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N,O emission from the greenhouse soils in Shouguang City, northern China

TAQ Baoxian™ LIU Chenyang
(College of Environment and Planning, Liaocheng University, Liaocheng, 252059, China)

Abstract; Nitrous oxide (N;O)).is an important greenhouse gas. Greenhouse is a vital method of
vegetable production. in” China. Due to high soil temperature, moisture and continuous and large
quantities of fertilizer application, these factors may change the nitrogen cycling and N,O emissions.
Shouguang city_is one. of the largest bases for vegetable production in China where many farmland
(FL) were changed into greenhouse for the vegetable production. However, little attention has been
paid to the N, O _emissions from the greenhouse soils in Shouguang city. In the present study,
farmland ( FL) , greenhouse soils that were cultivated for 6 (6GH) and 12 (12GH) years and
ereenhouse abandoned for 12 years (AG) were taken as samples to investigate the variation of soil
N,O emissions along the changes from FL to greenhouse and AG. The results showed that FL had
similar annual N,O emissions with AG. Greenhouse had higher annual N,O emissions compared with
FL, while the annual N,O emission in 6GH was larger than that in 12GH. It may be attributed to the

following reasons. (1) More organic fertilizer were applied in the greenhouse soils compared with
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FL, which may supply more available substrates for the soil microbes. (2) Greenhouse had higher
soil temperature, moisture and nitrate concentration compared with FL. These factors also had
positive relationships with N, O emissions, which indicate that the increased soil temperature and
moisture in greenhouse soils may promote the nitrification and then the N, O emissions. (3)
Alteration from FL to Greenhouse enhanced urease activity. The urease activity had positive
relationships with soil nitrate and moisture, respectively. These indicate that the increased urease
activity may enhance the accumulation of soil nitrate and indirectly accelerate the N, O emissions
through affecting the nitrification. When the greenhouse was cultivated over ten years, the application
of fertilizer reduced. This may decrease the supply of available substrates and thus N,O emission.

Keywords: greenhouse soils, N,O emission, Shouguang City, soil.
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1 #E5J7E: (Materials and methods)

1.1 W XA

WF5E XA T LU AR 48 26T A X AR YR K B 594 mm AR 12.7 °C AR | 4 F ol B ok -4 /N
WA AEEIEALIE R (N :P,0:K,0=15:15:15) 2 1.27 t-hm ™ BF 5% X 3%t 32 0 35 58 KM (K x 58 =
80 mx10 m).1 AFEFAE 2 FEBE R, BAE B S 2N BN B, A K22k 1—7 A %1.8 H Fa1—12 4.7 H
th i —8 A Uit i — YA HUIE (TASZ8) MR MIRAE (7 A b S A ) |, IR g S KM B ARAE, 191
JCTHEE K AR RE SRV E RS . 12 IS 2 URAF 1 W08 S48 22 B Pt Jn 55 & i A MILAE (X828 Rk
WA LI RGN R 3 ¢ (FhHE 6 ARz ) 2.88 t (FhAE 12 4FEBEMEzEM ) Ak K2 5 Tt in sk v vk
BAEN(N:P,0:K,0=22:14:14) | B KRG N 15 kg (FPHL 6 4E50EZEH) (10 ke (FPAE 12 4F15i
SEHL) ARG 7—10 d BN 1V B [ I e P SR k4 R A VORI B AR It 3 i A )
FAHRAEE T ELA R SRR B S b (TR 12 4F) AP RS Y B R , AR R e
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FEHUA (X RR) PP 6 12 AR T R 12 AR Ui S o S i o8 % 52 A H R 1 3 B AR &R 1 [
FEAEHD, BEHAE LT AR 50 m x50 m; BRSO SR MBI L E 3 AN FHER B KA Ay [ 2 A . S 56 FF 4 i
1A FERRHORE s Bl A R O 5 B — o7 H 8 A B (KX FEX R =50 em x 50 em X 20 em) , &
JERA L 16 em M E B IUREE 4 em AKHE. B FHAF L AN, LA & T, D/ I B4 A L E XS £ 38 1+
Ey o w2 e S TR N SR A

