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ARBAABRMLIEH, RBAEITTVRLRERBESNTERRT LR AL
FEPRARRRE NOT-N L BUR R K 130cm HAMKBERE, BHAFLEREN, &£
FNEMEEROEEFNNTURRBAXFRA NOT-N R R, HBRERRRE
REMNTEAEE M, TRE, BE. RESAEHAELMLEZAEERERSABE,
RN E RN AR R ERRENEPRRERN. "NRCRREREH, EFNEE T
WEER NOT-N #AR RN B, AN EETRARNERNRLH L BEASGRRE
BAWEATBEOMIEH AP NOT-N it 130cm + A BRELERFERE N, # X
BESRAVMRNBRRERXEE REKT NOT-N SEAERRENLERASBEIKA K 2
2 FRHERR 10mgNOT-N/L gofR &> R & R K 33mg NOT-N/L, X ARPM TRE
BRSBTS R, HRKERENSERE,
KEIA  NOT-N EABUR k%, WRMT> "N, B

B3+ Hrh R R A NOT-N fi b b TP ERE, — B RRE LS, i
NO7-N RAEMRR, KE&ATHTEEREFRRBRANE R, AN, HEhEMESRE
FORZEEREARK, B, ERXRBERTLS ZEY, Hit, RA "N B REAR
¥ (B 5 R E AW R B EREEY, AN RS FEERETEES T o
K EME WA KB LFRE R, NOy-N ERBEFRRRATES LM ESRE, X—FH @
RRTEHRERA, Z—HHEEENRE RN BT AKERFRY™Y REEXT
HETIEF AT 80 FRH1, ERE—BEBERY, 80 FUK, 90 FRMMA T KEK
T HOHREY " oA SO RS Je s RUNE - B VR, ¥ LR B R RW NO7-N #
R BUK NOT-N #gth 130cm AR ETHITRER,

—. MR T Ik

(= REHA
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HBRKK,

R 1992 423 A% 1992 4810 B, X PIAREFRREY 393.3mm, EEHEGFT 6 ATHEA 7 A
THARS By, HEBE 1188.2om, HEEEWNEER 5.6.7 =4 B, EEXERITH
210mm, 3BT 4 A 23,5 A15,5 A 23,6 4 BT,

(Z) SRR

REH8 4,484 TER AL LB DOMRFRE FEREaBKL (Fluventic Usto.
chrepts), FMABME, HBMAHRILE 1L,

(B ARFERRILK

RENELE NEH. FR AR
B (1) AXE: ARER;

(2) BER . U PK (45 75kgP/he, FALE 45kgK/ha, LITREDS

(3) RERE: EHEKEK 75kgN/ha + P K;

(4) REREK: §ERE 150kgN/ha + P K;

(s) BERRK: SERK 225kgN/ba + P K;

(6) BEME: SHERME 150kgN/ba + P K,

(7) HEWE%: WEHHK 150kgN/ha + P K,

AR BRI —kEER, EEBR. ARSI —EHE.£5,

FNEPARERANMFEHEBLAEERNEE A NERIERE N AFN-REEEY
15.83%, "N-REEEFEE X 10.34%, HOBIRICHEE,, FERE, BORE N B E BRI/ CLRBEIER
X558,

#Fla FARI[/EFRMEHER

Table 1a The agrochemical properties of the experimen:al roils

2 &8 2 ERE | WK | A E | R
BE Availa-| Availa-| Availa-| Slowa-| ¥R CaCo C.E.C
Depth | Totel | Total | Towal |y | p1e | bie {vailable| 0. M. “lemol | pH
(emy | N P K N P K K | ca/ke) | E58 ke
(e/ke) | (e/k8) | (&/%8) | 1mg/kg)|(mg/kp|(me/kg)(me/ k)
0-—27 0.691 1.62 17.0 49.1 5.2 52.0 329 11.37 34.6 13.84 8.65
27—55 0.567 1.39 17.3 37.6 2.9 62.2 294 10.77 39.4 19.32 8.88
55—80 0.691 1.37 17.4 38.3 2.6 63.5 224 14.27 23.5 23.17 9.06
80— 0.277 1.11 19.0 24.2 3.4 61.2 270 4.30 6.8 21.08 8.80

