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I R PO R I S
(P EREA B L R S R S A S R T %, A 610041)
(2 R B AR L S SRR EERETERT, AR 610041 )

(3 fER2BE RS, dEat 100049 )

B E AR (N0) B—FEEAL DRSS, R HEE L KDILLRE &,
K I S AR /S G5 R 52 40 1 AR A /N —E R OREEVE RGN OHE 47 1 2 AU (2012
FITAZE201349A ) , WIFEHEREE (N) | WHABEIE (NPK) | B0 (OM) | 7% A0 Al it
AR (OMNPK ) FIFE AT M AT A ( ICRNPK ) 257t A 5 2 % 48 45, 4= N, OHE iR A B 5200
AHEAE (NF ) FER B R S, DR 86+ AT B MR . BRBE AU n e Jy 5. g5
WY, A I Ty 2R N, OHEHC ) S SN HE S, W 1 BRAE S IC R s R =N, OHE & 1 W 25 1 T/
FZE (p < 0.05) . EMFEREKFE (/NEZ130 kg hm™, EKZFEI50 kg hm™) T, HALTRXN,0
HERCFE D P i ¥ 35 (p < 0.05) . N, OM. NPK. OMNPKHICRNPKAL# ) 1 HEN,0 5 4F
EAHE 381,93, 1.96, 1.12, 1.5010.79 kg hm™, HEMRERED950.62% . 0.63% . 0.33% .
0.47%H10.21% , SAEMEY =439 94,35, 11.95, 8.39, 9.77. 10.93 t hm™. Jili 4% W HE 2 & 38 fin
NLOHEMCE , RS AT 38 B AE CRUEAE 4 7= Sk 1 (R B 2 B AIOINL O HE I, PR A 4R 6+ b IX R BE A 47 1 e
HEJ5 3. HIETEHLA (NOS-NFINH-N ) 2N, OHFR ) F 2R G 7. Bk, e ZUK PR FR, A

7 208 588 1 3 PR U BRI R BN ORI 22 57 83, 2 R IENLOHERO2E S OARAR S . L AL B 52
K AR RN OHE L A F ZE BRI IN 7, I HLHOO N, O HE T B4 52 Wi 77 7 B {500

XHiA

FESES X511

AR (N,0) B —FEZEARESMAK, H
BN E CO, 29645 ~ 31015 . 20114F, K
SPHIN,OWEE 4355]0.44 mg m™, M Tk
QAT 20% 1 o BEFE R, RN, O 19 1
I E BRI T A, HBTERR 5 ARG SR
N,OREI60% UL F 2 19804 2 20074F i [ &
N, OHE AR Y48 K 7.6% , 20074EN,0-NHE i ik
#288.4 Gg (1 Gg = 1000 t) , AERIAEAIEA &K
SPN,OWER K AR FEHNE 2 NOHE i &= b
AR TR, BRAEEARZ AN, AR

