+ 1 (Soils), 2012, 44 (5): 740-746

K HA T RLHE AR X R 1P 1 IR E S Ao

KRB, FRK, @KW, R XN, B=k
CLBIARMLR?E, PRF 110866)

~

-

m =

H AU 2 A7 1R R SR 5 1 Bt IR ZUIE + A HUIEEC XS T35 R A0 ARSI . SRR Bt EUIE A

U+ AL AT A P - 8 4 S5 R K WS PR 5 /0 A 290 0 ~ 20 em>20 ~ 40 cm + )2, TIWRMHPESS &80 45k 0 ~ 20 cm<<20 ~
40cm 2. HUEEUIE AL 2 R IR A ) T AU IC A B, 04 R B A 3 G T A AL
P U AL B - A [ R 2 A S R M . (<0.1mm) >0.1~0.2mm>0.2~0.5mm>0.5~1mm, U+ HUIEC i b 2
: (<0.1mm) >0.5~1mm>0.1~0.2mm>0.2 ~ 0.5 mm. 4 ZH &b B - 358 K- 2 7K S P85 AN PR 485 B B 20 A 380k - (<<0.1mm)

>0.1~0.2mm>0.2 ~0.5mm>0.5~1mm.
KEEIE:  KWEAn EUE; R 85 E S
hESHES: S143.1

Ry g SR L A K . B2, &
AR S SO d ok (T3d SV S Y S 11 BUIYN =111 4 <
A, AR AT AR T R 4 ~ 10 £, BT
BRI 6 ~ 8 i, Db i T 4R 0 (9 7 R AT RTIR
AR A, e R U R A R 3 B,
Sy FECEE RIUR R RS, Mg m T 4%
70 - AR A3 TR T AR N DL R AR o0 357 4 A 38 i WA
B4, g A KRB LRI EERCE, HTHE
JEE B, A b B s UL T R B0,
AR EZ A BLAE G R I FUE A A — 5
J& o USRS L e A NOy FIWe, A5 R
TREE RS . Gunes ZEEIFIT A b 19 In7E 55
WK, WEWI T AR, AR
B E. MAYTTT RF N RPUR B, B IR
5 7K S 2 BRI ORI R, A 4 B
TR R PO MRl hy, 3
TSR+ (AN R A S X5 AR, 5 380405 26 B
FEINE, AN NOs fEREES i NH,™ 411
A A2 8, A R g I STt R )
o 30 H S = b3 R B IR . R AR
L5 G A A B B R I A DR A A S R
VERRIRIE D, T LRI,

FI AT it A 15 it I 49805 2 A AT 1 5
Wi i AR, DRI, AR SR KT 6 3 560 P e
M, RGHET T K] At IR B BRI T i

OFETH: ERBHSCEIRIGE (2006BAD07B04) %),
* JWEIE#H (tianlaili@126.com)

XA 2 AN TR SRS 32 70 AT R, fR
o+ S B AL SO 2 I BLR AHE

1 #MREAE

1.1 iy

PR L FE T 2009 42 5 H 2K H IR BHAME K 27 [ 2157
Bt 23 AFA e A7 i IR S K, 432k 0 ~ 20 cm A1 20
~ 40 cm AN 12 o S BERAR K AR50 i U1
MAENE+GHPRRC A, 3 6 N3, &aEE 3
WHEL . FIE+EHURE 4 A £on, HiERng
H B Ein. FEERRN: RIE+APUERCEA (A
ZH): ANO. ANI. AN2; FufizUItdd (B 41): BNO.
BN1. BN2. HH i NIA PR 53, T8
FEHT— RPN, BURLEAED A KR N 2 W B I
ANKTHIR g Lmox 1.5 mo K3 A7 R 56 AN [A] Ak B e A
BHIE 1R,

