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Impact of Soil Temperature and Moisture on Soil N;O Emission from Mollisols Under Different Land —use
Types
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Abstract: Using static closed chamber and gas chromatography techniques, we examined the patterns of soil nitrous oxide (N,O ) emission
from Mollisols in Northeast China as affected by changes of land use ( grassland, bare land, and cropland ), and related soil N,O fluxes to soil
temperature and moisture. The results showed that, during the monitoring period (from May 27 to September 30, 2011 ), the cumulative N,O
emission was higher in cropland(70.16 mg N+-m™) than those in grassland(52.08 mg N+m™) and bare land(64.43 mg N+-m=) by 35% and
9%, respectively. The mean N,0 emission fluxes in grassland, bare land, and cropland were 16.56 pg N-m2-h™", 20.36 pg N-m=2-h"', and
21.44 pg N-m™?-h™, respectively. In grassland and bare land, there were no significant correlations between soil N,O flux and soil tempera—
ture and soil moisture (water—filled pore space ), whereas in cropland, soil N,O flux was significantly correlated with soil temperature (5 cm,
10 em) and soil moisture(5 ¢m ) (all P<0.05). In addition, soil cumulative N,O emissions were positively correlated with soil nitrate nitrogen
and inorganic nitrogen content. Our results suggest that conversion of grassland to cropland in Mollisols can promote soil N,O emission, and
the main driving factors for soil N,O emission vary under different land uses.

Keywords : water—filled pore space( WFPS ); emission flux; nitrous oxide; inorganic nitrogen

W#s BEA:2013-03-26

ESTE P ERFA B A DOl AR 2R R T2 % 54 (201 1ZKHT-01) ; #7272 B S ms PR 5 3 % 1L (XDA05050501 ) ; 34 [ - ¢ -4 3%
(UNDP)Jii H (CPR/06/209-04,08 )

TEBE N A (1988—), 2 A A5 Ak, 8 NS4 3 E DAY . E—mail : shihongai03@163.com

*BIEEE . 2% E-mail: lilujun@neigaehrb.ac.cn



L4 R BRI SR SR S5 0K S0 N SRR 287

FALW A (NO) EHE MR ES M Z —, T H
HEVEVERIAK i BRI S S5 lIR KRR AZ,
AR E R S ERRIE TAE 2 DG T s 2 AEY)
Rl HE 2] KA 70% 1) N,O SR8 4 385, Hod e
b A 38 R R R RO AR A P R AR AR S
R4 3 NO HEBUW BT E 2R £, SR T X -
I KA 5E AR D

N,O 76+ 88 5 KA Z A EF AL 2 m N E A
RZ AR (K AU A LA B 33 T (38
pH R L) S5, 3R 5 =X el A 25 5 850 e
JE R A LR IR S A AR T s
HETT AR 13 NO AR, 38 B 252 m N,O HE
AR AR R T2 — . AR RN, =SSR
JE it 10 CHE, 13 N0 HEilc i 2 3% - IR 20580
S, 45 NLO FHERCE: SR R AR BUN K. £
KA AL RERZ M R P R SIS L, 385
IR R, 2 435K RERE A UEAF 1k SRk
PEUE R A AL FR R, NO ARG R IR eSS . 7E
TS ARSI, 13 N,O A R Bk A T
THER R, fL 2z N0 3k | Sl AR,
Davidson SFfF5E 0, +3E N,O 27 B +
s H A3 NO HEURGE B 7K FLBREE R 50%~
70%", 4 4 49 50K FLBR 3 80% 1), it F AR
A, BB TR A A R R SRS LA I,

X E AR I b X R = b X
A HH -3 N0 HERC I 78 E A AR 20, Xt 7 1E 4L
P XA FH 358 NLO HERGE AR SRR B 20D
I, AT AR R A X 5 o sl B b AT A
H 3 FlAS[E] 1R =R 23 NO IHERCRRAE , I
T 3R B KK 43 % 4358 NLO HEHGH 1520, N
PRI A dE 28 4 X 1 N,O BB AR S 146 Ak
Hdh o

I HARMREHARTE

1.1 SARXER

RIS HA TR AL R+ K e HAES R
G0 1R F B AR 5T 0k (47°26'N, 126°38'E, 1
PR 234 m), AR E TR KB PEZE R R, 45
BT, B2 W, IR 2, RN 0.5~4
°C, AE 4R 18 500~600 mm , 80%%E P 7E 5—9
TCREHIN 125~135 A, VEWIAE KR 120 d, =10 CHY
A BRI A 2400~2500 °C, R ET, T4 pH (K
7.0, AP 482 mg-g”, AR A 2.2 mg-g, 4