* [H R SRR R R (19737

NLOHE s /INE—FKEAE; ey, HELHLE; Eat; M
Xk FRIRES A

£ ity b X NLOHE R B 2 M AR P, A A i
75 =X RE A ks 20 DR it L 11 5 | Ak A A 3N, O R HE
A RARAC AN FE— B FORFEAER R IR SR HE
WFoE 2B, ARJEN,OHEA = 2k A NH, 5L A UIE 1) i
A S A BRI, AR IET U Al S
JLFAR 7 HENOHE I o Ak, 2 B HE A R AT
S AR E D N, OHE Oy it A5 — 2 EH . 7
HEKAE R, Mt & N300 kg hm i, i 2%
R Z LR RE AL 180 70% N,OHE % . HAT, M
A HLAE LA B RS FF 38 X A BEN, OHE il 14 5% i 1 JE 40
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—WEEIE. IR, EESARHLT, LERs
A LG T ) SN, O i it K TR AL 38, 55T
M FEAE T N O/ . EhaRig e, 4
FAAMT, S ALIE 54 HLIEHLIE IR M AL B N,0
R E S AR E O . BAMREL, SR
AR % PF R, it P RS AR LU e I Ak B R k2 4k H
NLORYHERE 7)o AR S Iy, TR ML )y
KT, FFF R 8 IS 22 22 HIN,O AR . 145 [ T
g 10D HIA S FF A T AT B A HE - HENL O 14 HE I
AT e TR X A FREE N 2. | B
e ] 18 B IR 45 A L 491 00 285 780 46 (R 2% 19 S [ 3
(. HAT, A G E X /N 2 — T K R R
NLOHERC B S M B 58 2 4 e L R X, X I
H o K R S AT A T ST . 1 23 3
S0 L FE B X DU I 48 % 2 4 1 21 B OR R/ N2
SERET R PR — . B R R X R
HEHA , H T AR 7 0% H X HEN, O HE L 9
WMIBEBARL ., GFEHS O Mm% B T M
A%t B ok 2 - NLOHE R RO S, R XA &
e — /[N 22 5 L 401 154 - N O HE O o L) B 5
Zhous VRS T 440+ B ok—/NE AR R G
NLOBHERC, 48R T N, OH i 72 10 5 Nk v 11 6
Zo AHFFERNAL ARG AE ) £ 2, K300 1 it
R - &, BFFEAS IR A 7 20 & /N — B ok
AR R ST I+ B AE N, O i 52, AR 37T
BRAEVETR | FRBE A AT MEIE Oy, TR S X Ak
P 25 22 55 N, O Rtk A 0 00 - 49 2800 B 5 T 5 4 A
Bl Kb

1 MRS Ik

1.1 RIE R

TR0 A T v B R 2 B = 2R 0l AR K
¥uh (105°27' E, 31°16' N) B3R5 AT K56
Mo I SEIA60 m, FLAT BRI DU )1 200 Aty
TR 2 MR AE , DA, RT3 C,
e sty fi i IR0 C, BRORIRAIR AR -5.1 €5 Z4F
TR K 5836 mm, HAMfAY), 294 d.
TG, RIEY TR, FED
INEE—FAREEAE R T
1.2 i +Ig

B N EE TIRY RERBA L O TR
FEFEMA A+, 0~20 cm$F L IERIFALTER N . pH

8.2, fAHLIF8.75 g kg!, &%0.81 g kg™, 4H#0.84
g kg™, &B118.01 g kg™, WfFA42.29 mg kg,
A R59.02 mg kg, HALH86.35 mg kg, I
KE1.34 g em™, BRI S HG6.5%, Bk
58.9%, WKL H34.6% .
1.3 Rt

P 1R B 2 5 U )1 20 5 e - R AR R AR 1E
VER 2 /NEME E K, Z/NET2012411H5H A
., 20134E5H1THR; B EKT20134F6 1
HHER, 20134F9 H9H R . X556~ Ab 3 .
JEARM (N) o FRAERE AL (OM ) | B A B A
AE CNPK) . %% BEACECj A B # AL ( OMNPK ) |
s FF 14 HH Bt 20 20 AE. ( ICRNPK ) 1S BB it A
(NF) o £ AEAb 3R 5 R 3R S A [ — K,
Hrp/NE A 130 kg hm™, EKZE150 kg hm ™,
HHIL—THLE AR, ToHLIE R B & & R i
AIM60%, EIEFFEF 40% . K%rh, LIt
RONBRIR S (4N 17% ) , BEAC Rt RS (%
P05 12% ) , #IEREALE (FK,0 60% ) , LM
F&AF 2R FH/INIX it FHN PR AR BB - AE YIRS FF, F5
& BTIE e LA B R e . At HT, BET
N5 8 S SR 224 2 T RS A b 2 R i, I 4acal
R A TH A . Rt AR 3OR A A — U TR
AN TEA , BRERGEIEEZ, BRE A T4
B, REEH20 emo &/ MR R O Y 7 i
B, HEAKR Ui, kIS 4 X i,
TR E3ANEE o S B MEAC 7 e
AR 1] B T AE S 1048,
14 SHRESHHHE