¥ 1b RS BERPRR RN HITHER

Table 1b Some physical properties of the experimental soil in the lysimeters

® E 5 = BILEREE TETLBREE mMmF K E

Depth Bulk density | Total porosity | Capillary porosity Saturated hydraulic conductivity
(em) (10°kg/m*) (%) (%> (mm/hour)

0—20 1.32 50.2 42.4 41.2

20—40 1.41 46.8 38.8 21.4

40— 1.40 47.2 39.8 43.1

199243 A6 HE 199246 B 22 BREHR/NE, 6 B25BE 9 H28 HFHEEENH, firA
BEER—BAEER,
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() mERESH

+&5ER 0—20cm 43RS, M A B AT BRI RIAIRR U6 R K. Bl MREE BRAN thE
BB, KB MK A A Tl BEGRLRRAHT » IR R B W A2 R R S E T Uk IR AP

Free TR 0.03mol/L Ca(OAc), MBI NOT-N (1:2 1Ktk), f 2mol/L KC 7 % & 12
NH{-N, @K EEST NHI-N (28, MREREL AN T NOG-N &8,

HER PN RIS R B+ R BRI 2mol /L KCL IR ERE(1:5 £KH), BERLMEE 18
BIZr B NHI-N #8545y, REMEBE Zo-FeSO, Br(1:5)MEREN"Y, AR MABIE NOT-N #4535 4
BB B BT RS BREENBETRRASRIK, RATHRERABRRE "LUHEREI T
BIZ R,

KEEREREETT "N R E &,

R i R P E R A B R T R TN

SUERS MR

(=) ®BLHPFERM NO;-N BRARR

KRABSHT THRE LD NHI-N, NO;-N &ENEN, U RAMBIAERAET
NOy-N F23& T rIE (LR RR Blo

1. NOy-N & + AR AN KBS

MG AERE, RENEERE—IEITREER, HR#TOITOERTUR
BRAHIR S B T EVRIRIE T, 2 SR THRE2EEFEHDITRE RN T 25K
ER R SEENEN LR RS BELBRNER,

mEA R, LR NH-N G2 NO;-N, H&BHENHNENSERITERR B
FAKE, HHERREAENDE, R NHI-N THE/NZHR.15 {1 4.21) EEKAE
(6.29 M1 7.6)4r BUH BLT Wk B Rk, 7 NOy-N W FHF/NFZHRBA—K(4.21), EE
A HAE BB R (7.6 R 7.27)B1 R I NO;-N M EBEN AT ERE X ZREEN
R, (L2 NHY-N (B FH AR ML B T8 —) NH-N HREHEHES
FICHTS A NHY-N (0 E#EMH R, ERYREAHANG R, ERKMRZHUS
It NO;-N iy PR iR R, R4 IR — KBRS IR TR P NOT-N [AT#
ZEMMISE NOS-N (UER “Thh”, mitEREE NN RRAENERTETFR R A
NOy-N R T8 i gh iR,

ERTRRB, MOV AERH(4.21 BHEAEPLTER, 7.27 BERERAT=H
DB ED A DM B A RAR LT REHEM NH-N [ NO7-N LR R,

MFE P B HENEL AT DA S, EFORMIR NOT-N BBk RE (7 A6 H,
7 R 27 B)EMBHWE"T NH-N (PR AEEG A298, 7 A6 H), mENE
] NO7-N pyst—— WA RERTFUAR (3 A5 B4 A 21 H) W@ET NHI-N
R R (3 A 15 B, 4 A 21 B), B, EEABA NOT-N AR R RIEH S
HNEREORREES, m NH-N QUL X—J7im Bt T NH-N @ NO;-N iy

1) th R BB L BURTBRIE AR R T o
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#2 L e—20cmch NH{-N T} NCG7-N S REF{BHEHEH

