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B, IR EAAPL. JOHUACRL S ol e i A 22
Fkb B, Hh A . AHUEIE B T AR A 3
DR AT ) B B T 25 SR UE I, R B i U,
T4 pH (B TRE, KIEAAPUILRER ZE# pH (H
TREWELE, JFRERER N LA AU R Wy
Irid, R HU S BN 3 Zn AR
AEZRINR, B4, RIS RIEAC 77 i i e 4
pH [ERMAELT S &, 51K Zn SEAESEL, B
— 5 R FREEF AR Zn S0 M, XORAIE
s AR )AL, WP ST OB X e DI AE 4%
P, fiiIeR Zn LI - YRS P IR LR
AHEEEL, Wl E P aBEIE, femiEyraT
B CR SR A R AL

1 #R5FE

L1 R EEAE

FH (1RSSR FHAR Y AP A AR I 2 (37 12U
HEAT (b4 40°48', R4 123°33"), XKW1 T
1979 4E, #2015 4F, ©F 37 L, HENKELE
SEUZe e VAR I E IR . (BHERE) .
TR RO, TR IR - R 2
WA, AEFRKEE 574 ~684 mm, 4FEZEK M 1 435.6
mm, FHSIE N 7.0 ~8.1°C, JCREMI N 140 ~ 180 d,
FERZERTET ~8 Ay, RAIEK - Tk - RKEu5efkE
&FR, 1979 JRbs +4F pH fH 6.5, AHLIE 15.9 g/ke,
42R.0.8 g/kg, 2FF68.9 mg/kg, AREE1. 54 mg/kg,
1.2 I SEACR AR

RE/NX N 160 m*, A 15 AMA0HE, 4y

Wik, NIP, NIPK, N1, N2, CK; MINIP, MINIPK,
MINI, MIN2, MIl; M2NI1P, M2NIPK, M2N1,
M2N2, M2, Hif CK FARTGEARARFE, N1 MR E A
AEALEE, N2 Jyma A e EE, M1 K E A VLIELL
FHOM2 A AL AL 3 AU Y S R R
R EIEHE AR N 120 kg/hm®, o U0 i AE &
N 180 kg/hm* , BEAEEF ()2 i BERRES , it it
4 P,05 60 kg/hm®, HAE R i FR A, i AE &k K, 0
60 kg/hm*, AUt R AL, AR A AL it FH
H13.5 vhm® (K3, & it A AU 4 27
vhm® (KF3E) , AHAEHEAHLR & RN 119.6
g/kg, PESTHELN 254.26 mg/kg,

AR T 2015 4F (EAKRAED) 0~20 em
TR WO EORAPR N ZEFTRE S, AR
/NIXS S BERFE, 5 NS RIRA), Har Tk
SPH0.5 kg ZE A, W RAEARZERT, T EE1
mm A1 0. 149 mm + 3805, A B EHLERFH, HY
FERR/NX S UL 8 Bk oK, UKL AN ZEFFRE S,
R JE B iRIR ST, B3 R 2248 LR
1.3 FESIE 7k

4% pH (% LWL 1:2.5 WE . A LT
VarioEL Il # 50 & 43 Hr Al 2, + 32 & Zn H
HNO, - HCIO, - HF H fi#, T A8 Zn R H]
DTPA 242, HIEKILE Zn, 2 M Tessier &1 Al
FEHE T kB AR, HARBRERE 1,
TFRAFR R ZEAFAR R HNO, R M . i A+
g MR, FHARICRE AW P ) Zo BIH 1CP -
MS J5E

K1 TEEInHEDRFE

Uz R

B 25 1

KL (WS -Zn) WEBEFK (pHET.0)
LTS (Ex - Zn)

IR 45 A3 (Carb - Zn)
BATSE A B4 (FeMnO ~ Zn)
AHEEEE (OM -Zn)

0.25 mol/L NH,OH - HCI

1 mol/L MgCl, (pH{H 7.0)
1 mol/L NaOAc (pH {4 5.0)