2015 49 H—2016 4 8 H , 5 H B SIE BIAY 3 d, B FH #8540 R AR SAREE & 58 840 RO Ko x
FEXFE =50 em X 50 em X 50 em , SMI AL RE, B XU, DURIEBURE B A6 NSRS 5 SV E DA PR
= FER 45 em B, B — M A PRIR AR RE R AR (KX FEXH =50 cm X 50 em X 100 em) , EEGR
FE BT MR M A K BRI SRR [R] 1 B AE 9:00—11:00. R EER W5 F ASFE A A KL i /KRS P | Jf-AE A8
K G EFIR 2 E 55 0,10,20 ,30 min ST &8 AT AR ERIR 100 mL, £EI0F 25 <A A
AU 5 em R BE A IR EE R AN, O 7 1ok AUH 63 (Agilent 7890A , USA) X, N, O HETiiE
HHRYE Song TR,

gt p T
e v, P, T

Forr NE 2 N,O HERGE i (mg-m™ h) ;€ MRHREE (ng-m™) 5 dC/de SyRAF B M vk 132 i Biof (7] A2 £k,
H B RER M gl AR EE IR & p AR B S T R R X TRE 5 v, Py Ty AR IR S TR
PREE SRR SR S s S A IREE  H R SRR s B2 D S 5 s, A 24 1m0 9 R0 R*>0.95 B AR
AR,

N, O AFEHER S R A N AR,

A= i(NEixDxMx 10°%)

o A S AEHERUEE (gom®) s NE B 3 0O HECE 34908 (g m™h™" ,n=9) ;D R KA.
1.2.2 4E R4 5

T H e —UCRE SRR ES HG , FRESRE IR AE 5 1> 0—10 em R H R SOHR S AT
A&, T 4 h R E I 4 C Y. HIERE S T S KoR iR A 1 RS
P DRI 1R PR B0 36 e Gk ™ s A A A R S R R i | 8 /K SRR B
122015 4F 9 H R4 REERE S HGH AR IFES 33 0.15 mm 2 mm G, F 003 4 B4 HLAR X 4 A
Bt pH | T IEHUMAE S 3 KK R (WHC ) |, I BRURUIR 4 005 4 498 25 5. - 39847 HILAR R FH 3 65 7R
PR RRCRIE [Tk, 48 pH SR B 077, = BEALAR 41 BER B 3, 25 75 R B U0 35
I e K RRK R Rey S5 097k UL AC R AL M I L 1.

Fz1
Table 1 Basic characteristics of soils in research sites

B L Soil texture/ %

S0C/ TN/ BD/ WHC/% o o e )
(g-ke™) (g-ke™) (grem™) L Sand Bk Silt BOkr Clay
(2—0.05 mm) (0.05—0.002 mm) (<0.002 mm)
FL 13.41+0.77¢ 1.01+0.07¢ 1.15+0.01b 39.84+0.16¢ 21.26+0.62b 57.92+0.08a 20.93+0.55b
6GH 26.28+0.25a 3.51+0.21a 0.86+0.01d 59.26+0.41a 23.79+1.17ab 53.71+1.13b 22.51+0.04b
12GH 18.58+0.47b 1.85+0.05b 1.05+0.01¢ 44.10+3.08b 21.00+2.76b 53.91+1.61b 25.10+1.61a
AG 13.39+0.92¢ 1.32+0.05¢ 1.25+0.05a 45.65+1.27h 26.21+1.08a 52.48+1.06b 21.32+0.01b

T R PR P E AR MEPE FL AR M ;6GH  12GH J3 5 h R 612 B3 ; AG S K B3 ; SOC Sy - e HLaK; TN
A L3RR BD S YU WHC O SR K it AP Rl 5 B 35 22 5%, P<0.05.

