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Abstract: Observation was performed during the period from April, 2015 to August, 2015 of N, O emissions
from long-term irrigation field under different irrigation managements: Drip irrigation (D, ), subsurface irri-
gation (S;,) and furrow irrigation (Gy,) during the tomato season, using the static chamber-gas chromato-
graph method and Real-time quantitative polymerase chain reaction (Real-time PCR) technique. In order to
find the relationship between the N, O emissions and impact factors, soil temperature, soil moisture, soil
mineral nitrogen and soil denitrifying bacteria were observed in the meanwhile, which conducted by the com-
bination of field experiments and laboratory analysis. Results showed that N, emission peaks would obvi-
ously occur within 1~8 days after each irrigation. In tomato growth season, soil N, O mean fluxes was high-
est under furrow irrigation treatment, 52. 74 % higher than drip irrigation treatment and 50. 82% higher than
subsurface irrigation treatment; compared with furrow irrigation, the soil N, O total fluxes significantly de-
creased by 54.31% and 53. 30%. Soil N, O emissions were very significant positive correlation with soil mois-
ture (P<C0.01) and nitrate nitrogen concentration (P<C0. 05). There was no consistent correlation between
soil N, O fluxes and soil temperature, soil ammonium nitrogen concetration. Abundances of soil denitrifying
bacteria had significant difference under different irrigation managements, followed by G, >S,,>D,,. Abun-
dances of soil denitrifying bacteria nosZ were related to the soil N,O emissions (P<C0. 01). In conclusion,
soil moisture, nitrate nitrogen, denitrifying bacteria nosZ were important factors that affected the soil N, O
emissions; choosing drip irrigation and subsurface irrigation could effectively reduce N, O emissions from the
greenhouse soil.

Keywords: greenhouse soil; nitrous oxide emissions; influence factors; denitrifying bacteria; Real-time PCR

W75 B H#A:2016-05-09

FRETAA : %K HRBHE 4 (31572206) 530 748 A b BL B2 BB FTBAIT E 5 32 7 48 4% ol 450 38 7 4F BE 2 15 A A 85 352 31 %1350 H (2015051 5 4 lk
S 7 s B S5 R R S R A Y By

F—1EE K (1989 B Mg A s RENFE LR ALY HWF5E . E-mail : hnbg0128(@sina. com

BASVEE AR (1975 b 08 . BN R M BR LR 57 5 07 B I RHBT % J7 B WF 58 . E-mail : zouhongtao2001@163. com



55

Bl VKA < A ) 9 E 5 U BEHE R N, O R AE B G52 i (] R 311

AR AU AL B 2 H iS5 2 PR 5 [R)
Z—. NoO BAUR T CO, il CH, 15 23 % ik
H 100 a RUBE (38R & #5030l 52 CO, 1 CH, 1y 298
A 12 5, A R B LR 2R N,O 1y
FEORYE L A AN AL AE T A A R W Y B
AR I DL B R 6 S A 3 T B B 4 H 55 A 26 ) i
BIREAE R N O, Hoh i A AE 5 R il A0 A T # A R
JERH R N, O iR EERRY , KER®E
WY 3K 3l S AR AR T 4 A 20 TR B 1 53 591 o i 1R AR 348 Tt
fiti (nitrate reductases, NAR) . W fif§ B2 if J5 fiff (nitrite
reductase, NIR) , — & 1k & i J& fif (nitric oxide re-
ductase, NOR) Fl 48 4L V. &34 J5 i (nitrous oxide re-
ductase, NOSW , Kb B @ Fh 2R B L, 55 b —
P LA 25 i 52 A A 0 D il £1%) s B 6 DAL A BE AR L A0 mos Z
nirK .narG fl cnorB %, %7 H #4757 2 48 3 1B,
HETE M B N, O HEB 52 m R 204 LR LA I7
. HER A, K=, pH AWML & & S A S W
SAGE., Hh HIES/KEZEm N,O HEpny &%
KZ . BT 3 B x5 ol 3% N, O HEjik iy 6 58 £
B TPTE KRS /N AE — FOR A S R AR, X
Bl 8 3 s AT A0 i R AR ol S
R A it i 3% 7l & R SR . 2014 4R 3R it
B (& RO Wi ALk 386. 5 J7 hm? , 4 [ B il i 3% 7~
W 2. 62 ¢, W T g S EL A d P L
SR IE S N WU AN NS L PO o £
T K FLSE e PR R AR AR AR IAE AT — e 2 5%
PRI I B 35 it 8% 2 Hb 1= 438 N, O HE il 4 AiE X5 A0 1 98
Hefs it py g2 1 A 2 . HAl T B HE
TR R TR0t 3R FH A R o D ) v R O =, AN () Y R
PR - K 3z 3 O A RS RS
AR AR K2 R HE A MR iE S 5N, O
HEHCF 5T 22 45 v A8 AS T] it A e k2 )y T o
ANTRIEWE 77 = 1 8 NL O ik pF s 5. R, R
ST LA il R (VR A 9 TR B I 3 Fh
W77 20 N, O HEsos & /52 m, LU 728 N, O Rl
14 2y 25 A8 A R A B2 HE e PR 2R S K TR Y - BRI
Lo N, O Bl HE 42 A BB A
1 BHR 55k
1.1 HREHHR