F1 KEEMRWIERSE
Table 1 Amounts of fertilizers in different treatments

S 3 (kglhm?) g% (kg/hm?)
ANO 75000 0

AN1 75000 287.7

AN2 75000 575.4

BNO 0 0

BN1 0 287.7

BN2 0 575.4

FEF A SRR (1975—), Lo, T mifg N, W, RIZUR, EMNF IR 5 i Bes AR L. E-mail: zdgl11@126.com
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1.2 WREAHZE

ANTRPRE R -4 1 43 B R Tk, 3643 05~ 1
mm. 0.2~0.5mm. 0.1 ~0.2mm. <0.1mm4 gk,
SRJG 3 5 S RL R AR AR = . T
Hp A S I 5 K] HNOg-HCIO, W 2% /Kbt
e (R 5 SR FH G B T /KR s A e AT 5 Bt 1o )
52K 1 mol/L NH,OAC 324 s ¥ HH 45 2645 R [l
PR R o e B T

SUABFRRR IR0 2 3495 1T S5 8 W i
1.3 HiELIE

A SCHE R T Excel £ SPSS Ze it #4748 1143
o

2 HRESR
2.1 KHEIGERARX T1E pH BN RS E8IEM

2,11 XS0 pH (AR B
I, B SO A I+ LIS G - 40 2 0 ~ 20 cm Al
20 ~ 40 cm W+ )25 135 pH i3 & — @ M FRE S G
2). H0~20cm 5 BN1. BN2 Et BNO 235l A
T 1.37 F12.50 A AN AN2 EE ANO 43 AR
T 0.76 fl 1.23 N¥f7, 20 ~ 40 cm )2 BN1. BN2
Lt BNO 23 5l B#4% T 1.52 F11 2.50 AN ¥f7; AN1. AN2
b ANO 73 BIBRAK T 0.56 1 1.51 NFAf7, P4 AbFE
R R I0 1%, pH {f 807 BB AR B 1 1% .
FAEH DR e Ak 22 - 35 pH (2L 1) BRAR IR 5 /N T FL it
FUEALH . X EIRZ IS FAH 2, R AIE TS
- pH EE, FEHAPUERE pH PR
(18] e ety HUIE s 498 pH 475 B it 20 F 189
M2 PR A, DR M0 X 1488 pH (AR Ak 11 5
KEAHURMIGARAE

F2 KEIMFAL % pH EFAYR S 2/

Table 2  Effects of long-term N fertilizer application on facility soil pH value and soil organic matter content

43 13 pH THAPUIRE R (glkg)
0~20cm 20~40cm 0~20cm 20~40cm

ANO 7.23+£0.14aA 7.34+£0.09aA 47.44+3.17aA 23.62+1.01bAB
AN1 6.47+0.35b B 6.781+0.31aA 4446+591aA 27.72+4.75ab A
AN2 6.161+-0.32bc B 5.44+0.75bB 43.95+3.71aA 31.19+459aA
BNO 7.23+0.09aA 6.97+0.17aA 21.18+2.60bB 16.84+2.24cB
BN1 5.86+0.29cB 5.72+0.51bB 20.194+3.07bB 15.794+0.78¢cB
BN2 473£0.25dC 4.38+0.22cC 21.36+3.18bB 17.69+1.17¢cB

e RSN G TR R A B R 255 3] P<0.05 W37k, KT R R ALBE R 2525 3] P<0.01 %23 /K~F (Duncan Hi 5L

FRZEWED, TR,

2.1.2 XA A E R Ll IR
NE+A WL AL FE - A HLs & 23500 0 ~ 20 em>
20 ~ 40 cm 2. BEEUEEN SN, P2 i
R AR BE I LR S AR A G B . A
T+ HUIE BTt A BE - 35 B s & =20 4E 0 ~ 20 om +
J22 B it A PR 0 = PR #, 1T 20 ~ 40 cm L EAR
A TGS IE A IR