Note: Data is average value + standard deviation. FL is the farmland. 6GH and 12GH are the greenhouse soils that were cultivated for 6 and 12
years, respectively. AG is the abandoned greenhouse soil. SOC is the soil organic carbon. BD is the soil bulk density. WHC is the water holding

capacity. Different lowercase in each column indicate significant differences in mean among land use types (P<0.05).
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1.3 Hdlisrr

AR PE BT N, O A HERCE:  FREE R B DRI 75 AN [RIRE s A 00 i) 1) 2 S SR SR PR R 2250
K. 45 R 2 22 8] 59 A0 5& M R F Pearson AH 5¢ R BUK: 5. 48 11 i & K P = 0.05. 2R H Excel2007 J%
SPSS13.0 #AE XA B IATF . K H Origing.0 B, iR ZH 0 Rhr il 2, R A /NE
FRHCERTH S HE LR A 3525 5% (P<0.05).

2 L5 59718 (Results and discussion)

2.1 AN[E A=A 7 200+ 38 N, O HERR 15,

G X L 3E N, O A HE A =40 0 AP A 6 AF 1t M (4.62+0.43 g-m™) >FPAH 12 4F 500 =% 3t
(1.43+0.20 g+m ™) >AH (0.11£0.02 g-m™>) >Tic KBl (0.012+0.003 g-m™). 7 25081 WoR , it
S A3 N, O AFHERCR 35 = TR I, AP 6 A1t B b & T RhE 12 4F sl ( P<0.05) , 4K
P 5 i B At S b G (35 22 57 (TR 1) g 3 D it i A LAE 5 1 1 - 39 N, O HE e it Jin A LA
BT Al RN A A A A N, O HERL, IR AL RS A N, O A B AR ) R A W 2 SRS
B 14 N, O 4EHECE 3 TR, HAR 6 415t i i 1 N, O HERlcR I 3 & TR 12 4F
TS ( P<0.05) 3 M S 72K 12 4F )5 H3E N, O 4R HEicE S RM LB EE R ARSI ERE
7N ESR X P iRt S b - RS A AL A P = 5 T AL A A A i Mo, H IR b 7R 3 A7 5
ST T R 20 R S A R R R P I T R AL B AR AR (R 1) o IR YR IR 2
AT R R WL, I 4 N, O HEB B AR AEBR A1 Bt 3 b B 7 A A AR A
MUAE Ko AR B it Jin A5 T T B, B AR 1 5 0 F A LIS A 0 O BEIE sk /D T+ ek e R VR, 5 BOR R
12 AR it S8 1= 45 N, O HERCT B b Ah , Uit R b H R A W /N TR, ELFP R 6 4710 1 4 4%
/N TR 12 AR S ( P<0.05 ;3% 1) , ZEPRTOMESE HhAse A AT 30 K 0 - 38 L B | 3xX 1] B AIE
HEE3E N,O [ RSP HL

8000
—o— 4% {] Farmland

—o— i 6 4E i Greenhouse cultivated for 6 years
—O— P 12 42073 Greenhouse cultivated for 12 years
——TieJR 12 43 Greenhouse abandoned for 12 years

D
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Fig.1 The rate of N,O emissions.

