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Effects of Different Livestock Manures Combined with Chemical Fertilizers on Contents and Fractions of Zn in

Black Soil

YANG Zi-yi, WU Jing—gui’, FENG Na-na, CHEN Chuang

(College of Resources and Environment Sciences, Jilin Agricultural University, Changchun 130118, China )

Abstract: Applying livestock manures has resulted in accumulation of heavy metals in soils. Impacts of heavy metals on the eco—environ—
ment are greatly dependent on their forms. Here a 3—year incubation experiment was conducted to study the effects of different livestock ma—
nures combined with chemical fertilizers on the dynamics of contents and forms of Zn in black soil. Modified BCR sequential extraction pro—
cedure was used to fractionate Zn forms. Combined applications of manures and chemical fertilizers increased the contents of total Zn and Zn
fractions. Total Zn in the pig manure plus chemical fertilizer treatment was 1.69 times as much as that in the chemical fertilizers only, and
each fraction of soil Zn was increased by an average of 238.9% . The combined application also led to a transformation of Zn from low
bioavailability fractions (Organic matter fraction and Residual fraction) to high bioavailability fractions( Weak acid soluble and Reducible
fractions ). The degree of Zn transformation was in order of pig manures>chicken manure>cow manure/fertilizers only. No mater fertilization
or not, soil pH and organic matter contents were significantly negatively correlated with weak acid soluble and reducible fractions, but posi—
tively with organic and residual fractions of Zn. Combined applications enhanced the positive correlation between residual fraction and pH,
but had no effects on the correlation between Zn fractions and organic matter contents. Therefore, the combined application of manures and
chemical fertilizer caused accumulation of Zn and improved the bioavailability of Zn, thus increasing the risk of soil pollution, with pig ma—
nure having the greatest impact on Zn pollution.
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Table 1 Main physical-chemical characteristics of soil and
three animal manures

AR &R &y 2 ety

Btk pH

grkg!  gekg? gekg? gekg?! mgekg!
443 676 2097 1.19 0.97 289  69.53
3% 727 39234 1592 3.90 932 13275
3 763 30891 21.10  7.93 1022 49691

HE OB

bt 8.03 270.11 21.37 8.19 15.03 227.00

1.2 KI&igit

AHIFFE R F 35 37 520 T35 ROl K2 35 52 5 i
17, SE50 06 T 2010 4F 5 1, 235 5 b3, 4300 R %5
FXRE(CK) Bt i AR (HF) & 25 +fB AR (ZF) | 2F 36+
FEHE(NF) XS3E+LIE(JF) , AEAAbH 3 N,
BEAREE AT+ 14 kg(FRFE BT 10 11.47 kg),
Jiti A B & 2 AT AL T LY 1.5% , B4
BSR4 435K N 8.28 g . P,0s 3.71 g K0 6.79 g(
AR MR AN JCHLAE , A HLIEE IS 7% 0 A 2355
STFTHUIERN ) . K-8 FE A 75 TR
G R E e A (FEHR A KAL), RAERE AN A
AERNESAIE, Z)5 3 N R, AL )
B30 5~7 d FIFRFRE LAMK i 1395 K O AE
[ K1) 65% ., FHAE S Ay ikfT HIERE R, R
[l i) AR S T B BR IR B, BB o 2 mm FHI
0.149 mm J& Je i , 435I AT pH FE 48 73 A (R 2
IIMT RIS T ) o
13 FENESHR

HZS-H 7Kit4R 7 % LXI-TIC Bk 25 245
BLOHLPHS-3C Y pH 31 A3 JEF IR OGR4
SEBG T HE (HNO, HC10, S53 A 9 41
1.4 W ESREEH
1.4.1 FEABRALME S 2

b3 - 48 K B B S Y SEA BRI S
(LML ALZE AT IR,
142 EELENE
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ST I b S 4 L T AR BRAE S b it
FEFP A AT RE G2 A Rk . ARSEI T
FEVEFH GBWO07425(GSS—11) ,Zn 4 [E1R $7195.06% .
L5 Gitah

AR SO EAR Y R 3 A E A B, B St
b SERER A Excel 2003 1 DPS #4817 o

2 ER5HMH

21 ARESERSLIBERETIESR Zn REFHE
T ER

3 AAFEFZENE SRS 13T Zn 2
WS . 3 AT A EE Zn &R
B3y Ae, B ZF>JFSNF>CK HF,

AR AL BT , ZF AbER -3 Zn iR R
FH A A BE 55 i £k JE A Eb 3 R 38 2 68.9% ~
69.8% ; Hoyk & JF ZbBR B Ky 28.5%~30.1% ; FLIK J2:
NF b3, Bk 5.8%~7.2% . ARG =, T A
AEFR 3 AEA] Zn S EEIEK N, X F S TS AT
PE Zn Bl P4 Bk 38 oK o0 3t 2 T 3 R R R
EX TP R MR I AS B, 3 4E N4 A0 B Zn B 3
ARFEAAE

£z 3 ol N N =3 i RETR Y Tay R |

e Zn B aED, UL ZF AR PRSI ol B
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B 1 AR & & 2 5 A B i s 5 &R
A In RSB . BEPA Zn FELIGRE
A(37.95%~68.39% A7 1E , Hk J2 v i J 25 (17.55%~
39.61% ), FRIR S AT B AL 25 (2.76%~12.90% ) Fl R 7] 47
B (2.76%~18.71%) .

