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Abstract; Using soil probe techniques, we in situ measured changes of N, O concentration at different soil depths of loess
soil profile in a long term field experiment were measured from 1999 to 2001. The experimental results proved denitrification
in deep layer of loess soil. Meanwhile, N, O concentration in soil profiles had remarkable temporal and spatial variation.
The annual N,O concentration variation changed with the climate condition and management practice. There was higher N,
O concentration in soil profiles in the year when the annual precipitation was higher than normal. N,O peaks often appeared
after the irrigation or rainfall. The average N,O concentration during corn growing season was greater than that during winter
wheat season, mainly due to the higher temperature and rainfall amount in the summer season. The N,O concentration in
the soil profiles were in the order of 60cm ~ 90cm ~150cm > 30cm > 10cm for control treatment, and those in the order
of 60cm > 90cm ~150cm > 30cm > 10cm for N fertilized treatment. The subsoil denitrification was the main N, O source

of subsoil in loess soil. Appling nitrogen fertilizer would definitely increase N,O concentration in soil profiles.
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TR AR F R 3 N,0 FE RPN EE B A g 2

Xof - 30 o R — 3 SOR R )2 N, O SARWRBE 15 28 (b kAT H AR e, B B T T #% N, 0 7£ H 3% rp ™
A B R] LB FE TR AR LA R B R P BB O s TR E A R 2 RS R, AMUE B T
U T fi% 148 N, O FE 5 S AEHLIE , X SR EUE X MR N, O M HERCR NO, Wi BAEEME L.
REBATRERIT R Z S AR ALE R X 3 N0 HE B EEM He4 1k E RS A KT
J2 A AL B RS I R BRI 4 SR A% o ASSCIRAE T 1999 ~ 2001 4E7ERR PG A% ¥ B &% 8 B S R AR
BEk gs W e T 1) R IE R AR RZ K A N,O HE e AL oF s a5 8, DA 0 138N TR AE
PR R RIS B IR R 22K R .
1 Reth Ik A&
1.1 g SR

R X MK 400 m; IR E 13 ~ 15 C ;4E[F/KE 550 ~700 mm, FEEHLET ~9 Ay, 45 2FEREKE
50% VA L., BHIREK A IR . F78 K& 800 ~900 mm , & BE IR IR 2%, B8R E L,
FEHE LI L, AR B ERR VI 5 E < 8 7 AR 2 W I 06 , 10 b 59 b 3a J5 AT
B, RAV/NE EREAE, — MR EEEKHME ERAHIE S, 5 0 ~200 em + &+ 538
PRI T 230 g kg 7150 ~20 em HIEAHIRE S ERZ6.253 gkg™', & K 1.43 g kg™ ,NO,-N 3} 3.97 mg
kg ™', HIEAYFLERBELA 60 ~120 em + 2 A%, pH 8. 24, JRIGHTE] Ky 1999 4F3 A & 2001 4510 A, 33130 4
A AFE 3 BLERA 2 B /NE
1.2 HIEEAE

BEAHEAR (Xt ) FEAE 2 ~4b 3, MEAEH , T 1999 4F/NER FHRTTHI(3 H 6 H) A 240 kg N hm 25
F7H9 HERKWIMA 180 kg N hm ;10 H #1/NE #EFHATHEA 240 kg N hm > FI 90 kg P,05 hm %5
20002001 4 F K /NEREFET AL & SR — A R, IERERERT B S #0E, R A TR BA . B TIESE
T4 A E FE AR X AN [F] 12 A AL R AT ELAs , RIE A KNO, . %Rk KX, TEE , /DX R
7 300m*, REGHAR], 1999 458 A 10 HA8 H 20 HEMM UK, /KB H A 180 mm, 2001 476 FRAV/NE A
K B Y A P T R R BEAT T . N, O MY A0 s R FBEML A , A 3 IR M R AR K E SR
3k (K24 em P42 6 mm SME 8 mm R ZIBIRIAE , SNE—Z Bk B PTFE) U R BRTZHFK 2 m,
FE 1.1 m FIER 1.7 m H3EHIE, AR4E M AR E R R, 25178 10,30,60,90 cm Al 150 em 55 5 MRE
(TEVEMATIR]) BB, o IR B AT — DT RS ERN/MA, A e 2m ARk, AL
BEZ. BMRKRIERIME 0.4 mm FREECE , G EITHIE G| 2R, RmEE— T PEm <l TR
ERMAMER, MM TR L EEE, 52 FES0Bm (ER) 5 (AFZREERESN 1A 1K), H2 ml X
FVETE ST (CODAN APS) Hli BUSARHE i
1.3 SIEFERRE R

