application years/a /(mg - kg ) /(mg - kg™ ) /(mg - kg™) /(mg - kg™') /(mg - kg )
1 0(CK) 0.23+0.03bB 0.20+0.05¢B 11.23+1.11¢B 2.94+0.02¢B 0.22+0.02cB
2 1 0.25+0.04bB 0.23+0.07bB 12.92+1.21bA 3.56+0.04bA 0.26+0.05bB
3 2 0.27£0.02aA 0.24+0.08bA 13.64£1.91aA 3.65+0.04aA 0.27+£0.04bA
4 3 0.28+0.06aA 0.26+0.04aA 13.98+1.03aA 3.75+0.07aA 0.29+0.05aA
5 4 0.23+0.03bB 0.20+0.05¢cB 11.23£1.11¢cB 2.94+0.02¢B 0.22+0.02¢B
3 B i CEC; 7N AL Hh Y 7 65 F (8 AL M1 2 38 16 0 fi o
> @

AT S B, A R 57 ) 4 6 A i P A PR i
R R K P /N AL BB R AR 141 2R
PR, XA ALRFAE S0/ A5 R AR
AHURTAE RN S B e A — B, S
JEPR, — SR S 45 MK R AT LB A
SEfl - e mARN AR T A, B T ALBR R TR
N HERE %2 1 J A A R ZROIR L 22 AL, I3
TR K B FL B BRI T A =R A
H KA L A 3 v 5 R T B Ak T K AR R
HRIAHIE G, AW SEIE K B, AR F W) 21 5 HE
Jiti AR BR A, il R 0K H pH {EL#/)N , CEC (EC |
APEER AR K R O, X P AR A R S e
BLAEY MR BRE R SO B SR
B SCHE — 2 25 B AR 23 i R vh = A i AT
PR (IR V& LML) KRR T pH (H; R 4IA e L
SR rb o3 it 7 A B M B R R T AR AR R A AR G AR
ROPUSS PR IEAR T pH (B — R4 A AAE 4k
R B TR — b W R R P AR R
Z IR S IR , N TR T pH {6 ; PUZ 2 A IR K
BYAE S, 2 1 AR T 1, DRI O T 4 o
(1) CEC ; T2 A A - S & Bl A I 58 S 27 97 F
A7, W B T o M R B R T, DR R T Y

FEHoR R I B R AE b TR S T
EC FIRI bk & i B4 A A0 38 b A i I
B2 SR K B WK 2R A 5009% ~ 600% , IR i $2 755
TRk E

ARWFTE R B, A 5 74 21 A I8 e FH A BR
Ko, P K A BILE A B R A 4l A
R SRR BRUR S Xk R
TELL & R G NI A Ry 2
GO T AR EEE , RN, — R
FEPAL A K K A ML R B B 3R i A
-4 R R T A HL R A AL R A
B AR RAA IS A EE AR,
Bk R B B E S RE FROCE, AL L
P AL R R T, B T 2 ME R LR,
DR o T R R o0 O i — R A B AE LI
R A 8 B R AR T - R o R M SR A
Vi, DRI B T 3R o &

AHIFSE A B, 1 b 5 K FH 200 T 00 4 T 6
AR T A A I it D 4 B 1% 384 i 3 K, LB
B B A Y P 35 2 A i FH A B 1 385 n i
i, FEHIR A, —JE it AL R s A A I e s T
FHEARBE SR, SN T A S E Y R R T
TR IR BRI B, I T B AR R E;