2.2 IR E T N,O HER AR IR

WH, IR DY KR 45 -4 N, O HERE B S AR DG AR B R R i g 1
SR LA AR, I 1 N, O HEs Y I s RS Al IR R R R R Y N, O HEBUKSERY.
AMFFE KB, Tt b - TR K /KRB B & T AR (P<0.05).2015 4 11 H 2 R4 3 A 8], 5t 5%
Hu 5 R AR RE AR 1R 25,2016 4F 1 AL B3 (P<0.05, 812 3) . iy 15 it 33 i A el A o i) £
T T BT B G, JF 3R R 5 K R A S v AR I 12 ARt S M (P<0.05, 181 2.3) , H+
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fem T REGER I A R R itk £ 5% N, 0 HEiL.
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g 301 . b a
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Fig.2 Soil temperature at the depth of 5 cm
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Fig.3 Contens of soil moisture at the depth of 10 cm
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PSR 139 N, O HERCH S (A BAE 1 A 0y (18 1).2015 48 11 A 24 3 A IR i 6 .12 4R
it e 358 N, O HER R 2 ) 5 AR HET A R 94.56% (95.72% , i 4% FAY Ay 37.45%.2016 4F 1 A , Fhkl
6 .12 A it S b 1 45 N, O HEBCE 4331 5 A HERUR B0 62.43% \77.43% , AR FHAUA 2.73% . 2% B it 52
A3 N, O HEBCAEAE AT FC ORI 20 52T 12 AR =R | A W1 s S84 tE 3, Bt e e A T
KA HUEVE AR , 3 o] B R S Ak 03 sh 2 it 7 R i ol A Y , B R T3 & A s o fe ik +
B ZEMEEAL NI = N, O HE . 5k R St & B, Bt 32 b SR i A R 2 A IUIESE , S8 3%
B4 N, O HERE K AR T4 S e AN, 7 A 43 15t = b R SR it i — A HLAE {17 A
Ha) 8 H AR 3 AL T AR, JCTE IR S AR RE it X rT A e S8 7.8 A A AR WL 2] N, O HER =
g Frg JE A

Fz2 HHEN,O HEEGE 5 B AR

Table 2 The Pearson’s relationship between N,O emission and soil properties

TR A o
R . ;. U it
o NH,-N NO;-N Soil Soil .
Urease activity . N, O emission
temperature moisture
rate
JIR Bl Urease activity 1.000 -0.212* 0.229 ** 0.122 0.225** -0.053
NH,-N 0.167" 0.083 0.001 0.190*
NO;-N 0.290 ** 0.392"* 0.575""
+ e Soil temperature -0.107 0.235 **
FHEF K Soil moisture 0.388 "

o ox 227 P EIKFE P<0.01.Correlation is significant at the 0.01 level (2-tailed ) . (% 2253 i # 7K | P<0.05. Correlation is significant
at the 0.05 level (2-tailed).

W& BL, HIEHS A S 25 15 N, 0 Heilie B BaE IEACC R, IR B R4 Hl A0l +
HE N, O HECR) BB AR AR, A TR R B ARl - R 4 N, O HEROR A Al Ak AR T2 4 b
FKRMLT 60%WHC B, IR E AL LI L A 31 AW 58 & B, 22507 0150t 28 4t 1 3 5k
FALTF 60% i KAF/K i (& 3) .00 H., Fd 6 skt =% o 1= A A5 A/ & & B W& TR H (P<0.05) , 10,
11 HBRAM.2.4.5.6.7.8 H i 6 4F 1t edth + HEAs A/ & K FRE 12 4F 3tk ih (P<0.05) , &
H AT 6 4EIt S A AR S A TRV 12 4E B (P<0.05) (B0 i 3 25 % R I 5 ek
WSS A S TR EES (F4) . FIE, &F 5 A RS i 3 U8 A& /NP H (5
AW IR E 25 5 AN 811 12 1 By kit b I 2 A8 A & i K TR H (P<0.05) , & B 555 5 1% it S
WESASETRELES (BS) . WA, HEEEASES N0 Huilvi &  +H0ORE  SKRY 2 BEIE
MRKR(F£2). LRl TR, Uit =2 b = 1) 38R o] BE e i b 72 | AR - U A o 2, fE Tk
DA B, PR N,OHEA . X IS X 3 N, O HEik =23k H T it 2.

2.3 TIEEFIEERT N,O HE B0

- RS PR AT LAE Y R R R A R O MR IR MR 1 N, O HERC T ST & B, RS S
HEANUR SRR B IR Hoit F AL A B B 3 5 RS 1R Y AR & B, R 6 4R
it S5 1, - ST IR P 1 2 s TR (P<0.05) , R 12 4F B2 6 5 35 it S i 4 4F R 20 7 05 - HE JOR ity %
PES A H G 35 22 53 (181 6) . HL B R ] B2 18t = b 2 HL K AR it A MLAE S AR AR, R IR R AL T3 £
FI AL IR 4. AT IR P S A A A o i S RIS KR 2 W IE MO &R L H S 138 N, O HEjilm &0
A IO (3R 3) LI, A FH AR Sy i it S b 12 55 1 JOR IG5 1, £ F T il 7 - S R 7
A A B (BB I 3 N, 0 HEL.

