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Xk Zon B R B 3o PR P45 4 Langmiur 7 f2 VO HIR W, WA, AEREKENS500 ~ 600 mm, EE
] 13Xt Zn 0 e KB A TR, 3 Zal) P fES—oH , PR 1.5C. EYASAERK
W B B A BT R pH B TR L FEAR B pH FN120~ 130 d, S RHEEROyhEER L ]
KT, X Zn () 0 B i E A 3 0 A HLT SR BT R R A M, R
CaCO;, <0.002 mmAYFRL & B LHE FfEr MR, BB, BEKsEERE, +
TR A T ARSCLE S IBAERE LI . fE HEREKRIROKRE B, M R KHYR20 ~ 30 m.
NEmA VU A 3 B8 E AR 4, BT EZn 1.2 R

T B HARNE, B X 2™ W R R e, R W 2001455 A FF &, BRI SR
W X2 IR A A M AR PR e RO — ROk E. MBS, 45
HHE RAMEN (CK) . A (NPK) | A

BRI A HLAEL ( NPK+OM, ) . Jifi Z& ®40
1 MRS AALAE2 (NPK+OM,) . it % B 40 A5 HLAE 3

( NPK+OM,) , B blZe1, AL, BEAC A4
1.1 REEHER SrRITER R . BERR —ECRGRIRER , A HLACHE HI %4

W RE T ERERERL AESRGE R 28 I 7E 1RV AHES, "3REL,
FEF AP B F WM W 58 a5, AL TR EILE BT DXEHI2 mx5.6 m, K&, EKRERGESHHE
(47°26'N, 126°38'E) , VPR N234 m, JEIE A, 107 USR, ShAbk b 3ok i Fl, BEVER R
i RRPEERAMRIX, &L TR, EFERE BHE, HESIR . 55w A,

#1 FEREMTELEMERE

Table 1  Fertilizer application rate of maize and soybean relative to treatments (kg hm™)

1EW N P,0, K,0 AHHLIEL OM, FHHLIE2 OM, FHHLIE3 OM,
F K Maize 120 60 30 7 500 15 000 22 500
K7 Soybean 20.25 51.75 30 7 500 15 000 22 500
1.3 #H#EEESHH Zn @RI E . B ERBE OB R RIS R

TE20134F10 H E Rk A, RELEHZ A TR AR OB W B At Zn Y b RE RS A R
0~20 emtHE, BA/NXRESDEHIBE Y W, ITEEPREBEER, RIFMAL0 mlil

1 kg #e, WTIRAFEA. 0.01 mol L™'CaClLy W, M EMARNAIRGZH L
RIS Zn & S E R A SRR 7 w2 h, WEEEHLE25 £ 1°C; RIGHAEFA4E

Zn” W BRI I E Y SR LR di(25+1 °C) £53222 h, BG4 000 r min ' B0
LL0.01 mol L7'CaClL/E R 2@ B, #0tEZn®" 5 min, B35 W T B W2 U 43 5606 B i I 5
BB BE 4010, 20, 40, 60, 80, 100, R Zn® BRI, TR Zn™ 5
200, 300, 400 mg L™'. XA . FREGT 1.4 FIEE
1 mmfi ) +EE1.000 g 50 mIBRHE LB, my : Ve ARG EE FH Excel 2003 FISPSSH# 4 -4 T
=1 g:20 ml, BHIMAGTHERINZo TR ER  F2E0P LA TR, HOrigin 8.0 FER.