A: 30% H,0, (pHfE2.0) +HNO;,

25°C, 200 ¥/min, PR 2 h
25°C, 200 K/min, P2 h
25°C, 200 X/min, Yk¥% S5 h
25°C, 200 R/min, ¥R 6 h
M ABSCAIFIET, |HE 1k, H B

B: 3.2 mol/L NH,O0Ac (pH{H 7.0)
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AbEE, o A AU (N2, 180 kg/hm?) ,
3 pH MK, HA4.74, HAAIIEZ )G, T3
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pH EEE BT, Horb Lot AR = A s 2 LI
AbFE 4% pH {5 =5, 4000k 6.80 F16.89, WL,
Jits A HLAEA B T4 5 -3 pH (H, S aESR s fkAE
S pH TR, 5 1979 4EJR GG HHEAH L (JR LG
THEpHEH6.5), AJtiALALFE 18 pH H R T 0.9

ANHfr, AIEAHRRRE T 1 ~2 NS, AHUIEX K
2RI pH EAT BT FRE, HAWAAEE (M2N1P
FIM2NL) 5 RG-S AR R, PSR B (M1 Al
M2) T EA g, ik, WK E, R
A it FHAA AL A BERE 358 pH {ECAG Frsém

x2 AFEBIELELES pHE, AR, BASHEE /I S8

Jren oH f H LR A Eixad
(g/'kg) (mg/kg) (mg/kg)
N1P 5.24 0. 03e 12.09 2. 08h 1.46 £0. 14i 84. 80 +5. 40cdef
N1PK 5.23 £0. 06e 16.27 =0. 14ef 1.41 £0. 10i 66. 30 +12. 20f
NI 5.17 £0.29¢ 15. 69 0. 37f 1.54 £0. 15i 72.53 + 14, 25¢f
N2 4.74 £0. 06f 15.55 0. 10f 1.34 £0. 04i 90. 19 1. 46bcdef
CK 5.68 +0.08d 13.76 0. 13fg 1.22 £0. 08i 61.05 +8. 15f
MINI1P 5.70 £0. 03d 15.55 1. 05f 5.24 0. 02h 134.3 £12.39a
MI1N1PK 6.07 0. 04c 18.98 +0. 08de 9.34 +0.02d 118.3 +11.99ab
MIN1 6.03 +0. 04c 19. 76 +0. 63bcd 5.83+0. 11g 122. 1 +11. 46ab
MIN2 6.00 +0. 18¢ 19.40 +1. 19¢d 5.24 +0. 15h 112.5 +7. 59abed
M1 6.80 0. 03a 19. 57 0. 35bed 7.47 £0. 20f 99.36 +3. 91bcde
M2N1P 6.40 +0. 08b 18.91 =0. 32de 13.40 =0. 16b 113.7 = 11. 76abed
M2N1PK 6.09 0. 0lc 24.17 £1.73a 10.70 0. 41¢ 93. 06 + 14. 86bcdef
M2N1 6.50 0. 02b 19. 74 £0. 12bed 9.07 0. 03de 117.6 £9. 68abc
M2N2 6.09 +0. 02¢ 22.10 £ 1. 25abe 8.56 +0. 15¢ 81. 86 +3. 34def
M2 6.89 0. 03a 22.48 +1.03ab 14.70 £0. 30a 119.9 +2. 04ab
J IR 1% 6.5 15.9 1.54 68.9

F2 Won, bR AL 3+ A AL H A i AR
(CK) AbPEm&AHE N, A BTREAL (N1P), 1A
MLABALEE (MINLIP BRAL) LA PR S =& T
AN it R AR I A B, L i ) o e A ML AR IR T
F, 51979 M M L (ML 15.9 ¢/
k), NHtifE AL ER A 3G LT BT T R bt A AR R
AOEE, BR NIP HEEAMLET & & PR, HAbA# +
e ML T mE A 1 I s b it A HLAE A 2R
(MINIPBRSL), AP R ZER I, v, M
KGR K E, A VLA R 46 5 1 1
AL i,

MWE2 Wr IAE W, RiERAH (CK) 3%
FRAS Zn, & Zn S, HUORER A,
T FHA WL AL B RS Zn R4 Zn SRS, 5
Gh, A HUIE XS A RLAS Zn 38 s He v 4 i
Zn WSR3 R A AR A B SO A