142 TR XA BT

5540 45

SEA AN A LT K K IC O O AR A T
TEAVE TR T, AR 3 T 20 DR R R R ) B <2
YA N0 A 2 B R T O E P ) - £
TR AR E T L4 a i
AV I 57 21 A R A S 3 1l o T o b oK R
WG R B 2 A 22 T A Ak B S P SR LR A
— B A AR Y Tl A 3 TR AR
T AR A KR By R RS TR
TP RS IR S B T L0 s — R UL B kY
TN 496 75 S0 U A D R 2 TR SR DRI R
T MRS T T AT it sh P
S B2 T MW A IS M b IR AT RO
U S KBRS A MUIEE & T+
e pERG KA 2 A EE S PR R T M
AR, Hl R EOK H 48 % SRk E
Al % 54 20 G N Jifh FH A R A8 185 I 38 K, 5 AN
NELUHE , HEEE 4 a it FHAR L E 5590 415 NE A 35 1
m T 13 Hg Cd Cr Ph FIl Zn &4, FEHIF A,
— RN IE A AN E SR EIEEE SR
B I SR B SR R B
2 HIEH T Cu Zn Ph S ELB SRS TR
it FF 7 8 3 A 1 s o= LR AR g g
Cu Ml Zn FHEII(E N 485.2 mg + kg™ Fl 1 220 mg -
ke, B3 Cu M Zn FE3MHSN 53.90 mg + kg™ Al
155.80 mg - kg™, -3 Cu Ml Zn S EI(E N 45.70
mg - kg™ f1203.80 mg - kg™' . “JEE B IR P
s Cu . Zn, Cr S ST R AE M DRHE
X ELTC R 7E B & R NI A0 WOSCR) A RAR, Bl
AP ELE CuZn CrEEE, TEEPIHR L
BILHE 150 DRI & &k Cu Zn &
il 2058 0~392.1 mg « kg ' 1 15.9~2 041.8 mg -
kg™ WSROV AR IR E 11 A () B
fE3% 5 b 4 AR kL Cu 7 528 A 19 B O B0 b
100% ,Zn 7 AR FE b2 7 2 60% ~ 100% ; T
TRAESY R A & B, e b X S TR Cu BN Zn B
53N 136.36 mg « kg™ Fl 544.85 mg - kg, it
A EB 1224 25457 XF Cu F Zn HIFREE , B AR F
SIH 66.67% 1 80.00% , 5K HESE 2 BIFST B, #i
YU AR Cu £ Zn S 8353 T 239.39 mg -
kg ' 1 468.46 mg -+ kg™ B AV 2625 /57 X
Cu I Zn AY PR 5 i+ b JR AR T 2608 %t
THE Vb DX A X ADRLARE S 6T 23 BT, TDRLRE i Y Ph
i Cd i 1 Rk T A b e ) BR B,
HFRFIT BN 39.7% 1 23.50% , = =4 E
FEFFLLA MR 4 s B Fiis A R4, T 30ee a5 i

FERWNETEFTE 5, K AWK 25 553 689 Cu,
Zn GRS T CABEAL) o DU 3 H0AE ™ 2 b
LA AR Bt P 1 (e o LR, O A
) Cu M Zn S EYBEE BT E RN, LT
A R I SRR R A A A
R S VLW R EE N i BURCE 7/ (k- AN /247 38
RWFTEIESE 4 a Jl AL EFWH G LS, EE)R
SR e i D T (51 0 N e o SRS R 1
(5 NSRS P, S D &
B A A BT RS T 5 W B R < R T
BG4 AW i B TG PR

4 45 g

il K 25 T pH (BRI B B RS Wt Al R
FEIALA IE it P AT BIR A9 48 4 1 BAIG, B FLBRUEE LK
Fatk AR R  CEC \EC {H ATy PEER Bk E AL
i A B A PR BE | SRR B AR
B BEE M E AR O e bR W B 2 O K 5
Wi A R it FH A1 BIR 0 sk 254 7 38 O ROk R 3R Al
A M it FH AT BR 5 A oK 8 pH (A B AR 2
AR, 5 EFLBREE KER MBI R & CEC,
EC A AT RS Bk AP A DL
RORBER O 1 e R M B AR SR
[ R IEAE IR, HLL 4 a il AR R FY 450
AR A AL =, B H N T 5 e Bt
{8, NEXHED TS G WU

& % X k.
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