Table 2 The variations of NH}-N and NO;-N contents in 0—20 cm soil

during the experiment period

&3 Hia) . - 3 1)
During growth of spring-wheat During growth of summer-corn
HESER
The results of variance analysis
ERKE FERKBES 25 5K FERRSEYE
Source of F value and its significance Source of F value and its significance
variation NH{-N NO;-N variation NH}-N NO;-N
N | 25.81%* 73.49%* B [ 42.81%* 103.50%*
i B 2.73% 41.32%= % m 4.03%* 57.80%*
Ka X &2 1.53 6.90%* Al X 4 4.00%* 7.49%%
H 8 1.96% 0.93 7 = 1.18 1.67%
BESELRER
The results of muliiple comparison
W M| NH{-N(mg/kg) | NO7-N(mg/kgd | ™ ™ | NH{-N(mg/kg) | NO;-N(mg/kg)
Time Time
(& F- ) Average value Average value F(fﬁ CA-B) Average value Average value
1992.3.05 9.2 ¢d CD 1992.6.29 23.1 a A 48.0 ¢ B
3.15 39.7 a A 27.7 bec BCD 7.02 19.5 a ABC 63.6 bc B
3.24 2.6 b b \ 34.8 b BC 7.06 26.5 a A 77.1 b AB
4.06 5.7 b B 46.5 b AB 7.16 20,9 a AB 51.6 bc B
4.21 22.3 ab AB 68.9 a A 7.27 6.9 b CD 105.8 a A
5.2%1 5.2 b B 10.2 ¢d CD 8.10 3.9 b D 2.1 d C
6.23 10.7 b B 6.6 4 D 8.24 7.6 b BCD 2.5 4 C
9.08 6.5 d C
9.28 6.1 d C
LSD, 4 20.8 19.9 LSD, ,s 10.3 27.6
LSD, ,, 27.5 26.3 LSD, 13.6 36.5
E BE 4K,

#HAER, F—HEUXHAEERME NO7-N B4R RERACER LR AERE
Ee &N ZHARE A,

2. BREHE RS & L NO;-N R BRMAIK AR

1 RE 2 BRTARKHR BB NH-N, NO7-N FBT/ES, HIiRRT
FR B TR B 2 BT 2 BT AR N EEB(L.S.D.), DSFTLE
ZRINERBEFERER, BB Z MR EER NOJ-N SR FEEAR—E, Hig
BRE—BHT,

(D) ARARFREHBLCEZMGES: ME la fTRURH NHI-N RAEBEKRR &
B B3 e, A, ARERRZ N ERRE LS.D. KiiAE#E,

FREH, NO7-N TR RIEE thbER K i BRI mMm(AE 2a), B4 L.S.D.
R, BRBERRLENEHEFEEFIREERTRERZLCENERE, HEGRREALH
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Fig. 2a The changes of NO;-N content in 0—20cm soil applied at different retes of urea

EEEXRAPRZHARIAUBENGERR. HELBNETRESKEZH, HE
FEEHEBAE,

ER, BER NO7-N A%k 3R R EBERE R R i F B AN TR o

(2) BmE REMELCEZANESR: B 1b M@ 2b B RESEMLEERNEM
FRAMANRIARA B, BB, NHY-N URR(APARESBRNVEERER
WAL ETRE, FELRNERBEV=ZZLMNERAEZE(FERELEETK
HEAE— KRR RAERBERTHREE, XHIFOEASIE, R NH/ -N BEEHRRN
ZE)

NO;-N W RH/NEWARME>RE>HE, HPHELENRRETERT
Hagm, XREAZAT NOJ-N H—H5REERRNKE, EIAMN N & &
H>RE>HE, HERLAENBRE R/ NEMRMAR, XRS5 NOT-N mTHitk%
BXROLBAEE R ARG ENE RN RAERE EFe TRALE, N2 HE T
BT NHi-N (R HEBRERNB(S LA 1b), RER, KREAT=fEELEBEZHNER
AEEo

R, S AL ER T A BN, ENRAREREEZRF AR,

3. T MEHMEH ERERRA NOT-N BB RN

LR AR ENNFESER, EEREN M A SRR TR R, RMAYN R

0
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B 2b RRAZERFMLEN L E 0—20cm f NOT-N SEIE/L
Fig. 2b The changes of NO7-N content in 0--20cm soil applied with different
with N fertilizer