R T 201544 H 19 H—2015 4 8 H 2 HTE
TR PR Al R 27 30 2 o7 8 TG 1K 0 s (7 2010 4RI
) BEAT AEAE Y O B i S B A T LT A
PH T (41°49'N,123°33"E) 1%l X Sy LA 24 18 11 A Bl
PR RS T Oy R AR AL B AN R - A HL
P it 12,58 g/kg, A &R 147 g/kg, A F

H 61.26 mg/kg.pH 5.8,
1.2 iKigit
KIS 3 b HE (Dy) VB (Syo) VA
(Gso) s BN AL PR 3 YRCE AL B ML IX 2 Bt 4% /) X
Uk 20 m® . 4% E 0 Ak A 8 K s o) BRRR BR AR
[ 43 50 + 338K W% 77 6 kPa Fil 30 kPa, EPFES it
RIVE I 2 KW 135 3] 30 kPa B IF 45 E K, UE 31
T KW Ty 6 kPa B EK S5, g TSR =
PR 2 B A T R AR R DA A - R KRR AR
TR L B8 L R R ) PROR T PR A K R T xR Y £
gk AR O HE/NX AR EE KR,
0=0.5212[ 14 (6. 3824p)'-7005] 000 (])
K0 R H IR E K E (em® /em®) 57 A + 8K
71 (kPa),
Q=(0,—0,) X HXRXS (2)
A Q H/NX YGHEK & (m®) s H it R 1 22
J& Cem) s R AR E o B35 9 i 2 4 38 b g K
S S B P R R o R BRI L B SR — T R AN )
Bs0, 0, 43 5 S RE KA R PR K I A
JIr X6 7 ) A AR AL K i (em? /em®)
* 1 FREEEHERBIZIT
KA ) T R

HOK K/

b3 KW/ WEE KR/ B , .
) (m’ « hm %)
kPa (em® + em ™ ®)
Gy 30 0.2953 1. 00 168. 37
Ds, 30 0.2953 0.50 84,19
Sso 30 0.2953 0.33 55.56

MR8 A 5 BAR & H BUE R 30 em, /N X
S 20 m?*, T 3 FhHEME TV IR O R[]
TR TE HE KOS TR0 1 JE A5 3 4 TN 38 E A E Y
o JRy BRI L L2 K FLAE T AR AR R L T
KRR T OKE 18 HE R HE AN U 3 R K 7 1Y
MR e oy s A 1. 00,0, 50,0, 33, HEILA SR 3
ol 0 5 Y B R E K LR 1. S By kil e AR
ORI EE 3 A /N Z TR FHER T 60 cm 1) 28R
FBEAF RS o R Y Bl 7 2 I K AL 7 R b
BF T CREAEAR 29 10 cm) o BRI 30 om, A T 4l
BRI LA (K2 N8 . B B L em &
B AR D8R S LABT e T3 285 A A RE 1Y
BKAL . WA /N XAE 20 em PR BE AL BB 5K T3
GRRF ICT 28w A7) H ks m W, 5
e, AR BAF 8:00 WL I sk 7k it i 4, 245 4k
B A 3K W (B — HL ik B SR BT 5 1 9 K 45 1
TR KW A I AR HE K . G REK 5R PR
IR SR S SR A 9 KA D
1.3 fERER

