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MR R EREKWE, RAZHRMH - R AR T EHR TR L FE (15~ 60cm)
TR AR, B LE LR T ERE, RREREY, A ERE,
EWMARRA. BELRBRNIMNE, KHCEEEL TR, BT EZ (15~ 30cm) K
HEDRFETRENE, ALY TREN 10.7% ~33.5%; TR+ (15~ 60cm) B &R IR
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BAKHM AR TE LA BATERNNE, EHEEI ARSI HEMARAER
B, R AT R L A R IER , B E SR HSE.
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Table 1 Physico-chemical‘properties of experiment soil

Y LR Physical property b2 R Chemical property
=34 o AHE =3/ 4 1 BILR 2K WAEE
Layer Texture Bulk density (cm) ( }I; 0) oM Total N Alk.-hydro. N
(cm) (g/cm?®) Layer 2 (%) (%) (mg/kg)
0~20 Wt 1.32 0~20 8.25 2.67 0.143 93.0
20~30 b 1.46 20~40 8.17 1.58 0.079 46.5
30~65 i3 o 1.50 40~60 8.10 0.96 0.039 39.9

KEH#T. ZRREMRT, LEKRSSHERH 194mm, 4 F 5 EETR 43%.

B 3 MK, SRR B (N ke/hm?) 435128 0(NO) . 120(N1).360(N2), 1999 4E 6 A 21 H
BB TR, P BB 65000 #k/ hrm? o FIEH 1/2 ZE =M ME , 1/2 7605938 M, B AR o7
ZHBHA . NXER 3K, HEEEN:6H 29 B 40mm,7 A 5 B =I5, 2 IR 5B
MR RBEBA 0~10cm 12,7 A 29 HEH 60mm. +HP1HEIE 8 A 5 B FRA#E.,

HBT 7 A 30 B (ZH#:8ESE 25 X)ER AR BN X 4 4 B (0~15em. 15~ 30cm. 30 ~ 45cm.,
45~60cm) B EAE TSR, W R A B E, ANME T WA SR ENE SR, I THE—SPRE
WTRLREMAMERE, T 8 A 22 B (HHHEBIEE 17 X)ZER 3 MEEK /MR EE + (0~ 15em)
BRI, 7 N2 /MR 4> 4 2 (0~ 15em. 15 ~ 30em. 30 ~ 45cm. 45 ~ 60cm) B+ AE #4745 56, &G4 0~
15cm & 45~60cm + =+ HIM BN T4 BIAL B . 1) CK;2) + 10mL H,0;3) + 5mL H,O+ SmL 2% 2548 ;
4) +10mL 2% A5 .

1.2 WEH*

TR ERAZRMH - FREAERSRE . 28 Ryden™ Hik, HER(AR) KN 4em K 17em
EEWHRK PVC HEHA L H 15em BER . S MAR/DK IR 34, RABH NS RES,
HIFBEBUN 2400mL, AEEABHN TR ZRSKBEREFABTHNSS, GRFZRSEEBRLET
10% . HESRMA7E RIS E BUCISIF M+ orh B L4 55 24 /NS, T SOmL X5 B8 i s e | 1
RERERASETHRES, RERSEY 2mL A TTHEZS SRR, H 704 BRE O, WSEEER
LRE FSHEEMMNT NOSER, FIHHERBILER,