0.01 mol L_ICaCIZ‘Zﬁ'miZO ml; 7EE IR AR R L

EyR%2 h, WIEEHIE2S £ 1 C; RERARHE 2 45 R

b (25+1 °C) ¥3£22 h, B4 000 r min ' &

05 min, BCEFRABEFREC O ENE 20 KEEEETEEREUERHTH
VAR Zn R B o 250k TR e Zn > W i 5K A it A R AR B, K 30T N PR AR AE
e, IR R 2™ B SO R A R B AR 2K MpHE EEM (£2) , mMHER. 26, &80
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Table 2 Effects of fertilization on basic physical-chemical properties of the soil relative to treatment
EELiINN 2 il - N
b ¥R 4% Total N Alkali-hydro  HRUBEAP B AK
pH oM . Total P Total K . !
Treatment » (gkg™) » » N (mgkg™") (mgkeg™)
(mg kg™)
CK 6.10 a 46.3a 1.81b 795.9h 18.4ab 128.1b 32.6b 76.9b
NPK 5.94 b 44 .4a 1.84b 866.6h 17.9b 129.3b 45.6b 90.4ah
NPK+OM, 595b 50.1a 2.10ab 1173a 19.2ab 142.8a 96.8a 103.4ab
NPK+OM, 595b 49.2a 2.16a 1147a 20.1a 138.7ab 122.0a 119.5a
NPK+OM, 5.96 b 46.7a 2.01ab 1167a 19.1ab 148.8a 102.8a 113.8a
. CK, XiE; NPK, fbAl; NPK+OM,, fLAEAIAHLACL; NPK+OM,, TACAIAHLAC2; NPK+OM,, fLACHA AL [E 504 dE

Ja AN B R R AN Rl Ab BRA) 22 5738 5% B3 K F- . T A Note: CK, No fertilizer; NPK, Chemical fertilizer; NPK+OM,, NPK+OM,,

NPK+OM;, Chemical fertilizer plus different amounts of organic manure. Values followed by different letters in the same column are

significantly different between treatments at the 5% level. The same below

NOBf A . OB . RO A% IR A A BT
i, AHFBRIR W EOKE ;s NPKAIA HLIEAL B (34
AHUEAKF ) st B EREAL T L% pH, it
NPK AL H p HAR T 5 4 10t 208085 59 n A AR X+ 3¢
AL A B, AR R R, e AR
8%, WEWGINT 1 BRSO i, ok
WS AN T 245 ~ 3%, NPKIA AL X 4 1
SR, 2. A . RS ERs —ERE
RPN
22 MREMELBEHERESHSENEM

XA BEDTPA-Zn & A 1.96 mg kg™
(E1) , HjifbAit b B +EDTPA-Zn & 3
3.28 mg kg, JtifLAE AT HLAL AL BE 1+ HEDTPA-Zn
it E RN, H B PUIE = s e,
A3k F)14.53 mg kg™ K ARALHE 44 S O 83.0
mg kg™, AL AL B A A R IR B3, Rk AR
A ALIE AL B+ e 4 & i W, HEEA P
Jita P 3G, AR T = 114 mg ke
2.3 MM ELARESZnE EFE

0 i Ak A 3 I T 22 4 A Zon FTC S B 4E AR
B AR Znd i (F2) , /B ZaTEMmT
%, TR ARG A S Zn GBI T 72%,
1717 it £ AL i A AL A A L 4t 2 056 i T B A s B S
Zn, B A0, HAIEAEEZn, e RH
ARG B Zn . BBV E LSRG AR In G &,
BN T 179465 ~2.264% . 1.24% ~2.394% . 1.

o

[

3 M

N

5

SR s A o N [ S S BN 2 TP o et I U T2 N O
[fi] Note: The different letters on the top of the bars mean
significantly difference between treatments at the 5% level. The

same below
11 it AT X B AT R0 B 4 ik 5 T
Effect of fertilization on contents of available Zn and total

Fig. 1

Zn in black soil

5~ 2.590% . 0.71% ~ 2.384% F10.194% ~ 0.28£%F, it
AR Lot AT WL 2 5 R A JE 348 I s 5 e, il AR TS e
AHLUIEXT + I W) S Zn & AN 2
2.4 TIEZnTIRM. BIRFIRL

AN Z W L R SR R Y B R (&
3) ., BEFA P Zn® MR EE G I, A X Znt 1 I
B HE M N, R T FR AL A R A OC R B >
0.798 (roo ) , W EKF; RHAFITEU
HGHERER (£3) , Freundlich 7 B4 54,
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Fig. 2 Effect of fertilization on the contents of Zn of various forms in black soil

Van-Bladel flMoreale [19] E X Freundlich 7 F2 kK
RS = VEWS P AL 3O E (2 ey S L 3 Ot
B MR B AR (E TR, R AR . NPK+OM,
> CK > NPK+OM; > NPK > NPK+OM1, 1/afk/N5&
7 IR B8 BE A, Ay st g B 3 B 45 I NPK+OM,
>CK>NPK+OM;>NPK > NPK+OM,, 1%

Langmuir 5 LA BRI o Zn™ fif W A5 R 26 R
AR TGRSR, UFreundlich T B4
e, AN [) e A A B 5 ) P 4 Zn* i W i, TR T4
W FEAR I, AR AL Zn > W i 25 AR K, TR
o T A VR M BE I, it AT MILAE Ak B A 1R 7o i I e A
fIC, T CKAINPK AR FEZn™ i 0 e 48 55