SARKRE S 2mL VRS ER L, T EARRE R AR AT . X SRAE BT R S A8 R M T TR,
5 PR ST A TR VR BE 1) N, O ARifESUBCE A [FIBT [E] J5 M N, O ¥ BE I SHRHEE i, 25 R R WAAE AL
FEJG 6 h WHEmIE 2SR ILTP TR ,24 h J5 N,0 ik 20% . a8k FI3E E 7 Varian GC3800 S AHE,
W% K2R R & O Ni B PR A (ECD) , H:F 4 porapak R80/100, -2 N,O li5E % [T Fe & — 4 I8 ( LABH
W7 2 min A{F1 2. 8 min J5 BRI AKIES) R R AR, KTEE K 10 ml min ™' ARAESHILET=9.6
ml L' N,0, 5 /N FEG L= 4 B 328. 2] L™ AR ES AR TR IE , BE AR BEFE 99. 999% MR i AR M
EIEME N,0 MERRBUNT 5%
2 RBERRSH

B 1% L AR L )E N0 AR BHFEEMEN LS, BXMERSSBEAME AR E
PE TR A K,
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1999 ~2001 4F, FRA/NE A ] -3 g P N, 0 WEARRIF L AR 1 ~ K3, R 1 ~R3 AW,
WR/NEARKZFRRFEARA RS, AR LR AL B AN E R N, O ¥ B2 T X AL X B J2
W, BIHEACAL A 1 )27 AR ) N,0 BIGISRTE KA RYISE RPN E2EFT IR DY BE & T X A
XERLAJZ 5 RIS E FRREAE AL EE N, O Y& B2 (728 S 2 B B 0 T HRUARE . | FABFSE P A IR R A S A
FE, BR T RIETREK AR TUREH LR N,0 5b, XHRALE ™4 9 N,0 EZSRIET LRA MG LIEH
PSS AEAR, FIAHAIEACAE AR TXF B ALEE N, O HEicE A3 in 2 L%k NO, A fLrE M
MIZER . ARBEERA RS T 38 M BRI AL E - A 7E , H B3 N, 0 5™ A FHEBCR A
BB ) S () S AR R, AR B3 g i T 3% N, 0 FHERCE

F1 TEEHIENARTELEN,O REMNTL
Table 1 Changes of N,O concentrations in different soil depths in 3 years(pl L™')

1999 (n =23) 2000 (n = 14)
T2
Soil et (o) XL WL XL WL
Control plot Fertilized plot Control plot Fertilized plot
10 439.6 +99.0 (d, C) * 506.1 +162.5 (d, C) 398.9 +62.1 474.3 £82.0
30 504.9 +£102.3 (c, B) 724.6 £332.0 (c, B) 451.8 +83.3 600.9 +89.1
60 649.6 +155.0 (a, A) 1094.6 +557.2 (a, A) 558.9 +39.3 910.0 +£235.5
90 603.0 £177.3 (ab, A) 947.4 £433.1 (ab, A) 529.3 +63.6 777.7 £140.7
150 595.5+143.2 (b, A) 911.1+292.9 (b, A) 496.5 +79.8 654.5 +70.7
2001 ( n =12) 1999 ~2001 (n = 49)
T2
Soil et (o) XL WL XL WL
Control plot Fertilized plot Control plot Fertilized plot
10 447.9 £79.6(c, B) 532.4 +134.2 (¢, C) 430.8 + 86.6 504.1+137.5
30 511.9 £132.8(b, B) 730.8 +420.4 (b, BC) 497.4 £108.0 705.5 £316.0
60 583.1+133.0(a, A) 1032.2 +452.8 (a, A ) 609.3 +132.9 1030.3 +464.3
90 539.1£132.2 (ab, A) 895.9 £241.2 (ab, AB) 567.8 + 146.0 889.8 £336.7
150 532.7 £109.2(b, A) 760.5 £220.2 (b, B) 563.7 £126.1 806.1 £259.1

R2 ERERKFIEHEH N0 HEHL

Table 2 Changes of N, O concentration in soil profiles during different corn growing season (pl L~!)