25 A B Y AT b 2 A e — B, R b I O T



312 K AR FR2E R

%30 &

AL 8400 ND FUI AL A9 28 (3. 13% N L i
B8 22.5 t/hm® 1 37.5 t/hm?, & k8 B, it
PREZE W IR — B RVBR R B0 i 1 5 =X 349 oA Y vt it 1)
4334 0.15,0.6,0.6 t/hm*, T 6 49 HM7 A 7
H i - 38 88 7 =3 B PR 28 T R it B 2 2R 0. 15 t/
hm?, HH [A] 487 341 [A] >4 4t

1.4 HEmHRESNE

141 AAhHESKRELSANZT N,O RESHITR
FHESH — M AL . REFM AR 50 cm X 50
em X 60 em B J7 A BB 2k A 4 kA AR /N XU
PRUEAE R NSRS . AR B2 3608 B2 3 T
EFNIRE ., FFEMERAEKZBL 60 cm, B R
T A o AR UE BURE R A 547 . JEEJAE (50 em X 50 cm X
25 ecm) FE MK HEEA BT . S TARIE/NX N £
5N, O HERCE IS FTRE 34 57 4% /0N XK B H 240 0 8 7
AN H e R AT — R . L K S AT e
UEREAS /INDXOIK FE AR — 30, SRS B A4 A BT NI g
b KB B P S e il R PR — o s (] [ B (4
WI7E S A S48 0,5,10,15,20 min B $lH 40 mL X,
TR A P = W . SRR A K
b5 — KT d TP OO AR ) ] B o — & i e
P AR R Ry R S 2 UK B TR A Sk g =
JAH 7 8:00—10:00, RASRFE i 1y R BF
S HLETIN A 5 om WRE R,

AR B RE S A 1A 3 BT SR HL 4 AR
W45 (ECD) 23 8 N, O 14 B2, AR 4l =0 Wk B2 B It [
(728 Ak A AR HE G . P AR A HE i
w (Wt E AL
de 273 P
dr273+TP,

A F AR HERGE & (mg N, O/(m” « h)) 50

F=pH

PRUERTET N.O W% (g/L) s H R AE
e BE Cem) s TR RAEAR N AR CC) 5 POy RIS
(mmHg) ; P, Fhr#ERKSE (mmHg) ;de/dt B R A
FA N O W BB AL 38 (pl/ (L » min))
14,2 REARERESME RS CRESHIE
Foai AR AR (R A E D) F & Ak S . 254t
RS /NXBEHLZE L 5 A HURE 20, R 0— 20 em #f
BAL SR GS M, A 2 R — k. WE +
BEKE AR CESA MER. FMBORE, &4
BRAEAS /D] 8 OBE 2+ T 3 M 42 3 DNA L
Kz 5 5E B PCR 30, 38 8 7Kk i R T 1
W E 5 e TR I BR T 7€ 5 TR S AL A A
K] AAS LB 43t A E o AR S A 1 S K i A g
A N EHAALBUR (WEPS) , 2450
WEPS= + SR BUE K i/ - e FL B
TIEALBE =1 — (R E /2. 65),
1.5 +iEE DNA REE LMK EEE PCR 7747
% FastDNA® SPIN Kit for Soil(MP Biomed-
icals,Santa Ana, CA)IRAF &, FRHL 0.5 g - BEFE M,
PR G W Y S0 20 R E AT 1 R DNA 1 2 5,
S AL A T € i PCR 238 9 70 AR AEBE T 5% 2 Jr
Ro SHCFIARNY FriE my g, M B Rk s gk
Y o0 ¥ hR #E DR i) o 2H BORE L 20 0l LA 1O A ek R A R
2 B PR 2H PR AR AR 45 B AR TE R AR A 2 IR
B, R TaKaRa ) SYBR® Premix Ex TaqTM
Perfect Real Time i 7] & T Bio-Rad CFX96 Real-
Time PCR System §" ¥4 b 734, & it PCR 1 2 i
k%W 20 uL, 45 1 uL DNA #ifg.10 uL SYBR
Premix Ex TaqTM Perfect Real Time, {i.J5 5| ¥4
0.4 pL(10 pmol/L) 1 8. 2 pL iy K MK . KK
Xof HEFH K B 78 KA DNA R B AR .