N,O 38 2 R i A4 — A ik, M
RRSEFH50 em x 50 em x 50 em, WA KA A
9: 00~ 11: 00 RS, REMTHERICIRAF
16 60 ml EEFHIESTAS Y, 24 h WA, Rke
B 2 W, IR SRR 14K, BEKE
HESLRAE3R . /NE UM H20124F11 H6 H =
20134E5 H 11 H, FRZFWM 201346 1 H =
20135F9H9H , H—NREBL/NE—HEAKE
K NERRERZTRAEFE M ETE WL SCHER [13 ]
R, RMRHET . ik, N,OHRGHE & |
N, O HE B 5 1F 5 J7 6 FECHE o B 7 ik 5 SCEk
[ 14 ] —3, NOHMREOTE Ik 530k [ 14 ]
—
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A EAE 7 O & /N 22— TR AR N, OHE ) 5 737

1.5 TIEIFEEFARO LN
R SR [FIR D0 AH DG - R B R 7

Horp, HHAEBEKE (%) HIMP - 406 {8 #5 5
KA E AL (BT FE AL A R R WE, I
IV A B 7 R A 40 + LB AR K R [ WEPS
(%) ] RFEFANERE. LHERE (5 cm)
i FH IM 624 FUE 4 MR ( L A s bR
Al ODGE s REKEE . RAUERSE ORI IS 5 N Y
S0k (EIRK 50 m) o BRCRESIAM
FIEE, A5 SR 0~ 10 em b HERE G LSBT 185
KRMIEHLA (NOS-N, NH;-N) &, it iC411
IV R B LA SR AR IR 5 MR AR 2D, AR [R]
14 B 4 B TR AR 5 LA E ¥ o — ] — k.t
BEOK R M E ;. HEETRALA (NOS-N,

NH;-N) &8%MH 0.5 mol L™ K,SO 242, AA3 i)
ST (FEE SEAL AW ) Ml (KEHAS:1) .

1.6 HIENIE

FIH Excel 2007347 A1 B 1155, Origin 8.0
Z:, SPSS 16,0347 B IR ARAH & 53 AL IR 2
Z5 T o

2 45 R

2.1 PEkE. LEERERTIEFRFKET K
INE—FOREVEWIE], BEOKED . R (5
em ) A EHEFLBRFTKE (WFPS) 25 sh A48 1k WL &
1o fEiREGH], BFEKE980.2 mm, FEAEPHESE
O Z M), & /NAEFRREKWI A TH EAKE, A
LTI [R] 4% it A Ack R i) - 398 L AN FL R 25 K 5t
THEZES (p > 0.05) . HHES emif EALIE
H2.4 ~29.8°C, AT RN, FFRERI,
BB . T HEWFPSAZFEK 1) 5% i) S22 BAS B0 ) AR

35 - — 150
O sl —m-OoM —®— OMNPK —4A—NPK J120
4?2(5 —O—ICRNPK - —OC—N 1 2
e 21 90 ﬁg/
w2 : %=
il 14 60 & E
= 3
=z 7 30
0 0
100 [
ﬁ
=2
o=
"3
.H
1 1 1 1 1

2012-11-01 2013-01-01 2013-03-01

2013-05-01

2013-07-01 2013-09-01

H#] Date (yyyy-mm-dd)

[E: OM, OMNPK, NPK. ICRNPK., NFINF/:fCH A AL | % MEHE FCAGE ORI E . % MU AIIE | RS AT I8 I RCHE 0B AT . it
FNE ARG, FIE Note: Treatment OM, OMNPK, NPK, ICRNPK, N and NF represents application of pig manure, application

of pig manure plus synthetic NPK fertilizer, application of synthetic NPK fertilizer, incorporation of crop residues plus synthetic NPK

fertilizer, application of pure synthetic N fertilizer and application of no fertilizer, respectively. The same below
E1 BEKE EARFENEAE 5 2T 35 em iR K +H3EFLER Tk R (WFPS ) 284k