1999 (n = 16 )

2000 (n = 6)

TERE

Soil depth (cm) X AL 2R

Control plot

JREAEAL B
Fertilized plot

JEAE AL
Fertilized plot

X AL 2R
Control plot

10 469.1 +101.4 (d, C) 547.1+169.1(d, C) 438.8 +61.3 (d, C) 493.20 £90.6 (d, D)
30 541.5+93.9 (¢, B) 783.2 +£368.4 (be, B) 499.1 +86.8 (bec, B) 630.2 +£78.6 (c, C)
60 689.7 +148.1 (a, A) 1152.5 £630.3 (a, A) 570.2 +36.8 (a, A) 957.9 +188.7 (a, A)
90 650.3 +£179.9 (ab, A) 959.2 +437.0 (ab, A) 565.9 +£43.1 (ab, A) 834.0 £142.0 (ab, B)
150 634.5+142.1 (b, A) 892.2 £286.5 (b, B) 541.4 +79.7(b, B) 675.0+£71.7 (b, C)
R 2001 (n =9) 3 BLEA (n = 31)
Soil depth (am) AL HEEAL 2 H AL HENEAL
control plot fertilized plot control plot fertilized plot
10 481.8 +78.9 584.3 +£68.3 469.8 +85.3 (d, D) 549.6 £151.4
30 558.0 +138.4 911.3 +85.3 542.8 +98.3 (c, C) 797.1 £374.6
60 641.4 £151.8 1163.4 £209.8 653.1+133.3 (a, A) 1143.5 £573.5
90 597.5 +98.6 950.9 +216.0 624.0+153.1 (b, AB) 946.8 +354.7
150 594.3 £119.0 809.8 £141.0 610.1+126.8 (b, B) 840.8 £259.2

2.2 AFEHE N0 1AL

BaffiX 4R (K1) R - 7] — LN, O M HE M 32 £ 39 UM I AR IR BE A7 ) A0 AR 7= A B it A9 5%
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Table 3 Changes of N, O concentration in soil profiles during different winter wheat growing season (ul L -1

1999 (n =5) 2000 (n =7)
TRRE
Soil depth (cm) Xof FRAL 2 A AL 2 Xof FRAL 2 JHERE AL B
Control plot Fertilized plot Control plot Fertilized plot
10 406.2 +67.3 422.6 £93.2 370.3 £32.2 445.8 +84.1
30 458.1+79.8 577.3 £167.4 418.6 +58.8 554.9 £97.0
60 637.1£159.1 955.9 +478.5 541.4 £81.7 767.3 £244.3
90 601.2 £232.5 924.2 £407.2 493.2 +66.7 680.8 +140.7
150 583.1+128.5 924.2 +345.8 475.7 £53.7 663.4 +136.4
2001 (n =8) 3RLEA (n = 20)
TR
Soil depth (cm) Xof FRAL 2 A AL 2 Xof FRAL 2 JHERE AL B
Control plot Fertilized plot Control plot Fertilized plot
10 407.0+76.4 (b. B) 427.1+67.8 (c, C) 357.0+93.5 (d, D) 417.8 £121.1 (d, D)
30 480.8 +113.7 (a, A) 566.3 +105.6 (bc, B) 412.5 +121.9 (¢, C) 546.9 +166.0 (c, C)
60 544.1+97.5 (a, A) 882.7 +271.2 (a, A) 522.6 £147.9 (a, A) 827.7 £313.5 (a, A)
90 511.4 +87.4 (a, A) 796.8 £199.9 (ab, AB) 467.4 +120.7 (b, B) 772.9 +330.6 (b, AB)
150 519.2 £109.6 (a, A) 669.1+111.1 (b, B) 479.8 +117.0 (b, B) 727.5 £283.5 (b, B)