I3 RAEA HLAE IS B Zn® W R | i 55 TR 2R

Fig. 3

Isotherms of Zn™ adsorption and desorption as influenced by long-term application of organic manure
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Table 3 Equations for fitting isotherms of Zn>* adsorption and desorption
% B 25 3R 22 4004 75 2 Equation for fitting isotherms of Zn>* adsorption
Kb 7 FreundlichJ7 TemkinJ7 ¢
Y=kx+a
Treatment Freundlich equation Temkin equation
R? k a R’ K A R? K

CK 0.994 9.43 -66.38 0.988 0.948 6.683 0.776 2234.5

NPK 0.991 9.45 -85.44 0.984 0.905 4.988 0.751 2210.0
NPK+OM, 0.992 9.71 -152.9 0.988 0.847 3.240 0.732 2241.0
NPK+OM, 0.997 8.71 -28.25 0.994 0.961 6.810 0.772 2053.1
NPK+OM; 0.993 9.44 -21.17 0.989 0.926 5.929 0.752 2204.4

SR R4 )7 FE Equation for fitting isotherms of Zn>* desorption

b2 Freundlich 7 & TemkinJy 2

Treatment Yokt Freundlich equation Temkin equation
R k a R K A R K A

CK 0.978 2.15 -43.47 0.957 0.850 0.717 0.724 500.4 -696.0

NPK 0.978 2.33 -53.62 0.963 0.797 0.487 0.704 533.9 -745.6
NPK+OM, 0.982 2.20 -67.99 0.971 0.747 0.274 0.694 498.5 -710.7
NPK+OM, 0.983 1.86 -53.26 0.976 0.744 0.228 0.694 422.7 -597.9
NPK+OM; 0.981 1.86 -46.43 0.968 0.785 0.349 0.711 428.2 -601.8

2.5 TIEZn"RMERRBRE

Zn W B 2R Ry O A A R B Y Zn
AR R Ze B Ze B R R
25.9% ~72.1% (E4) , FfV-H%Zn W3
Zn” WL B R RAAAT TR AIR AR P Zn R P AR
W, Zn* WG B AR, AT ik44.8% ~ 72.1%, BE)S
AT R, 7R 80 mg L', Zn™ W %
NAFE I, HIEEAB A%, GRfE40%4
Ao T it RS [ A AL AR b B - X Zn 2t B R

APORE, B AR i B A 22 Aok,
it A AILAE O M, FTO M, &b B X Zn > W BfF R 4 i, i
BV Ok FE R R B, A AR B R ZEBE AR N . X T
- R B 7 A IR, B TR Zn VR B
I S 14 0 e BEAK, AR5 . A [A] &b B RN PK
Ao B B 70> fige W SRR N e i, it AR BE i AL
( NPK+OM,, NPK+OM; ) W B} Y Zn* fift W5 S5 AH X
B

70 W S Zon I R R R IE

P4 1K it AT X6 2 - Zn > W5 R 238 % i R 36 (14 52 T

Fig. 4 Effect of long-term fertilization on Zn>* adsorption and desorption rates of black soil
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Fig. 5 Correlation between Zn’* desorption capacity and Zn> adsorption capacity

MRKXR (KS5) , B HL TR
r>0.986, EEIR R EIKF . BIETEBRLE .
NPK > CK. NPK+OM, > NPK+OM, > NPK+OM;,
PINPK & CK. NPK+OM &b B W [t (1) Zn* 5 5
R o

3 iF %

T AR 45 S R B, A RUEE I BHE 0.5
mg kg 0, MR X R GRS R EN], LA
ROBEIG FAE]1.0 mg kg™ 7, AR B A g
HEALBEDTPA-Zn & B0 151.96 mg kg™, i jifi fLHE
MADNEAFEDTPA-Zn & i 5, fem HikE]14.5
mg kg™'s THEP SR WA A F S W T
AR - BEES F, BAHEM BN A RIEE, AL
H {2 A ) BE A A e S A A i 0.6 mg ke,
Jit Ak S Ak 3 A 6 A A R X IR 24, IR S A
HILIE Ab B 52 460 285 B B 2 o 6 B 3485, AT B4 I
B A R A R R, R DA R R A K
T o

