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WE. NTUIRESZEAA VL AL S BiE 148 N, 0 HEHGE SARE, A HEAL (TO) A HLICHLEC i
(TL) FAREAPUIE(T2) FAGEAAE (T3) 55 4 A3, 5% F 2 PR RIS AR - SOM GO A TN 8 1 1A [) it A A $E YT 5
JESEHE N, O HEBGE & sEm 25 RR I, it M+ 5 HUIE RN 200 JitE 34 £ 58 35 15 m 4+ 58 N, O HEjL , 38 it 200
JF0~3 d 4 L WA HERC R, A5 b ERAE R A 22 P9 18 N, O HERUE = A9 R)T A2 . T2(N 5.72~5. 85 kg/hm®) >
TI(N 4.06~4.21 kg/hm®) >T3(N 3. 08~3. 68 kg/hm*)>TO(N 0. 53~0.76 kg/hm*) , 7] WL A HLAE A6t FF AT LA
WM N, O HER, ER R S AR B ATHE T, 4L 10 AF A MLTCHLELHES , 158 N, O FHER & L SRt A A
HLAEA , (H bb B it AR A &, PRIk, 5 86 A MILAE 0 A T 35 004 N, O HE ) SR A

KA. EATA(N,0); KA, B4 1

FESES; S131 XEkARIZES . A XEHS: 1000-4440(2020) 04-0949-06

Effects of long-term fertilization on N,O emission flux from greenhouse soil

YAN Fang', LIU Ji-pei’, WANG Yi-kun', ZHANG Lei', ZHAO Kai-li', WANG Wei-rui',

WANG Sheng-tao'
(1. Beijing Soil and Fertilizer Extension Service Station, Beijing 100029, China; 2.Daxing Soil and Fertilizer Station, Betjing 102600, China)

Abstract: In order to study the N,O emission flux characteristics of greenhouse soil after applying organic fertilizer
and chemical fertilizer for many years, four treatments were set up, including control treatment (TO) , combined application
of inorganic fertilizer and organic fertilizer (T1) , organic fertilizer (T2) and chemical fertilizer (T3). The static chamber-
gas chromatograph technique was used to identify the effects of long-term fertilization on N,O emission flux from greenhouse
soil. Results showed that the application of organic fertilizer and nitrogen fertilizer as base fertilizer significantly increased
N, O emission. The emission peak of N,O generally occurred at 0-3 days after nitrogen topdressing. During the whole grow-
ing period, total N,O emission followed the order of T2(N 5.72-5. 85 kg/hm*) >T1(N 4.06-4. 21 kg/hm*)>T3(N 3.08-
3. 68 kg/hm*)>TO(N 0.53-0. 76 kg/hm*). The application of organic fertilizer can increase soil N,O emission. Under the
premise of the same total nitrogen input, the N,O emission in the treatment of T1 for ten years was higher than that in the
treatment of T3, but lower than that in the treatment of T2. Therefore, rational application of organic fertilizer is an impor-

tant measure to reduce N,O emission.