F2 WHEHEER PCR IS MR R M &4

&R SIYRFEH(G7—3")

ABK & & PCR Jz W #2 )%

nosZ2F . CGC RAC GGC AAS AAG GTS MSS GT

95 C WA £ 30 5,95 CAE P 10 5,62 CiR

KA 41 5 nosZ 267 bp
n0sZ2R:CAK RTG CAK SGC RTG GCA GAA k30 s,72° CHEH 45 s, 40 MFIR,
nirKF1aCu: ATC ATG GTS CTG CCG CG 95 C HiAEPE 30 5,95 CARPE 10 5,57 CiB
AL nirK 473 bp

nirKR3Cu:GCC TCG ATC AGR TTG TGG TT

K 30 5,72 CIEM 15 s, 40 NMEFF,

1.6 HEHH

FJH Excel 2003 #E4T N, O HEHCHE kB HE B HE
MO R I SPSS19. 0 HEAT 7 28 43 BT T A K ik 43
M+ R H Origin8. 5 il & .
2 g5 aPr
2.1 FEEBFX N0 HHBE

DR LT L7 46 0 A B 7 A T 2 I
0N, O HEHOE B D3 Bk FLAR LB 3R — 8
FURZRILHy : Dy Ab FRE K 9 Y, N, O HEHGE & 3 6

X A UEEAED 5 S0 AR BRPE K 13 UL N, O HE B i BE
7 W Y VAL 5 G 20 E K 9 U0 N, O HE T Y
B S I A . (H 3 AR PR N, O HER (1
HIE R RIEM S 1~8 & UGB RE S 1 K, B
i G B0 S DAL AT BE R T AR e il i I K
JIE AT REWE A0 3L S 103 b R R T 2 R ) AN
FATA 2 N, O Hejdos 82 i #oA—2. L3N0
HE AR R 42 HH B 2 il A A0 301 (Do AT Sy 40 28Ny 5
H 27T B.Gohb 3R 5 A 24 B E2E N N Fan b1



%5 0

B UK A5 < A [t B0 2 N, O HERICRR AR B H: 52 i (R 3R 313

KA HEA T K E A VLB R AL IEVE R AR, Ak
AR T SRR B RN IR 2 HEK ERRR AR T
it 5 st ol A2, M A2 2 7 N, O HEfl. Beoh. %
HiAE KA 48 N, O HEflGHE & 48 b3 Rk R 2L, J5 B 4
FRERAR B HEBOK o AT A K 2= - 48 N, O HE
fﬁ[iﬁ% G’»OALI\IE%ZIKJ:%? S.’S()AL[\IE;FD Df%(}ﬁlio
~ 400
'{: 350
2, 300
. 250

_50 | I TN N N NN [N [N AN (N AN N N N SN S S N N N S

TN OO NN AN

OGRS Sl R ISS S NG S S
TR R R R R R R R o O e S N S S o)

H#I(A-H)
VE P8 e INKE JE 2 M R B S R AT
B1 BEHEKEREABEFR OHMBERBDTE

N 3 AT LA A [V 8 2 A R Dy, Ab
BN, O - 0E e fIE, O 46. 65 pg N/(m” « b)),
Sy Ab By 48. 54 pg N/(m® « h), Gy Ab By 98. 70 pg
N/(m’ « ), 5 Gy b HEAH L Dy b B S, 403 N, O
S5 HE O B4 IR T 52, 742080 50. 822, H. Gy,
Ak B1 5 Dy b B S, Kb B 14 22 R 35 B B KF (P<

60

S NI~ O S~ — <00 — 1N 00 NN Oy N0 O
AN AQASRQRUINQAQqS
T R R R N N N L S S o

H#(A-H)

0.05), M N O HER BV F 5 Gso A B 1 35 55 T HiAlh 2
AKEFE, 5 Gy AEFRAH L Dy 20 FE 5 S, 40 FE N, O HE
S BRI T 54, 31 %81 53.30% , H Gao AbBR 5
Ds, b 3R Sy A 34 A 22 3K B i 25 KF (P<<0. 05)
BAFAMERK T Db Sy kb FRAH LT Gy 2b B
257K 50 %, F- ¥ WEPS B AL,
3 FAEEBLENOHNEE.ZE.
BEKXKER T WFPS

i T/ Hei i KR ¥ WEPS
(ygNem ?eh ) (kgNehm*) (m®+hm ?) %

Dy 46.65%7.85b 0.90+£0.29b 622.4 38.88+2.23b

Sso 48.54+7.39h 0.9240.22b 647.4 42.35+1.79b

Gz 98.70+17.28a  1.97£0.78a 1234.6 47,76+1.06b

T TR G0AR [ 5B 267 A BT A) 25 5 R | 3 [F) 99 R[] 5 8 3R Ak
B 22 5 8 2% (P<<0.05), T,
2.2 N,O HEHB =R %M E R
2.2.1 2R EALEE THORESWREREZWL
BN, O HE R B R . A 2 AL B i AR K 2
AN TR I 7 3 Sl AR A AN O, LA A B O A R
AR AR — B, BT E K Z LR T 21
~28 CZIEAl SR 24.5 C, 2R ., L
HEA 7 12 HEBH DB AKCE XA 5
BB N O HE ., A TR, H3E N, O HEik 5 5
em TIEREARRA B LRGE D,