Fig 1 Changes in soil temperature and soil WFPS at topsoil (5 ¢m ) relative to rainfall and fertilization regime

tb, BKMENTL9 %, Fe/MEN13.5 %,
22 EYMIEKHTELIET L

2 4 /N — B F K5 1R 1 8] 1 48 T HLA
(NO;-N + NH;-N) W& iEs (LT &
) o TE/NERMEKZ, AL 5 =2 Y 1 55
AT RERWEE (p < 0.01) , KiEACL
HOONF) 3 JopL A & i el 28 fh iR B e/
(1.49~19.46 mg kg™') . /NEFMEKELHET

LA S AR fEaHEER, BEtE, IR S
I, R — B E IR, RAEYIOGR
KRR

INFEAERZEY, OMAIOMNPK AL B 358 b JCHL A
TRAEMAL S 6 R IA B R, 45 110.1F1164.6
mg kg™'; MIN. NPKAITCRNPKI 7 i B J5 265 11K
RPN AR, 5N153.9, 174.7H169.82 mg kg™
TN A G EEm s 28, EREKE

et
B
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—o— [CRNPK —o— OMNPK —2— NPK

T T
2012-11-01 2013-01-01

T
2013-03-01

T T T '
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H#] Date (yyyy-mm-dd)

. IRZELICEIRE2ZE, TR Note: Error bars represent standard deviations. The same below
K2 AFEREAC T 2T RHETHLA S R AE1

Fig 2 Changes in soil inorganic N ( NO;-N + NH;=N ) contents relative to fertilization regime

P, OM. OMNPKLL KN 43 ToHL A & A i AT
JEBARBE R KA, 51282972, 31.10., 37.00
mg kg™, MNPKHITCRNPKZE i AL 5 &5 3 K 5t ik 5
BRAE, 43 0°429.70H126.29 mg kg™ . EXRZETLHL
R WAL 29 15
2.3 T EMERASNTIENOHMES

NFAb P A 58N, O HE 58 & 1) 2= 715 A8 A6 A 58 th
(F3) , ZLIEREIN-0.71 ~20.83 pgm™h™'. 7£
AN R KA, 45 it I Ak B 1A N, O HE i 1 AR
e IEA —5, BERERA L (E3) , B
Ja NLOHEHGH R RSB I, 7E555 . 6 Rk ()5
W, AR TR /N ZE N K R
2 . AT it AR s /N 22 A R K AR K INL O HE R i
FEIRSHF

fE/NEZ, N, OM, NPK, OMNPK I
ICRNPKANHE R, 398 N, OHE it 8 4 25 1k 35 Bl 43 51
J91.06 ~48.47, 0.86~114.62, -2.18 ~61.49
0.04 ~ 113.061 -0.99 ~50.33 wgm” h™', FI
HEHCHE 48 1169, 15.81, 10.08. 13.377
837 wgm > h',

fEEKZE, N, OM, NPK, OMNPK Al
ICRNPKAMFE R, 43 N, O HE A 8 & 22 1k 38 43

WH1.96 ~245.7, 3.13~1041, -1.06 ~214.5,
3.30~473.4H12.28 ~225.5mg m > h™', FIHEL
W 48.21, 165.1, 38.90, 96.14F137.91
wg m” hT'. TEFTARACALH d, FKZFEN,0FH
WESEmT/ANER, 5B EKEEYER
N,OHETCH 2 /5 T 4B =AE W RS — 2L
24 AREMAESRXTHTEN,OHMREMED

2

MR 1AL, ATt IR 5 =X E) - HENL, 0 B AR HE
B 2 S B, MR T N0 RAEHE R BA
FEW (p < 0.05) o HKAWFHOM > N >
OMNPK > NPK > ICRNPK > NF. fifJiheat
PR+ HEN,0 R B = TPNFAE (p <
0.05) .