Key words: nitrous oxide ( N,O ); long-term
W #s B #5:2019-11-27 fertilization; greenhouse soil
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IR N,O MR R B KE T, 5 e TRkE A
(T2 e, WFFE R B, rh LA 3 e Fn ) e
T N, O 43 51 i 42 B N, O HEk B Y 55. 8% FI
15.1%' e f N,0 MR Z 3 ik PR R 2%
FRURFE | 48t U A AL 7 i | 3R S 4
FKEERRILEA R It i 2 +
HEnS LA SR Tl i AR AR AR A, T4 R N, O HE ik
Y St A EIRAR L it A DR RERS 3
BN N, O B9HERC . A ALK 3 ZE e B A -3 ¢/
N SRS G R I 5 ) 398 N, O 1) 7= A FnHE
JgC M R SRR - A LT S A AN R s
P AR T 3EIR EE REN N, 0 HE, AWF s LB,
Y+ IR AE20~40 CHT N, O HE R 1R 09 TF
Bt Ah M 3 N0 Heilch 5 KA
S AR SCE Y R R R TR, N, O HE
RT3 K i 50% ~ 80% 55.60% ~ 90% ' . TR
TR G N, O FIZNHE, Cui 2 BF5E K& R,
Wt R R HE K 3 N, O HEROE(E ™ A=, iX
FEIRUAHERERG I T AR R R D T
JE RS S R T A XA S AR
. FEREAE K5y GRESEEFHRLGEAIER T, )it
+-3E N, O HEfl i e i TR R b A S R S
HAET, REZECET N,0 HEBURHIE A A 53 4b 3R (] 352
S, %o S22 A R ) it A Ak B 14 it S N, O HEK
AIDFFEARAT A D o AR 7 W D - B, B 5 32
2210 4R [AI AR AL B |, 15t 52 3 N, O HE
B, DA A i it i b - 39 2= AR D HE R (R

IR i

1.1 RIEHHY

I T 2018 4F 1 A & 12 A7EAL i R 4K =
JERR H ORI T, U 5O £ IR E M 2008
A1 AT AR 4 M0HE, A5 ASHEAE (T0) A
PUICHLRECHE(TL) Bt HLAE (T2) FIEjta A A (T3) .
B 3 R ER, BA /DX E NG5 mx4.5 m,
2008 AFRIRHTFRIZ (0~20 em) HIEAHLE 12.99 g/kg,
SH L2 oke, AR 14.7 mg/ke, A AL 52.4
mg/ kg , R 121. 6 mg/kg,pH 7.7,

2017 4F f Jm — B WOIR 5, IR )2 (0~ 20
em) T3 H AR & &, TO T, T2 | T3 & 403
RS E NN 0.59 ¢/kg.2.42 g/kg. 3. 41

g/kg 0.91 g/kg,
1.2 Rt

AR A T 3 5 BRAR, BRARRI AT BE 40
em, BRIE 30 em, SRV 5 CRE MRt AT , B 1A/ 3
TR 1, A3t A HLAE R i A HLIE, TR
BEAXGZE  FIERIRE  BEIE A BEIR — g, S IE R it
FRER , A MLAL 1wl N 4= 304 28 I8 1 % 4w it A,
20% ) PR 28 F iR A1 1 56 18 T % Ak i B 7K it A
80% ML HE IR AE R FAHN R AR 4 3 IR 3 Sl HE
P TR TR g2 Bsf 190 i 7 R it (£ 43 B LE 461 A
3:3:2), WA 1 AR B FRKA I ZE, 2
YEYIEAL AR A, ARl Ab B — B E YR R A
14 356 kg/hm’ , H12 B4 AN 381 kg/hm” , &I
AL 2,
F1 M EEAR

Table 1 Fertilization and irrigation scheme

2018-03-18 i FHJEE 2018-08-13  Jita JHJEEAE
2018-03-20 ik 2018-08-16
2018-04-08 % 1 ¥iBAE 2018-09-03 1 KiBAL
2018-04-19  E/KHEW 2018-09-10  JE/KHEW
2018-04-30 2 KB R 2018-09-24 /K
2018-05-10 & KHEME 2018-10-08 45 2 B AL
2018-05-20  IE/KIE R 2018-10-19 VKWK
2018-06-01 &K 2018-11-02  {E/KHEM
2018-06-10 5% 3 B AR 2018-11-13 4 3 UGB
2018-06-25  JE/KIEM 2018-11-23  E/KHEW

2018-07-10  Hiifk 2018-12-10  fiifk

x2 BERES-FHRIREAKTE

Table 2 Nitrogen application level of different treatments

. HHUEA LA REBBA
(kg/hm?) (kg/hm?) (ke/hm?)
TO 0 0 0
T1 331 229 560
T2 560 0 560
T3 0 560 560

