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Effect of Freezing and Thawing on Activity of Cu and Zn in Black Soil of Northeast China Under Simulated
Fertilization Using Pig Manure

XU Cong-long, JIA Li, ZHANG Lu, LIU Qiu—meng, XIE Zhong—lei"

(College of Environment and Resources, Jilin University, Changchun 130012, China )

Abstract: With the development of large—scale farms and the addition of Cu and Zn in feed additives, high Cu and Zn contents in feces of
livestock and poultry occurred, and may cause soil pollution of the heavy metal especially Cu and Zn by livestock and poultry manure fertil—
ization. Both fertilization of livestock and poultry manure and freeze—thaw action can alter the activity of heavy metals in soil, and furthermore
change the environmental effect of heavy metals in soil. This paper aimed at the influence of freezing and thawing on the activities of Cu and
Zn (exchangeable and carbonate ) in black soil of Northeast China under pig manure fertilization according to the northeast climate character—
istics through laboratory simulation. The results showed that the contents of exchangeable Cu and Zn significantly increased and that of car—
bonate Cu and Zn slightly decreased under pig manure fertilization initial stage comparing with the control without fertilizer. The contents of
exchangeable Cu and Zn slightly increased and that of carbonate Cu and Zn decreased for the higher fertilization comparing with lower fertil—
ization. The contents of exchangeable Cu and Zn decreased and that of carbonate Cu and Zn significantly increased with the extension of fer—
tilization time (one month ) compared with the early fertilization (one week ). Moreover, the contents of exchangeable Cu and Zn under higher
fertilization were all higher than that under lower fertilization, on the contrary, the contents of carbonate Cu and Zn under higher fertilization
all were lower than that under lower fertilization. The contents of exchangeable and carbonate Cu and Zn all increased obviously with the
freezing and thawing temperature decreased, and the contents of Cu and Zn for higher fertilization were higher than that for lower fertilization.
In conclusion, the activities of Cu and Zn in black soil were disturbed by both pig manure with different fertilization amounts and fertilization

culture time and freezing and thawing, there were a varying degree decreasing for the activities of Cu and Zn in black soil with the increase of
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fertilization amount and fertilization culture time, nevertheless, the freezing and thawing action could increase the activities of Cu and Zn in

black soil under pig manure fertilization, and the amplitude of increasing Cu and Zn activity increased with the freezing and thawing tempera—

ture decreasing.

Keywords: freezing and thawing; pig manure; black soil; simulating fertilization; activities of copper and zinc
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=1 ERGEEAEENTERELRE Cufl Zn F2(mg-kg™)
Table 1 Contents of Cu and Zn in pig manure and soil used as

simulated fertilization (mg-kg™)

i Cu 7n

VB 100.9 429.2

it 23.42 134.5
19553 + 5+ 24.63 1372
3983 + it 26.42 142.6

xR 2 EHREEEIRAEMARERE R4 E 18 pH &
Table 2 Value of pH in soils treated by simulated fertilization with

pig manure under freezing and thawing temperature

- PRR L /°C
i E R/ 0 -10 -20
prE 7.54 7.50 7.46 7.29
Jii 7.51 7.34 7.35 7.24
195838 + 51 7.63 7.61 7.54 7.40
3%K5 2 + R4 7.73 7.67 7.48 7.46

1.3 TEEMBEESD Cu Zn EEMFETSEMWNE
T IEFE IS E 4R 4 ER R IR - = AR T
ik KERRFRIGT 0.25 mm i Y 1A 0.500 g T
50 mL /NMEFRH A 5.0 mL WAl R , # B, T
Ptk g IR LR oE 4, R0 2.0 mL A
R, RN E (B R TR A 0.5% MM IR 1A T
3T TIRVEA 50 mL 25, 4y, i g, B i
FETERPR A, SRRSO E CuZn &5,
K Tessier SEMER H 1R6F 3 vh 8 42 J& Al A4
SRR A S MREO I, HSREEREH
Zn B PR A M K - e Cu Zn RIS A
T PR h 45 A A AE AU IE -3 vf Cu Zn 135 P
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PER ABEXSFEZE T Zn WA TG ARAE A S5 T4 24k
FESTF it S A P B 5 S PO 5 P A 22 5 9 o TRk
il SR 5E F BA R FE NE IS 2% el -4 h AR Y Cu
R A LRSS S SCHRASRAL, 10 Zn R AL
s A HLBES G SRS & AL, X T2
FEZEHENEXT L3 Cu Rl Zn FEMESZ IR A 22 5 1 )5t A
Z—o
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4 RSP 2 AL 3R 2 AN R R A
J& Cu Fl Zn B W] A2 4 A8 FBRTR R 45 5 28 0 B M i M
AT R PIG . di3k 4 n] DL, BERERR
TR, HIEPAACHA Cu FIBRIRERZE &7 Cu
SO, AR AL B AR X B i T
NEER o [RIRE, s rh Cu f8 35 28 G f91) S Bt it 2
I BRI it N e 3 0 T, 5 Cu AR VR i
1T, el S s Zn FIBRIRERSS A28 Zn S iE
P RN, ELAE R NE R AR — BB 2 TR
TRAE A, [, L33 Zn AT 2 O A9 TS B R it 2
N REAE AL BTSN . AR RS Cu Zn
TE B I A, BEVRRIRLEE T B, Zn AR5 MRS I
FCIBA 25 1 Cuo il DL, BEZR RGN R e, 126