F3 LM o—20em pRERTENHELAY

Table 3 The changes of fertilizer-N in 0—20cm soil

B RI(E. B.B)
= % & Sampling fime
F
Treatment orm 1992.3.15|1992.3.24 [1992.4.06 | 1992.4.211992.5.21 | 1992.6.23
Ndif 24.5 1.10 2.76 8.78 0.11 0.12
NH:‘—N (mg/kg)
Ndffop 42.1 64.3 51.2 27.1 2.20 1.30
FERERE
Ndf 9.58 4.64 17.5 38.5 5.18 1.08
NO7;-N (mg/kg)
Ndffg, | 22.8 10.3 27.4 45.8 34.8 12.5
N‘}ff 10.2 1.60 1.25 10.8 0.10 0.19
NH-N (mg/kg)
Ndffo 28.2 37.2 33.8 36.0 1.70 1.80
HEMNE
N‘}f‘f 26.9 21.0 18.0 65.3 3.53 0.43
NO7-N (mg/kg)
Ndffop 43.9 43.5 25.3 42.8 30.4 3.90

¥ Ndff(mg/kg)—+RAHETEHAROASE; NAfoo— L HHHETEHARNETN %,
ER AR T LU Z AR RO AR AT 2
Wk 3 FioR, BB RR R BT R W% TE, /32 18 13k NHY-Ndf 71 NOj-
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N aff BT/l R—BH0, 0 FR-F&-RATH; AN ESH HEh RENEL
g R — B, TGS e IS5 5 4 M b BRAY S (LSRR (B ATE o

BT M IR L R A e, #oX i R NHE-Ndff 1 NO;-Ndff B
M EESMRENER, MESEENEAED NH-NIFE OFSEXE T NH;-
Ndff BOXF ST MRS SN E B, NOT-NAff s /& & A & NHI-N [
NO;-N WA B FHEALBMNMERRENWE R, BHNARTWHLEEDXER K
RoE R R AR

EEEENE, B EERI 4 NH-Ndi % FI NO;-Ndff % (s {riash 5
MR & BB N B)R—B, HFHL SN2 M b ARR—5, MM EENN:
B-TH-RATH; MEZUNHRNY: FTo-AE-THR-RATH, REATEEEAE
HIRTER I LR —B, LR, ¥ +8irh NH-N @Er2M I, 5 NHf-Ndff %
i B—5E NO;-Ndff % [ER MBI KR TR, KRR it it NHI-Nf
NO;-N WS e RA e X B R 1A 5 55 B, BA LA S E RS A EER, B
PARE 438 Ak ch AL NH-N (5 THRICIERHEE S £ "N “B8" 38, MR
Hixf NO7-N kN & "N fORBEER, DUGRE I E L% (v /e F # %8, NH;-
Ndff% WE THMMERHS NOT-Ndff% MFAE T, BN THE R tE K BERILE
%0

ANUES, REABMR GG BN S BB EA FR—BW, R, EEDES NH; -
Ndff% ERELABPWERNELCETNEES, LT NEE hikAk; NOT-Nd% N
Mo fEAESE RN, LR REN,NOT-NAff & NO;-Ndif% RELEITH RS Zib
EHNE, XEWRTREGCENE LS NHI-N [ NO;-N st IR BRI & ik
e

(=) RBME NO;-N my#risiRR

F4.% 5 FIHTARRBH NO;-N #EEi 130cm MR, dTiRfERmm —
SERRUE , S5 B AT R AR RN,

1. NOj-N # ¥k BIE AL

M 4 TRLEH, MEREEERAET 7.8 %A, L7 A%X—8 A LANE, BES
&P, hARSAPMNE AL EHELEE, X5EEREE K8,

F 4 OBIB R B R, TE3 A BRI RS FALBR (O 2 2 8 T AR 522, [ R 78 T TR e
Wt R RIS, R ER e R AT A M E B R oK, AR O A B K Bix %, Xk
—BA R R, N AR RA S 15 & M ek, k%A R (leaching volume)
Ko (B RRHE MRAIREIES RS AR, KFKS HENERAREE T ek ki
% RN & kh NOT-N & BEEIE,

BN, AL RS BRI, 2/ 300 HOAR 0 U B T K 10117 46 S 2 O BOR Jco
TH2SHZ8 A 10 B, RELTEN NO;-NAHEB KA 6% 7ok, WA 1%;
8 H11HZES H 25 HNXET 7% £ 4.