1.3 SHERRERNE
I P AR/ NXOICE — A ERSAE , S AR N IE
JrIEH) PVC MR, K Y83 R 50 em, 524 57 cm,
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WA BB AR A L 88 R SRR
FEVCHCAY 7 TR IR A5 A PR TS i1 22—~ JXUBsS AT
SR R AR N 43 S0l RS RN Sk
ASHE PR AR AR 28 b | BBURE T 1 BC 2 G AR (11 il
WK G EE 2 30 min, 7210 : 00FFIAHURE | RS IPEE
SRAEFEFOTE L A P, T TF AR 6 4 2 B,
INEA AL iR, #5350 T 0 min 10
min 20 min 30 min FH#H7 20 B R G 28 RAE TS T
22 ml SR FEHS A (BUREM M Lanco Exetainer) |
FE ISR I AR P, MRS I S0 3 A T A

N T FH 0 SAH B 55k Agilent 7890, 1l
FE N,O PRI 25 F 4l A I 5 (ECD ) |, 2 7k
J£4 330 °C, (3% A Porpak Q A, #E7& 70 °C |, 2%
SN N, TN 25 L/min, SRAESICR Ry BRARES
FEEE T d 1 HEAE SN SRR 1R,
14 HEARK

N, O 3l Fg i LAV Fisf (] LA AR A AR PN IR
iR, AR IR R F=pxV/AX273/(273+
T)x Ae/Atx60, 91, F 5 N, O HERCE & [N,
mg/(m” - h) ],V E SRR (em’) A A
W HEIF (em®) ,p IARHER SR FAE AR
(g/em’) T IR FE TP F SR N SE TR BE (C)
A/ Nt SEFRASFE P ASMTE LI R ] Py e B o st [
AR E Z R (107, 1 min) . N,O HE R £ =
[ (AL FE N, O HEl & - At 2 AL #E N, O HEi
i) /A ] x100%

AU K0 N, O HEHOR 5 R P 47 15 v

2.0

- )]

[mg/(m?

i

N OHE

03-19  03-29 04-08 04-18 04-28  05-08

%, 2 8 i H i/ i 3 22 %1k (LSD) #:17,
Pearson A 4347 , SR SPSS13.0,

2 HR5Hr

21 EEZTZMEEMAEN,O HIEET L

5 2R PR AN ) i AT A0 1+ 458 N, O 1Y
HEE AN 1 R, T A HE N, O HEjE fhh 44
FHALAKF-, A AL B 250.02~ 0. 06 mg/(m® - h)
T1 &b 3 N, O HE ik 8 & 42 4k J5 [l b 0.03~ 1. 21
mg/(m” - h), T2 4B N,0 HECE &7 A HLIE—IK
PRS2 30 d A [a] NERLE 0.5 mg/(m® - h) LA
e JE I HE T R A R AR, A2 A L 0. 05~ 1. 75
mg/(m* + h), T3 4P N, O HEE & 281k 5 4
0.03~0.69 mg/(m” - h), TI Fl T3 ZbHAEEAL ),
3 N, O HEBGE R R B E IR 51k
N, OFHE iU Y H B, 79 1 4 38 e e {1 34 7 38 JIE
J50~3 d I, RERFLEE3~5 d A4

ME 1 AT LUE e M S BIEE 1 B X B i
], it A HUIE AL B (T2) ZEA AL — R PRI S 30
d B N ERAE 0.5 mg/(m® - h) A b, A HLICHLED
AL (T1) mHEBCR RS BEAERF 10 d 2247, 40 i
= T3 Ab B U8 EA RS AE it F A HLIE & 485 N, O
Hetom & . AEAR A A5 T B A PUIE A 6 1
B -4 N, O #5150 R Y B AE F AR 5T A
PO R R AT AR RV W E AR RS, K
EAVUIEAAEIE A, R EIERE YL T R
Y, W 530 13 N,0 KsHRk,

—
05-18  05-28 06-07

|
06-17 06-27 07-07 07-17

H# (H-H)

