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Effects of different nitrogen and potassium levels and nitrogen forms on soil ammonia volatilization and
nitrous oxide emissions

XIA Shu—jie'?, LIU Chuang’, YUAN Xiao—liang’, LI Jun—ya’, LI Lin-yang’, ZHANG Run—qin®, LI Zhi-guo™

(1.College of Science, Tibet University, Lhasa 850000, China; 2.Key Laboratory of Aquatic Botany and Watershed Ecology, Wuhan Botani-
cal Garden, Chinese Academy of Sciences, Wuhan 430074, China; 3.University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract: Ammonia (NH;) volatilization and nitrous oxide (N.O) emissions in soils under different nitrogen (N) and potassium (K) levels
were investigated, in order to provide data and a theoretical basis for the rational application of N and K fertilizers, and for atmospheric en-
vironmental protection. A pot experiment was carried out, which included 9 treatments : NoKo, (NO3=N) 50 Kss, (NO3=N )50 Kso, (NO3=N) 100 K35,
(NO3=N) 100 Kso, (NHE=N) 50 Kss, (NHE=N) 50 Ko, (NHi=N) 100 K35, and (NHi=N) 100 Kso. N2O and NH; were collected by the static chamber meth-
od and aeration method, respectively. N fertilizer significantly increased the N,O flux and cumulative emissions, as well as the NH; volatil-
ization rate and cumulative emissions. The average N>O flux and cumulative emissions increased from 15.8 wg-m™+h™" and 0.17 mg - kg™

without fertilization to 45.6 pg+m™+h™" and 0.57 mg-kg™ with N fertilizer rates of 100 mg-kg™'. The volatilization rate and cumulative emis-
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sions of NH; also reached the maxima when the amount of N fertilizer was 100 mg-kg™'; the corresponding values were 1.5 kg+hm™+d™" and

4.18 mg-kg™'. Treatments with ammonium as a N source had higher N>O fluxes and cumulative emissions, and NH; volatilization rates and

cumulative emissions, compared to the treatment with nitrate as the N source. K fertilizer significantly increased NH; volatilization rates

and cumulative emissions. Under low N levels, K fertilizer significantly reduced N,O fluxes and cumulative emissions. Increase of the chem-

ical N fertilizer application rate is the main factor in the increase in NH;volatilization and N>O emissions. Compared with nitrate N fertiliz-

er, ammonium N fertilizer promotes NHs and N,O emissions. Increasing the application of K fertilizer significantly increases the NH3 volatil-

ization rate and cumulative emissions, but significantly reduces the N,O flux and cumulative emissions throughout the growing season.

Keywords : ammonia volatilization; nitrous oxide emissions; potassium; nitrogen use efficiency

RAE Xt UM 3 i ) T S AR A (E [ A
WAk TVFZ B a8, filan, KI5 5  REAES
T SARAE R |+ HERR AL DA KK AR & 8 3R A4 b
U N AR B LA e A2 S R G Ik 55 She . T
BB ANENE T i 2 i E K H A SR AR
I, AR 309%0~40%" . Ha gt it , 43k A AE i 1k & H A
BB NoO F NH, 437 35 1) 3.5 Tg 1 11.0 Tg, i
Y AF it 1Y 0.8% F 14957, A IR R S S
9 B HLIRBE RN B A TR T 28 S BRI P 54 & e
) 7 B S

I EAE I 22 A AR S X —
SR I 5T , 3 P kA A B R AR A £ Ak 5 it
KA HE R R R FE TR, W
BAHYE R — R —, LR R SR
TR AL G ) 2 15 B s s L R BT
JIG, i e AU 58, XHVE 7 5 A Jo 1) 9 e LA %
R R X B B A R A A R SR
ST Z T R E I R TR R TR = AR HE
RN A 25 A 958 5 W 5 T PR A 5 ARG g el — BB qif
FERWY 8t S IE T AR 5 - 5 NH A Bk, DA T 3
K NH; 1 # & AR A5 M S 3, e A A K 2
TR PR 2 A X T R A REOR) i R
I NH (9 48 HE 200 BT X NLO HE il 52 e %) 4
T 28 A AN — 3, 1R BRI E X N0 HE A
B I 52 e A G . E R SRR B A B R A A
A A8 RGN RS B VE T KR ) RE e i B A
o, U AR e AU S O L Z R
Hi X1

