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Abstract; N distribution in soil-plant system and N, emissions from soil was investigated in a long-term fertilization field
experiment in fluvo-aquci soil in North China. In this experiment, there were 7 treatments : organic manure N (OM) , half
organic manure N and half fertilizer N (1/20M), fertilizer NPK ( NPK) , fertilizer NP ( NP) , fertilizer NK ( NK),
fertilizer PK (PK) and control (CK). The results showed that N, emissions from soil during maize growth was higher than
during wheat growth, but the differences of soil N, O emissions among the treatments were insignificant in same N
fertilization. Balanced fertilization of N, P and K increased soil N storage, while the efficiency of organic manure N
application was higher than chemical N application. N utilization efficiency and distribution in plants was also significantly
influenced by the fertilization. Balanced nutrient application was beneficial to N accumulation in seeds, but nutrient
deficiency was inclined to accumulate N in straws. The N lost from soil was highest in NK and least in 1/20M treatment. In
summary, application of P fertilizer and organic manure not only reduce the indirect N, O emission from soil, but also

increase soil fertility and crop yields.
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N BRSNS MEE HWBEEREY . %R H 258K A O HRE TR, SRS 2 ML EA
B+, B, REWE N SRRt AL N 2 68 174 R, BAFHZRE H R, XA E
¥ BUR BT BRIk, T XIS R A TR o, BRER AT S 1% N,0 Hiaygimit
HZFRE, X—HHEHET N0 KIRERER, B—FHREER N,0 T LIBREREN R E, 351
FIESMRII, foly 13E N0 Hi EER, U5, ERREER N HEME 6. 3Tg N,O-N b, 1 H
B N0 353 2. 1TgN,0-N",

I FREEREEENRLK, EEX-LPERERZX TEMN AR TR, BEFKB/IENE
IR T R B EFEFT . 20 HE42 80 4R, 4R 1% 80% HIRSFF B2 esks FIoRE kbt BEE AT
P BRI AL T OBE AR R B 3 A, RS AP RO AR B B R /D, A AL BEAS AT AN B AR D 4 )
B, FEFFREA IR B B e, R AR A K R NP K R BB ITTE™ . R AR
B BB SR E IR TG R, TR MR N0 A SN EERE, R X
FIRE AR N0 Byt S8, B4k, TR MR 0k F A SRR FR I &4 S0 8 U R B ASH I SR A
BB, T H AR X KB N,0 K74 SHE

RERBESRLEE X N0 FRLEDTEEIN L, WHE B E MR 13 N,0 s HENOR R &M
EEGOAES, eSS N,0 FHEA M KA IR R B AR HE YR B B K+ A
TR B, B, R A BT o E R B ARl A ARk P B TR AR AN A R e AR
B, S0 R R R IR 138 N, O HEB MR R LA R AR R BB, VA AR R B IR R 3 N, 0
HEM AW
1 HRE5H®
1.1 REMEN

R BT R M S o E R Bt Rl A A ST PO B S (M A I, KA S UL R B T
AR R T B AR B R S KSR, MK R 605mm, 43437 13.9C . 1989 AEHKFIER
HEER, RGBSR N : AR S.83 g kg™ & N0.445 g kg™ .2 P9.51 g PO, kg ™",
PR K 78.8 g K,0 kg™' , 13 pH ¥y 8.65, Bk H, T RN E K bk N AP,

1.2 REERIT

RIFESE 7 ANALH, 43514 (1) 4L2AEFE NPK(NPK) | (2) 4b22AE6F NP(NP) | (3) — 3 ARR + — 24k
FERHE (1/20M) | (4) 2FHEAE N(OM) | (5) 42 HEH PK(PK) | (6) th2£AEFE NK(NK) F1(7) X8 ( CK, R
M2) , 4bTH 4 WEE 4 4 MXAHAT, B RHNAHFENHS . AFERFRSE 3 AKE, R/DXHE
B 47.5m®, A/ X DU R A K VR TR AR R 2 LB K JIEF0AR 2 B 855 , K U8 sk AR HE A £ 60cm,
B 10cm, KRB X P 1. 5Sm SEHRPT, RBHTRRLE R DR R, B o BERSS, S A3
B4, EIELUMTR/NERSFF R, INAE B IOBHIE , S5 b R BT . RN LS8 B b, e
KBRS LB AL S R T R 8, A2 IR B2 AR L) B BLIE 2R A BT, — YR ik
WA, A2 EE A B FE IE B UEA o FEAH B9 6 IE BRI I B TR] 53 Sek™e

