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LI 25 S F B, 5k B IERL A 2 R R
5%~10% " . WAHBIEEY, BRI EDA
bR, RS AR R3S I UEAT A0 PNARIC IR
IR, DUASFRRZ LA 29 16% 1 5% B AR i AE
WM, 55%5% BB AR B e 3R L Tu
a3 ge AR LSRN A - R BB AE BT /N i
IRIGHR B PR 2R AW 2 m), & B0 A B S G 2= i R
1% ~21%. Sebilos " BT HFFEF W,
DA A L3585 4 H R AE45% ~ 50% 2 [0,
ZJE30F AR R TE0.3% ~ 0.5% 2 8], A
HE i Z AR RAE61% ~ 65% 2 1] ; 304E 5 A
12% ~ 15% VA PR B 7 3, BEEH AU 9 5%
BT N B . B, —FREMGR )G 4
5% B8 NERHE A 1k A1 AR P 2 (B A5 F 5 1) o 2 [
AL, TR [ A b Xt IR A K AN R B AR
e 1 5% B L AR R R R A Y o e LR A
R, ASHIE 7T DL 3 il I 5 A7 336 3R AN ] 3% A+
MBI G, WFSE Tt A UNERIC B K H S R

FFSRUBC it X - 198 202K B B LR AT AL R T B 2
WA, RO B R LR PR IR S AR

1 MRS .

1.1 il ig

Bk R 1 E R R S5 R K
S0 0300 e AR T D A AR B . I TR
BvgIX (34°17'51" N, 108°00'48" E) , JEIEH K
Rl 2 UM, MF4R524 m, AESSIR13C, 4R
MK 630 mmZAify, FEEPHET—9H, FHEE
1 400 mm, K55, LHERANE L, B
+W 2, gk JE . AR Al A R R T 1990
AR, CRINE-FREEAE, —AEMRGHIEE, INER
T K Rt A LU Sk [ 27 ]

iR 13 T 2009410 H R A ik & ik 56
BI3ANAE B . AR (No-F ) . Jiti %0 W #1 Ak AT
(NPK) MAPLTLHEE (MNPK ) , HIEAH (L

F1 KEREIZFE TR 1R

Table 1 Basic properties of soils after 19 years different fertilization managements

EER /IR 4 2R , X
o 8 W 2% Mineral N A5 Olsen—P FEALH Available K
+ 4 Soil Organic C Total N . . »
o o (mgkg™") (mgkg™) (mgkg™")
(gkeg™) (gke™)
No-F 7.7 £ 0.2 1.0 + 0.01 56 £ 1.8 1.6 + 0.9 184.8 + 11.2
NPK 10.5 £ 0.3 1.3 = 0.00 133 £ 2.3 24.6 £ 0.7 327.2 + 32.0
MNPK 16.5 + 0.5 2.0 + 0.03 29.1 =+ 7.8 138.4 + 8.2 423.1 = 2.2

TE: No—F. NPKAIMNPK/F AR (1945 ) AVt L 408 . K it FH AL T S R A HLIEPLACHE 3% . T W) Note:

No-F, NPK and MNPK stands for soils from three different treatments of a long—term (19 years) fertilization experiment, i.e. no

fertilizer, inorganic NPK fertilizers, and organic manure plus inorganic NPK fertilizers, respectively. The same below

PR
1.2 Rt

ARG PR IR R3S KW A 85
JIE 4= 358 Ko AN [R] i RE Ab B AN PR 22, S A [ i AES Ak
FAM R (1) CK, ANHEAEXTRE; (2) Pjis
JEALFE (+N) , + i A100 mg N kg™ "NFRICIH
PRE; (3) FFANERCEAL B (+1/2N+1/28)
Jiti &4 AN 100 mg kg™, HHP50 mg kg 'SR IE TN
FRCHIIRZE, 50 mg kg SRIET T KSR HAHK
UNARCIR R A N 19.85% , FKFEFFA HLRK K
SRR IN430.0 129.8 g kg'o RS AFEHL
Bit, Lo abE, FwE4W., 1.3 kg, A

R ANE G FE AR AT, AR E . T20094F
1THOHFEM/NE , a4k 1340, S HEE 210
PR, T20104E5 431 HWesk, ke 3R a2
mmfii, KR .