FRAE TR [ E 2L TR, RIS 2 R AR fE 2
Do F s I B SR TR, R, R DL AR
FAAE L 5 R 58 % 52, R R 38 =0 Fn o P =X e S A
B PSSR V8 P R NHL 3% & A3 NLO HECH
B, R AU IE A R i R AU AR R DR
HE 8 AR RN R A R SR A S AR A

1 #MHETE

1.1 i TESEY

HE3 £ 8 2018 4F 4 J1 2k A iR 1T B X 11
B Ao R AR AL MR R pH 7.44, 45 HLJT 7.95
g kg™, BRR & 23.28 mg- kg, A AU 18.57 mg- kg,
AL 64.23 mg-ke' o SIAMEY AR AR IE—5
ZAR 105
1.2 REZ it

RIS E 3T 24 E UK, 50,100 mg-kg ™'
2R R EIEE , NHIFAINOS ;2 A8 K F-, 35,80 mg -
ke's R OMEBER(E 1),

B 0~20 em #2358, B ntiE XUk B A8 KT, 3
10 HARHEFLIR 5 86 2, T4 B AT R 10 kg,
FIREARAE L RE, AP O Mk ZUIERIFEAE(S A 17
H) 5 —UGEAE(6 A 30 H) 48 —UGBIE(7 A 27 H)
=5:3:2, B AR AR IE D it . i A RIE R i R S
(15%) , B A BN N F AL (26% ) , B AL R BE R — &
W1(59%) , A A B R AR (50%) « ARAET 4 H 20 H %
fl,9 A 10 Hlksk.
1.3 A RERNE

RIS A B AR I H 0~20 em T 3ERE S, 145

1 ARAER GRS

Table 1 Test treatment and fertilization amount

P b N/mg-kg' P,0s/ K>0/
Number Treatments NO;-N  NHi-N mg- kg™ mg- kg™
1 NoKo 0 50 0
2 (NO3=N)sp Kis 50 50 35
3 (NO-N)sKgo 50 50 80
4 (NO=N) oo Kss 100 50 35
5 (NO>-N)io Kgo 100 50 80
6 (NH:-N) 50 Kss 50 50 35
7 (NH{=N) 50 Kso 50 50 80
8 (NHi=N) 100 Kss 100 50 35
9 (NHi=N) 100 Kso 100 50 80
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Figure 1 Aeration method device for measuring ammonia

volatilization in soil
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Figure 2 Dynamic changes of N;O emission flux during
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Figure 3 Dynamic change of NH; volatilization rate during
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Table 2 Effects of different nitrogen and potassium levels and nitrogen forms on cumulative N,O and NH; emissions

and nitrogen fertilizer loss rate

JIET] N.O RBUHECR MR REBURR  NHERURE MR AEBURR
Treatments N>O emissions/mg-kg™ Increments/% Nitrogen loss rate/% NH; emissions/mg-kg™  Increments/% Nitrogen loss rate/%
NoKo 0.17+0.026f — — 1.43+0.15ef — —
(NO3=N)so Kss 0.29+0.025d 65 0.58 1.56+0.03ef 8.7 3.0
(NO3=N) s Ky 0.25+0.019¢ 41 0.49 2.35+0.07d 63.8 4.0
(NO3=N) 100 Kss 0.33+0.026¢ 86 0.33 1.40+0.05f -2.7 1.6
(NO3=N) 00 Kso 0.28+0.026d 62 0.28 1.66+0.13e 16.0 2.4
(NHi-N)soKss 0.56+0.048a 223 1.13 3.01+0.06¢ 109.5 2.8
(NHi=N) 50 Kso 0.48+0.047h 174 0.96 3.52+0.08b 145.3 33
(NHi=N) 100 Kss 0.55+0.027a 213 0.55 3.03+0.06¢ 110.9 3.0
(NH:i=N) 100 Kso 0.57+0.053a 229 0.57 4.18+0.06a 191.3 3.5

TE AN PR R AL B ) 22 53 1 25 (P<0.05) .