28 r

TEEE/C
N

20 Ml

NN O TR0 NNAANND NN
HFANNOO AN ANANOCOCO—~——ANANNO

||||||||||||||||||||||
nnnnovveowvowvwoworsosesesesesee o0

H#(H-H)

2 BEMERFELARAERAXNLIEEESEENNTE

P A 3050 3 o I - K W g AT E T A B
H 45 4b PR FE K B () 5 K O TR PR, AR A 3R
AR HORE (WEPS) JH & A 55— 8 A8 et 3,
BAFom A K L EIRE (WFPS) 78 22. 69% ~
57.45% Z 284k, 34 43. 00% , 7 [A) #E 8t 7 =X 4
BORE (WEFPS) Gy kb Bl e 55 . 5 Goo AL BRAH L . Dy,
WHE 5 S, 4b A+ R B (WEPS) 43 ) B K T
18. 60 % F1 11. 32% . H. Gy AbHL 5 Dy, 4b BEFT S, b #
()22 F ik B B K (P<<0.05), W& 4 hilUE
5 N,O HEc S - 581 B2 (WEPS) 2 i) 2 % 1E
HH 5 (P<<0.01),
2.2.2 EMERME M NO HER EZE R
A RACVE = A, PSR SME A S

A WA S R AE R . NIEL 3 T LR
TIEMSATREER TESA SR ESATRE
8~23 mg/kg Z [E]Z2 4k, F ¥ & &y 13. 09 mg/kg.
AR & RAE 61~182 mg/kg Z |24k, F 15 5 &
98.32 mg/kg, ENHFMAERKFEESA ST BAEIFE
FXTEARR KT . R S A & BB K L 2Rk
K5 T v ka5, 78 e 0 OIR o 4 28 0 B 3k B e R
. HIEMSE T E AR DR A, H7E
FomiE KIS S A S A . R SRR
A0 6 A BB N, O HEJ 5 TEHLAE M AH S, A
FAPITLUEE, A3 NO H SHES A &
R R FIFEAHE(P<0.05), A5 R Kk W+ 1
N, O HEl 5 B A8 R & i 2Z MAE TR B A DG T



314 KO aE R

%30 &

x4 FRAEBALTNOHBMBESTIEERE.

BE.ZVENEXRY
AEE RHERE EHERE BER AR
Dy, —0.212  0.617"" —0. 442 0. 850"
S0 —0.420  0.635"" —0.177 0.827"
Gy —0.346  0.627"" —0.124 0.874"
T « XIRTE 0. 01 KPR REFWH, « FIRTE 0. 05 KFF 2%
SRFE.

2.2.3 RAEmE FE BT 2 Mo ARE R
AL AN B B R 2 nosZ  nirK , 1] F 52 0 28 5% %€ 7 PCR #
A XA R E W 77 20 R Al A 40 e e AT I . A

Bl A i mr DUE Y AS [ =X 3 52 ) 4 398 s Ak
WEBE., 5 Go AL, Dy A B 5 Sy 4P nosZ
R B 4> B EAR T 249 52. 78 % F1 50. 17% , H Gy b
5 Dy AbBEFN S, 4k #3832 K (P<<0. 05 5
Gio A BEAH HE Dy Ab B Sy AbBE nir K 3 PRUEC R 50 1B
IR T2 55. 75 %0 F1 42. 62 %0 0 3 > A P i) G ik 3 1 22
5o MR A AN B SR 3l R AR AR Y 32 B, 3
AR A AR A0 B B S N, O HE e w48 R
NGy =Sy =>Dyo o M AT HT 6 B, A A 4 T nosZ
FRES 88 N, O HEl R A 3 IEAH G (P<<0. 0D,

24 160
Ea = —0— D ~—
oy 22 —— 5 o 140 [ —— D,
=20 Y " =8
;D 18 | —a— G:o ;D 120 Gm
g 100} "
m}ﬂ 16 B mﬁ