20104F10H 22 H , K LA Ak X 50 W] Ab 3 1
RS, TR R AR, ERE3R, S0
I AN . SRR /NZ 1306, s B
108k . F201 145 H 18 HURAR, R/NZBARFES,
TR ZR . ZEFTFIRFRL3ER 2 0 IF, DU & A0 B i
ERGELONEE, FHERD cm 145 RE+

SRR hn, REDRIHIAIR G, e RIEAE . B
TS S it [ 2 e o S LN
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334 B A A NERIC R AE KA R B AL 3 ) 5% B R A 589

AL SRR L BRI S T 10 ght T
0 R —FUORE KT 2R (2 mmf )
P FRM, FHFR E vk 2 55 1 58K 4 oA H )RR K
HN70%, A5 CHEEFRMA T EEFR28 d, EE3
W 2 mol L' KCLZ#E (/KE10:1) , Jsh
SRR E Ry FR R . JE R RS A (NOS-NAI
NH;-N) & RHCNEE, BFEEVHRSA S =
U R IR A AU i o IR
1.3 SHA%E

A HE A FH I I A 5 A R 4 AR i
- WUEUK I A, JFIRE A L AR
FH0.5 mol L™" K,SO =242 (KA 14: 1), I8
Hh B S A RN S R A B O e, A
A EONWIE 2 M N AR I E S R HISilva-
Bremner 7 i "2V, AR A E SRR, R
HUNFJE,

) R - 398 4 R0 N B ORI ) v 2R EE R
TEOCIE 5 B A ZUR S [ e S PN
J, K FSebilo%s 07 i H B P O 45 N R
FRRE, SR)E R R R B R B A e . "NE
JEE B4 S AE IR AR S A 2 B A B W R A [
RO E 78
1.4 ¥iEa e

TSI . B RASREICR A s
% EA MR ERIED I I RHAL (F) W

F=Cx"F (1)

K, CHEEL2A . URAR . MESE MY
R PFALRESE . EER . SESAEM
TP & B )5 58
FREANSA (R,) MITEWMT .
R,=R-R,-R, (2)

Kb, R TIESIREBIERIA; R LI TGRS
AIRCEHR: RO LA S A5 5R B Y IE R

SR FHSAS Version 8.1 for Windowsi#E4T
Jr2E5 AT, LSDILIEAT £ L,

2 45 R

2.1 KHAFREERIIEXRBIENEHERES
W FNFEIWHRIG, +NAEFE T No-F. NPK

FIMNPK 13 5% B AL RHA 73 58 53.3 0 36.14129.4

mg kg, HAMMEZREFE (£2) . No-F+

H647.7%5% BIER A U S EAFFE, 48.3% A
HLASFETE s MINPKHIMNPK 4 38 24 2594 9% 5% 5 Nk
AUANEFE, THREEMNN1.6%~4.1% (£
2) o +1/2N+1/28kb P R No—F ., NPKMIMNPK + 3
HERL R R 5% BE 429 M 36.5 . 34.4H131.0 mg kg™,
B Ak AT &0 5 19 73.0% . 68.8% F161.9%5% B3 1
dHEd, A AbELE 225 B, HLARRH AR B R
WBEETHN M +NA I +1/2N+1/2SABEF
= A P AR IR A AR IR R AR
82.6% ~95.1%, nJ W3k B NERFA T2 LUA HLA A
fEfE (R2) .

5% B R A DL AR A B A RO B A A
HAE0.40~2.75 mg kg™ 'Z ], 5§ RREEW
0.53% ~7.54%, HICiLANAE nfr, MNPK+
UL A% [ A A% BRI R AL 2 0 3 IR T NPK A
No-F+I (%£2) .

22 KHFRRERETIERZEREENT L

MNPK 3R F 50 1k & W 3% = TNPK 55,
NPK + 4 ¥ B 38 TNo-F T4 (p < 0.05) (K&
1) o S5CKAFRFI+NALFEAH L, +1/2N+1/2Skb B
W E B NPKAMIMNPK IR b i, 34 e
JEFE25% ~39%2Z [0 ; S5 CKALEEAH L, +NAbHEXT
NPKFIMNPK + IR Z b T &5, (HffiNo-F
TR RS LR (E1) .

W FE W ) NPK FIMNPK 1 48 5% 5 I B2 5 1k
HON1.23~1.90 mg kg™, & R 8 AR A K
2.78% ~5.53%, WE & TNo-F+H (K2) .
+1/2N+1/2SAb BEA% B IE K A 0tk A & T +N
WhEL R, H2ER AR FE, No-F g,
+1/2N+1/2S b HEAR B B AL A L M 1.01 mg
kg™, M+ NARE K A T ORE R A % B R R
(K2) .