Note: Different letters indicate significant differences between treatments (P<0.05).
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Figure 4 Dynamics of the contents of ammonium and nitrate

_‘_ (NH;_N )SUK35
+ ( NH;»_N ) IO()KJS

nitrogen, soil pH in soil during cotton growth period

HLEIAR 2 F N 0.39%~0.47% ., T BEEEIHFSEAS H NSO
HE A 2 A it A 1Y 1.49%~2.0% . A X T N0
SRt , NHs 2 BB S ZS R 1 R R 12

A 3 AT i SRS B A R N0 L NH, 79 A
SR AHE 203230 A2 M il FH 2 A9 389 2 NLO Al
NH #5 % HF il 2 386 i iy == 22 2 it /R I 3 m 1
NO I NHs () HER o ASBF 58 B RIESE T 3% — 4518 .
5t AR A 4 A, RUIE A it AT A i NLO HE R



SEUU 45 R IRV UK BT 25 2 5+ R AR L SR B 1127

41%~229% I NHs HE i 8.7%~191.3% ., 741, Feli1k
P, 8 25 AR 5 T NH. A1 N0 fHETL , RAHEC R
AR 245 A4 o A I I AL & Bt
HE 5 % 30 P 6 A SRR HE S 1 NLO o B2 3 i TS A
JEALFR, FLS H 38 N0 BRI 2 i A RS fE
P RRPI A L B A AU A HH - 49 U Y E RS AL
I LL Rt 4= 38 A Ak 3 R 9 4 (A F T R 3R
2 NH3 N0 77 A 1) T2 B2 Ji PRS0 (H 3ol v R B )
ARSI AR, S0 NLO G HE L A p
RAARG , 3% A] B 15 5 Wk B NHL ™ AR 19 75 35 7 ) sl qe f
4358 pH FRERZ I T AR L WS A B, AR
5T B B 4 100 mg- kg™, R AP 3% pH ] & F
ek T N HLs 2o 2t 00 4 £ A PRI INLO HEBICRE IR 42
Wt B A 9% 1) RUIE FH 2 mT R A oA 2K 31410 il i AL A FH
7K

SR it P 30 A 3 428 X NLO R NHL HE AT 458k
M, N,OFINH.HECE B E stk ., 5
HE AW FE 25 5 — 50, NLO HEGHUR I e 22 7
A2 AT (0 )& NHZ2 1 M AR A HE O B e R ZE A
REIEAE B B L 130 NH; BAHER R & B AR K
R R B 47%~T8% . T 75 5k S 5% A Bt A
B 5 3% AT AT AU AR A /N ZE N B K 28 NHL #E R
PR BRI 17.4% F115.9% , {8 A47AE 1Y ) 83U AT GE 2
KNO I HERR . #5 BN e SRR A, R4S AR
T N0 A HER , (0 L2523 K NH i HEACY . anfe]
FHE NLO FINH; 0 HERCE il L) R ARG AR 5K
XoF RN it FHT )09 14) i 3 5 L 0 — 2B 5
3.2 $RBEXT 1 1% NH. 3 & #0 N.O HE s B9 1E A

JEER A P A48 B ) 008 NHs #5222 i HEdC. A
WFFT 25 S 0 B I 5 2500 e T 438 NHL 4 % 5 % 1
HefE . 33X SR BLAE IR B i A VEE - 3 it i PR B A
X NH HE A 5200 45 SR — 55, 15 A it A0 AR Ab BE HL A
S BT 0 NH 4% & HE L 0.03~0.07 kg - hm ™, 3
KANERE3%~T% . AT 1T IEE R NH,#
R V1) 3 IR AT B SR B 0T - 9 N S R B A
FH YR T 1 58 NHEA A &80 DU K NH: 14 B .
FEAMFGE R, FRATT K B Bt 4 A A 1, 4 NHG
T R R, X AT BE AR B T B AE R O BT Y NS AR
B NHi 4% % 80 KA 1 R R IE 380, #8117, Gameh
SO Rappaport S5 HRGE , 4@ LB LG A HIES S
2 pH T R FRAR 13 NHE K 5%~42% ., AWF5E -
HE pH Bl AL it FH 2 0 38 AN 7.83 B 2] 1 7.81,{H S
T F R IR S 8 2K, B AR SEI B IR N pH A A2