., 51979 G A (A RER 1,54
mg/kg, 4%F 68.9 mg/kg), AHALALBRA A Zn
Fgrir Zn B, it FHACIE AL 2 5 )5 46 3819 Zn
Fra A HE AR PR RN AE it A HLAE b 3+ 5 Zn
)
2.2 KIWIRIH]iEAC AL HE 4 3 Zn RIRIEZS S otk
B 1 R AS [ it AR A B 4= 3R RIE 28 Zn 5 5
ME T AT LUEH, 5T Zn EELIA LS &S
fE, HUCRRIRERAS G, YA GBS
R, KBS In HEED, NAFRLGEE, i
FHAHUIEALFEAZ 25 Zn FIA HLEE A2 Zn 5 T
LB AT AC AR B, TKES Zn Wi F A HLAE
Ab BRATS Tt FE A A RIS it A A B A2 435 2
FRERES S Zn AbPRE)EA B WS, AT, i
AL B E I T AL A S MZHE Zn
i, MREMOKIES Zn i,
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B1 AEHEELETEMES IS8

2.3 KIWIARRIEACAL S AR PR ZE AT Zn & F129.20 mg/kg, i A AL DXAFRLFZEFF o Zn 5
R T30y 45,31 F1 36. 34 mg/kg, A UL, KA

B2 W, BERFFRLMZEFFH Zn SR IEERFRAZEFFH Zn &8 B RAL, g e
RN —3, RIAAEICH N1P AAFREAR, HK  AFERRERS I FOKRAF R R ZEFF  Zn &8, AL
S A A S A VU AN AR R IR O ORI s it A LAE A Ak
BARME T A HLUICALE ) SRR BRI Zn v, KB FH A AILAE T K AR A AT R Zn
F 0 25.98 mg/kg, ZEFFH 22,67 mg/kg,  EHGHNIEEEAR TAHUCHLALACHEAL B, JCHZERT
A HLIE DR AT ZE A Zn & 8 43 02 47. 05 h Zn a0 B SEAIC
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2.4 KIIAFRGIC AL PR F RAFREFNZEFT P Zn, £ T pH (ERZ LIEA PSRN, AP & AL 3]
e pH H . AHLB ., #IEZS Zn BIRIC T pH i, P pH (AL EAEFRAAHSCHE S A LT

RKIFOR T PEILE Zn | ERFPRIAIZERTD FIENTRADCHE R I — B R, ERFPRL AN ZEFT o
Zn, T3EpH (. AVUBTZEMADCH:, NER3 TR Zn S5 HIEARES Zn ¥R W FH EMCCR, £
Bilt, THAYVRSAIEEE 0, ARE I, & M 2o 055G Zn MR A REIEMEKR, -
Zn | FFRLZn LIRZERT Zn Z R BLREPRIEMSCOE 4 Zn FIARGE Zn SADLES G R HA 35 IEA
Fo AOUTSKIRES Zn ZIERIRETHSCOCR, KR, MR Zn BB E AR,
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F3 TEMEWH Zn 5 pHE, BYRZEINIEXRE

pH {8 AL BRESHE K KR ZEFFEE
pH {& 1.00
EERiINoY 0.71* 1.00
RS 0.85 " 0.72* 1. 00
Eoegad 0.63" 0.52" 0.82* 1.00
PR k= 0.53* 0.60 " 0. 64" 0. 40 1.00
AR 0.31 0.52" 0.60 " 0.52* 0.71* 1.00
IR R -0.74 ™ -0.54" -0.67" -0.63" -0.55" -0.46
A 0.36 0. 45 0.52* 0.33 0.64" 0.67*
RIRER 25 A A5 0.16 -0.15 0.22 0.28 -0.03 0.10
R A2 A SR -0.04 -0.03 0.13 0. 31 -0.14 0.15
AULGE G 0.68 0.59* 0.82* 0.70 0.47 0.43