R RAE EK-L/DERIESR, R EF 0 L KT R 85 R, FEYAE KT R v i3 K L TR
BITE, 4 AT 35 4 Rk H—3L,

1.3 HIEPERRENSESH

T 2002 4E/NEWCRETET, R T E L AT, MERREREHE (0 ~20em) 138 [ LR %, K
F LR, S0E)E , MR M 0T TR, S R 3R 1,

F 2002 4R KBRS T IR 4 N,0 Kb, RN g FA%S B TIREH( Model 2455, Yokogawa, H A7) B
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B E T RE P FEERESE 1B, FRERE AR TEITE L ERESKE, AT AR BE
Ji{, WFPS(soil water-filled pore space) :
% WFPS = [ ([RE&KE x HEAFE) / BARE] x 100
A, BABRE= [ 1 - (1EEFE /2.65) ],2.65 e HEFREE,

®1 TERyEMEEER
Table 1 Physical and chemical properties of the soils

EE AR 2R B P

Trf:int pH Buck De_nsity Organic r_natter Total_N Ava.ila.bl_e P ( NOIS; -}\11 )
(gem™®) (skg™) (gkg™) (mgkg™") e e
oM 8.29ab 1.44a 13.86a 0.924a 10.98a 18.26a
1/720M 8.03a 1.44a 11.51b 0.791b 8.92b 14.66b
NPK 8.38ab 1.53b 9.57c 0.582¢ 7.55¢ 10.27¢
NP 8.39ab 1.53b 9.07¢c 0.551¢ 6.96¢ 12.41¢
NK 8.46b 1.56b 6.34d 0.452d 0.88d 6.78d
PK 8.49b 1.53b 7.47d 0.472d 21. 66e 6.96d
CK 8.55b 1.57b 6.37d 0.396d 0.44d 5.04d

AEIFRBFER % BEELR, TR Different letters indicate significant at 0. 05 level; the same as follows

1.4 FEBRRE R REM A

VEWICIRRT , & /NK £ SR EHMRRE R . AT BURL, B FER FEFF A7, AT M AR 2, T3 s/
TEFFAEYR . LAHERL, 454 M T RER = 8, A AT DR

BRI TFRRER 2R RASREE, AR EENER N 58, EURBFRFRTRIKN N &5E
RHRIFF A 7 2002 4E/NEIRIRE 132 B9 TFHE,

1.5 N0 KIREMMT

RAHSHEABRARRE N0, RAAE(0.3m x 0. 3m) FHTIHEMEE T E X/ /NEHF I/ FTH
W ERAL, YRR Sem, RSIPESRSA BT RAEAE L, JEF/K B E, I 50ml FE5T B MRS A TR IR AL
A, R B 3 W, BE M 20ml KA AR Y 18ml HAHRMN . BHESHERE 4 K, HHERSHERA
KEHER 0.10.20.,30min #E4T,

SHEHISIHT R % H S €3 23 H7 X ( Shimadzu GC-14B) HEAT, K28 ™ Ni B T3 M 25 (ECD) ,
a3k % 80/100 H Porapak Q HFEA:, HEREES SN FEAL B9 4 5125 100 .300C H165C, BREHNE
RIS (95% /S, + 5% F%%) , K 40ml min ™', KRS HBAR Ko N,O R BT 3. Tmin, N,0 FRifk
Sk HARBEF R I B8, AR SRR I SR 0 T B B A SR i v B
1.6 N0 H{ioE 8 BRI mitE

N,O EEIHEARN:

F=pxV/AxAc/At x273/(273 +T)

R, F 7 N,O-N HEMGE R, 3400 (gm h ") 5p FFRERES T N,O-N 855 {4 1.25 kgm *; V RS
FNERE AR () ;4 BRSHBEEN TEEF (0’) ;Ac HSAERE R (pIL™") 54 HEFEERE(h) ;T
M ERZR(C) .