A /N 2, ORTA AR J7 =0 F £ HEN, 0 HE
W TE0.19 ~ 0.38 kg hm 28], 5 jifi 205 & 0
0.10% ~ 0.25% ., & M NPK it A 40 B A4 1+ 3EN, 0 HE
it S OMNPKAM I TC & 2 5% (p > 0.05) , Ifif
HHAWA AR R E 2SR (p < 0.05) o H5NPK
ALFRAH L, NATOMAR 2 Y £ 58N, OHE ik &t 43501 15 hn
T31.2% #124.5%, TMICRNPKNK/>34.3% (p <
0.05) .
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{ : : 71120
1504y § = NEe-N—+—OM \ %{ 11000
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] - 800
‘ FokFE

_— z T 4
(= 1004 4 Wﬁi\at%sz;s on Maize season 1600 ~
s 1 la00 T
Ei " 1200 -
| A
mlrgj 8 -ﬁ.réhst;o-.lnan-“.:tq 40 g ~
= g ' ' 2 &
S8 200 , 1600 g
zZ = 1 —o— [CRNPK-—o— OMNPK-—~—NPK | ] O
W= ! 1s00 '8
w150 4 i ] ] b
W = A\ Fﬁ% o
wa i Hijl Fertilization — —— 1400 E
.% 100 - W&FH Rainfall ... 1300 1'H é
i d200 £
3. 50 . g
z d1wo o
0 FEE ] 0 &

2012-11-01  2013-01-01  2013-03-01  2013-0501  2013-07-01  2013-09-01
A Date (yyyy-mm-dd)
B3 O[] AL 7 20T - EN,OHE i & 48 fk
Fig 3 Dynamics of soil N,O emission flux relative to fertilization regime
EE EKRZE, AR XU £ 5N,0HE 3 F

JETE0.60 ~ 1.59 kg hm 222 (], it 0 A & 1Y
0.31% ~0.97% . OMAYN,OHE K & 5 %t & BN
TREZES (p > 0.05) , MNPK, OMNPKAI
ICRNPKAINU /D T46.5% . 24.5%M61.3% (p <
0.05) . S HEINPKAI L, OMNPKI¥4f141.0%
FIN, O (p < 0.05) , ICRNPKNIE /D> T27.7%
FIN,OHERL (p < 0.05) .

Jite 7 =0T A /INAZ T B R AE ) 77 1 IRl e LA
WEFW (p < 0.05) . TEL/NEE, A DL
(OM) HIALBR/INZZ = Bid i, H3.71+0.10 t hm™,
AN AT A AR PR (ICRNPK ) L BA B /N
PR (3.40£0.29 t hm™) , HBWHM2ZFIFAL
# (p > 0.05) . SHMNPKiEAC =AML, OM
FAICRNPKAE BRI /NZZE 7 5 43 4G hn33.2% F121.5%
(p < 0.05) . MEETEXS, FEEBRZEOMALH
B E KA, M8.24+0.72 t hm™>, HkJE
ICRNPKALHE, H7.52+0.41 t hm™, Wi 2/ RE
EX5 (p > 0.05) , HAHBFNPKAIE, 554
4T 1% M34.3% (p < 0.05) . Al WL, i A HL
JEFFEF AR TR LA LA T, AIEE KNS

s Eoee

3.1 PBEIKIIN,OHEAHY S0

B 7K BT 5 A Ay - A8 PR S P W BB U R NLO
A5 HE S, e R T R R A T A B T
BEINT M AT RE fR A AL i, AR AR TE AR
TRt R, HE 4 i & AR R AR
NLO A Wk R, 3 3UN,0 B RN, 0F #iHE
WA R AT EE T T E20134E320H . 46
H. SH3HM6H22H LM, A [m) i AL Jr X
T HEN,OHE W W W (K3) , X EEE
HTME3IHI9H . 4H5H . SH1H ., 6 H20H | 21
Ho W TSmBEAK (11.6, 7.2, 17.7, 62.4
M35.8 mm) , HHEEIKEEEWMN, WFPSH )
5559.5% ., 42.3% . 49.5%H163.7%, i LI AY
TR (11.8~26.2 C) MXF8E, BAEWS
PEECE , RN A S SO Ak 3 R 4R A2 4 4 g
NL OB = A Al ) e rp /N 2 2 4%t A Ak
PRAE 8K S T HER B NLO % AVE W N, O HE i
6% ~15% , T EAKREW 2] T5%~10% (R
OMAEFAL 53.7% ) , HEB5r2%# B BFFE 45 ] —
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A EAE 7 O & /N 22— TR AR N, OHE ) 5