2.2 KEEFRENARLELIBEE S HHIRNG
2.2.1 X R Sy A (1 5 I A it N = )
BN, £ 0~20cm 55 20 ~ 40 cm 2 Fit UIE S EE
+ HUAOC i Ak 3 1 e b A4 5 B ) R BRI A A (3R
3. Hrp0~20cm )2 A E T IR RN,
BN1. BN2 t BNO 7 %A% 1 0.74% 1 4.99%. AN1,
AN2 Lt ANO 23 5IIB&{% T 1.67% A1 10.93%; 20 ~ 40 cm

+ 2B, BN, BN2 HL BNO 4351 B4 T 13.06%
H124.25%. AN1. AN2 Lt ANO 435 [F%K T 8.56% Al
18.26%. FT L5 A m] Rt B it U B s i, 1358 pH
(B AR BRAR ALt T 398 e 45 2% bR R0, DR o k2D
TR A, A R R — i T
R,

FET A AR F R4, ZUE+A HUIE KRS
TR A R T R AR AR B, JE 0~20cm
JA Tt HUIE i I it S0 110 184 - 38 A 350 43 )
17.8%. 17.2% #112.4%, 20 ~ 40 cm -+ = 8405 23 5 4y
13.4%. 17.6% F1 19.7%. X i1~ 35— 4085k
H AN, 6B hUmR A A R b 3 n 7 145
B3 . K e A e AR SR N AT LI R T 2, S
25 4%, [FIIATHUIER 3% pH (A 22t B, isb
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Table 3 Effects of long-term N fertilizer application on facility soil calcium contents in different forms

yoszl T IRV RS & R B PR
0~20cm 20~40cm 0~20cm 20~40cm 0~20cm 20~40cm
ANO 6.59+0.17aA 6.19+0.55a A 0.079+0.01bB 0.052 +0.00cB 1.67+0.06aA 1.88+0.03aA
AN1 6.48 +0.07aAB 5.66 £ 0.89ab AB 0.084 £0.02bB 0.054+0.00cB 159 +0.01ab AB 1.75+0.06 abAB
AN2 5.87 £0.47abABC 5.06 + 0.38abc AB 0.11+0.03bB 0.063 £ 0.00bc B 1.52+0.11abAB 1.63+0.13bB
BNO 5.41+0.48bBC 5.36 £ 0.14ab AB 0.084 £0.00bB 0.075 £ 0.02 bc AB 1.44+0.22bAB 1.74 £ 0.04ab AB
BN1 5.37+0.14bBC 4.66 +0.35bc AB 0.11+0.02bB 0.092 £ 0.02ab AB 1.39+0.13bB 1.56 +0.03bB
BN2 514+0.14bC 4.06+0.32cB 0.21+0.03aA 0.11+0.02aA 1.24+0.02cB 1.43+0.06cB
T ER AR ZEl, AR RIRIARR IR M P 3R . BERUIE A

AN L JZZ AT LR T, g S sk
20~40cm FZ<0~20cm 2. HH ANO. AN1,
AN2 ZbH A4 0 ~ 20 em 243K T 6.07%-
12.70% #1 13.89%, BNO. BN1. BN2 4b#1% T 1.03%.
13.22% A1 21.06%. fi 5% -3 b 5 I RS BE i,
TRl AR R 4 A N 1 48k /D R 7K RGeS AH MY IR 7K 43 ia
ML G, v fE i R 2 114 2% SR F s R N P,
2.2.2 0L HETKEE RS 43 AT IR 5 W) I it 20 11
B, B ST AN AU+ A HUIE RO AN 7] 4 J2 25 Ab B
BRI TS & s 38 S nEss (£ 3). HphaEiex +
HK A EAS & 52 K, 0 ~ 20 em + )23 BN1.BN2
L BNO AHLEE, #9077 29.5% F1 157.1%; 20 ~ 40 cm +
JEHINT 22.4% F1 68.6% . AL+ HLALHEC i 5 6] K7
PEAE S BB, 0 ~ 20 om )2 BiE P14 4
19.9%, 20 ~ 40 cm )2 3IE P10 11.6%. frltiAlE
AR AR, FoitiA HUIE AR T TR M i &
o X 5 EACECE G, 145 pH (B K R T
I R IR 45 AR 2, pH R BRAR, fRiE
T H" 45 ca® ZIMiAs e, Miiusén 7 3K a ks
T,