2 HBRE5H%H

2.1 FEIERMUIEARLER 80 ¢
FR=mBAEE (7 A 30 BH)AFKE
JEALERE] LKA S BEER , HARLE
EIESKBEZRER(E 1), TERH
EXBEENME, LSALR A& KE (WF- fg [
PS)BEFH, K 58.0% ~71.4% Z 8], & o 1 . - —
F R BT 710 WEPS It 5795 B a9 1% 0715 15730 30-45  45-60
|;a[1o,11]o S:Lril' :icm)l
o1 epth
TEIEF RSB N 33.0C, /K
FERAKEE N 28.0C . B ERE N 34.3C, 1 FRRXLWAMEKE
i 10cm WK 26.3C ., LBEHAEL Fig. 1 WFPS in different soil depth
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RO SR A RPEMAL R 250 BE #2080 B It , et 78 SR R R W el o
BHZRKBMN(FR2), WERRAM B N, X 7T B8R B KM S5 % 4 B el g (< 25
RYER B RO LR IEER, TR NESESBNEEL FRETF 5
BHREH B EAEE . TEMSESRAOLNZ IS Bt (% 2), Hho~
60cm /2, N2 AL BERHS R RBE BE R T NONI1 LLH; i NO & N1 43 b FEY®
BRI E RS A A RN, EEARE, N1 AHERE T NO AH, Rt REEHR,
WAL/ #Y 25 Kt EARABRNEUNSENIESH T ERBERRER (£ 2),N1.N2
4EFREY 45~60cm LEERBRTRRKBHMAER . WNENHERE, K 0~60cm &2+
B —E BHSER TR RLIE R, B BR N2 BN BRER K,

F2 TEBRRESA HERSREEHLA%KHAR
Table 2 The NH; -N, NOj -N contents in different soil depth and N losses by denitrification

mH NO N1 N2

Item AN NN DN AN NN DN AN NN DN
0~15 0.31 4.01 79.07 0.10 5.21 293.56  10.09 10.21  471.29
15~30 0.45 5.03 23.11 3.32 3.31 29.56 0.36 6.05 157.91
30~45 0.40 2.19 14.55 0.49 8.22 8.72 0.19 18.91 16.01

A5 — 60 .07 1.52 2.61 Q.96 S.14 3.85 0.38 45 45 11 57

TR 2 AT TATI SIB DY TAERL ST LTS ST W MK SRS, DD« reaes < hean © KT S TS TR ARG AT T (%) DAL . o A T - e

Note: AN.NN means NH; -N.NOj -N content, unit: mg/kg; DN means N losses by denitirificatlon unit; g/( l'xm2 d),

same as follows.

HEX=MHLAEE 25 X ERMUERABERBERER(R2), ERELETL
B B#E 2, ARMEAE MR K AR EARERB A EE ., RIANBERRE, LKL
BRK, BEETEERGINE, REABEER T, BATERZE L% (15~30cm) RHL
ERS TRENE, AN TEERK 10.7% ~33. 5% ; DI HEE + 358 (45~ 60cm) Bf R
HEBEME N 2.61~11.57 g/(hm?.d), BEZELBEENASTE KSPREEFEHRDIHT,
R R R RBE T AR AR . IR L EN HERE(0~15m) 5
TR (15~60cm) i 435 18 R LR SR, IBA TR LB BRI BRAMYE TRE
T 14% ~51%, BLFTRL R B EKHREARA RN, UFBRELEEAR
B,
2.2 EETELHREHLERHER

RTH—BHMREEHTELERMNEER, 728 A 22 B(EEXTHHEER 17
FHE_RRAFGE TN E KRR, F8 R T MR, RS RNSER
WA FHEEE 24.3C , HP BB SR 29.6C, B RS IE 20.0C, M 10cm LiE K 23.4C,
HERBAER T 5 ERREARERGRMEEEAES. NEELHRE, KR E
B FREHNEME, T E 5K hRE, AR AE R, EARRERCERREL
BRI R BENMEE(K3). X5ZEZLEMSASTEEART
MMRR o

ARRBE N2 A EAR R R EF R AR (R )RR, &2 HEESAS
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BRE, SR FEYRE WL TE 'R
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HREFW (RS, AEZRBAG T, RZEL
(0~ 15cm) BAhKIE , 5t AL EA R
HER, T T 2 188 (45 ~ 60cm) K JE K
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H—E R BRI K B S MBREE N
BORMLL N ERG L, HBHKPHAER
HEPBRHEERANEERT, MABRKE
CrEEHB XM EZERLETRTEL
BOHERHER A BB R I, RER
TRLEMEmMYEEENHE, BN E
REUKE, EEEKRAET RS, &I
BIBERT AR LA TR , TSR 388 HLBR B
R, TWRRRETBWEETE LML
RMAEENEIHEYK,

3 itig

WS LR AL R AR AR
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®3 TRAEALELIRMRHLREEARRA
Table 3 The nitrogen losses by denitrification from
soil treated with different nitrogen rates

i

WEPS% AN NN DN
Treat.