—a—T3;, —m— T2, —e—T1;, ——T0

BALBILF 2,
BE1 HFEFAEEEELE T EER T N,0 HfES

Fig.1 N,O emission fluxes from greenhouse vegetable soil under different fertilization treatments during spring-summer season

2.2 MEFIRMEIMTIEN,O HEEEN
KA Z B it RO AN [ it IE Ak 2+ 2 N, O 1Y
HEcE B an1El 2 frs, BRI 9 A Ay BUAT, B

A AR AR B N, O HEE & # 4 m , 3X vT RE A R
B P SRR R B AR A, He T2 Ab PR
HeWom & 40.38~1.51 mg/(m® - h) ; YK T1 Ak
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B HERCGE B8O 09~ 1. 24 mg/(m® - h) , T3 4b B HE
JiCiE £ 250. 03~0. 78 mg/ (m® + h) ;TO f A%, HEC#E
F#40.01~0.05 mg/(m* - h), 10 A GBI, 1
BT 14 N,0 HER g, 4 d J5 T RS, Z 5 BRAERRAE
— A EAR B K, £ b B HE G KT 0.5
mg/(m’ - h)

2.0

0.5

N OHEHi# 1t [mg/(m? « h)]

FEERLG B 1 UGB ALY, 4540 B N, O HEROM
HSHEFEELM, T1ABEA T3 ABERE1~3 d
N,O HEfCE: 2R T, 38 — NS N, 0
Jikwr =CHE R, (S 2 WG B 5 HS B i (B A1 F
FH 2B 0 B HE R A

0 \
08-15  08-25 09-04 09-14 09-24 10-04

10-14  10-24 11-03  11-13  11-23  12-03  12-13

H (A-H)

—a—T3; —=—T2; —e—TIl; ——T0

HALBILFR 2,
B2 MEZELREEEEETRERETIEN,O HIHES

Fig.2 N,O emission fluxes from greenhouse vegetable soil under different fertilization treatment during autumn-winter season

2.3 IRMERMAREEEAE N,O Hi 2 ERHER
RELER

H2 3 0 0L, A A AL # R B B FIRKA 22 N, 0
HEFCE I 24 20 T2> T1>T3>T0 i AP B} A8 45 4b
N, O HEMCHEEEE e At AR A 2 g, Herp Ui A AL
JEALEE (T2) b TO Ab B HE B S 557 ~ 10 £5, A AL
JCALHEC it kb FE (T1) B TO 4b 3 HER S 55 ~ 8 %,
ATt ACIEAL B (T3) B TO Ab FEHE S B 5~ 6
FETCI Tt A HUAE I 2 fb A AR % + 8 5% 7= AE
TR

PG HLICAL B (T2) 55 Bt AL AL A 38 (T3 ) AR
L, B H ZFIRA 2 458 N, 0 HE s B fn 17
59.0% .85. 7% ., AHLICHLEL AL (T1) 5 Bt fk
REALEE(T3) #H H , B 2 Z Rk 425+ 4 N, O HEUE
OB T 14. 4% 31. 8%, X UL, 7EJE M AH *f
— B ATHE T A LA 8t R SR A ad R R AL T
Jrs A RE R, IO o T Sl fb ol B2, 38 7 1 45
N, O HEjlti .

TR AR B N,O-N B HAA R A # L
BB AR R B AL TE N, O HEE R BT 0.45%
F10.93% 0], Hijf LA (T2) N,0 HEik
BB AN 0.93% , HEHZEN0.91%; H
YA HILTE ML it Ab 34 (T1 ) 0B it Ak AT A 2R
(T3),

£3 TREERLEEZGTIRESRMEIEN,O H B EMHMREY
Table 3 Total N, O emission and emission factors under different

fertilization treatments in greenhouse vegetable soil

. N,O HERC M (kg/hm?)  N,O FIHEIR R0 %)
i HHFE &= B AT
TO 0.76£0.07¢  0.53+0.80d - -
T1 4.21+£0.39b  4.06+0.51b 0.62 0.63
T2 5.85+0.53a 5.72+0.49a 0.91 0.93
T3 3.68+0.24b  3.08+0.14c 0.52 0.45