AN K, K HEAS & 342 0~ 20 cm &
JZ>20 ~40 cm 2. PR E ANOL ANL. AN2 4k
PR RS & L B2k T 33.6%. 35.7% Al
39.9%, BNO. BN1. BN2 4bHE5 51K T 9.9%. 14.9%
A 46.7%. BEEUIEHEA R RIEGI, P2 K RS
RN ZE I W2 KBRS AT pH 2 A B8 3
TRFEMK (0~20cm 1)Z: y=-17.456x+8.2496, r
=0.9180"; 20~ 40 cm +JZ: y=-38.669x+8.9794, r=
0.7897"; n=5),

2.2.3 Rk BRI B 2 AT (15 R B
e H T TR PR B A5 B TR AT 0 5 5 K R 5 2 TR 1)

FRVEE TN TG VS A2 B it 0 A L 2 SR+ A LA Tt Ak
Frh 0 ~ 20 cm 120 ~ 40 cm )22 - 35 R PE A ) & B
KRR EA (R 3. i ERE+A AL b 3
o0~ 20 cm 2B AT ANL. AN2 Eb ANO AbHE [F
1ik 4.8% F110.0%, 20 ~ 40 cm 1243 BB 6.9% Fi
13.3%. {EiE NENEECAH R R4 T, T LIRSS N
T B RS Y e, L 0~ 20 em bR IR
h 14.77%, 20 ~ 40 cm - EH9IRF34°4 10.17%. X3
TR T HURA S AR AL MRk, B
SEBEIA, ARSI A FR AT TR X PR R

ANTF] Ak B BT B FE ) 0 ~ 20 em<<20 ~ 40 cm
+ 2. 20 ~ 40 cm + 22 ANO. ANL. AN2 4bF (1w fft
PRS0 LG 0 ~ 20 em 12480 T 12.4%. 10.4% FiI
7.5%, BNO. BN1. BN2 AbBE 115 535 4 20.7%. 12.9%
1 14.7%. Fit U A3 ) 1G E OKT U+ MR T it
AR W P A A 2 ) ) A4 458 pH (E A HLT
TR EHRZ WA G A ReEdh T R 2
T ARR L ARG A, DRI N T - R v 1 W B
RURLTTT R R 2 A 25, AT et T b2 T g Bt
PEEG [0 FITAS MM T 2 R TR AN, Bk n Tk
B4 7

CEA NI AT, R T A RV B A A A
W] CABRORC A7 R A, AN [t S Ak 3 - 458 1) 7K
VRS (A5 1 T 43 Th3 2 0 ~ 20 em>20 ~ 40 cm 1
2 TR RS (A4 9 F 43 L4 AL 0 ~ 20 em<<20 ~
40 cm )2 o TR KRS BRI TR R O B A
BRI RS 2%, AHEF R TR AR R LBl N, 7
B3k 1.76%, AHXE SRR 34 22 10 AT R e
s o TR RS o - 3 A T 1 36.61%, AT IR
BT 255 BT, 0 ~ 20 om )24 25 (04 S0k AL
+20~40cm )=,
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2.3 KHRIEN LIERRRER GRS BRI
hyBE AN ] A BT - 34T 25 00 A5 () S i
# 0~20 cm F1 20 ~ 40 cm + 2 + 343 1% <0.1mm. 0.1
~0.2mm. 0.2 ~0.5mm £ 0.5 ~ 1 mm4 PMA[EFRIL,
T 30 5 AN FRE R 2R i, R RS R A A
Wi A 25
2.3.1 XA B0 ~20 cm )2 HIE
F LA R AT T A, Bt U Ak B L AN [Pk
PSRN A N (<0.1mm) > 0.1~ 0.2mm
>0.2~0.5mm>0.5~1mm (& 1a), Btk 1%
N, A RGN PRl EEALPE<0.1 mm
A1 0.1 ~ 0.2 mm Kl A4 7 B 35 Bt U I D 52—
SE PR T, T[] R - 44 25 (R AR A A — 20