N,0 EFHMEIITEAR Y

M= (Fu +F)/2x(t, -t) x24

R, M K N,0 R, #4724 kg hm h™'N,0-N; F 25 N,O HEMUE R, 847 4 kg hm~a™'N,0-N;/
HRAEWH ;¢ Sy RAEnt ] BB RS KB(d) o
1.7 $uRRZREHH

F b TFI SR T HE + bR, T 2R SPSS14. 0 $kf4, B MK F K 0.05,
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2.1 HEN,OHHE

RIERIHAIE I T N,0 Bk, AE R N0 HI B BE R ERMPERFERFVHHRESZR A
REN T RBERTHERIEN TIR(E2) . EEARERKHN,1/20M 4FE N0 HH B 25 R, B3 577 ¢
hm ™, BHHEEAERESA VR L3RR 2 F A BE . MEEKBIE OM # N,0 i S & &, B3
BAHBERT 1/20M f1 NPK R9HEHE . B OM AIAMER BT, M AERHR N0 I BB —BRAE
K I HE R — 2 BRI

MAEHER R KA ,OM ALY N,O SEHEE B, 155) 973 g hm ™ a™' {HH I4 1/20M Al NPK BE 3, 25
BAZRBBEKT . AHEMRAEGARERN N0 FEHH S BRI, IABRLRN 1/4,

R2 TEEELE N,O HHIHER ERFHSE
Table 2 Amounts and distributions of N, O emissions in growth period

il EREKH NEEKY FEibiE
Treatment Corn growing season( g hm ~2) Wheat growing season (g hm ~2) Annual emission (g hm 2 a~1)
oM 407 +30a 398 +187a 973 £278a
1/20M 577 £159a 237 £23a 867 +194a
NPK 515 £292a 252 +66a 817 +285a
NP 423 +117a 142 +32b 610 +118a
NK 380 +19a 164 £ 16b 595 +23a
PK 61+7b 58 +18¢ 128 +23b
CK 76 £31b 68 +26¢ 153 +19b

2.2 PETENEREEL

7% 3 A FEAEAL 4 EBHR (0 ~20em) N AR EBLIE S, L4 N E BB RS 1A C
B g S8 . HAYUERN T N EER T X ERLHE, AHERRNERSEFMEEN
fER, OMHHE LI N fEEMINR L , 15 1260kgN hm ™  SEHTIEIN 97 kN hm ™2, 5 B4 N 1) 32% ; HiK
9 1/20M, +5E N f5 B 768kg N hm ™ AEIHEHN 59 keN hm ~, (54EjE N B 20% . i FIAL2# RIS +
BN (RN ST RN, TR N (AR R AE RN & S AR B R LA RS, NPK I NP A3 H 25
KRS, + N ZERE 53514 417 kgN hm ™ 1 306 kgN hm >, £ 35 R E 2 51 4 32 kgN hm > 71 24
kgN hm ™, 535 (5 4E MR B RY 11% F18% , NK A0FURY +E N BB AR K, MABEHIK HE NP ER
B, PK RERAREMA B NEYRRELB T 4.83 kgN hm >, py B i 30 T AW IEIE B2
BEARDL

£3 PELENRRAE
Table3 Accumulation of N in plough layer

i) TENRRE FEYRRE M N BBtk
Treatment Residual N in soil( kgN hm~2)  Annual accumulation (kgN hm ~?) Percentage( % )
oM 1260 + 118a 97 +9a 32
1/20M 768 £95b 59 +7b 20
NPK 417 +101¢ 32 +8¢c 11
NP 306 +81¢c 24 £6¢ 8
NK 20 £33d 2 +3d 0.5
PK 105 £ 66d 8 +5d -
CK -11 +£143d -1x11d -

2.3 {EYR N BRI
eI N &, B T /EYI%E N SR TS 0. WOR/E N RIEMEW RN B 20 BE LR E T R 7™ b R
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AN B FEE R SRR , A A INEE H REEH RE RN, SR 0 N0 B4, 3K 4
FIHFEAYCERYI H ) N B ZAPRAFEAT FRIRE, RMAFE NPK g3, i b2 RELBE MR+ N
B SR THEAAVERLE, NPK 1 NP AR+ N B, 5351353 230kgN hm ~*#1 237 kgN hm ~*,
“EAEFABEHWRE 1/20M, 2 212 kgN hm ™, B JES R T OM Ab#EAY 159 kgN hm ™ ; PK 1 NK 4bHE Y
E%ik N B/ T CK,EZMET NPK 43, NK 403, 2% N i HEMGE kS eLls 5, EH P
HRE AR, SRR N BRI, R P XHEY N RIKRIRBERART No

