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Temperature and depth’s dependences on N,O emission in
the cultivated layer soil
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Abstract: [Objective] The research studied the mechanism of soil N, O emission at different depths to
offer scientific bases for reducing farmland N,O discharge flux. [Method) Soil samples from a wheat field
were analyzed to study the characteristics of soil N, O emission under the filed hydrothermal conditions in a
lab (temperature:15,20,25 C,soil moisture:14. 50% ,18. 70% ,soil depths:5,10,15,20 cm). [Result] The
average soil N, O flux was closely related to soil NO;-N content. Due to the higher NO;-N (10. 09 mg/kg) .
soil N, O flux at the booting stage maintained a high level even at a lower temperature (15 C). When soil
NO;-N content was in a certain range (3. 18 —4. 12 mg/kg) , soil hydro-thermal conditions would control
soil N, O emission at different depths. When soil temperature was low at 15 C,soil N, O flux in the deeper
layer decreased obviously,and retention rate increased significantly,especially for the soils with high mois-
ture. N, O flux from deeper soil increased obviously as soil temperature increased, N, O flux from different
depths increased linearly and retention rate decreased significantly. At booting stage (15 C) with a good

soil moisture and fertility, soil N, O flux was mainly from 5—15 cm layers. More N, O was released from
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deeper soil as soil temperature increased. [Conclusion] Global warming increases N, O emission from deeper

soil.

Key word: N, O flux;soil temperature dependence variability;soil depth;apparent retention rate

IR C A SN FEL, C5E T ERR
ST RE. DO EEMREERIKRZ — 1
KA HAKE 114 48 550 Rk S 5 KA i
LI N R R R A AR R BUM ]S
s Al Ly 22 51 45 (IPCCO) 85 4 IRIEAS IR 2 KA
N, O ¥ 2 Tk AL RTZ9 270 ul/m® 54 fin %] 2005
AEE) 319 ul/m’t . RKHEAER RS R EEMN N,O
HERC IR, 5 47 Aok + B HE A NLO-N 295 3. 3
(0.6~14.8)Tg, i NG shHECR B 46 200,

HHET. X TRBEABRS D L N, O Hii L H
S A g 20 R ER FZ R N, O ¥
JE BN 5 S5 R R, R )2 NL,O ¥R BE R 60~
150 em™>30 cm>10 ecm, & )2 T8¢ N, O By EZE R
Je A RO E Y . (H R A N, O JF
ANBE 4RI H M T F T Wl BEL VR L R R A 1
AR5, A b N,O HE gk A K M #E 2
FHEZRFFED GERERZ W EZm, 28 N.O
HERC =B 1 HOR TR B (7K & F B
MRRWGE AEYIRES R EMNRE Y E £ 7, 5k
2% F 3 N, O (9 4= it HE ™ AR 52 . RIS [ 3
FEBEZE 5 N, O 7= 4 L is B8 45 HECHL ) . A B F %t
A B A58 N, O HEGCHEAT 81 %5 M 0y 9 22 (5 3 A i sk
ZX 7 ST . ARG AT J6 M X 4 /N R TR A
AW A B S AR B RS UL 1A
N F ] K ARG S AS TR R B 2 Dotk 3 N, O i
YRR » & TE 48 75 AN [F] /N 22 AR 0] A T R B 4 38
N, O B HEB ML > R A B AEZS R G0 N, O HE ) 1
PR 2R

1RSIk

L1 ikt #F

BRI T VU A AR AR B R 2 AR A — il B A
YRR 2 /N BRI L DL N 46 %6 11 JR 28 o0 &R
BEAE Ry & P.Os 1206 135 38 2o % 72 45 . 8 2008 (N,
225 kg/hm®) F#EAE (P; O, , 150 kg/hm?) {EH AL, —
W A#FZ R G A . TR 10 A a4 Ffhh
& AR 06-03 ZE WAk, BAEFTWIAMIT AN
WK, F/NERFEMERE 4 AE6 AW, 5 k4%
IINFE A B (2 R L A6 309 RN Rl D B 2 R
AR5,

1.2 R_B&i%it

NS SR R E K 4y R G AY
B A ED 3 AR AR 3 UK 0
INAZ 2 R T A S 0 BT T 17 e ] SF- $4 3R B
G392 15,20,25 Ci K431 2 7K, 43 51 R il 5
X FH Ja] 5 K 57K B/ 65 % (W) il 85 %6 (W) L AR
5 KR R 14,50 Y H1 18, 70 %6 5 g WL A [
TR 8= N, O i =2 0 H B, IF O 45 3 1
TR ESME RO IR A S 5,10, 15 F1 20
em 4 AR 3t 24 AL AL A 3 IR
1.3 REHE