O 05~1mm
00.1~0.2mm

0.2~0.5mm
<0.1 mm

(o2}

LA A (g/kg)
N w =S (9]

-

ANO AN1 AN2 BNO BN1 BN2
bt

a (0~20cm L5

B it 38 0, 0.2 ~ 0.5mm F10.5 ~ 1 mm Rigk 4
S R A, AR A A B AR LA A
S DRI, AR RN R A 85 2 b R A
TR MR R o SO+ AN P it Ak 2 1 458 45 L £ 44
SRS RECH (<01mm) >05~1mm > 0.1~
0.2mm>0.2 ~ 0.5mm. HRiffd K 0.5 ~ 1mm 4245
& FET 0.2 ~05mm f10.1 ~ 0.2mm P#/MRig,
[Fi) B AL BEAN ] o MEAACSR A, it U Ak R
(e NI A EEE w1 LW R ERIN W EES PN A
PRSI E. TRE R DA A AT HLIEAT R
A R SR, EE T 4E BT R85 3= A
BRRZH AR . RN C RS E SR+
b EEAGHE RHE Atk 10,

0 05~1mm
7T r O00.1~0.2mm

0.2~05mm
<0.1mm

gEA gL 4 (glkg)
w

ANO AN1 AN2 BNO BN1 BN2
Ak 3

b (20~40cm +)2)

B1 ERELEHESHNESERE

Fig.1 Soil total calcium contents of different particles sizes

20 ~ 40 cm )2 it IS AN I+ A LI C it ik
FRAN [ WL G 4805 5 2t 1 43 A1 25 K S350t R 428 (1 9 /)N T 344
nCE 1) %2 AN A A B A 3 8k 2 44 5 4y
1) 2 SR/ UM+ ML E it Ack 8 A 1 S 188 n e K s
Grh TIPSR, TR AT RESE 20 ~ 40 em L2
HUE+E UL K it b AU R0 0 ~ 20
cm 12 50% Zodq, TR EUIEAL BE L SR L
AL, 75 15.0 ~ 17.7 g/kg 2 0f). 3G PSR
My YD T AR IORE R A Ay BT T A ] A S A
HR A ) B O A — A I N LIRS
AP B T AREA YL, AMUAEH T
HUIEH NS 25, TE R A SR At e T 45 R AR R,
WD TR
2.3.2 KM AR AR U AU
IR E N+ AL R AL EE, PR3P HL 0 ~ 20 em )2 %

RL KA 2 1) A d4 k. (<0.1mm) > 0.1~0.2
mm>0.2 ~ 0.5mm>0.5~ 1mm (|& 2a), RIfE--3EkL
PPN, KPS SR 2 mEaR . bEE ZL i
NG, Toie ot il R tAb 2, 4 MokigiK
WP B B AW ETHES, R A S
ARG B SRR & IR
it S Ak 38 v 1 P AT AU A, g L s 2
ZE Sl 2

20 ~ 40 cm AN R Ab B g OB 4 K R TR A
TREMAMMAES 0~20cm -2 A3, B3
RGO/, KA PR o B s . BRI AL P L
R A PR B B B v T U+ A AL T it Ak
(B 2b). WIHTPTIAR, T IKE TR & & 252 pH
ERENR=A1 T PR s oo VA2 /40 Rl <0 v il s i) T
A
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05 [ mos-1 - 05
. mm 0.2~0.5mm 00.5~1mm 0.2~0.5mm
- 00.1~0.2mm <0.1mm 3 ~
> 04 g, 04 | 00.1~0.2 mm <0.1mm
T >
i il
o o3 @ 03 |
% 0.2 %—;{ 02
= B L
® 01 % 01
X H
0.0 0.0

ANO AN1 AN2 BNO BN1 BN2
puse

a (0~20cm +2)