741

U0 BERATE + e R R, K R
@+ N OHE 9 T B P 1

/NFZ ZE R B K ZEN, O HE i i 5 8L BR 78K
RLWEMMENE (p > 0.05, F2) . HXF&
JIE Kb $EN O HF RE 155 0K T4 U - 24 0 1) e
MIAE TS, /NEZEH, 67% ~ 100%KIN,0HEL
o AE H BLFEWFPSAY T35% ~ 65% 5 1F
M E K 22N 67% ~ 87 % WL H BLAE W FPSAr
T40% ~ T0%550F o AT WL, HHEFLERFTKFIE /N
A —FKACAE N OHE B 2yl 22—,
KA WFPSA T-40% ~ 65%M1 15 T HAth WFPS F i7
B R TN, O/ 7 A AT HEL
3.2 HIEIFE XN, ORI 2D

K BpAb s il £, T2 mikid
JESALPER, R A AR R KB R FIN,O
SARBER F B R BIAENZ T RPN
NO; 7 5 R N, O S A 38 i [7] A 4R 58 1 AH
et o NLOHE G &5 4 JE LA & & 0 A 2 4
Mraem, &HEhe )y =UF, & Z R AEREE
X (p < 0.05, &2) , XFEZEEHTFLEDDY
NHFINO; A i £k F S A A A g it 7, 2
N0 7 A A HE R . T EETEHLA S =R/
H— T KFAE L HEN,OHE Y 5 g il R - o

- R B 3 5 ) B2 ) O R R
PR BIOH TN OB B L N7 0 XN, OH ik
W5 EHEEE AT R, NE TR ORI
NLOHEHGHE 5 H R 5 emih + e B 2 (0] ¥ 70 i 3%
K (p > 0.05, F2) , W[RER IAE/NEA KM
BTG, R AR N, T R KD, R
FEAR AR /N 5 T e A 23 0 AT 8 2 PR Sy M 00 st ) 0 0
Binm Az, H35%09%4EYk ARt wi, K
Jit A 365 o, P S ASh 550 7 50 3 4 5 1 - 9 3R ) RN
ARG A R R
3.3 HeBE 7S X XN, OHE R Y 520

ATt A 5 X F & /NE—H E K HEN,O
ZHHEMCGE R S2O0M > N > OMNPK > NPK >
ICRNPK > NFRYKFR . Jt Jr 3N, 0k ik B A
BEFmW (p < 0.05, £1) . A VLA
( OMATOMNPK ) AYN,O EFHEL & 5% 5 T NPK
WAL, DA HLAL REAE E + HENLOHE L . A B
e, MAEPUICSE R EE A, N,OHE i £ 22
M IERR A AR - (g 24 11O L S g R S C/N
Fb >fe 52 B 2B 036 2y, 0 T 5 e £k RN S Ak R
7 7= HINL, O B A S HE T . — 8 C/N L VE 4 5% B3
SREARN,OHE L, #Z, KC/NHAIEY5E R 2 (2 i
NLOHERL 2 o ASHIFFE T FH A 5% JBEMEL C/N LA /)N

#2 NOHMBES HIRIFE KA MEXM

Table 2 Correlation between N,O flux and soil conditions

fib B YEW + 3 TR KR FIETCHLA S B

Treatment Crops Soil temperature Soil WFPS Soil inorganic N content
NF /NE Wheat 0.111 0.108 0.457"
F K Maize 0.291 0.228 0.465"
N JNFZE Wheat 0.223 0.060 0.647"
T oK Maize 0.152 0.144 0.761"
OM /NFZ Wheat 0.115 0.356" 0.624"
K Maize 0.113 0.034 0.608"
NPK /N# Wheat -0.028 0.270 0.798"
F K Maize -0.291 0.229 0.456"
OMNPK /NA Wheat 0.186 0.222 0.757"
K Maize -0.218 0.157 0.479"
ICRNPK /N#Z Wheat 0.145 0.268 0.702"
F K Maize 0.322 0.149 0.477"