TN 2 RE A R R T B AR 7 em,
KRN R AL - FE TR B — 2 e A 5 X 38 U0, L
0~5,0~10,0~15 Fl 0~20 cm JF Ik 1 458 3 41. 4%
JEORR A S0 B Y B 2 N EOKEE . 53]
— R E TR E B IE A ASN L I TT EEIER R u
ALY 35 T 35 4, P9 BUZ IR AR, 2 A B B AR A
BT ] F SR B (15,20, 25 C) Ry 746
Wigt. Wigtha B0 24 h ] 2 mL RS8R HORE 19K,
T N, O Bl 9 € B WO Z 5 AT 45 i
F 30 min 2245 LAV 25 & S0 108 25 M 3 9%
FRE PR EERRE 10 d. N,O W% K& N,O
HE 70 5 0334 R F SCERL 10y 5 vk

2 RS0

2.1 INEFREBTHARARRELH N.O HHERUSE
F 1R 2FOKFMT /ANE AR AT AR
TR HFER N O HEGE . Bl 1~3 430 /N2 2
FEHA I A6 1A A0 2 A N, O 7 ¥y HEHGHE & B +
FERE R AL L. IR 1 ol DL L A1 2 BhoK oy
AT AN R R R NLO HEBGE &3 e
AR Z I R/ .
2.1.1 FAkd B 1AL fE/NAE R B SR
HREE 15 Clf L 7E 2 Bk 4y 54T A TR 3 B 4
N, O HERRFAE A 22 5 . Y& KRR 14.50%
Ab s 25 R B A () FROAR 1 498 i i R R) L HL L N, O HE
2R B E(P=0.089>>0.05), %8 -5
PR NLO R AEE I £ %:0~5 cm £AEH £
JZ i, RN, N, O S 2 HE ik 38 2 e A i He Al
3A TR N, O FHHEGEE RN 0~10 cm >0~



5113 FLALSE L 45 B R 5 N, O 5 38 B 4 e 2 AR 78 203

I¢

15 em>0~20 em, 5 £ AEHRIE ARG A SR IE . JOE B STRR R .
HRPLEM ST .5~10 em + 2 £ HEX N,O
1 NETRALEHRRRELEN O HMER

Table 1 N, O flux from different depths at different growth stages pg/(m” « h)
iﬁigf’c & ig%x % (%'i:tztfm AP /d Time

Temperature Moisture Soil depth 1 2 3 4 7 10
0~5 1.20 3. 60 8. 80 4,32 3.16 2.16
s 0~10 7.50 10. 93 28. 20 18.39 13.32 3.08
5 0~15 9. 00 13. 90 20. 86 11.29 12.37 10. 37
(R 0~20 4.10 24. 88 19. 80 6. 26 8.55 1.56
Booting 0~5 12.10 27.50 16. 10 11. 85 6. 85 2.06
stage) 0~10 12.70 65.10 62. 60 48.25 74.57 9.99
18.70 0~15 16. 30 44. 87 97. 60 98. 67 148. 96 15.11
0~20 7. 40 7.56 10. 60 18.76 27.38 8.48
0~5 1.60 1.78 2.04 1.28 0.94 —0.32
0~10 2.94 2.35 2.11 2,41 1.56 —0.21

14.50
% 0~15 2.57 3.24 4.84 1. 52 4,22 1.10
TF L 0~20 2.34 1.93 10. 10 8. 89 6. 94 2.27
Blooming 0~5 2.36 2.92 2.36 1.37 0. 96 0.02
stage ) 0~10 1,94 6.11 2.11 2.43 1.04 0.63
18.70 0~15 2.56 6.72 4.84 3.19 3.62 1.42
0~20 6.27 7.55 10. 10 2.57 2.24 0.98
0~5 0.28 1.27 1.53 1.38 2.31 0.24
0~10 1.50 1.92 1.80 1.47 1. 90 0.11

14.50
. 0~15 2.31 2.50 3.72 4. 90 5.54 2.18
e 0~20 4,64 7.24 8.15 11.08 9.51 8.16
Maturing 0~5 0. 50 1.91 1.77 3.90 5. 60 0. 47
stage) 0~10 15. 10 3.62 3.84 1.97 3.72 0.19
18.70 0~15 13.28 3.75 1,28 12. 40 13. 84 5.95
0~20 20. 81 9.47 12. 14 15.17 12.89 12.48
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Fig.1 N,O average flux with soil depth at booting stage Fig. 2 N, O average flux with soil depth at blooming stage
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Table 2 Apparent retention rate of average N, O flux from different depths at different growth stages %
ZERE (15 C) FFAEW (20 C) B (25 C)
+FER B/ cm KR/ % GIKFE % LK) Y