ANO AN1  AN2 BNO BN1  BN2
yosiil

b (20~40cm +2)

B2 fERBLELESRERKEEEaE

Fig. 2 Soil water soluble calcium contents of different particles sizes

2.3.3 OJWRPRHEES AR 0 ~ 20 cm LR R
it S0 SR P+ LS P it 5 Ak B - S PR o 45 5
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TR/N 5 WA 5 e S e A B N RO S
SETRIIE N, A 2 A L R B ) S BRI
R X BRI PR 5 R R AR R A — B
B it U AE A SR+ ML it 7P L 3 R B 4
TEATRPRE R S AN ] o FJil IR AR 3 << 0.1 mm R 25
B A5 5 B T AR . TRV + AT HUAE T AL P

0.2~0.5mm
<0.1 mm

0O 0.5~1mm

25 1 O 0.1~0.2mm

1.5

1.0 -

-+ MR S £ (g/kg)

05 r

0.0 -
ANO AN1 AN2 BNO BN1 BN2

AbE

a (0~20cm T2

W B PEESTE 4 ASRLZL I o3 A 22 SR, AR 3 ANk
Feft e T EUIAL FE . 20 ~ 40 cm )2 Hiti 4
IEL R G B+ LA Pt 5 Ak B - S8 K B P 465 5 e Bt
Ik NI N, AH AR AT AR FRAE 5K 0.5 ~ 1 mm kL
I A v, RN B MR R0+ LI P i Ak 3
Z AR IR 22 ek (L 3b) o mTRESE HTRE
N, WERMABUER, BASWINEZ 3R, N
T340 T W PR 3 e Bt ML e e Kk
S T LT I T W B i, HE T N T AR
P B 1

”s B05~1mm B 0.2~05mm
: O00.1~02mm <0.1mm
2.0

15

1.0

0.5

- e B 5 5 i (gikg)

Se———————
——

A

0.0

b (20~40cm +2)

B3 MERABLLE LIRS BWMIETEE

Fig. 3 Soil adsorption calcium contents of different particles sizes

LA HTAI AN, 0 ~ 20 em b Ht A IR AN UL
HUIEHALPE 58 pH AT LS AR AR R I BRAL I B 22
SRR, DI 1 A R, 3R,
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FEHAL P I 25 SN, IR RIS R e
WA,
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Effects of Long-term Located Nitrogen Fertilization on Calcium Distribution of Soil in Protected Field

ZHANG Da-geng, LI Tian-lai, Yl Yan-li, LIlJie, HE Yun-long

(Shenyang Agriculture University, Shenyang, Liaoning 110866, China)

Abstract: In order to discuss the effects of a great quantity nitrogen fertilizer application on calcium status of soil, based on long-term
experiment located soil in protected field, this study systematically investigated the effects of single nitrogen fertilizer and nitrogen fertilizer match
with manure application on calcium distribution of soil. The results indicated that: the contents of total and water soluble calcium distribution in
single nitrogen fertilizer and match with manure application soil were higher in 0-20 cm than in 20-40 cm, and adsorption calcium was less in 0-20
cm than in 20-40 cm. In two soil layers the content of water soluble calcium was higher in single nitrogen fertilizer application soil than that in match
with manure application soil, and the contents of total calcium and adsorption calcium were less than that of match. Total calcium distribution of
different particle sizes was in order of (<0.1 mm) >0.1-0.2 mm>>0.2-0.5 mm>>0.5-1 mm in single nitrogen fertilizer application soil and was in
order of (<0.1 mm) > 0.5-1 mm >0.1-0.2 mm >0.2-0.5 mm in nitrogen fertilizer match with manure application soil. Water soluble calcium
and adsorption calcium distribution of different particles sizes were in order of (<0.1 mm) >0.1-0.2 mm>0.2-0.5mm>>0.5-1 mm in two groups of
treatment soil.

Key words: Long-term located, Nitrogen fertilizer, Protected field, Distribution of calcium