£4 (EHBK N BMIFE EFP NE(kgN hm?a™")
Table 4 Amount of N in the plant, grain and straw

i) fEMEENE ¥hp N & ARSI E N I bk P NE AR N I E 4
Treatment Amount of N in crop  Amount of N in seed Percentage( % ) Amount N in straw Percentage( % )

NPK 230 +3a 168 +1a 64 61 x1la 36
NP 237 +7a 172 £5a 63 64 +2a 37
1/20M 212 +8b 151 +6b 60 60 +7a 40
oM 159 x1¢ 113 t1e¢ 59 46 +1b 41
PK 44 +1d 29 +1d 50 15 +0¢ 50
NK 55x1e 29 +1d 9 27 £0d 91
CK 36 +2f 22 tle 37 14 £1d 63

M 4 WATFE L, FRIMER AL, AR N B8 TR R ILA AL E, #4558 NPK T,
A2 FE R B EATR R N 5T A VUS40 NPK F1 NP A3k N & S5/EYEERY+ N BWE S
WAl 64% 1 63% , —F 2R A BZE (BEBE BT OM F 1/20M ) 59% Fl 60% , 1/20M Ab3H kPR
RENWESSELEERT OM LMK, FoMRIILKFEMAE, Hirkidh N & 5+ N BRWELIHLE
ZRT AR, 0 PK AR AR SR SR8 A HA 50% , T NK AAHEMR, HF 9%,
FEFF N & SRS N B E 4 SR N GlciRY+ N 8198 7 B RE K, 57 R B 4k
B T 5743 BL L UM AR AL B
3 itig
3.1 HEAEXY N,O HEEI

HEARBESRGER N 2 T IEMAE YRR RBEAE R EEAE R N, 0, HeEHKE M PK ALH K
128gN,0-N hm ~*a™' Z OM AbBHE) 973gN,0-N hm a ™ Z ], MHEE 5K H T N,0 RPPELER 0.2 ~
4.0kgN,0-N hm a "' RyFE EHIAF A" BB EMRT T AKX RIGA) 1.77 ~2.82 kgN hm B HEBUKF ) A
4REITCHY 5. 66 kgN,0-N hm ~*a ™' fyHEBUKE"

— RV, TERERESEALR pH B T REXBWEER . BIIEHTFE R BEK TTREGEARER
N,O #ieg, AL P B R A + 7R ZOR A R WU, SR B & BRI 44% ~48% ", HE
KFNZ BB, AR A T R BOGE R BT, T i T R IEEEER , X T N0 MK,

REHAAE R & A 387K 50 R 70% ~90% WEFPS 2 [, Tfij 30% ~70% WFPS Bt , N,O #9724 3k I8 T itk
PR, FEREE N,O SR RN 4 FIE T HE0K AR, 45 RRW, FARA/NE A K BE], + 5K 5
BT 15% ~62% WFPS Z[a], W AT A N % 30K 3 /AR T RO E RREAT , T f2 TR AL /E R R 4R
B, B TR R AR K A R R T RERE R N,O E M B B R— I EE, N0 =ENRERER
B9 25 ~40 T, (RIRMEAR IR AL 2 ) (B R SRR BN . KA K B ERTE 20°C LA
b T/NESARE KX 110d BIREMRT 10C, AEAKKREZ W N,0 ™4 i F 2/ H—mAEM, m
BT EAREKHN N0 # B E R T/ MEE KT, 7E#T KM EHEN, E7F DKM —ENTE
FEPY , B IR SR AL R AR K 3 SR K A, T LA N, O 9724
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A H 4 N 7TLL NH, F1 NO, B R #EA RS, R RS H 59 NH, f1 NO, W] VIR L34, it
Ab, 13 N B 2L NO; ek bl T ohi it A P sk, LRIERE N FES5 N,0 /=4, X
RN N,O BRI, AP R 3Rk L NH IR N 1 Tk R 8%, IR R R B 2
HAER M RN 2% 24 . ST 2004 4 FRKR)G , 78 1% R B /DX ST 0 ~ 100cm + 83 7 +
NO; -N 8 E &R BRE THEIRSE , B ZEALHER KB NO, -N o HIEHHEE B A, 20cm
PAF 42 NO; -N & B#/hF 4. 5Smg kg ™', B NK 43 BISh, 76 NK 43 &4 T NO,; -N B K B Ak
U R, A A pH BHABMRAC L S, LA R TEER(F D . B, ZHX G P MR 8iE
RIS A RMRTE, AR T 248 N,O [MEHS R N &,