2.3 PEYI3E 5% B AR R R A IR U

o5 /N R R 32 W MNPK >NPK>No-F,
HAF AN 22 5 B3 (p<0.05) o S5+NAFEAH
b, +1/2N+1/2S4b 3 1 2 42 = MNPK 1 458 /N 32 R
i, M NPK /N A A TE W . +NAE
PP E R E No-F HHE/NE WA & (K3) .

+NARHEH No—F 438 /1N 32 iR 3 0 i N & 43
B410.65 mg kg™, @& @ FNPKAIMNPK + 4
No-F. NPKFIMNPK 4 3 5% & HE e} 5 04 1 FH % 4
BH20.0% . 9.1%M112.4%, A[E|Ab 3 E] 22 5 W 3%
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Table 2 Effects of fertilization management on forms and quantity of residual fertilizer N in soils different in long—term fertilization pattern

BREANEA . - . .
Lo BT RAR R AR
MR AL HE - J3¢ IR R N in organic form “N in mineral form PN in fixed form
Fertilization ] Total residual "N ) ) -
Soil ¥ kit He il ok 41| o Hefsl
management (mg kg™ )
Content Percentage Content Percentage Content Percentage
(mgkg™) (%) (mgkg™) (%) (mgkg™) (%)
+N No-F 53.3+3.8a 25.8+4.9b 483+ 1.3 254+ 1.2a 47.7+0.3 2.1+0.1a 4.0+0.0
NPK 36.1 +2.4b 34.0+2.4a 942+ 1.0 0.7 £0.0b 1.9+0.0 1.5+0.1b 4.1+0.1
MNPK 29.4+0.9c¢ 27.8+0.9b 945+ 1.0 1.2+0.0b 4.1+0.0 0.4 +0.0c 1.4+0.0
+1/2N+1/28 No-F 36.5+0.2a 30.1+0.7b 82.6 £3.7 3.6 +0.4a 9.9+2.1 2.8 +0.3a 7.5+1.4
NPK 34.4+0.9b 32.3+0.7a 93.8+0.8 1.0+ 0.1b 2.9+0.1 1.1+0.2b 33+0.2
MNPK 31.0+0.3¢ 29.1+0.1b 95.1+0.4 1.4+0.2b 4.4+0.6 0.2 +£0.0c 0.5+0.1

T 1) +NFI+1/2N+1/28 53 AR S R FRS AT UL S AR B . 2) FRon sk A B 505 Bk IR A M i 4 1. Pt
WM « bR (n=4) , R—FPRE/NEGFREREFEE (p <0.05) o T Note: 1) +N and +1/2N+1/2S stands for
N treatments, i.e., 100 mg kg™ urea—"N, and 50 mg kg™' urea—""N + corn stalk equivalent to 50 mg kg™' N. 2) Percentage of total
residual fertilizer N. Values are means + SD (n=4) . Values with different lowercase letters within the same column are significantly
different at p < 0.05. The same below

0CK o+N @ +l/2N+l/2SN B+N  B+1/2N+1/28

40 a
1 3r
T a 4
P b -~ L a @
B 30 T b o 2 a
= a £ b
1 e LT | =~ 1l
=2 20 b O %2—
= Z gl
5 0
=3 B g
R = a a = =
Bs5 10 b S5% It
® .S %.E e
H E KTl [Nof NPK MNPK
Z 8 2
g
ol N
No-F NPK MNPK z
-10 4=
AT 43 ENGE e

Soils different in fertilizer managements
TE: =8 LIEh AR NS FRERRZEREE (p<0.05)
Note: Values with different lowercase letters within the same
fertilizer treatment are significantly different at p<0.05
T A [ it S A 38T RSB AS [] 5 I -
REAE G AL
Fig. 1 Effect of fertilization management on the net N
mineralization rate in soils different in long—term fertilization

managements

(p <0.05) (£3) ., +1/2N+1/28kb¥ T, MNPK
/N W N A B IR U T R

TNPKFINo-F18E (3£3) ,

Soils different in fertilizer managements
T W= AR NS FRROR 22 5 3% (p < 0.05)
Note: Values with different lowercase letters within the same

fertilizer treatment are significantly different at p<0.05
P2 AN [r] it AT Ak 38T R S AS [r] 5 IS - 4
B P IS U8 A 1) R )
Fig. 2 Effects of fertilization management on net mineralization