USRI BRI 5, A R & & 288 5 AN e it 347 £
P EIEA Zn FEIGIN. ZF AP IECR RN B
=, SRR XA TEAS Zn 3 e FE AR R
TR AT HREUAS 352.8%~1 005.7% ; T {0 A4S 133.3%~
229.5%; WAL 49.4%~130.7% ; BRIEDS 4.1%~
5.8% . FLURJE JF AbFE, HEUE SN R AT 4GS
61.5%~248.9%; ML JRA 28.1%~89.3%; WAL
20.3%~32.9%; 5 3.1%~4.8%, NF Qb3 5 Ptk
NE AL FRAR LU 25 AN K, A — 3 A RERT S
—RhE AN S A A R ER AT RIS Zn 3
INZSCR o B, RO TR RS Zn, FRUOZ ] 4L
A Zn BRI Zn WEIMBCR AN, A REEAAS

3 W N oy o SRR A a5 i =
HETEA Zn S, Hrb Ll ZF 540083 i
ROR Aol
23 AEEEHEEBSURERETIEFEHES In T
e

KT ELBITEES T — RN B AT S S AN
AR S A RS A R s v AR A T Bk i
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Table 2 Modified BCR sequential extraction procedure

HERIES LRI 1k
[ R e 1 g +#¢, 011 40 mL 0.11 mol- L™ HAc, &R F4R%% 16 h(250 r+min™)E.(>(4000 r+min™)20 min
GIRN S AN 40 mL 0.5 mol - L' NH,OH-HCI, & & F#E¥% 16 h(250 remin™)Z.0>(4000 rmin™)20 min
CIE=RI#S AN 10 mL H0,, Z0 IS RIEERRS 1 h, 7K 85 C 1 h, KFMHAZE T, #0110 mL H,0,, &
& B, B EE 50 mL 1 mol-L™ NHOAc, Z & TR 16 h(250 remin™)E.0>(4000 r-min~")20 min
Rt FRIEEERS T 50 mL B PUIRZ B4R, LA 10 mL HNO;, 10 mL HF FI 3 mL HCIO,, B #4447 F A%
TR 1 b, BRI | h R SERREE. Y VRS B R IR N S SRR A RSV
A 1 mL HNOzHO=1:1(V:V ) IF RIS R E . FRMMRRAG BB 25 mL 285, Fpi
%3 REAES LI Zn SEAHI (me-ke )
Table 3 Effects of different treatments on total contents of Zn in soil (mg-kg™)
Ey CK HF NF ZF JF
51 4R 69.13+0.43cd 66.78+0.31d 71.58+1.21c 113.08+1.17a 86.92+1.20b
2 4R 68.67+1.38cd 66.35+1.87d 70.77+0.46¢ 112.04+1.69a 86.79+2.03b
53 4E 68.58+1.28¢c 66.23+1.74c 70.06+0.07¢ 111.87+3.54a 85.14+1.05b

T FAT A R TR 3R [ — 4R 003 S [RI AL BRI 777 B 25 125 57 (P<0.05 )
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Figure 1 Effects of different treatments on contents of different Zn fractions in soil
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Figure 2 Change trends of different Zn fractions under different treatments
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Figure 3 Effects of different treatments on pH and organic matter contents in soil
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[AIRTCARSCNE . R, = as & 2 S A HE PO it A
AIFRIE RS Zn 5 pH [A) 2 B IERROC R, Mt fe
JEAL BRI S BUAR DG . WUl , 7 B AL S5 ALAL
Beptidnm T 3 b 3RE A Zn 5 pH {EA] Y IEAH
Z, fAR5GE LS Zn W HEE pH (E MR .
e 4 R, AT AR PEAYTR rT SR G Zn AR ik
JEES Zn BIEA PR SRR B FEOACCR, R
WA Zn MFRHEZS Zn WX SA LTS L 224 IEA
KKF . WHLRDL, AMEHAE ST, 3 H Zn BIEZS
5B YRR+ 2 . el I, 5%
AR SR Zn RSN L85 pH (EER.

3 g

ASCIE I B SRS SE T AN B L S AR AT
FeitExs 13 Zn S R AIE S 3 AR N Sh SR

%3 pH 5EXRRAES Zn WBEX D
Table 3 Correlationship between pH and different Zn fractions in soil
CK HF NF ZF JF
BRATEREAS -0.951 2% —-0.981 6% -0.980 1* -0.951 1% —0.993 6%+
ARFZS -0.960 7% -0.966 8% —0.988 4% —0.989 5% —0.989 1*
aE LS 08952 08866 09383 09161 0.993 2%
BRI 0.8916  0.8553  0.990 5%+ 0.995 3#%  (0.994 4

e * e 3R P<0.05 1 P<0.01 (255 8 5K, R,

= 4 BNBRERERE Zn BBXSH
Table 4 Correlationship between organic matter and different
Zn fractions in soil
CK HF NF ZF JF

BRATEREUES —0.994 9%+ —0.973 9% —0.989 7* —0.998 5%* —0.995 1#*
ARJEA -0.991 1#% -0.986 8* -0.981 9% -0.975 0% -0.986 9%
AEALZS 0,998 9% 0.998 2% (0.999 9% (0.999 9*# (.994 8k
BRI 0.998 5% 0.992 4% 0.980 4%  0.963 2% 0.995 8+

SO L BRI R AT, AN A S FEHE S AL
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BET LI Zn d AR AR AT 25 1 A W A Rk
RS AL .
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