3 EHIEHEERLED Cu Zn WA RISHRBHRESSEERBFESREELEH HILH)

Table 3 Contents of exchangeable and carbonate Cu, Zn and percentage of active form accounting

for total content in soils treated by simulated fertilization using pig manure

Cu 7n
M HRIIE W 1 )8 W 1 AT e 1) e 1A
A AHAS /mg-kg! CK 0.44 0.36Ch 2.64 2.57Cn
1% 0.95Ad 0.76AdCa 4.28Ad 3.04AbCd
3% 1.08AdBa 0.94AdBhCa 4.42AdBn 3.31AcBaCe
RIRERES A3 /mg kg CK 0.67 0.55Ca 6.67 6.60Cn
1% 0.66An 0.70AbCn 6.18Aa 6.94AnCa
3% 0.58AaBa 0.68AaBnCa 6.09AaBn 6.55AnBnCa
TS O i R A /% CK 474 3.89 9.31 6.78
1% 6.75 5.54 10.46 7.25
3% 6.99 6.81 10.51 7.81

TE: KSR A B ALC AR « S BnafiE i 2 R RIALIE Cu Zn ] Se S sl BRIRER 25 5 A8 S i Z I 22 57 M OC 27  A IR 28RN
it 190 3%A0 B3 55 CK Z (A1 25 5 B ME R B AARRSEZE IR Ny 340 1S 1940 2 18] (¥ 22 5 MG, C ARERIEAE 14T S3EAE 1
S Z B2 5 REMEC R /NG T ika b e Bl d 23R B MOKT- 0.5.0.1,0.05 #1 0.01, /NGFE: n KFA B
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® 4 BESEEFRTIRERRREFMIERE Cu fl Zn WA ZBRSIHRBRELESTSEERBHSSEELEHRA S LLS)

Table 4 Contents of exchangeable and carbonate Cu, Zn and percentage of active form accounting for total content

in soils treated by simulated fertilization using pig manure under freezing and thawing temperature

iH e Iks -10 C 20 °C
Cu 7] 2T /mg kg™ CK 0.39Cn 0.41CaDn 0.43CnEn
1% 0.94AdCc 1.17AdCcDa 1.51AdCdEa
3% 1.15AdBbCa 1.46AdBaCcDa 1.81AdBaCdEa
Cu TRERERZE 52 Img-kg™! CK 0.56Cn 0.56CnDn 0.69CaEa
1% 0.83AdCa 1.24AdCdDd 1.64AaCakn
3% 1.17AdBcCd 1.69AdBdCdDd 2.03AdBnCdED
Cu Y PEAE 5 b7 B e /% CK 4.16 4.80
1% 10.10 13.18
3% 13.29 16.18
Zn W] RS /mg kg CK 2.12Ce¢ 2.18CcDn 2.35CaFa
1% 4.38AdCd 5.3AdCdDe 6.05AdCdEd
3% 4.59AdBnCc 6.66AdBcCdDd 7.58AdBdCdEd
In BRIBEZE A /mg kg CK 6.44Cn 6.67CnDa 6.87CaFa
1% 20.67AdCd 21.57AdCdDa 22.72AdCdEa
3% 21.64AdBaCd 22.93AdBaCdDa 25.71AdBdCdEc
Zn RS U ] 1% CK 6.58 6.36
1% 19.83 20.43
3% 21.86 24.50

T KRS 7 A B.C.DAIE 4350 « IRt (10 2 2UR R IR Cu Zn 0] S S R IR SR 4G A S Z M 10 22 5 B PG 2R A IR
FEUNIEE 1%F1 3%Ab B35 CK Z 12 57 M OC 3 , B ARRIA SR 340 P15 1940 B2 [A] (22 53 B MG R, CARSRANIR] R Rl 3 Ak
B S AR RA AL B2 ) 1 22 52 B EESC R, D AUFR-10 CHRAIAE 1S 0 CrRmlAb PR 22 5 B MR R L E ARER-20 CrRmhAb B5 - 10 “CHRRAL HE
ZIA 22 FEM R /NG FE a b e Al d 2IRER B F KT 0.5,0.1,0.05 #10.01, /NG5 n RFAR R

AR5 Y IR AT S ZS Cu B Zn Aot BRERER S
A& Co Ml Zn FaE¥ EERN, 8 Cu il Zn
Wik, HAERMIER R Cu A Zn A9IG PE K TR
JEiE . FRFAEIRF TR A SRR, YRR RS T
Xf Pb il Cd EFFRE ST, 8T 14 Pb Al Cd 1)
A ARG 5 2 I 4 S o BLLE AN AT IR A LR A%
PR URRE I 458 Pb (7 RSN 6 55
TR O AF 9 245 SR 2 BH R il R LA (i o g 2
A2 [ A AR M ASRRUE I B AL AL AR T VRt
T I FHA BB

3 He

BIRMIBAL IR 4 2 Cu Zn SRR (H
FE LIS EBAR AL S S 2 LA E RESE
TSP, QAR I b e T, R
R AL 5 AT AL S S A T e — A R
(B A UF AR TR R , A LY 31 L 38 0 T8 LR 3 5
W, 7 AR BN W 51, X Se ) Jo RE A 5
JEICR KRS POV, A8 33 B PR s A
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THIIEEEH CuZn YORRL, JFRTEH5 14
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i - S HEA MR G pH BRI AL 45 ) e R AR
A0 R A 2SR AE S5 R Cu il Zn & RERDE
ASWAHRR A o FEFEEAL BRI, 58 2E 00 g e
AEAE I -8 ] S8 e S AR AR Eh 455 78 Cu Zn 75 i1
AR o, 17 e RS e ] A2 4 2 1) JER e D A 4
JEEFAI S Cu Zn KA B S AR SO0 Cu Zn A [ 5E £F:
R AARTE M Cu Zn & AT kg,

VRE AT T AL i 2 - S A URE My 464 AT
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