TE e A BIAERTE0.05F10.0 1K ARG, P B E AR B R ARAOC R B Note:

Gy and G

correlation at p < 0.05 and p < 0.01, respectively. The values in the table are Pearson correlation coefficients

http: //pedologica.

issas. ac. cn

indicates significant



742 + 1

il 53 %

1

RE WS o + e PR AL 00 PR AE Wy A, £ 1 A AL
R f, EmEEh A S & (K2) , il
A AE AR T #EAT SR ALY . T ICRNPK AR 3
T IEN,0 2R B E R T I A L (p <
0.05, &1) , MWW THA T EC/NEAERF/N
AR, AT RS A L R h A IR A EOR
PR B BRAIIE A PR AR 04 3E R R B
HIETHA S T (E2) , a5 R
Wi R RSN O HERL . 25 1, DA
KOS HE TR, /N — KA TP RS AR R 21T
ZH RN IERR .

A H it 8 H A2 BE AR B e L R S
PR AR RN,OWCHE B AT B E & . A B A e 75 =X
LA AE LR AEAE 9 7= i 0 6] s NL O I HE il . A
e, MR TR BINPKERE , K30 1A LR &
WERE TEY =, HWnTN0HHk (p <
0.05, F&1) ; WKBRENIEAORNGER ™, 15
ERMN,OHERL (p < 0.05, F1) , XM
WY PR N I AN RE S (LA 9 26 K B i 0 Ho At 57 45
PRI JC iR IR 7 o, RO & NLOHE, AN F
TAOM AT gk ks KIS AF e (ICRNPK ) 2%
T, 2FEEY R 21093 £0.70 t hm ™, M
FNPKALHE & 80 T30%, H5HE&EEY ™R
FOMALHEA] G i 2% 25 5%, NLOHER &= k2> 1729%
(p < 0.05, %1) ., Al WHEFAEH (ICRNPK) fig
b SRR 7 S IR RS S —, AR S A
b DA RE A AR T =

RIE it FH 2 52 ) + ENLOHE Ry E N &,
Jiti 140 HE i W I 1 N O R R P L A
ARWFFE Y, BT AT it AE Ak B it AE 0 309 2 1 BT AR
HOH W N, OHE B (B3, HiaE e (i
JEJE 14 RN ) BIN,0 B HER & o5 A 4F 2R HE L
M AR N . 40% (N) . 93% (OM) | 83%
(ICRNPK) . 88 % ( OMNPK ) #l157% (NPK) ,
X R B N, OHF il 32 B2 % AR A it I =2 178 ¢ e
[ PN o 3k 322802 RO VR 6 b At I (W) 20 64T, it
RERIHA, AERRRIET &, XTAERINE R A RR, (15
TP RETIAMRE (E2) , FETN,0MK
s, I, TR VERERS AT 4 H AT i JT HLAT 1) [H]
BF, AR R AR A= I A R i A B T 5 I
Al RE 2 ik — 2D /N 22— R OKEAE 3 RN, O HE ik
o, HEMRMNOWHER 718 fr itk — L 5T .

4 75 ©

2N — B E R AR I] - HEN, O-HE ik 22 AL
A, PMEMEKRZ HEN,OH LGS ~ 6K
ELHE RS, 225 HEGE R R i AR
AN — FORFEAE L HEN, O HE L 30 5 06 1) = 23K 5y
K F, i AR A3 58N, 0 R RHE I & A AR HE L
40% ~93% . +IETLHLA (NO;-NFINH;-N)
RN OHE Ay F BRI, BRG] E Mt
HEW FPSAS Ak L 2 5 0 N, O HE i i) 7 5 3R 885 A 1~
I HH XN, O HE T 1 52 W 47 76 A 00 o A [ it
B 7 A & /N — B B OK R E £ HEN,0 R EUHE L
HHAGRFEXWE (p < 0.05) . ICRNPKALFEN,O
SAE BRHEIE 079 + 0.06 kg hm™, BEMT
HAbEAE 5L (p < 0.05) , W EEEY =N
10.93+0.70 t ha™', S mEY == M OMALHE i
Tol & 2 5o TS Ty AR AE A T HLEUK T
THEC/NLE, J& T IEN Oy F LN+
FFI8 H 2 BAT AL 77 2T 48 68 1 NL O HE 1 24&
1, ARERCA EY) A B IRR s B 5 it i [a]
WAL, AT N — R AR AR RN, O
HETL