WFFE B AL | FEER e X Sk -3 N, O HEBCA “ S & 200, e it HEMEJS 148 N, O HE S 3
WAL, JEL 5 Bt 1) e R HE BSOS TR A TR, SRR B 1D 38 N, O HEOK S 77 A B 8 14 52 i
P AN TR L, 2 2 R 388 i S5 b it U % 3 SR s [) AS 48— | AR B9F 9 4% [X 43 Tk % it A iy s 1 38
N, O HEBOK -1 2 55 S8 012 0 5% B T At IS s 1398 N, O HEBGHE SR (W AR 4 , I 35 RAE S
[i] , DAS R Ay it b A 5 AN )R O 2ol 13 N, O HEOK -
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Fig.4 Concentration of soil nitrate
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Fig.6 The urease activity: in soil

3 %51 (Conclusion)

(1) TRt -3 L R W HRr 2 B e it A A5 PR B AR o, (0 - 498 N, O AR HEfiC i | 35 o TR
H, ELFAE 6 A 10 b 139 N, O HERCE A 5 i FRh A 12 4535 it 5 . 150 =% b e 22 J5 1488 N, O HE ik
R A% H K-

(2) BohizEHs 458 N O HEAR N 3B A 5T, 29 95% 19 N,0 S T 11 H 2 WRAE 3 H 1alHEss. b
6,12 AEIiE M, 1H NLO HER R (5 440 62.43% 1 77.43%.

(3) AR Jgisgiti et e = 1 IREES P, fe k1 M 7 ) S )™ ) B A ad e e i e+ 4
N, O HEJL.
2 2% 3Lk ( References)
[ 1] [IPCC. The Physical Science Basis-Working Group [ Contribution to IPCC Fourth Assessment Report [ R]. Cambridge University Press,
London ,2007.
[ 2] BOUWMAN A,BOUMANS L,BATJES N. Modeling global annual N, O and NO emissions from fertilized fields [ J]. Global Biogeochemical
Cycles,2002,16(4) :281-289.
[ 3] FAO. World agriculture: Towards 2015/2030. An FAO perspective [ R]. FAO, Rome,2003.
[ 4] ZHANG J,MULLER C,CAI Z. Heterotrophic nitrification of organic N and its contribution to nitrous oxide emissions in soils [ J]. Soil
Biology & Biochemistry,2015,84: 199-209.
[ 5] FIRESTONE M K,DAVIDSON E A. Microbiological basis of NO and N,O production and consumption in soil//Andreae MO ,Schimel DS
(eds). Exchange of trace gases between terrestrial ecosystems and the atmosphere [ C]. New York: Wiley,1989.
[ 6] ZHANG Y,ZHAO W,ZHANG ] B. et al. N,O production pathways relate to land use type in acidic soils in subtropical China [ J]. Journal
of Soils and Sediments,2016,17(2) :206-314.
[ 7] WRAGE N,LAUF J,PRADO A D. et al. Distinguishing sources of N, O in European grasslands by stable isotope analysis [ J]. Rapid

Communication in Mass Spectrometry,2004,18; 1201-1207.



162

7 A 14

pS

37 %

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

ZHANG J,CAI Z,ZHU T. N, O production pathways in the subtropical acid forest soils in China [J]. Environmental Research,2011,111:
643-649.

RUTTING T,CLOUGH T J,MULLER C. et al. Ten years of elevated atmospheric carbon dioxide alters soil nitrogen transformations in a
sheep-grazed pasture [ J]. Global Change Biology,2010,16. 2530-2542.

STANGE C F,SPOTT O, MULLER C. An inverse abundance approach to separate soil nitrogen pools and gaseous nitrogen fluxes into
fractions related to ammonium , nitrate and soil organic nitrogen [ J]. European Journal of Soil Science,2009,60: 907-915.