* FHSH/NKREFER R P< 0.05 1 P<0.01 [ BEME  the bigger letter and small letter in the parenthesis indicate P <0.01 and P <

0. 05 statistical significance

W, BT 5B IR B b I 1 T, AR, X A B A A B L B T o SR K N, 0 VK
2 (% 10cm 11 30cm 14 2001 4ERHRE40) L) 1999 47 5k , HCO 2 (B 39 FEI 40 51 319.5 ~996.4 pl L
1320.6 ~2467.3 ul L™, 52 T4 UM BXF HLAY S 2000 4F (55 BEME , 3L BRI i B 0 2T 4 312.0
~648.4 1365.3 ~1309.2 I L', BV 2 655 1999 4R 3EA AR, T MEAR b 0 1 85 U s (B4 1309. 2
wl L7, 5 AR TR T 46.94% , IEARHITE N,0 HECHL 5 IR AR K (45 A R AR RE R L,
SR o AR MK R SR I ) K2 S BT 31 2 0, 1999 4R B AE /K A8 Jy 638 mam , K M R 0 (8
H 10 HF18 H20 H) ,#/KEFiX 180 mm, T N,O = E G T IAEREBL S 5 1 2000 4F )4 K &N
380 mm, FEE{EFAH KA BB WA R T (550 ~ 600 mm) , [HTTKAHE FRA Ny0 T A — A~ Bl A
Fo NTH—HEIIARLER , 2001 44K5 T MRK, 3 EAETRA/NE A KA SIEME, + 55 b
N, 0 YREFWSE S5 55 1999 4EBEE , B /2 N, 0 YW1 .85 T 2000 4% X BRI ARALBE /Y N, O FE i 5 g
AN 778.3 pl L7 FI2126.6 pl Lo Uit -LaERI b N,O ViR BE 4 BEAS L Bk F 4R Rk it
REWEBEHIL

2.3 FHALRIEME KB

P AR 2R PSS RV R A B 5 0 e 2 0 5 R T 5 A R 0 3 B E O, AT 07
AR pH B WA K R LR 4R R A KB W)+ B TLBR BT R F T3
PREGHEN . AR , 1 L7 T A0 R 7], B R IR 9 A K 245 - 0 A P A B 3
R,

%253 WA A, [ — 4R PR R FUNE A K0 N, O YR e 5, M 2 38
N0 WP M ERR , it Bnd IS MR B, K K i LI 42 N, O YR BEIIR /AN A K
B 0 KA K TR RS OB kTR, IR R , A KRR, AR R AN, R BRI 4 4
PHE T 0 A K 5 LR RS LT A, Lo AR B IR, R oA
T RAM K HITZ, MK, TTHERS A0 SR P TS 4 5K o 2 T L e ) ALK & A
KA STV PR 2 SR T 2 , BB KA K2 R ] N, O e /N3 A KA, Mahmood ™
RILEHRAE KR LR PR ARV 12 h 5, T/ K T M B e K i ], S 2L 2R 900
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Fig. 1 Changes of N, O concentrations in soil profiles of loess soil and daily air temperature and precipitation variation during experimental period
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A T RE R — A TS R (B R AT R R\ E R R/ NE A K LR N,0 HF
MBS ERIE 1 ~ K3, AR 1~ 3R 3 78, X BRI A 1R N0 ¥ EEHF7EE R, A e
BERHEY), BT E P ERBRETH AT ERABEN, HRBED TENBREBEERRME R, 4
TR E N HIEHEANEIR N0 WAL LA 60em + 2 K5 &, 10em + )2 EAK, XF B HE &4
BRI F o 60cm =~ 90cm ~150cm > 30cm > 10cm, i IE 4L % 60cm > 90cm ~150cm > 30cm >
10em( & 1) , MEAEFIX B[R 12 N,O0 HEAl 22 57 F2ORIE T L HE o NO; EFREMAR X BX 1
N0 FEORIET HIEMH EA AN ESEFHESA, 60cm DI 3 MNERMSA S BRHRIEYR/D
(F# <3 mg kg ™' FEAIRURR A ) s TMGAE AL 2E 13 NO; F% BBUE 40 ~ 100em +/2 AT 60em AT
TIEBABEM N0 4, HEHEHAFLE N,0 M7 FEE T AR LERFERMA. 60 ~120 cm h
HAEMTIEAOMLZ, DIEMANEREESTHELR, LBERMK(< 18%) , FEBIAR MW B RE
B TR RK A ESEXEER, R T ERBET S BB RNRZE BRERENAEIY R, d
Ty AEAGTE SR AL T 8 FE 4 BB TR ; BT HbRE EE Y 1372 AR I N, O A WAE S 1M 5N # . RJE 13 N,0
WIS, R B R FE 2 B TR E L, R F P4 1 2SR SMRE, B B A K REYXT 50K 5
ATHLERRNC, RTTRE IR EBAR . AR Ui 8 1 T3 O Ve 22 R A 7E 60em AR £
B, B UOR)E 13 N,0 i BRGSO ALE A .
3 g