2. REEHRGRY NOT-N &8RM

TEM BB R AN, MBS NO;-N WeEBTHEBK (7 B 4 BE
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4 RBMEI(1992.3.—1992.10.) NOF-N py#ikiR kb
Table 4 The kinetics of NO7-N leaching loss during the experiment period (1992.3.—1992. 10.)

& NO7-N #Eg(H.-H) ESRmRrEXE
NO37-N leaching loss (mg/lysimeter) r(related to
Treatment | 02 | 7.03—7.10 | 7.11—7.24 | 7.25—8.10 | 8.11—8.25 precipitation)
BP0 49.1a 50.1a 10.6a 317.8¢ 2.7a 0.7983%
RS E(PK)|  50.8a 40.6ab 11.2a 514.5bc 22.2a 0.8049%
KERE 19.8ab 2.8b 0a 534.6bc 5.1a 0.8089%
HERE ob ob 0a 1023.4a 16.1a 0.7595%
BERE 0.5b 12.8ab 2.8a 955.9ab 21.8s 0.7850%
Rk 2.8b ob 3.1a 776.3ab 20.2a 0.7917%
RS 12.1b 34.0ab 11.8a €89.4abc| 13.0a 0.7796*
LSD,_,s 34.3 41.9 16.8 456.7 27.0
LSD, 47.1 57.5 25.1 626.3 37.0
31
e ERRE
301 o-tmn HERE
254 xm-de~ox B R
3 o-—o--o % BBtk
g e
= 2 —— EERE
g’ 154 »—x—> O FER
z e TEMHE
10-
5-
[ v T y T T T T
20/6 72/7 07 241, 10/ 2584 10
B 1
Date

A3 130cm ;{AREMBE KIS NO-N SEENES
Fig. 3 The changes of NO7-N content of leacheate at the botton of 130cm soil body

), MAERAEAER EAEHE 3D, EREHA,RRERRXLE NOJ-N 5E&
b, H AL Z N2 BIAR I M e R B B R SR NOT-N S BRFAN: SRRE>H
BRAS>HEBHE>FEREZ>RKERR>E K.

EREENE, HIEGEXES N BEMKSER KPR NOT-N SEE IR A/KIEE
b 10mgNOT-N/L FIFREL, KE 4 15—33mgN/L (Wb AERHE). XEWRE N H
RAERAE T BIIATE R AR AR T Ko

3. g R KSR NOT-N pOM ek B2kt

BTENEBRIRR ERER L, TUR S BERLR EREE R BEMRER
RER, GREN, THASERMKSEL 130cm REDSMIKL RS 400—600mgN,
R0 2—3kgN/ha, Ji/R X 75kgN/ha BIMPEIR i8R B
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%*s RRMEINIBEEP NOT-N HEmAER
Table 5 The total leaching loss of NO7-N in the lysimeters
during the experiment period
g AEpR £ EH/MEX100% ZE/EHREEX100%
Total leaching loss Difference/total Difference/fertilizer N
Treatment (mgN/lysimeter) Difference leaching loss X100y %X 100%
sEME (0 430.3 0 - _
ERX B (PK) 639.3 209.0 - _
BREE 562.3 132.0 23.5 0.9
BERE 1039.5 609.2 58.6 2.0
BRERX 993.8 563.5 56.7 1.2
Rk 802.4 372.1 46.4 1.2
R 760.3 330.0 43.4 1.1

HWINEREEARMAT NOT-N MMk B &, MR 150kgN/ha R R K 225
kgN/ha # K BIEILE— %, BlXF|&EMLY) 800—1000mgN, 5T 4—5kgN/ha, XE
BRE AT R HIBEN O BRI AR A L —RE R,

ZEEGEHORMER LKLY 1-2%, XEWA, EARR - BEBNLEHRS
RARU T, ERHEABBEREB D,

FEAL X [ + R 38 R rh BEAT RO W0 3 A7 DR R A

LERBEETERLR, EFNEREKREETHTUNZE R L8k h NH-N [°
NO7-N p¥AR R, FEEERMRRENEHEELERRIL

2 BRGSO AILIR I, NO;-N 7ER - iy (LB RHAIR R e B a0 jin i 14
Mo B2, BT RELCEEETKBIAR NHI-N HERRKMFBR G — R AR
B NO;-N #{4RRZH, RE MR WEEZZFZHHN NO;-N R RBEEERAR
B,