14 | L
g bl g 80

60
k10 ¥ |
® 8 @ 40
1 1 1 1 1 1 J 20 1 1 1 1 1 1 J
524 6-07 621 7-05 7-19 8-02 524  6-07 621 7-05 7-19 8-02
H#(A-H) H#(A-H)
B3 BEEMEKSFAAEBRFRXLIEELNEHNHTET
70 : qir a
H 6 H 14 |
I.le 5 L T?D 12 |
sS4t s 10r .
X s b b X 8r .
[3; l\]L 6
2 2f R
i E 4T
g1lr g 2t
% 0 1 1 J ﬁ 0 1 1 J
D30 S30 G30 & D30 S30 GSO

% | ]

TE < [ POR TR 5 R 318 22 53 W % (P<<0. 05)

4 TEEBRFXTIERBELATEE

3 W
3.1 AE#EBARXLENO HEMFE

WFFE A TR E IR T 358 N, O HE IR 52 i R 28 %
6 i A AV E T 3K A BB 2 L LAY AT T ) A
HAEEENREE L, RS EADSFmEK RS
BN, O HEHGHEAT 1T R GEWLI B A e i AR K T
N, O HE il v) b EAHE R 5 25w T Ak 2 5 %
HEAL PR, HAFAE 0 5 22 5 TR RE AL 30 5 3 i A P 2
[ LB EHERZ R (P<0.05), X5 Sanchez-Mar-
tin 55"l Zhang 1 B A5 00 2598 3L A — B, Ul
O R 540 R B B B NLO R R
2 T AL PERE K B 5O 2 WEPS By T 5
B HEAL B B S K B RSN . oK S AN I A
LR L AR T IR S BR800 S il Ak A T . N, O
W B2 R AR BB R . A SR,
TR A A - 5 R Al A TR S R Al VR A2 R

AT IR B T N, O Ay =AY R 6 2 i
I A S8 7K W ok s i R Tk Ak B, E R %L kAR £
WTHRAE. BT TR E SR E b i
Y0 A5 AT RO RN RCA R BT A, 2
A T ol VR B o 1 - 48 s VR e kA R AR VR HT R
N, O (77 A b 3 it 58 i o D] s i AR 2R . [
Ay 08 1 3 A R o A A R - g A
S 0 SFEGCAE W T P DT S i - S A AR FH AN
WARAE S BL7E T 55 2 W o A b A
R A ASHIESE A T AR A R, 7 A
FEE H AR 0] R REK E K R T AR A A B, B R
WHEKIG 0—30 em THRITEIE + 2 + A& 35 43508 i .
TEXFERYSAE T o A X T T R0 32 E Ak 311, ) 94 4k 34
A s AR T 2 A S kR RO AR .

3 ARk PR A K 2 R N, O HEGHE & 1Y I H
A5 H IR VR R S AT S Y — BB ] L 3k 5 Al A B 5
SERFEAR —F N 5 N, O HE R R 35 HE



55

B R A AR ST T AR B A 56 25 AR AR I T L
2B B ST A R X TR T A IR 56 A )
T8 7 =X ROk Ak A [R) 5 L e FH v 50 2 4 20 v g
(AT BB T A IR B0 0 = T R R A Rk
e B U SR A HE S K B, S T X 4
N2 O HEHL I 52 Wi A0 X 55708
3.2 AEEBZRAXNTENOHMEZWESE

- 3R R R R 4 NL O HE ik Y A
o TR P g s ) R W 3 M T S
+ 5N, O MRS HEC, A RS R AR
TS RN 15~35 C L, b sk A 938 BT IR
JEHN 5~75 C, A5, L HERE R 21~28 C,F
YR 24.5 C 064 A F Ak ik A= 0 o A5 A+
SRS A A P i Bl . BB T AR K ZE 1 NLO HE
S SR R SR PR A A e L X AT AR i T AR
I 5 cm b I B R A W3 B0 Y ol TR B .
F,5 em - HEWR B R JE 5 N, O HEBR 2 m &K .
BAN AW KB+ N,O HEi S + 88 (WF-
PS) S HM 1Y IEAH R R (P<0. 0D . X 5F £
SEERHER — . R el LUE L R R E KA
EIRIREE T, R R N, O HE BN K.
+gEf NHY — N F1 NO; —N &8 2 /e
fRAE e L WY, 38 NH —N 1 NO; —N &%
WO B AR N, O LR ol K FE AR 5
PSR G RIS THSASTE, 5 NO Hilts
NO;, — N EE2BEFEEMXLR, SESATEAR
K (P<C0.05), BEEAZEAWEGE b, L HER S A & &
A N, O B HERC. oAb, v E Ab 21 2 Fh S il
A 41 A B S B B R T RS AL B U IO TR
T 7 2 W 2 Ok R Ak 4 A R R L B2 F bR
KEEKES R SKIABERRZm, [, £ 5
N, O HE 5 WAL A nosZ FERIEAH LR,
BH S Ak 20 B 3 PR 4y B R = 4 NL O iy 4
. AR 5 B A AR RS 42388 N, O HET8 R A T
DR AR T i — Y
48