% N,O 5b, i MBS TR AR BN RE , ITER N A N & + TR EE (CK 4B PR AR
AR)-FERHEEATRBRBAZ-HTRIEER-N,0 &, HAFSEN N Z2HRTERSS N,0 B ZEHI
OM.1/20M . NPK NP 1 NK 3 AF 3 & 535K 79.64.73 . 74kgN hm *a ™" 1 278kgN hm *a™', X} N,O
FPAERBAE_RKENEEEIE,1/20M 2R/, NK BREK ., HTAREBRREAZSR, X N0 EEH®K
BB NA BT AR, B NK Sb, HARACEER L EIFE &8 £, T NK BREHF KL, BRAE T K, IPCCEER
RE BAEE N, O [RIEHE AT , XHE R R UIRER N 4 N,O HE R SR 1% , T KB RRRBRK N X
B N B fER K A SRR R A AR,

3.2 MREMIFRMEF AR

AR R LA /N Y s A HUBRE B A N T 14 C 45 B MR EE T
TEN R, Fib, EAEVER L EEFE N ERES THRAAFRERN(R3) . BT OM AHAPLERK R A
BT AR SEhRAE &, T 1/20M BRI BLB A B/ T S g PUB e ira =8 inRae e s
ML, H 3% N S BT 0.791 ~0.924g kg™ 2], #HFF HENXHIRYR BAREER
AR, AT HUBR B R M P T, SE TR B LB E a3 MR e R N ok RE
FEfK. TERMEBREMARER T LEOEES , X W AR ZEREFAREENENZ —. HBnkBHL
AR A , fERA M T LA PRI E B M R S K A, 3 F 38 148 N B2, B N,
O W RAEREEE L,

YEPIR N 2 RBLT N IERFAIFER. A PK A%t E, i NPK NP.1/20M,OM F NK £5-4b¥ i) 5 FE F]
AR [N(FEFF + FRL) e -N(FEFF + FRL) 5 173004 533K 62% 64% 56% 38% F1 4% . 345 7% 53 BE N Y
b R R 2R S, RO A AL R R EL A 16 A , T B4 A DLIE B WA XT3 77
AR AL NK AR R, MIEREL L & NP #1 NK #8225 - A ¥4 408, (B3 N A 2
AR, ERX—ERNERRZX TP EHEZ M KENEE, Flt, ZXME,P WERHES N
FIFZ, FIREREAR N, O Rl =4 &

N YA FERM SR ES N F7EH 2R, NPK.NP.OM F1 1/20M %535 4045 7 2548 9 40 3, Hokp L
B N & G EERABOR N B/ 59% DL (3R 4) o FEAMEN AL NLT MAE , JLH P A= = E
HALER FPscrh N S B E D, MRS P RRR .. N ZEER- B P REIR RN 0.5 2467, kit
B EYFRSRIE LN NS 5, HE 2R TRHRTP NE, X845 NERKRP NL,WEER
B RIS XE S N IS MZ 5 B XK TR

F AR EEZENERRBEAMNERFFENRENG 4, 2F -] REELS RN, ZEMRERE
B, NPK AbIE4ERPR = B 5, 4 13069kg hm =% ; Hiyk 4 NP 1 1/20M 4b#, 43 B2 12770 kg hm ~> 1 12845
kg hm ™ ;0M 4h3 HA 10414 kg hm *0, F g, A N B9FRSE302E M2 B 3035 % 1 , A LA 4L 2 FEBHAL 6, B
1/20M Ab3R SRR =,

g bR, ERERICFIFENE - b, B T REAERS, 13 N,0 W EZEHRER, X HHKEm
No AEIFHEAEE LLIRA B N0 #i i 25 (B BEHE W T DX N WA HREMHE L8 N Wi#ER,
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NBABEAINER N 8RR, 6 P IEMSEEIERFRERNE X,
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