NO 43.83 0.10 4.06 2.83
N1 47.44 0.10 12.02 22.93
N2 47.16 1.65 35.34 239.42

®4 M REFFLERBEBEIERR
Table 4 The nitrogen losses by denitrification from
different soil depth in N2 treatment

+2
Layer WEFPS% AN NN DN
(cm) ‘

0~15 47.16 1.65 35.34  239.42
15~30 55.72 1.23 7.57 35.97
30~45 60.77 1.42 10.45 9.44
45~60 61.97 0.10 16.87 32.42

F5 AELENEMEHERLZRHTIE
Table 5 The nitrogen losses by denitrification
with/without addition of water or carbon source

1B MKkE  m2%wEE KMOAR

Layer Added ;O  Added glu. DN
(em)  (mL) (mL) g/(hm?.d)
0~15 0 0 239.4
10 0 221.7
5 5 2901.0
0 10 385.2
45~60 0 0 32.4
10 0 270.6
5 5 1386.9
0 10 2467.0

BB, UREIET BB SN . B2, RZH T 2+ 5K R
WAER, BB R EASZ HER MR R AR, §ESRAEHEE, TREHEHYTE
JZ 13 14% ~51% B ALK BB R —MEBXEWNE, 7£5R8RED, ZRNNE
THRRENTRR MR K B nE A R EYE, &5, HESHITHT R LR 5%
o EHE— PP R T TR LR R A SRR BN, B, i TR
MERR—TREYS R, T RARER, R E BRI R BT E R i + 5
& R R AR SOIRIL , TAF BAR AR o 3R B W E R th R & . Bk, 2645 B9 R ALBT
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% A AN 4 R R R AL SR B, AR AUR R LR R B PR B R B
) SR IR, AT I8 M R IE RPN o 55— L, PR @ MR D TR TR £
WESRTRE LR RO BE,

T REE PR E TR+, RREEE, KRR R AR B FTRA . (BF%
FREEGTROEMMERTNER,. TREIEZREHERENERARELZR, K2
+ SRR T IR R S T, R R /0, B R T TR R R S A
BEEME X, WRTTREX e BEMEM, AREUNN, KRBT REL
BRI A BRI A BRI B E W), TR FRAEE B AT SRR R R R LR
B OXHEREREKGTENBE ., FERBTEYRENKEEEIRERZ L HZ
fRadE R, EIEMBEEI T Z LM RIFEA L, X AT HER T 2 L) AL R R AN SRR
fIREENA) R AN, FERS T F e P A BUIE 5 i 308 P S A A AR R A e R R
{5 3 T 3080 45 12 T BEHE R IR AN 2Bk, IR 08 T B R AL AR PRG3R X4 £
SERT VA HUR BB SY 9, 78 A A T ik SRR R TS AT BB R SR AL IR AR
BERRERT. BERE , REHE TR WA FRRK B i T 32 RBRr BR Hsk
BRR MR EER A SRR, BRERE R~ MEENIEER, RHARRER
EBFRAT AU,

BEAARBH, TUMSHREMAERARSH TR LR RRHREHRNVER
FEHEZ—. HREMENESKIRENRBUR, LI Y RRIM Ut 21 E R 2 R A 45 g
W B — ST REA MBI, DO T R RRER (9 25 1 F b T K i 75 S () R SR A6 2 Y
JR7Ro

$ X 3 W

[1] %kE. REESREFLEAGEAMAREEAL KR UEE. PELRERIM]. B LHPEER N
FEAt,1992. 213-249.

(2] See B9, LR B LMENHEELAZ]. LIR¥R, 2000, 15GE3E) :82-94.