MULLER C,STEVENES R J,LAUGHLIN R J. A N tracing model analyses N transformations in old grassland soil [ J]. Soil Biology &
Biochemistry,2004,36: 619-632.

CHEN D L,SUTER H C,ISLAM A. et al. Influence of nitrification inhibitors on nitrification and nitrous oxide (N,0) emission from a clay
loam soil fertilized with urea [ J]. Soil Biology & Biochemistry,2010,42 . 660-664.

RAFIQUE R, HENNESSSY D, KIELY G. Nitrous oxide emission from grazed grassland under different management systems [ J].
Ecosystems ,2011,14 . 563-582.

SENBAYRAM M, CHEN R, BUDAI A. et al. N,O emission and the N, 0/(N, 0+ N,) product ratio of denitrification as controlled by
available carbon substrates and nitrate concentrations [ J]. Agriculture, Ecosystems and Environment,2012,147; 4-12.

ROTH E,GUNKEL-GRILLON P,JOLY L. et al. Impact of raw pig slurry and pig farming practices on physicochemical parameters and on
atmospheric N,O and CH, emissions of tropical soils, Uvéa Island (South Pacific) [J]. Environmental Science and Pollution Research,
2014,21: 10022-10035.

ABDALLA M,JONES M,SMITH P. et al. Nitrous oxide fluxes and denitrification sensitivity to temperature in Irish pasture soils [ J]. Soil
Use and Management,2009,25: 376-388.

DOBBBIE K E,SMITH K A. The effects of temperature , water-filled pore space and land use'on N, O /emissions from an imperfectly drained
gleysol [ J]. European Journal of Soil Science,2001,52: 667-673.

DAVIDSON E A,VERCHOT L V. Testing the hole in pipe model of nitric oxide emissions from soils using the TRAGNET database[ J].
Global Biogeochemical Cycles,2000,14 . 1035-1043.

NADEEM S,BORRESEN T,DORSCH P. Effect of fertilization rate and ploughing time on nitrous oxide emissions in a long-term cereal trail
in south east Norway [ J]. Biology and Fertility of Soils,2015,51; 353-365,

RS  SRTEME VIR , S R ARLAT B XS AL Bt A A S ERR R s [ 1], AEASAEH,2015,35(5) 11452-1459.

GAO X H,ZHANG Y P,LIU Z H, et al. Effects of cultivating’ years on soil ecological environment in greenhouse of Shouguang City,
Shandong[ J]. Acta Ecologica Sinica,2015,35(5) ; 1452-1459 (in Chinese) .

AN, R E, AT, LR FCA R A 2 R 3 AL R R B AR O LR [J]. AR, 2009,29(7) -
3737-3746.

ZENG X B,BAI L Y,LI L F,et al. The status and ¢hanges of organic matter, nitrogen, phosphorus and potassium under different soil using
styles of Shouguang of Shandong Province [ J].Acta Ecologica Sinica,2009,29(7) ; 3737-3746 (in Chinese).

INARAE LN AR AR L EMg. JE st Aol i ik, 1994:166-411.

Shandong Workstation of Soil and. Fertilizer (SWSF). Shandong soils [ M ]. Beijing; Agricultural Press,1994; 166-411 (in Chinese).
SONG C C,XU X'F,TIAN H Q. et al. Ecosystem-atmosphere exchange of CH, and N, O and ecosystem respiration in wetlands in the
Sanjiang Plain, Northeast China [\J]. Global Change Biology,2009,15: 692-705.

JRARH. R AR Y (M. dbat Rl T k1986 295-297.

GUAN S Y. Enzymes and. its methodology[ M ]. Beijing: Agricultrual Press,1986: 295-297 (in Chinese).

B, R T (M. Jen: P E AR R R, 2000 12-288.

LU R K. Analytical methods for soil and agro-chemistry [ M ]. Beijing: China Agricultural Science and Technology Press,2000: 12-288 (in
Chinese) .