rate of residual "N in soils different in long—term fertilization

managements

ME3AI L T, +1/2N+1/2SAb 5 = Atk +

BEFN+NALFE R ANPK FIMNPK 1 38 55 — 2 /N A2
WO BHA =2k H AR AL AW 1k, +NAk
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Table 3 Effect of fertilization management on N uptake by wheat in soils different in long—term fertilization managements
it A Ak 2 N ISLE R W s N
= e . G B M SR T %
Fertilization Total N uptake N uptake
Soil : . RNUE (%)
management (mg kg™ ) (mgkg™)
No-F 27.88 + 0.13¢ 10.65 + 0.58a 19.97 +1.09a
+N NPK 36.93 + 0.88b 3.29 + 0.07b 9.10 £ 0.20c¢
MNPK 63.42 + 4.60a 3.24 + 0.08b 12.40 + 0.32b
No-F 25.02 + 0.93¢ 3.21 + 0.13b 8.80 + 0.35b
+1/2N+1/28 NPK 4493 + 1.06b 3.01 + 0.02¢ 9.24 + 0.07b
MNPK 78.7 4+ 2.07a 3.72 = 0.09a 12.01 = 0.31a
e TP N EYE + niEZE (n=3) , [Al—HpARNEFERFERES D E (p <0.05) Note: Values are means = SD
(n=3) . Values with different lowercase letters within the same column are significantly different at p < 0.05
VeI 48 & N uptake
5¢ O # B4 Mineral N
Eo 0 BHLA% Organic N I5r
g 10r m AR E AR Fixed N N w0l +1/2NH/28
Z
s St |
< 8 ’
e
BEE o = SN T : : .
%z L BE BE
=8 B} P PR
=3 5| A qae
% Sr T Aas
& & 8 < LS No-F NPI MNPK
£ -10 -10 F
=
Q
15" =1 -5t =1
R[N -4 R[N -4
Soils different in fertilizer managements Soils different in fertilizer managements
B3 A [A) it A Ak BT A A [ 55 A 4 498 % B R U AR 58 AR A1 5
Fig. 3 Effect of fertilization management on change in residual "N in soils different in long—term fertilization managements during

the second growing season

BT A No—F 4 555 — /N 22 W i iy JIE e 2 32 200k
HTREMWT SR, X5IZAHE—F/NEIR
W a L HERR R ﬁ?I%UWﬁME HhE (F2)
PSS
24 TEFFSFTUESNEZREREHXER
AR5 IR A+ R R A SN R
BREEIEME, MXERESHH0.75 (E4)
e B MR A Al 5 58 — /N 2 W AT A 4 )
o FHPEE LR

3 U ®
3.0 KEAR A AR R S ER A

AT ERY, B —FEBWRE, +NA B

http:

100
y=1.587 6x+17.013
80 | R=0747 9 L 4
B
ilg% \%/ﬂ 60
=% o .
E 40 ’
z 2
0 | A 4
0 1 1 1 1 ]
-10 0 10 20 30 40
T RE G
Net mineralized N (mg kg")
K4 e AR IR 2 R R e i S N A W

IUEIPSPSEN
Fig. 4 Relationship of N uptake by wheat in the pot experiment
with net soil N mineralization rate during the short incubation

period
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No-F 1 58 5% B4 N0 R A i W 2 = T NPKFIMNPK +
B, H50%LL LW FAFEAE, MNPKAIMNPK
T RASAAEN KRB R B T5% (%
2) , XM TRAMAL, B No-FHHE750%
M (1), S2mE T 1M AR 2 W e Fn 4 S ik
I RERH R S Y SRR T, IR S AE
THEA SRR EE LA LA SRR L Y %
EARIKENPK FIMNPK - 345 5 — 50, —SEmfsE &
B, Yt A s, SRR IEE A I A AR
RN 2 1 1/2N+ 1728k B = AR+ vk
NERFE Y T2 LU HLSFEAE, L BT ok i i Nkt
RALN2.9% ~ 9.8%, X 5iti FH ALY EC/ING
P THREEA K, X 5HAE W REE R —
BRI, — B E 5k B AE R
NER A Z DA NSIE A, & e, -
JRAS % IR L A9 25 A TR i