(3] TR R, BRET, SR, R, LA/ NEEEHARNTIR[A]l FLELEFFIRER _BLEFFH
YERBDLTHELRITHSEES. SLELETELRES _RLAEFFHYERBEIAEERTREGS
WIEHE SWCMESR[C]. 2000. 48-49.

(4] =HE. SOOREA L EAEREVH SREFERAREARAR[I]. LR LRMESMR,1999,(2):5.

(5] BB, &/hE/BAERBEERRTHEERRNELRERD]. PRV RFEEFMIBI,2000. 55-78.

[6] VEBSRE. vhERE SRR IEABEE(D]. HER¥RE R LR ¥AIR3,1995. 51-54.

[7] Tong YanAn, Emteryd O, Lu Dianqing; Grip H. Effect of organic manure and chemical fertilizer on nitrogen uptake and ni-
trate leaching in a Eum-orthic anthrosols profile[]]. Nutrient-Cycling-in-Agroecosystems, 1997, 48(3):225-229.

(8] (FERLLFH. AFBIHEERS. FEREAH. AFHIM). L. FERIL SRR, 1999. 8-13.

[9] Ryden J C, Skinner ] H and Nixon D J. Soil core incubation system for the field measurement of denitrification using acety-
lene-inhibition(J]. Soil Biol. Biochem.,1987, 19: 753-757.

[10] Aulakh M S and Rennie D A. Gaseous nitrogen losses from conventional and chemical summer fallow(] ]. Can. J. Sail.
Sci. , 1985, 65: 195-204.

[11] Doran J W, Mielke L N and Power ] F. Microbial activity as regulated by soil water-filled pore space[J]. Trans. 14th In-
ternat. Congress. Soil Science, 1990,3: 94-99.

[12] Paul ] W and Zebarth B J. Denitrification during the growing season following dairy cattle slurry and fertilizer application
for silage corn[J]. Can. J.of Soil Sci. ,1997, 77(2):241-248



384 HYEFRSEN¥MR 7%

[13] McCarty G W and Bremner J M. Factors affecting the availability of organic carbon for denitrification of nitrate in subsoils
{J]. Biol. Fertil. Soils, 1993, 15(2):132-136.

[14] McCarty G W and Bremner ] M. Awailability of organic carbon for denitrification of nitrate in subsoils[J]. Biol. Fertil.
Soils, 1992, 14(3):219-222.

[15] Schoenar and Bettany. Organic matter leaching as a component of carbon, nitrogen, phosphorus and sulfur cycles in a for-
est, grassland and gleyed soils[J]. Soil Sci. Soc. Am. J., 1987, 51: 646-651.

Study on the denitrification in the subsoil

ZOU Guo-yuan'?,ZHANG Fu-suc?, LI Xin-hui
(1 Inst. of Plant Nutr. and Natural Resour ., BAAFS, Beijing 100089 , China ;
2 Dept. of Plant Nutrition, CAU, Beijing 100094 , China )

Abstract: The experiment was carried out in summer maize season in Beijing cinnamon soil to
study subsoil denitrification and factors affecting denitrification. Acetylene inhibition method
was used to measure denitrification in a static soil core incubation system. Soil cores from dif-
ferent soil depth up to 60 cm were collected together to be incubated in the jar near the experi-
mental field for 24 hours. The results indicated that denitrification rate were great different be-
tween fertilizer N treatments in the surface soil layers. Reduced denitrification were also found
in the subsoil, The nitrogen losses by denitrification in the 15~30cm soil layer was amounted
to 10.7% ~33.5% of that in the 0~15 cm, and the total nitrogen losses by denitrification in
the 15~60cm soil layers were amounted to 14% ~51% of that in the surface soil. Addition of
carbon source greatly raised denitrification both in the 0~ 15 cm soil layer and 45~ 60cm soil
layer. Discussion was made on factors affecting denitrification of subsoil in the cinnamon soil.
Underestimation of N losses by denitrification in the field may be made without considering the
subsoil denitrification.

Key words: maize; denitrification; subsoil; cinnamon soil