I
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Effect of Fertilization Regime on Soil N,O Emission from Upland
Field under Wheat-Maize Rotation System

LIU Yun" ** LIU Wenli" > * ZHU Bo"

(1 Key Laboratory of Mountain Surface Processes and Ecological Regulation, Chinese Academy of Sciences, Chengdu 610041, China )
(2 Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China )
(3 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract Agricultural soils have been determined to contribute at present about 60% to the global anthropogenic
nitrous oxide ( N,0 ) emission due to N fertilization. It is a great challenge to guarantee high crop yields while reducing N,O
emissions under continuous application of nitrogen fertilizers. However, few field data sets are available for exploration of
effects of fertilizer N regimes on soil N,O emission in the Sichuan Basin, one of the regions the most intensive in agriculture
in China. The main objectives of this research were to screen out optimal N fertilizer management practices which would
not only reduce soil N,O emission, but also maintain high crop yields. Static chamber-gas chromatographic techniques had
been used to measure soil N,O emissions from the purple soil under long-term N fertilization of pure synthetic N fertilizer

(N) , synthetic NPK fertilizer (NPK ) , pig manure (OM ) , pig manure plus synthetic NPK fertilizer ( OMNPK )
and incorporation of crop residues plus synthetic NPK fertilizer ( ICRNPK ) . A plot with no fertilizer ( NF ) applied was set
as control for emission coefficient calculation. In-situ field measurements were conducted through the wheat-maize rotation
season from November 2012 to September 2013. N,0O emission showed a double-peak curve during the season regardless
of fertilization regime. The peaks occurred in the first days after fertilization. However, the peak in the maize season was
significantly higher than that in the wheat season (p < 0.05) . Fertilization regimes influenced cumulative N,O fluxes and
grain yields significantly (p < 0.05) . When the total N application rate was the same for all the treatments, 130 kg hm™
in the wheat and 150 kg hm™ in the maize season, Treatment N, OM, NPK, OMNPK and ICRNPK was 1.93, 1.96,
1.12, 1.50 and 0.79 kg hm>, respectively, in cumulative N,O flux, 0.62%, 0.63%, 0.33%, 0.47% and 0.21%,
respectively, in emission coefficient, and 4.35, 11.95, 8.39, 9.77, 10.93 t hm™, respectively, in total annual grain
yield. In comparison with Treatment NPK, Treatment OM enhanced N,O emission significantly, whereas, Treatment

ICRNPK significantly reduced N,0 emission and maintained high crop yields, as well. Therefore, incorporation of crop
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residues plus synthetic fertilization ( [CRNPK ) is recommended as an optimal fertilization regime in croplands of purple
soil. Content of inorganic N ( ammonium and nitrate ) was the main controlling factor of soil N,O emission. Therefore, the
difference in N,O emission flux was attributed to variation of the content of inorganic N induced by fertilization regime. That
was also the reason why the fertilization regime, Treatment as ICRNPK, could effectively reduce N,0O emission. Soil water
filled pore space ( WFPS ) might be another important factor affecting soil N,O emission with a threshold effect. Therefore,
it can be concluded that N,0 emissions from upland croplands under the wheat-maize rotation system can be reduced by
optimizing timing and rate of N application in the light of crop growth and antecedent soil WFPS.

Key words N,O emission; Wheat-maize rotation; Fertilization regime; Soil inorganic nitrogen; Purple soil; Crop

yield
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