Soil depth Booting stage Blooming stage Maturing stage
14.50 18.70 14.50 18.70 14. 50 18. 70
0~10 1.08 10. 44 62.53 57.41 68. 42 44,74
0~15 62.98 38.67 70.03 75.63 66. 71 57.94
0~20 82.56 93. 44 70.63 81. 80 56.62 63. 20

H 2 2 B AT, 2 Bk /3444 ,0~20 em 4
N, O -S4 HE 75 8 1t 28 00 5 B3 232 X UL B 0 7 v T
R AT, 22 B0 B X A R FE NLO A 80 W B 5%
M, FEFFAEHI 20 C) Fn 21 (25 'C)H2 FliK 43 5%
4 F,0~10 A1 0~15 em +FE N, O -2 HE il i 2 5
Lty BA R AR AR I B 2 L 0 T TR AR . RN
ZARE (15 C),0~10,0~15 em +FE N, O F 24
JHCIE 3 WL BR R AR Y AT . PR Ry 2 I kR
g 14,50 % A1 18. 70 % it /N2 ZE B £ BE N, O FE
JCGE T LG IF AR 9] R R 2 I b R A N TR B A 0
3.7~9. 4 A5 R 7. 8~18. 9 £, oSk B B R [k
fik.

DL S5 R R R A E B 4 N, O By ™

AT ELE P TR R R RE B RN A Y
N, O 73§35 ) — & RE S A B v IRk AE B i 2 HE
B3R HERTR L N O R T il AR AL . 7R
PIEREE B2 R N, O [ B B0 4 B &, {H 5K
P b g o — A BE TP A9 A S R G — HLl
B A N, O 20 A5 — & b Jn & R
W 3t 36 1 M TR RN R AR BRI AR B AR il
RIZ U 3 v A i 3 AU HE B 3 B0 2 300
HE— 2 .

4 45 8

(1) 3 N, O P By HE i B oK/ 5 28 NO;y -
N Y& 5 A 5%, R 2B R 1 SR i B A (15



206 Pl A PR R R BHEID

537 &

C) L HH T HHE NO; -N i m . i N, O 2 4k
BGE R K. 7 — % £ NO, -N JKY & =6 [l
(3.18~4.12 mg/kg) . RFRE +#£ N, O VB HEjik
RN S KRS R YT,

(D TE/NFEZEFEM (15 O IRIE+FE N,O F3
HE i B BT R, L N, O S 2 HE ik i o 22 U 58
R E RN AR R T KRS LRI U
TN TF A SR | B LR 1 T AR R
N, O - 25 HE 5cE 4 W 5 T o B % 1 8 0T & A 3
I AR TRV R BE £ RE N, O S HERGE B LT S 4L v
s N O S35 H s i £ 28 UL TF 7Y 23R B S a0

(O TEMLIR (15 C) KB T2 M &1 T 82+
FEN,O HEEE R [ 5~15 em + 2, 10 24 + 4 5 K
14,50 % A R NOy -N Z& 447, N, O Hijil 53 ik
PN 5~10 em )72 5K 5 Bl A R T BB AT
N, O HEBCA BTk T R 28 . 4R A AR BE K (2 £ 45
R A N, O 3% T . HEA KRS,

[ 5% 30k ]

[1] TIPCC. Climate changes 2007 the scientific basis [ M]. Cam-
bridge,New York:Cambridge University Press,2007

[2] Delgado J A, Mosier A R. Mitigation alternatives to decrease
nitrous oxides emissions and urea-nitrogen loss and their effect
on methane flux [J]. ] Environ Qual,1999,25(6):1105-1111.

[3] Chang C,Cho C M, Janzen H H. Nitrous oxide emission from
long-term manured soils [ J]. Soil Sci Soc Am J,1998,62:677-
682.

[4] 1IPCC. Radiative forcing of climate changes [ M]. Genera;
WMO/UNEP.1994.

[5] Velthof G L,Kuikman P J,Oenema O. Nitrous oxide emission
from soils amended with residues [ J]. Nutr Cyc Agroecosyst,
2002,62:249-261.