REY A,PETSIKOS C,JARVIS P G. et al. Effect of temperature and moisture on rates of carbon mineralization in a mediterranean oak forest
soil under controlled and field conditions [ J]. European Journal of Soil Science,2005,56: 589-599.

SINGURINDY O,MOLODOVSKAYA M, RICHARDS B K. et al. Nitrous oxide emission at low temperatures from manure-amended soils
under corn ( Zea mays L.) [J]. Agriculture, Ecosystems and Environment,2009,132; 74-81.

I, EAIRG, DI AT REXT B3 13 N, O HERBsZm [J]. BRI ,2017,36(6) :1335-1342.

WU J,WANG Z L,MA D. Effect of lime-nitrogen on N, O emission from greenhouse soil [ J].Environmental Chemistry,2017,36(6) :1335-
1342 (iin Chinese).

HAN J P,SHI J C,ZENG L Z. et al. Impacts of continuous excessive fertilization on soil potential nitrification activity and nitrifying
microbial community dynamics in greenhouse system [ J]. Journal of Soils and Sediments,2017,17:471-480.

WE A ARTEAS R R SR ORISR 1 B R B BT L pH 5 EC RZEERESE ()], A IR 5 IERAR, 2009, 15(4)
865-870.

ZENG L S,CUIL D J,LI J L,et al. Changes of respiration, enzyme activities, pH and EC in greenhouse vegetable soils in Shouguang [ J].
Plant Nutrition and Fertilizer Science,2009,15(4) : 865-870 (in Chinese).



134 P 25645 ARG OISR 5 N, O R B Hs i R 3R 163
[31] HUY G,CHANG X F,LIN X W. et al. Effects of warming and grazing on N, O fluxes in an alpine meadow ecosystem on the Tibetan plateau

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[J]. Soil Biology & Biochemistry,2010,42 . 944-952.

CANTAREL A A M,BLOOR ] M G,DELTROY N. et al. Effects of climate change drivers on nitrous oxide fluxes in an upland temperate
grassland [ J]. Ecosystems,2011,14; 223-233,

WEBSTER E A, HOPKINS D W. Contributions from different microbial processes to N, O emission from soil under different moisture
regimes [ J]. Biology and Fertility of Soils,1996,22; 331-335.

LIU C Y,ZHANG X H,ZHOU Z X. et al. Nitrous oxide and nitric oxide emissions from an irrigated cotton field in Northern China [J].
Plant and Soil,2010,332; 123-134.

ko, 25 Rk, AR, 4. ORRIRGIE S B S N, O HERCRE R AV [)]. ARk TR 2%4,2010, 26(5) : 269-275.

ZHANG Z X,LI Y E,HUA L,et al. Effects of different fertilizer levels on N, O flux from protected vegetable land [ J]. Transactions of the
Chinese Society of Agricultural Engineering, 2010,26(5) : 269-275 (in Chinese).

ADAV S S,LEE D J,LAI J Y. Enhanced biological denitrification of high concentration of nitrite with supplementary carbon source [ J].
Applied Microbiology and Biotechnology,2010,85. 773-778.

KUMAR A ,SRIVASTAVA A K,VELMOUROUGANE K. et al. Urea activity and its kinetics in selected benchmark soils of Indo-Gangetic
Plains, India [ J]. Proceedings of the National Academy of Sciences,India,2015,85(2) ; 407-413.

SANZ-COBENA A, ABALOS D, MEIJIDE A. et al. Soil moisture determines the effectiveness of two urease inhibitors to decrease N, O
emission [ J]. Mitigation and Adaptation Strategies for Global Change,2016,21. 1131-1144.

Mt IMICE- 285 1 4. ARRIKAE A BT BEiE S N, O HEBCH 520 [ T] AR 77 5 0K =R ,2013,19(2) « 430-436.

YANG Y,SUN Q P,LI J J,et al. Effects of different fertilizer and irrigation levels on N,O emission from greenhouse vegetable lands [ J].
Plant Nutrition and Fertilizer Science,2013,19(2) : 430-436 (in Chinese).