A S B0 IR it A T8 S NHL ¥ & ETHi 225
A H 438 NH 35 & 2 i R AR 2, 6 I 38 K
43 BB F a8 f i DA S BRIR S o m AR R . ml L
HE X A 38 NHs #8409/ 38R S 32 229K 5l R i XA
[] A SR ak - Bk Bl T A BT 2 5

WFFE I, 8 1 37 2045 BOA AT LA S 2 5 i 4k
3 NLO (R HET . ASBF I K B, 14 it A AR I A FH
+ 3 N,O B HE L 3 % B2 0 D A A K 2 NL0
1y B AHE R . FRATT A0 A R AT BE SRR IE it A S
SEAHLAE Y NHL T B & XIH S i A
8 it B AR T AN - RO AR
NoO HEHLC, [ B 4 3 A 2R S 2 B A, KA
SEEITE B IR Bl A K R 0 B Ab i 56 e Ok BB R
il [ AR R LG . XA — R E Ul B
B AT LS e e e G A NG R A A2
o of A AL 7 L RRAIE N0 (9 72 2E o 0 BE R (X
i AR AR A i A A 3 NLO Y7 AR i LA
Sl S AE A AR A 3 R ke R ) NLO B HE R . 9 an
T S0y W S22, TE 1 it B0 AT 23 0 ) R K AR R DR
A - 38 PR AU IR BE T B, 1T R 2 ] 4 48 i 1= 398 2
filg Ak A F2 10 52 0 NoO A HETC o Chen 2577 7] 4 & 81
BRSPS S S D) RE L T nosZ 1) R
i A A Py =F B, 2 1 S AR VE . TR, 3R
AT 4FE W7 240 JIES T 2 0 o R ) 9 AR s R B AR VR
JE AR 5 H A7 B ) R B R
ORI R AL A MR TE R S E R
HR B R A D RE JE N nosZ 1 SRS A B3AE B 3
BE AT 2E NLO 38 J5 A Ny iy 2 72, B AR 1 3 N,O
B HE Tl o RS A A NLO HE T B4 EL AR D R A 75 i —
A IR UE W] . b3 A, AR R B, AE R AUKF-
T R X 2 AN B Y S U R I IR NLO
Hewl A 7E = ZKOE T 4 % 42 38 AU NLO HE ik
WA R E AL T A EE N0 W HEBCE .
P45 0] e 5 R AE N R U KPR X - AU
filf Ak 5 B il Ak 1 72 19 NLO 5T ik K/ BY 5 i A7 5
LR i R — 2 BT

4 it

P S NE T P S F) 48 2 NHL % 26 F1 N0 R
I F 2 S S R A L S RIE 5 T
NH: HINO FRHET 5 3 it £ AE duk 2 19 K 4 38 NHL 45 %
AR, (BT T 13 N0 B HE e i, 2%
Pl T REAN R R EET NLO 1 SRR



1128

URIEIRCX ity F39655H

S 3k

[1] H Bl AR S 25 7 2% . 2004 45 AN AF S (M. b e« o A0l i
JiAL:, 2005.
Editorial Board of China Agriculture Year Book. The year book of Chi-
na agriculture for 2004[M]. Beijing: Chinese Agriculture Press, 2005.
[2] ZRIE R . 4% B P UIR A48 2 S 0 381, 39 15 PR35, 2000, 9(1) : 1-
6.
ZHU Zhao-liang. Loss of fertilizer N from plants—soil system and the
strategies and techniques for Its reduction[]J]. Soil and Environmental
Sciences, 2000, 9(1) : 1-6.

[3] LI . S ) B PR A5 Al FNEREE (M
Jikt:, 1995:233-238.

ZHAO Qi—guo, Soil circulation material cycle and agriculture and envi-

A LR R

ronment{M]. Nanjing: Jiangsu Science and Technology Press, 1995:
233-238.