(1) B T i 2B K 2 0 T Ab 8+ 1 N, O il ot
i I E B AL T S B A B C B 2
5o HEME 1~8 d Wifs -5 I B N, O HE
BT V. TV 5 95 T A TR G T A R A K

(2) HHERE AR AEILANE nosZ J& 5w 1 4
N,OHE M EEFE, +3 NOH SHAsA S L
FIEARIE(P<0. 05) , 5 110 B (WEPS) S 4% it 3 1EAH G
(P<<0.0D), 54 A S A+ B8R B 0 B E A OE R R
5 S AR A TR R PR B S A S 35 TEAH 2 (P<<0. 0D)

[2]

[3]

[4]

(5]

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

T UK S R [ 2Bt 4 N, O HERRCRRAE S 52 mi PR 2R 315
SE W
[1] Intergovernmental Panel on Climate Change. 2007 Chan-

ges in atmospheric constituents and in radiative forcing
[S]. Cambridge: Cambridge University Press,2007.
Baggs E M. A review of stable isotope techniques for N, O
sourcepartitioning in soils: recent progress, remaining chal-
lenges and future considerations[ J]. Rapid Communications
in Mass Spectrometry,2008,22(11) :1664-1672.
Kandeler E,Deiglmayr K, Tscherko D, et al. Abundance
of narG, nirS, nirK and nosZ genes of denitrifying bac-
teria during primary successions of a glacier foreland
[J]. Applied and Environmental Microbiology, 2006, 72
(9):5957-5962.
Throback I N, Enwall K, Jarvis A, et al. Reassessing PCR
primers targeting nirS,nirK and nosZ genes for community
surveys of denitrifying bacteria with DGGE[]]. Femas Mi-
crobiology Ecology,2006,49(3) :401-417,
AR, G BREAMR, . BERIMERGE L /NERT
B 15 e %o P W U R s [T ). AR 2 4. 2012,
32(19):6138-6146.
TEF o R R /N — KRB 53 N O HEik
T FEAIESELT ] A9l . 2012,49(1) - 96-104.
Virkajarvi P,Maljanen M, Saarijarvi K, et al. N, O emis-
sions from boreal grass and grass-clover pasture soils
[J]. Agriculture, Ecosystems & Environment,2010,137
(1/2):59-67.
e, 3 A AL b P R R R R
S0 B 7 TR R 0 AT AN LT ] BB 3. 2015(10) ¢
16-21.
SR VE L ARV 5K R R SF. I O SO it + B Ak
BT B T A A RO B B s e [T 0. K - AR 45 24 4, 2015,
29(6) :2-6.
AR BRI S SR A RN ZUK T K —
HOGIR % R 13 N, O HEscRe AR LT ). R0l TR 2 it
2014,30(12) :260-267.
T A 3 A S ALK bR KAR L CHL L N, O HEJi
FR 5 M) S A W 2 LR LD . B 5 i B Rk 2% B 7
+HERF G T, 2014,
Sanchez-Martin L, Arce A,Benito A.et al. Influence of
drip and furrow irrigation systems on nitrogen oxide e-
missions from a horticultural crop[J]. Soil Biology &
Biochemistry,2008,40(7) ;1698-1706.
Zhang Y J,Niu H S, Wang S P, et al. Application of the
DNDC model to estimate N, O emissions under differ-
ent types of irrigation in vineyards in Ningxia, China
[J]. Agricultural Water Management, 2016, 163 (1)
295-304.
Borken W, Matzner E. Reappraisal of drying and wet-
ting effects on C and N mineralization and fluxes in
soils[ J]. Global Change Biology,2009.,15(4) :808-824.
(T35 321 50