AWFFAUESE T 8 T T3 A AV E A AE , = A 1 N, O HECR & W S f [ 0 2s ) AR fb R . 3R
PR N, O HeBE 32 TSR QREEFIFEK) FA B IEA 0, 76 FKE M 85 T 5 K4E; B T84
EVARKFETERBEAMRERAWAR, EXXAERKFLEHHLSZ O HRERES T NEEKSE H
N, OHEC e & s PRAERE B E FEK G BT ARRE )2 N,0 B2 (L ZEXT B ALy 60cm ~ 90cm ~150cm >
30cm > 10cm, TiXHHEAEALEE ] 60cm > 90cm ~150cm > 30cm > 10cm, 7R EIIE)Z 3% N,0 i FEkE R 1
B RAEAIER . X HIERT A A LR AR R B, A R0k FT KA B BRI 2, XA BRI E 13 il
et BB R BR R RIE ™, Volz' ™ th HEMIAR X ph AR 2R 200690 LA B 40 MU 7% 40 % B A8 WL 71T Bl + 38 NO;
—[A N8, XTCEEHE I TR X LAT 138 NO, Hy A L2k , (R TR JZ 38 R s A/ A b 3 - v 132 N, 0
) S R VR AR B YA

EABTI R 52 A TR AR PR N, 0 FHERC '™, 39008 B A+ 39k A i + 3 b i 2 5%
it R 3 N0 P i EE AT, BAMEFAZESE I T 48 N,0 i . 1% N,0 Hej
HAbS R B shA X, (Bt AR H R E N B R AR R ASIHE N,0 WREE i ki sh, mi
A fE 5 B BOLA RS ERIR R AWK A P ALA X . 1IN0 WEKZT A5 5T
WASEs B SR TS HE  HIRMUE MPE T AR R kY X RS N, 0 Bk B A BRI 4R
A5, B[S S R BT 3K 100 ~350% 2 BEHH R AF LT FEIZE O ~ 155gN h =2 d ' 2 [ | (A exd— 4~ +: 4 N, 0
HERk i S AL R I E U E =

REFAFEMSIEDETHENLER N0 WEFERIFENRER, (Bl TWEDFENERE
5, FUERSEEYERBRINEFA RS, RHEFERFER . H—, 15 N0 W= EMEREaS 7L
WA SR A REMENS S T X MR, R EENE RO R AR MR HK, xsdiEg
A TR — i 13RS X R B ) H = A R R A R 0 3T Rk L IR B \NO; R A
W RAE R, T AR B — 1 B SRy B 22 5, TR 5 2 32 0 [R] ¥~ 349 e ) 2 b 2 e ik £ 0k
PR R, IR B AP AR — PR — b X R R 1] R B Eh A AR, B AR LA b 05 R e 4 R
AR EHE BT 1 X 1B L
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