[6] ZRAHT. JRZ A KNO; X 7K A 1 T L& L Ak i B #0901 3%
W ——JE ML g A [T %241, 2003,40(2) :239-245,

Cai Z C. Effects of urea and KNOj; on processes and products

of inorganic nitrogen transformation in paddy soils [ :Proces-
ses of inorganic nitrogen [ J]. Acta Pedologica Sinica, 2003, 40
(2):239-245. (in Chinese )

(7] & AR JWob# ZEAMLEE . &5 + 1K 4Rk 00 A 5T x5 B N2 O
HEBL AR (], + 3244, 2000, 37(4) :499-505.
Xu H,Xing G X,Cai Z C,et al. Effect of soil water regime and
soil texture on N2 emissions from rice paddy field [ J]. Acta
Pedologica Sinica,2000,37(4) :499-505. (in Chinese )

[8] # M. M,ERHN,%E. S ER & H N O HEE
WA BT ()], BREERL S 2440, 2002, 22(5) . 598-601.
Huang Y.Jiao Y, Zong L G,et al. N2O emission from wheat
cultivated soil as influenced by soil physicochemical properties
[J]. Acta Scientiae Circumstantiae, 2002, 22(5):598-601. (in
Chinese )

(91 T B, (L4036, 22004, 5. VEW T o8 4 M 4 38 000 T AU HE ik
A 52 T 234 37 RS e AW A R e LT, A4
#.,2007,27(7) :2823-2831.

Ding Q,Bai H Y,Li X X, et al. The effects of crop on N, O e-

mission from loess soil; Roots and N>, O emission from soil [J].
Acta Ecologica Sinica,2007,27(7):2823-2831. (in Chinese )

[10]  #fEHF, ALse, B A0, 5. B 48 £ NoO HEs iy i B 200
Hgh iR AE [T, A 252410, 2009,29(3) - 1226-1233,
Luo X P,Bai H Y.,Lu L,et al. The effect of temperature and
moisture on N, O flux kinetics from loessial soil [J]. Acta
Ecologica Sinica,2009,29(3):1226-1233. (in Chinese)

C11] #Rsots, 04 B 0 7 8. B2 X 52 £ 3 N O /9 5% i B 58
[J]. -3E241),2002,39(1) :1-8
Xu W B,Liu W P, Liu G S. Effect of temperature on N,O e-
missions from sub-tropical upland soil [ J]. Acta Pedologica
Sinica,2002,39(1) :1-8. (in Chinese )

[12] BRPH. B BIG4e, 45. FeVE TR X4 B A0 2 HE i i
R S gk g B L1 op Al B4, 2005, 38 (10) £ 2053-
2060.
Chen S T, Huang Y.Zheng X H,et al. Nitrous oxide emission
from cropland and its driving factors under differentcrop rota-
tions [ J]. Scientia Agricultura Sinica, 2005, 38 (10); 2053-
2060. (in Chinese )

(18] FRARHN 2 DR . 452 55, 4. 8 M ) i A F) 2 R N2 O
WRPE AL S (], A2 35 2441, 2009,29(3) - 1421-1427.
Liang DL,Wu Q Q,Li S X,et al. In-situ measurement of N,O
concentration from profile of loess soil [ J]. Acta Ecologica
Sinica,2009,29(3) :1421-1427. (in Chinese )

[14]  Ande, ghadpl, sk —F. o HIR 2 S0 N2 O B0 K JA %00
HLERYIR [T, AW FRET R 22241, 2003, 22(6) : 724-726.
Bai H Y, Han J G,Zhang Y P. Mechanism of N;O emission
relying on humidity and temperature from soil [J]. Journal of
Agro-Environment Science, 2003, 22 (6);: 724-726. (in Chi-
nese)

[15] SEaEwE. ZR5eqn S A 55, 3 L m BT L &N E R IR
FOR T M AR [T, HEAER . 2002,39(2) :199-204.
Dang T H,Cai G X,Guo S L,et al. Fact of and crop response
to nitrogen applied to winter wheat growing on heilu soil [J].
Acta Pedologica Sinica,2002,39(2):199-204. (in Chinese )

(161 ABIE JC. okt Bl BB T 55, A€ B 4 HE Rl Ak fid L 1 T 5
N2 O iy Fik [J]. 38 5 558, 2001,10(4) - 273-277.
Zou G Y,Zhang F S,Chen X P,et al. Nitrification-denitrifica-
tion and N, O emission from arable soil [J]. Soil and Environ-
mental Sciences,2001,10(4):273-277. (in Chinese )

L17] Aot Bl v, R, 55, Rk B B A SRS
N O B i 752 ) [T, b B 58 #}2.1999,19(5) . 387-
391 .
Xu W B,Hong Y T,Chen X H,et al. The potential effects of
climate changes in future on N;O emission from agricultural
soil [J]. China Environmental Science,1999,19(5):387-391.

(in Chinese )