Wt R R R R 0.05 ., 0. 01 BEKT,

3 itit 54

223 37 AEMBHE, 4 R Z b8+ 58 pH (H#
AW R, HA AL CK A2 pH M 6.5 F
R 5. 68 i FHANE T W BRAR T 4% pH A, JU
et e P v R EUIR (N2) b3, 3 pH {E
fiX, HA 4.74; HA7 B A HUIE A fgfl + 1
pH A TR, U0 R A 85 A0 S5 89 AE v sk
% pH (H FIEAORERE, oA ML, pH {H R AR
FETK, BRI 2w T A R —30Y,
S5 2% B L HEAFTHRIML R —
TSt AR Z BT LS & -1 pH (T K,
FEGEMER R R R T A, kY
W A B R e = AR S T, R TR kT
=R ST, XA TSR
AR B T4 G, UL . B IRIR, XE T8
TR BRI, S Ak, R AR
PR A B, an R it AU, Al A WA
RIS, o R B A W, U0 A% Ak LA
fadh, AHRRERIACImR, iy 5 | BE SO
¥, IR,

Zord 37 AEBHE, AN AT b B 4 EA WL T R,
FERE X B N1P AbBE R, oAl Ab 3 A PR SR A
TS, AHUIEX LA PUR g, HEse
i Zn FA RS Zn R0 S S LTS LA IR H
Palr, RUAHEAEAL AR, fLAE b3 AR bR, T
A AUIEAL HEON) 5 2 Tk m AT S RS TN IR
Jiti P Ak B B2 A AL Zn SRR, KRB
At A 2 A 30 Zn 19 i B S IRA, T
FHAVLIEGE I 42 S B2 IR Zn & RK

HEERL LA EB, KIWHEAE (R
& In), WA S Zn S, WE RN 4 4
AR Zn i, WRE G FHALAETE AL T B P R
) Zn, TIESUORFSSUEN, KW AL AR X R
Wit ZU3E EDTA - nl OGS Zn ST EEA M, T
AHLE ] DL 3 Fl 138 EDTA - ] $EHUES Zn &
B, mUSEY IR, R A KRE KT
AHLAE AT AR I - e 4 Zn S, BRI AR
STENR Y11 e S B DA E R 1 W O N Y R B B
DTPA - Zn g, 0] LIASR]RE BE M3 i 4 38 v 4%
B4 Zn S, HBERH R S0 + 382 K A TR i
HER,

AL, ARSI 5 K250 H e 2
el KA B3 rh Zn & 5 1 R A9 R R AT g
PSRN E T Zn, HIA 1
I Zn TAE A . K RIS LR Zn 2R
ARSBAK, BRI AE X L) W s 5E Zn,
AR AE (I RBEAL) Afeh 3 A —
SERIY Zn, 3XHRAY Zn ALY E R Zn 3K B F-A 1Y)
ik, AT A ALIE Dy £ AR Zn & T
WER Zn, NIt Zn £ FRAVRS, dien]
UL, it A MUAE X 2 i 1 38 4 Zn fifi it DL A A
RS Zn SEMBEXEKR, AL LEMETREDY
BRGELRE,

MARFVER Zn K&, KIWE A HLIESE m T
TIPSV EE Zn T, BEIUKES
In FH, MRRBEEE In TEEAREERE
Wi, VRIS RS s, it A A T R
SR R I TR R IR R 25 & Bk AR B AL 45 &
A Zn T, R LD YE A S B, WA
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JRAVE SR BRI AR AR, DR R M i A
FMEHE T Zn SERER AL S, ARV B AR
Pt Zn HERIRELA &, A5, LA A PLRCE
R AR, FEHIAPULIS Zn A LA G ST
iz, 535k, APURS R, TR T
Wi, PSS Zn &R,

T Zn SRR SAG DEEYIARN Zn 5
AL, AT P ORRPRL A ZE R Zn A2AERLAE
5 e A U — 2, BIAS it JIE Ak R A
2R Zn EERAR, BEACAL BRI ZEAT T Zn &
SR, i FHA MUARAL B T s, NS HR AR A
FARAESI AT AT LA Y, EKRPRLAZEFT b Zn & B
HRFEARCS In BRI FE EMKKR, ZEH Zn
WG RAS 7o MAEFRA REIEACKR, LR
4 Zn WAL Zn SA PG G EHHRA BFIEH K
KFR, MEKES Zn BREEAALLR, AT,
TEFA DG N T 3% Zn &, FUAEES
ARSI AN T LI, e T TR ZEFF
FIAFRL Zn 54,