[4] Patino Z, Cejanavarro J A, Govaerts B, et al. The effect of different till-
age and residue management practices on soil characteristics, inorgan-
ic N dynamics and emissions of N.O, CO, and CHsin the central high-
lands of Mexico: a laboratory study[J]. Plant and Soil, 2009, 314(1/2) :
231-241.

[5]F #, %5 £, *2%“15 M, &5 ASTE xS a3k AL A A
ZAARIRHE R ). K BREFEAR, 2013, 27(6) :294-297, 304.
WANG Jian, ZHUGE Yu—pmg, PENG Fu-tian, et al. Effect of paper
package fertilization on soil ammonia volatilization, nitrous oxide and
carbon dioxide emission[]]. Journal of Soil and Water Conservation,
2013, 27(6) :294-297, 304.

[6] BUESR, ok 4k, HEAR, 55 IR ZUIE XTI DX RS FH 2 #400% 2 A

HEA R B2 L)), 125, 2016, 48(2) : 248-253.
AO Yu-qin, ZHANG Wei, TTAN Yu-hua, et al. Effects of urea—ammo-
nium mixed nitrogen fertilizer on ammonia volatilization and nitrogen
use efficiency in paddy field of Taihu Lake region[]]. Soils, 2016, 48
(2):248-253.

(7165 2, F282R, SR, 46 it I X b 3 sth 2 #4544 T AU HE
SR AR AS27], 2018, 29(12) :4063-4070.

ZHENG Lei, WANG Xue-dong, GUO Li-ping, et al. Impact of fertiliza-
tion on ammonia volatilization and N>O emissions in an open vegetable
field[J]. Chinese Journal of Applied Ecology, 2018, 29(12) : 4063-4070.

(8] Ji i, 2= 2L, 20 Mg, 45 . SN FH Sk ARUBR A0 1 500 X6 i 10 44 5
FH AP S R R S A RS2 R [ R 8 3R 5 IR 2 3, 2018,
24(3):693-702.

WAN Wei~fan, LI Fei, HONG Mei, et al. Effects of nitrogen rate and

urease inhibitor on N,O emission and NH; volatilization in drip irrigat-

ed potato fields[J]. Journal of Plant Nutrition and Fertilizer, 2018, 24

(3):693-702.

91k AL AL M ARSLJE, SF . ASIR] G HE R it 0 i DR AL 1

5 B S A HERI B2 L3, 2017, 49(4) :745-752.

WU Yan, HONG Mei, LIN Li-long, et al. Influence of different fertil-

ization measures on NHj volatilization and N,0 emission in salined fla-

vo—aquic soil of Hetao irrigation area[J]. Soils, 2017, 49(4) : 745-752.
[10] M2, B JH, TR, 55 . R RAR IR R IR AL K FE L X 7 4k |

AR AMEACT R A ()], I, 2015, 47(3) :503-508.
SUN Hai—jun, MIN Ju, SHI Wei—ming, et al. Effect of sewage irriga-
tion on crop yield, ammonia volatilization and nitrous oxide emission
in rice—wheat rotation[J]. Soils, 2015, 47(3) : 503-508.

[L1] S, &2, 2 2%, 45 i RUKP /N - FOREE AR IR R

R 5 AR AR M [, A2 AR 4, 2012, 21(2) - 225+
230.
MA Yin-li, JI Yan—zhi, LI Xin, et al. Effects of N fertilization rates on
the NH; volatilization and N,O emissions from the wheat—-maize rota-
tion system in north China plain[J]. Ecology and Environmental Sci-
ences, 2012, 21(2) :225-230.

[12] Huang J, Duan Y H, Xu M G, et al. Nitrogen mobility, ammonia vola-
tilization, and estimated leaching loss from long—term manure incorpo-
ration in red soil[J]. Journal of Integrative Agriculture, 2017, 16(9) :
2082-2092.

[13]1 7 2%, Emes, skinda, 55 . A RIEAE )y 0 e a4 4 f 4 Ak
AT A SR 2R 252741, 2008, 19(1) :99-104.

LI Xin, JU Xiao—tang, ZHANG Li—juan, et al. Effects of different fer-
tilization modes on soil ammonia volatilization and nitrous oxide emis-
sion[]]. Chinese Journal of Applied Ecology, 2008, 19(1):99-104.