3. PNRCRBSEREA,EREMA NOy-N AR ROLBPRARM AL T ER &
RERABRE, B TR S BROR A ER R T GRS, 55 AR R R F (0= i
BT,

4. NO7-N jZeth 130cm £ FBERETHEREY, KA S5 HERT R28 T
KPFHE NOT-N Ak BZDNEMPRMETENS D, RPN EERE NO;-N
HEOBR KM EKDH NOT-N B, 3 B4E 28E, fil AR IENGENE EI-
B EEELE RS @ISR K B AERERD 10mgN/L #55R, = w8 33mgN/L,
XIR AR T K E R 5 B,

5. ENMAERFT NOT-N BURKBE, BT LA S B)KLH 2—3kgN/ ha,
MER K 75kgN/bha AU IL EL, ifuME [50kgN/ha §1 225kgN/ha JR ZFEHINIKL 4 4—
5kgN/hao bZEZBERICERITRE KLY EREN 17 %,



398 + m = it ] 32 %

N

[- I B - NV B V]

10.

i1.

12.

EEEAENRES SRR ERKLHN 1-2%,
g2 % x W

- RIEKR,1979; +MPRAROKACNBHINOMRAR. TWFEHAREF L, 1-16W,
- FELHFS IRV AFEVERAS I MEMNEHAEELEALE,1986: RETMREFRRELTANR

RERZE. BFHKE.

- F. J.RFEXHLTHE1989: R HHAHIRRARER), BHFEHRT.
- RARSIBEXR1992: PEIHMEAR. THHFERRHKL.
- RBE-KREES,199: AH—ENRRETRANERMAL. FRREAFER,1403): 6872,

Wl X 1992 5 T B B R I X MR SR ARM RN E LT, MM EFR,12(4):497—501,
R BRE,1993: REERTHNBRREREME. RLKREF 12(6): 250—253,

R. D. 3%, 1992: MMEL KN, LMSTHE (A L. BEFE.RNALRFE), H=+ARF, 521522
T, HHERYHEEHERME.

Kazuo Shibano, Yoshikazu Ohno. 1988: Estimatior of nitrate leaching in vegetable fields in relation
to precipitation. Japanese Agricultural Research Quarterly, 22(3):189—194.

M. Nkrumah, et al., 1989; Lysimeter and field studied on "N in a tropical soil. IL. Transforma-
tion of (NH,),CO-"N in a tropical loam in lysimiter and field plots. Plant and Soil, 114:13—18.
J. G. MacDonald, D. R. Nielsen, 1978: Nitrogen in the environment. Vol. 1. N behavior in field
soil. Academic Press.

T. M. Addiscott, et al., 1991: Farming, fertilizers and the nitrate problem, C. A. B. International,
UK.



4 0 HHP%: KFEHRBLRES NOT-N LR R R MRk 399

NO;-N TRANSFORMATION ACCUMULATION AND
LEACHING LOSS IN SURFACE LAYER OF
CHAO-SOIL IN BELJING

Yuan Fengming, Chen Ziming, Yao Zaohua, Zhou Chunsheng,

Fu Gaoming, Song Yonglin and Li Xiaoping,
(Soils end Fersilizers Instisuse, CAAS, Beijing 100081)

Summary

In lysimeters, the transformation and accumulation of NOj-N in surface layer
and its leaching loss out of 130cm solum column in chao soil in Beijing were studied
by the routine analysis methods in combination with isotopic technique. The results
showed that N transformation to NOj;-N could be observed during the earlier
growth stage. The significant differences existed among the treatments applied at 3
rates of urea but could not be found among the those with 3 kinds of N fertilizers.
And the transformation to NO;-N was less strong during spring wheat growth
period than during summer corn growth period. Meanwhile immobilization and
uncounted loss of fertilizer N could occur.

NO;-N could be leached out of 130cm soil body during rainy season with
more than 10mg NO;-N/L in the fertilized lysimeters where the mean NO;-N
content might be up to 33 mg/L. And NO;-N leaching loss was significantly corre-
lated to the precipitation. However, the total leaching loss rate of fertilizer N was
aot high,

Key words NO;-N, Transfocrmation and accumulation, Leaching loss, Reu-
time analysis, YN, Lysimeter