M- 7R T R A0 B A e S A
4 A Rk R A S R R, A Zn T
}0.9 mg kg™', AbTHUEE . VETEBLEE KRR 2
563.49% 1 WA FORBUEEIL G ARaE 0P, i
EABAEFREE T B, X 0T RE I AEYIAR R I

R e rp e, WAL T L3R R AL A sk
WSS, CAVIRIES, TEWR R+
ISR 0 AR T R R AR
S RO B A 498 T M AT HIL DT R R AR - 98 A R 7%
T, DD R R WL, R A A 1 R
T T ARPR B A A e . I HBEE LIEA
HUAE B K it FH 78 5k 4 i R TE A5 75 i 0 35 0
e AR I BTt AR IE SR PR ZR L W R e R TR
BRL IR ERE, DTS 134 P AL AT X 4 4 4
Er LT, WA R A N T 67%, X ]
e KA IE 5 - e Ak, AT el A8 T F- 4
B ARBERERY], BT YEZal D,
BT 22 WA I E B AR A B8 ZnFr i, 1Y
T ZoA Rk BhE H AR Y IR E3 VAR R E
32 50 AF 5% 2 WA 0 i f e A — 2 R 1 in 1 4 4 55
RS A BEFI AT I A B B i, Kt A A HILAE 7T d
EROIN MUK SRR BRI BRI R AR
i, HAYUIES 100 B e Ab 358 hn s 5 B & KT
oA PR, AR AIUE AR, H
BE AT ON259.3 mg kg, T AT A, B it AT HLAE Ak
PR A A EAE 1.9, 3.9, 5.8 kg, #Z:13
ENEABZEE R N12.4, 254, 37.7 mg kg, Ak
0% H it AT ML AE Ak B - 39 A S AR R N T 13.4
22.6, 31.1 mg kg™' (1) , B YEZnISIEE
I R (K2) , PG A A Ak K b
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i AU AR G G A A X 3 0 i e, G i T
b ASERN37.5% ~ 55.5% . 6.1% ~25.9% ., fE
IR VR AR S ) A P R A R
HMBEEIE A A KM 3R 14, R E e
JE A, TRk Rtk 0 (R R AR
BATHITIER Y ToE BRI S S ALk as 68
BE, TR XM ANESEESETYSY, NILFHE
AT, BACTAEREEM S, AR WEE
Q= R E /e

TEVEAE B BE A KPE 3, JFdE B RS
AR, TR A AR Y, R
IR A A S LM S Zn B i, A KM+
Bk mR R s A AR Zn F BB, HAMEEEE A 11
Jii — HB 43 Zon R 43 B R S T L G, 7 2R PR TR
B ARG, HBm 4 58S ®]ILTE N <07
(AR b R ) o SEAMNB B AR+
WAV GRS, ACE WAL A8 Zn &
IERE T AR EEANLEEGEZn, KRBT A
Jite AE X} FE AL FEDTPA -Zn 5 £:352.0 mg kg™', A K
P L EDTPA-Zn G R4, Mkl WWR & IE
B 3w, FEARYLHA AT Ff 2F — 25 W5
Ik .

JEIn £ 0D LR 19794 AR Y T b R A Ak
(AL 2 A R 0, 3 A T Tl e i o
2, TEOE b X W O W B R A A, MO T+
X BE A SR W W BLAL SR A S R D . AR SO R
Xt Zn® W R W AR TR AR Y B e, BLA TR
PAFreundlich 5 FE LG 8RSt , X5 HAB B 55 45
SRS SRR R R Ty R LA RO AR A
1% F ST LA SR B4 1) Langmuir 7
BAEARB MR 58 E AR A, X
MRES B AL &M, HzZe® Bk
W B AR . BTSRRI, A i
KZn Mg ft 5 H909.1 mg kg™, £ KW+ B
LU K R LT R R 2 W B R R 1 000 ~ 1
429 mg kg™, X} F IR A HZn d5 KW B ATk
10 000 mg kg™ " P gz s VS g,
Langmuir /7 f & —FEAH G S, FHAIA A9 i
TR B AP S

- XS Zn® W B — i W 2 IR pH . AL
J e M P A A O R, K TiENPK
B AR T £ pH (2) , Ml 45 £ X}
Zn™ T BRE O e AR A T RRAR (R4) , HK