[14] FER] Ao, 5 0E, @7 T, 55 TR BRI X RIS 43 1
Wi S e ey RS M) T AR, 2018, 51(9) 1 1758-1770.
KANG Li—yun, CHANG Gao-zheng, GAO Ning—ning, et al. Effects of
different nitrogen and potassium fertilizing amount on nutrition ab-
sorption, nutrition distribution and yield of muskmelon[J]. Scientia Ag-
ricultura Sinica, 2018, 51(9) :1758-1770.

[15] i 25 5 . i 4 x50t IS S 4 MR e B ™ ik it B PR S D], 2 R
5t ST AR, 2012,

LU Xue=jin. The effects of potash on melon nutrient absorption and
yield quality on open field[D]. Urumqi: Xinjiang Agricultural Univer-
sity, 2012.

[16] F I, IR, B2, 55 BT IERHE L3 rh e flad e 52

AR . B ER B AE /K A b P AL ()], 33274, 2005, 42(1)
70-717.
WANG Huo-yan, ZHOU Jian—min, CHEN Xiao—qin, et al. Interac-
tion of NPK fertilizers during their transformation in soils Il . Trans-
formation of ammonium sulfate in the paddy soil[]]. Acta Pedologica
Sinica, 2005, 42(1) :70~77.

[L7] 807 5L, X0 Be, sk m &7, 45 BRI - XA [R) I C FE -3 5
R IEALHEII ] AR A2, 2008, 29(8) : 4565-4571.

XU Wan-li, LIU Hua, ZHANG Yun-shu, et al. In situ monitoring of
ammonia volatilization from grey desert soil under different in Xinji-
angl[J]. Acta Ecologica Sinica, 2008, 29(8) :4565-4571.

[18] Chen C C, Turner F T, Dixon J B. Ammonium fixation by high—charge
smectite in selected texas gulf coast soils[]]. Soil Science Society of
America Journal, 1989, 53(4):1035-1040.

[19] Kar A K, Chattopadhyay J P, Dhua S P. Relative fixation of added po-
tassium and ammonium in some acid soils[J]. Journal of the Indian So-
ciety of Soil Science, 1975, 23(4) :428-433.

[20] Gameh M, Angle J, Axley J. Effects of urea—potassium chloride and

nitrogen transformations on ammonia volatilization from urealJ]. Soil



ST % RSP BB 2 50 MU R AL T R 0 B 1129

Science Society of America Journal, 1990, 54(6):1768-1772.

[21] Rappaport B D, Axley J H. Potassium chloride for improved urea fer-
tilizer efficiency[J]. Soil Science Society of America Journal, 1984, 48
(2):399-401.

[22] s, ke H . W, 55 . ARG IE AL B 733 N.O HERCRE (Y
S, A2 ZSFREE, 2007, 16(2) :560-563.

YANG Jin—feng, HAN Xiao—ri, ZHAN Xiu-mei, et al. Effects of dif-
ferent fertilization on N,O emission in brown field[J]. Ecology and En-
vironment, 2007, 16(2) : 560-563.

(2310 #, MISCHE, A& Bk it AE D O 4 /N2 - B ORR AR + 4

NoO HERIEE ML), t3%5441E, 2016, 53(3) :735-745.
LIU Yun, LIU Wen-li, ZHU Bo. Effect of fertilization regime on soil
N20 emission from upland field under wheat—maize rotation systeml[J].
Acta Pedologica Sinica, 2016, 53(3) : 735-745.

24] RIS . 8 R R A RS R S B HL R TR R (Y

DJ. ¥ TG ARAMAHE R, 2003.
LIANG Dong-li. Nitrous oxide losses of nitrogen fertilizer and influen-
tial factors on loess soil[D]. Yangling: Northwest A&F University, 2003.

[25] RIUA, FRBE . 10 S A T T BEJRE ()] 1P AL B2, 2013,
41(11):1274-1281.

ZHU Xiang—dong, WANG Hong-ting. Research progress on soil po-
tassium management[J]. Journal of Shanxi Agricultural Sciences,
2013,41(11):1274-1281.