BES N 0.7 mg-g™s HHENE R TUR B SRR
+, I AR B R BT, AR R 2 40%.
1.2 3%

ARG LR 3 T Ay 2 B AR AR
H o BB 1985 AFIRFHAM , AR 1 hm?, Ry B )5AL
TR FERE A AR s BT 1985 AR B, AN 0.7
hm?, JCAE R 55 , A A 1 2 T AR A Y b 53
B o B SRS JCE A T A TR, 4l B
MLIERE 3 DMFEE RS . A H R I B K -
TR N RAE BHE DT 2O AHE it NP K IE,

HF 1990 4, /INXAK/NVEH 12 mx5.6 m, X 3 K.
2011 AEFEAEY S FoK Bt &k 120 kg N+hm™ 60
kg P,0s-hm™=.30 kg K,O-hm?, F5 F 8 HF1 6 F] 21
H 23 5l it R AT FEEE o
1.3 RS

I A Ry 2011 485 J] 27 H—9 J] 30 H,
KHE T 1 3 P S A 1, R RN 1 3k(7 JT 30
H BRI R BRI ) , BUCRAFERT [E] 2y 9:00—
11:00, FEAAIARSCAE% S 0.10,20.,30 min B A
Y 20 mL AR A UARE i SRR R
RSB R s /N, A IS 88 %E i .
FECEE AR TR, SR P /K AR BT e s =3
AR, SR LTS 5 em(T5)F1 10 em(T10)
Ab IR, I RAEFHSAAEE 1 m 08 AR
+ W A KR A, NI R K
fLBRBE (WFPS),

N,O F it A E R AR 215 12: (GC-2010, Shi-
madzu Corp., Japan) , £l % (EID ) i F£ 2k 250 °C, 43
BRI R 70 °CL 20N B934 20 mL - min™, i
b NLO W B3GR 55 I () 37 e ke (R 2k 11 )9 FR
BENO

ALK X ER CGESF A 1 m YEFEIN )0~20 em
T2 15, 2 2 mm G BRI 20 g BTEE 1A, T 100
mL 2 mol- L™ iy KC i 4, PR HESR ShES,
A3 AN s R B U B A R (NHE =N RS A L (NO5
=NV, JCHLAMR B o NH =N Fl NO;-N ¥k B 2 il
L4 HRTES RIS

NLO Hejifcim fe 4 B X015

F=pxVIAxAc!Aix273/Txa/1000
A F R NO HEHGE 5, wg N-m?-h™sp Rkl
B N0 B, 1.978 kg-m™; V FIl A S35l & i A6 1Y
RF (m®) AR TR (m?) 5 Ac/Ar (10 m®*»m= ™) S 7E
— 4 B ] N NLO MR B AR AL 38 5 T ol 4 XL E



2288

YR S it Y 5 3255 111

T=t+273 K¢ MERSFE A, Csa 2 N,O #0555 N
(28/44) 1) A5 IR 7

N,O SRR E 4 T 200 A

M= (EH + E>/2x(ti+l - li)x 24
Ao M AR B N0 HEBGH &, mgN-m?; F A
FAHE NO HBCE i, weN-m?-h s ARRARR A
RAERAFE H IR A RED -

3K DL 45 WEFPS 35 T HE IR
e E oK X A

1- 1345 H/2.65

AR T A 25 4R H Microsoft Excel #FiE4 T
B b BR8] SPSS # (SPSS13.0 for Windows )
UEATEAE T, B E KR «=0.05, SRAHZME [EH
TS A EHLAS NO HE R, R
i 5 0] U5 A9 Afr A 18 PR 5T DR (e R R RN A EOK
53 )5 N,O HEGE RO &R o A Microsoft Excel %
AR

2 EREHH

2.1 AEE#FAANT LERERMER
WnZ 1 R ANTR] st R O 30N AR
AN, A TH 35 pHfELS it pH B b 25 k22 57 (P<

WIPS= x100%

90
80+
70
60
50
40
30
201
10

N,O HEH#GH /g m™+h

&1 FADHFAFX T LEERER

Tablel Soil basic properties under different land use patterns

LR AR AR
L E mg-g! mg-g’
B S8b  288b  21b  134a  254a 158ab 41.2a
My 63a  39.6a 30a 1352 60b 153b 21.2b