— oL T, A4 pH (IR, Zn SFRUEICR
AR 2 ASBESE D, BAal BE Y GE T4
HokFE, pHESABFEZ B EHIEMA LKA (M
KEBHN0.85), XAAESEH T pH (HZ A HLLHE

SO, i A LIS A kb, R
pH fH. 28 T #E— 4R pH EX] Zn AR ,
A LA B3 AR NE DX | A A HUAE DX
AP, FXF R4 XA 13 pH {E A BT
R, RBUVENZBIHBA BE M, mit
AL, AE ST, pH (A X - A B T AL AR
FHAAR. . ABEFEEAR 55 H LR E A5 25
KR, JREAREY, DA S ES LR
pH {ELZ MRS /N, B0 R P B
L HARNES pH HA R LB IR, pH HX]
TIPS E RSN R 22 T Y

SE
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Effects of long-term fertilization on contents of zinc in soil and maize

LIU Hou-jun, WANG Jun-mei, ZHANG Cheng-xin, ZHOU Chong-jun, LIU Xiao-hu, YANG Jin-feng, HAN Xiao-ri"
(College of Land and Environment, Shenyang Agricultural University/Monitoring & Experimental Station of Corn Nutrition and
Fertilization in Northeast Region, Ministry of Agriculture, P. R. China, Shenyang Liaoning 110866 )

Abstract: The study explored the influence of long-term fertilization on soil pH, organic matter, and the contents of Zn in
both soil and maize in the long-term fertilization experiment in Shenyang Agricultural University. The most important aim was to
investigate the mechanism involved in the transportation of Zn in the soil-plant system. The experiment was carried out since
1979. The maize-maize-soybean rotation system was used in the experiment. The treatments were N1P, NI1PK, N1, N2,
CK, MINIP, MINIPK, MINI, MIN2, M1, M2NIP, M2NIPK, M2NIl, M2N2 and M2. In these treatments, CK
meant that no fertilizer was applied, N1 and N2 meant that 120 and 180 kg/hm” nitrogen fertilizers were used respectively, and
M1 and M2 meant that 13. 5 and 27 t/hm” organic fertilizers were used in soil. The soil samples were collected from 0 ~20 cm
top soil at different fertilization plots at harvest in 2015. The pH, organic matter, as well as the contents of Zn in soil and in
straw and grain of maize were determined. Compared to that in original soil in 1979, the present soil pH for the most of treat-
ments significantly decreased. The pH decreased by 1 ~2 units at the chemical fertilizer treatments, decreased 0.5 ~0. 8 units
at the chemical fertilizer combined with organic fertilizer treatments, and slightly increased at the solely organic fertilizer treat-
ments. The contents of organic matter, total and available Zn decreased at the no fertilizer treatment, and remained almost un-
changed at the most of the chemical fertilizer treatments. However, at the organic fertilizer treatments, the contents of organic
matter, total and available Zn, as well as the carbonated and organic-binding Zn significantly increased. Similarly with in
soil, the content of Zn in maize was the lowest at the no fertilizer treatment, and were significantly high at the chemical fertiliz-
er combined with organic fertilizer treatments. The pH was not negatively correlated with available Zn, while the organic matter
was positively correlated with available Zn, total Zn in soil, and Zn in grain and straw. The long-term tillage and fertilization
caused the significant decrease for the soil pH. The decrease of pH was induced mainly by the use of nitrogen fertilizers. The
long-term no fertilization resulted in the significant decrease for Zn contents in soil and maize. While the long-term use of or-
ganic fertilizer markedly increased Zn contents in soil and maize. The organic fertilizer firstly increased the amount of organic
matter which promoted the formation of organically bounded Zn and carbonate bounded Zn. pH had a weak influence on the Zn
activity.
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