[26] 245 H, TR, gk 48, A5 . BHUIE T ARE FH Isf 0 R AR 7 A

JBT IR 0 2R P A A 52 R D). A 3R S IE AR, 2016, 22(1)
111-121.
LI Shu—-tian, XING Su-li, ZHANG Yan, et al. Application rate and
time of potash for high cotton yield, quality and balance of soil potassi-
um[J]. Journal of Plant Nutrition and Fertilizer, 2016, 22(1) : 111-
121.

[27] Wang Z H, Liu X J, Ju X T, et al. Field in situ determination of ammo-
nia volatilization from soil: Venting method[J]. Plant Nutrition and
Fertilizer Science, 2002, 8(2) :205-209.

[28] Wang Y S, Wang Y H. Quick measurement of CH4, CO, and N,O
emissions from a short plant ecosystem[]]. Advances in Atmospheric
Sciences, 2003, 20(5) : 842-844.

[29] ELIGESE, X247, 4RI T, 55 . A /N FORBAR IR R A R ndit
KA s L)) AR, 2002, 35(12) :1493-1499.

JU Xiao—tang, LIU Xue—jun, ZOU Guo-yuan, et al. Evaluation of ni-

trogen loss way in winter wheat and summer maize rotation system|J].

Scientia Agricultura Sinica, 2002, 35(12) : 1493-1499.

[30] AR PR, Ji - T, ESCHE, 55 AL A N e -2 5 AR IR &R 13 N0

HERCIRIEL)]. A E TR S IR, 2010, 16(2) :304-311.
LIANG Guo-qing, ZHOU Wei, XIA Wen—jian, et al. Effect of opti-
mized nitrogen application on N.O emission from paddy field under
wheat—rice rotation system[]J]. Plant Nutrition and Fertilizer Science,
2010, 16(2) :304-311.

BI1T ¥k, 225, FERM, 4. FoK-E R ARSI I Atk

K NOHERL(I. AR, 2001, 34(4) :416-421.
DING Hong, CAT Gui-xin, WANG Yue-si, et al. Nitrification—denitri-
fication losses of nitrogen fertilizer and N>O emission from maize—
chao soil system in north China plain[J]. Scientia Agricultura Sinica,
2001, 34(4) :416-421.

[32] EF, BEER, B 1L, A5 AR IE T ARl A /N I KA A

R F AR H I AL R 5 N0 HERCRRIE . HE9 5 37 5 IR 4
2009, 15(1):48-54.
WANG Xiu-bin, LIANG Guo-qing, ZHOU Wei, et al. Effect of opti-
mized nitrogen application on denitrification losses and N,O emis-
sions from soil in winter wheat/summer corn rotation system in north
China[]]. Plant Nutrition and Fertilizer Science, 2009, 15(1) :48-54.

[33] MR, JF K, SREBR, S5 . AN [ R R 8 O R a4
A5, -LHE, 2006, 38(3) :263-269.

DENG Mei-hua, YIN Bin, ZHANG Shao—lin, et al. Effects of rate and
method of N application on ammonia volatilization in paddy fields|J].
Soils, 2006, 38(3) :263-269.

[34] Bk, J5 58, 4475, 45 i B A RIS T4t 1 e A
HCRYEZHALS]. 5 AT, 2007, 25(1) :67-72.

LIANG Dong-li, FANG Ri-yao, LI Sheng—xiu, et al. Effects of nitro-
gen types on N>O emissions of dry—land soil[]]. Agricultural Research
in the Arid Areas, 2007, 25(1) :67-72.

[35] Heilman P. Effect of added salts on nitrogen release and nitrate levels
on forest soils of the washington coastal arealJ]. Soil Science Society of
America Journal, 1975, 39:778-782.

[36] Christianson C B, Carmona G, Klein M 0O, et al. Impact on ammonia
volatilization losses of mixing KCI of high pH with urea[]]. Fertilizer
Research, 1994, 40(2) :89-92.

[37] Chen Z, Hou H J, Zheng Y, et al. Influence of fertilisation regimes on
a nosZ—containing denitrifying community in a rice paddy soil[J].
Journal of the Science of Food and Agriculture, 2012, 92(5) : 1064-
1072.