A&H 59b  277b 21b  137a 148ab 16.3a 3l.lab

s Al B F-BER R 0.05 (1 B E KT,

Note:Different letters of the same column denote the significant at 0.05.
0.05) ; HIEAHLIK M AR & 54y o+ e , HL
SR HA R . 2R SR B EEES
(P<0.05);3 Fp A FH 7 0T, H38 O/N £ %A
BEEESR; THEMSA S REA M iR (254
mg-kg™) , FEEHLH AL (6.0 mg-keg™); HIRW A S
TR P A (41.2 mg kg ™), 7ERCHE P AR (21.2
mg-kg™); FA AT EIEA M R (16.3 mg-kg™),
B P AR (15.3 mg-kg ™).

22 AELHFAAXITLENO HMBEESER
HEA E 8IS0

O BRI 350 NLO P34 HERGE 2R/
WU AR >R 0> F b, HAB 7351k 16.56,20.36
21.44 wg Nem=-h™' o SFE K, 3 Fl LA 5 X F 4
HENLO HECEE TR AN s (8] TA) . 3 Fh 3l

TSR AR TR/
mg-kg”! mg-kg' mg ke

s
Nl

80
701
601
50r
401
301
201
101

or

(B)

N0 REHECR/mg - m™

AN\ IS U NS\ U\ S I A iAo
T P FF IS

HokE

\’L \0) \‘0 (bb Q’L q:‘) n)Q

07T s 4

28 35 42 49 57 71 77 84 91
KE/d

98 105 112 119 126

- il W R A A
BRI Ehr iR . RIR
The data are Mean+SE. The same below
B 1 AEHFAFRNTLE N HiEE ERHAHE

Figure 1 Soil N,O flux and cumulative emission under different land use patterns
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Figure 2 The seasonal dynamics of soil temperature(T5 and T10) and soil moisture( WFPS) under different land use patterns
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Table 2 The relationship between soil flux and soil temperature(T') , soil moisture( WEPS ) under different land use patterns

I (n=18
S I WEPS P4 AR ) (n=18 )

ZBRTT S YA (n=13)

LA AL R P L5 R EL R P
O T5 — 0.126 1 0.148 1 — 0.120 7 0.244 9
T10 — 0.164 7 0.094 7 — 0.164 2 0.169 6
WEFPS% — 0.002 8 0.834 5 — 0.071 8 0.376 2
b TS — 0.032 6 0.473 5 — 0.025 1 0.605 0
T10 — 0.011 0 0.678 7 — 0.0110 0.733 5
WEFPS% — 0.005 5 0.769 2 — 0.002 5 0.871 5
fH TS /=5.832exp(0.053 57) 0.382 0* 0.006 3 /=3.965 8exp(0.073 27) 0.453 8* 0.011 6
T10 f=5.592exp(0.065 9T) 0.463 7* 0.001 9 f=4.923 5exp(0.073 4T) 0.498 5%* 0.007 0
WEFPS% — 0.100 9 0.199 0 J=1.992 1exp(0.057 4T') 0.331 0% 0.039 6
HE* P<0.05;%* P<0.01,
. 80r Bigt RN S YRR R T R I AMESHEAR SR AR S
o . ST K T B
\f::“ 601 'S L
I sof Y SE ik
i L 2
g'z‘ 40 [1] Masood E. Obstacles to an agreement[J]. Nature, 1997, 390:220.
oy
Bk 301 [2] IPCC. Climate change 2001. The scientific basis. Contribution of Work—
Q y=-0.045 8x*+3.678 2x-7.019 2 s .
= 201 ing Group I to the Third Assessment Report of the Intergovernmental
B R*=0.6179 P=0.056
m 10f Panel on Climate Change[M]. New York: Cambridge University Press,
0 L L L L L L L 1 2001
15 20 25 30 35 40 45 50 55 31 Ding W. Cai Y. Cai Z. et al. Nit q sions ntensivel
iR g g [3] Ding W, Cai Y, Cai Z, et al. Nitrous oxide emissions from an intensively
cultivated maize—wheat rotation soil in the North China Plain[]]. Science
3 AELHAAGTATLRET RASES TR NO of the Total Environment, 2007, 373:501-511.
RAHMEBHXR

Figure 3 Relationships between soil mineral nitrogen and

cumulative soil N,O emission under different land use
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