9 —Z WK, MNPK £ 3 DL A8 S5k
B kA R TNPKRINo-F 1 ($£2)
LiangZ§ % 2 i 32 10 00t 6 B, MINPK 4 5 xf
Jiti ANH, =N ff % [ E 5 5 2 R T NPKFINo-F
8 KA HLICHLRC G 38 ks [ 2 e R T TR
4 s R AT g (1) KA PLICHLEC GRS N T 41
HOSE AR (£1) |, KHINH, ZE R0
AT BEAR X NH, 1 5 (2) MNPK 86
MU &, A VLY 56 A e, PHZE L2
PN T BRI B e B AV BT N =1 [
frE s (3) KA HLIGHLECHE AT e + g
B Lo sy 0, AT AR i RMNPK 41
A [ 7 B AR IR R 22—
3.2 KEARRIEEEEN RET LSRRI

AR R, KA PLICHLECE IR E 5
et B 25 TR E 3 (K2) , 525
WRFE g R—a U 0 X S KA B A
RS T g pUs s R o Y e
B, A X, HaNABEARE, +1/2N+1/2S4b 3
RS AR ARG b E, X5k
A — /N AR RIS A LA, By
UL T 2R, IR R W A
TN A 5 T T K S A L
AT DABRE i AL URE Ty 5 Bt AR AL = A E D RS T
BRI T YT XRZ e 7, i T
T T EEY B AR T

WAL R, TCIS AR S AT, MNPKAI

NPK 1 5858 B IR A o ik ¥ % (p < 0.05)
T No-F 138, X 5/NEIFKFMNPKFINPK +
BEHREIEEAZNAIERAR (£2) . RE
WroR R, H—FEYUROGR)E, REIER A E
BWPLAEILASEE TP, ShenE YRR EY,
VEB AR 5 BE R R A 19% ~ 34% LR & % 28
EIEh AR, B —FEWIGRE, NPK
FMIMNPK - A = A& & TNo-F+
e T MR R M R AR X s, RIS T
AL A2 2Bk R A A 1 A TR A AR
FAARA O IR SR T Ak R 5%
NER A BKZ .
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Abstract

A pot experiment coupled with short term mineralization incubation were conducted to explore

characteristics of residual, mineralization and crop uptake of the "N-labeled N fertilizer applied alone and/or
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together with crop straw in the soils collected from three different treatments of a 19-year fertilizer experiment,
i.e. treatment No—F (no fertilization ) , treatment NPK (long—term NPK fertilization ) and treatment
MNPK (long-term NPK fertilization plus organic manure ) . The pot experiment was designed to have two
treatments, i.e., treatment +N ( 100 mg kg™ urea-""N) , and treatment +1/2N+1/2S ( 50 mg kg ™' urea-"N
+ corn stalk equivalent to 50 mg kg™' N ) . Fertilizers were added to the pots separately for the first cropping of
wheat in 2009. After the first cropping of wheat was harvest, 82.6% ~ 95.1% of the residual fertilizer N in all
the three soils under treatment +1/2N+1/2S and NPK soil and MNPK soil under treatment +N were in organic
form; and 47.7% of the residual fertilizer N in the No-F soil under treatment +N was in mineral form. After
28 days of incubation for mineralization, the net N mineralization in MNPK soil increased significantly,
by 39% ~ 49% over that in NPK soil. In NPK and MNPK soils, 1.23 to 1.90 mg kg™' of the residual fertilizer
N was mineralized, accounting for 2.78% ~ 5.53% of the total residual fertilizer N in the soils. The net
mineralization rate of residual fertilizer N in NPK and MNPK soils was significantly higher than that in No-F
soil. Compared to treatment +N, treatment +1/2N+1/2S significantly increased net N mineralization rate in
the three soils. However, the two treatments did not affect much the mineralization rate of residual fertilizer N
in NPK and MNPK soils. In No—F soil under treatment +N, the residual fertilizer N use efficiency ( RNUE)
reached 20% in the No-F soil significantly higher than that (9% ) in NPK and ( 12% ) MNPK soils (p <
0.05) . The RNUE in MNPK soil was significantly higher than that in NPK soil regardless of N treatment (i.e.,
+N, or +1/2N+1/2S ) . N uptake by the second crop of wheat during the vegetative growing period was found
to be significantly and positively related to net soil N mineralization rate during the short incubation period,
while no significant correlation was ohserved between residual fertilizer N mineralization rate and amount of
residual fertilizer N absorbed by the second cropping of wheat. To sum up, long-term combined application of
organic manure and chemical fertilizer can increase the mineralization rate of residual fertilizer N, and hence
improve its bioavailability.

Key words  Soil under long-term fertilization patterns; "N labeling; Residual "N; N mineralization
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