AP 2, BUEJE AR F-RER R AL B 22 534 0.05 REKF,

3 17 i

A5 ETE T A R A LS 0 AN T
WA HAEBEMEYG I C/N Mg, A Y v
AR R AR, b N0 HE & A8 B 2
T AR & B AT AILAC A it AT L i - 3
N, O HERL, 76 A FE S AR —E AT T, AL
10 A HLICHLIR S , 5 500t FH AL AE A L, + 5
N,O HER BN T 14.4% ~31. 8% , 3X Al RE 2 K N
BB AR AN, - 50 A W o] F FH B i 5 A
BRL, L5 PR R B TS A HILIE S A e U5 A X A
Z Nz R RS TN, AR
WA, C/N & B, Sk W s , 53+
5N, O Hegf s,
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ARWFGE K BB 5% M % 25 10 4F A HLIEHLIR i
Jei , S P A MUIE A EE, 13 N, O HE R &
8% A, X5 TR RGBS —3,
A HLICHLIE i Ak 2 Lb Hiti A HLAR AL PR N, O HEBUE
HHINT 15 A%, sk aE kil T A pLCHLE
B it FH A 2 LY B it FH A PLAE AR PR N, O HERCE &
B L3 A%, X AT REAE LA ST A LTCH LR it A 2 L
Bt A HLIE AL R R B A AR 2L, Ak A
RAEFE TS ZF AL S 09 T3 TF R, 1 E
TR G R AT e B A AR MR T B kR T
— B ARk, ITTRE A T 45 N, O HEK,

ARG TP A AL R N, O HELE & 0. 53~5. 85
kg/hm* , Hirp | Bt Ak AR AL BE () — 22 N, O HEjik B
SREW 7 X EW - LR IRE R 3. 616
kg/hm? 2 35, (HAK T A ¢ i 38 /9 18. 62~ 27.73
kg/hm? 1200 A HLICHLEL A AL BE— 25 N, O HE
R4, 06~4. 21 kg/hm® A% T3k 7 25 1) 4 5
1 8. 266 kg/hm” , LA T F RSO HGH 1Y 112. 46
keg/hm?®, Bt A HLAE AL BE—Z8 N, O HE & B
H5.72~5.85 kg/hm’, KT T B A5 238 (1)
44. 99 kg/hm?® , X 1 g 5 AT W AT A I A G,
I RAEMENC S HEAT 1 g Wi, 78 25 7K R 5 R
GHAMCRAE , W RET AT L 2K = AR /Y N, O HE
AR A AR IS R R A B R T e
HEBCRAR A A

A2 Bt 32 H A3 N, O HEjik 2 B0 5%
SER AR K, LR A 77 6 1 X - 2 4 4F 3 it 7% if
AR R N, O HE R R B AW 0.27%~
0.30% ", i Fa 3t T A2 29 Ak KA 32 b N, O HEL &
ik 4.6% > A N,0 HEBL R KU X 6. 8% 4,
U ARBFSE A AL B N, O HERCR BN T 0. 45% =
0. 93% Z [f] , % T Bouwman 42 H1 19 N, 0 HEM R %k
1.25%, N,O HEBRE 25K AR AT fig S 1 1] |
W22 57 U K - ERR M i N 12 AN AVE B R 2O [R) 1 1
B
4 =zt

2 b TR it S A HEA AL A AU S i e
Yo R 4458 N,0 HER B AR S 0~3 d th
2 BB A HE R R, AR UE B AR K R Y i
PEN L 10 A HVLICHLEC G fS , 158 N,0 ByHEL

A AT HLACAE, HLE S it AR AE 22
I, 5 B A HLAC 2 8 2 AR N, O Rk Y
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