B A8 Zn 28 % BRCRE 35 e Wi ( [B15 ) o ik i Ak I n
N T A B A Ak B 6F 7 R B f R 14 55 il A K B
A%, WG3AD A B AL G 2 BEAR 1 pH, DT R AR L X
Zn® W B B N2 aE, (H 50 BEAH E AR AR i AILAE
ARFRREAN T HIEAPLUE AN, P, K&E, Hpi4
Wl SO G INR sy, X AE— R L]
DAY N Zon ™" B4 W R o6 B R 25 o, 5 Lt 5 i P A AL
OB B, A Za RN R0 Zn B B E BN,
T 566 2 it AT ML A Ah B XS Zon ™ i WG o 5 5 0 25+ 4
A TBEAR o 25 A X 2 R 28 2 90 AN [ Ak X Zn > 1%
R 58 BE A 2SR} . NPK+OM, > CK > NPK+OM,
> NPK+OM,,

4 %5 B

KW g 8 L i, o P& Znkk
1 R A2 e S AT B R RS G B Zn, ARRER
s, KA IE A FUIE AL B, A LI
PEF DTG E RV E AL R S A R R A S S Zn R
FRUAE - HE v o A 300t A0 J5 2 - X Zn > Wi B 25 i I
FREE Yk . NPK+OM,> CK > NPK+OM, > NPK >
NPK+OM,, K 08 RAR T 2 4 X6 Zn ™" ) g B 52k
JERZEH, FLHOE B A Zn® 5 5 R Ok, K it
PR RE NG LA J5 ) 24 - X6 Zon ™ W% B 3 B8 5 Wi A 25
S e A HUIE &, B DLt P 4 19 i 8
B 119 Zon ™ S X LA A W

2 % Wk
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Determination of Zn Availability in Black Soil with Physical-chemical Methods
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Abstract

Harbin 150081, China)

(2 National Observation Station of Hailun Agroecology System, Harbin 150081, China )

[ Objective] Zinc (Zn) is an element essential for plants and animals, but becomes a

pollutant of heavy metal element when it is too much in the soil. It is, therefore, of great significance for

researchers to study forms and availability of Zn in black soil to protection of the agro-eco-environment of the
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black soil region, a major agricultural producing one of China. [Method] Based on the data of a 13-year
field experiment, designed to have 5 treatments, i.e. no fertilizer (CK) , chemical fertilizer ( NPK ) and
chemical fertilizer plus different amounts of organic manure ( NPK+OM,, NPK+OM, and NPK+OM;) , in
the black soil region, transformation and availability of Zn in the soil were analyzed with physical-chemical
methods. [Result] Results show that CK was as high as 1.96 mg kg™ in DTPA-Zn content, Treatment NPK,
increased Ex-Zn and AFeo-Zn contents, and decreased Min-Zn content, thus improving the availability of
soil Zn up to 3.3 mg kg™', but did not have much effect on total Zn. Treatments NPK+OM,, NPK+OM, and
NPK+OM; all significantly increased all forms of Zn in content, except for Min-Zn. About 37.5% ~ 55.5%
of the input of Zn with organic manure was stored in the soil as AFeo-Zn, and the content of available Zn
in the soil increased with increasing organic manure application rate and peaked up to 14.5 mg kg™ in the
field experiment In terms of Zn™* adsorption strength and capacity, the 5 treatments displayed an order of
NPK+OM, > CK > NPK+OM; > NPK > NPK+OM,, with Zn’" adsorption rate and desorption rate varying
in the range of 25.9% ~ 72.1% and 4% ~ 25.3%, respectively. Treatment NPK caused soil acidification, thus
reducing the Zn> adsorption strength and capacity of the soil and making adsorbed Zn>* more desorbable,
while the addition of organic manure in fertilization, though unable to inhibit soil acidification, did retard the
declining trend of the Zn’* adsorption strength and capacity to some extent, and made absorbed Zn>* harder
to desorb from the soil with increasing organic manure application rate. On the whole, black soil is relatively
high in available Zn content, and in Zn’" adsorption strength and capacity, too. Long-term application of
chemical fertilizers acidifies the black soil, thus transforming Min-Zn into Ex-Zn and AFeo-Zn in the soil;
Zn in the applied organic manure is stored in the soil as AFeo-Zn. [ Conclusion] Long term application of
chemical fertilizer decreases Zn’" adsorption strength and capacity of black soil, while addition of a certain
amount of organic manure in fertilization may retard the trend.

Key words Black soil; Long-term fertilization; Zn form; Zn availability; Physical-chemical method
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