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Abstract: Atmospheric concentrations of the greenhouse gas nitrous oxide (N,O) have significantly increased since pre-
industrial times owing to anthropogenic perturbation of the global nitrogen cycle. However,studies dealing with N, O fluxes
from different land-use types on hilly-gully loess plateau are still scarce. Different land use types (i.e. forest, grassland,
arable land) may lead to different soil N, O emissions. These soil emissions may be of significant importance for the
composition of the atmosphere and it is of great importance to study the soil-atmospheric exchange of N, O in these
ecosystems to get reliable estimates of the soil greenhouse gas budgets in semiarid areas under different land-use types. We
aimed to estimate the potential of soil net N,O fluxes and the controlling factors for N,O production. A laboratory incubation
experiment was conducted to determine the effect of soil temperature and soil moisture on N,O flux in forest, orchard and
grassland on hilly-gully loess plateau. Forest (109°10'E, 35°05'N) , orchard (107°41'E, 35°14'N) and grassland (106°

27'E, 36°17'N) sites were selected. The main characteristics of the soil at the depth of 0 —5 cm are as follows: Soil
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organic matter was in the range of 12.4 to 44.8 g/kg, total nitrogen was between 1.05 to 2.27 g/kg, bulk density between
1.168 10 0.803 g/cm’ and pH value was between 8. 88 to 9.04 in the three sites. At each site, twenty-four intact soil
samples were collected in early spring 2010. Each sampling site was divided into six plots to obtain representative soil
samples. Four intact soil cylinders per plot were collected from the uppermost mineral soil (0 —5 c¢m from the top) using a
PVC-cylinder ( diameter: 7 c¢cm, height: 5 cm). Undisturbed soil cores from each landuse type were incubated under 5
different moisture conditions; water content at wilting point ( WW ), natural water ( NW ), fracture capillary water
(FCW) , field water (FW) and saturated water (SW) content, which was in the range of 10.7 to 83.2% WFPS. Each
water content was measured at 4 different soil temperature states (5, 15, 25 and 35°C) in the laboratory. Nitrous oxide
fluxes of undisturbed soil cores were measured with the closed chamber technique and analysed by gas chromatography.
Inorganic nitrogen, organic nitrogen and microbial nitrogen of soil samples were measured additionally. Our results showed
that: soil N, O emission rates were positively correlated to soil temperature (r=0.1599, P<0.05). Maximum N, O
production was measured at 35°C. Soil N,O emissions was positively correlation with soil moisture content(r=0.2499, P<
0.0001) until soil reached field capacity (FW). N,O fluxes reached the maximum when soil moisture was close to FW,
but N,O fluxes declined sharply above FW. The soil N, O emissions could be described by a polynomial equation: F=a+bx
T+cx TP +dX T +exT' +fxW, where F is the N, 0O flux, T is soil temperature, W is soil moisture (WFPS% ) and “a—f" are
the regression parameters. N,O production was highest in Orchard soil > forest land > grassland soil. In orchard soil 14%
and 30% more N, O was produced compared to forest and grassland soil. Soil nitrogen also influenced the soil N,O flux, but

there was no clear pattern.

Key Words: hilly-gully loess plateau; land use; N,O emissions potential; soil moisture content; soil temperature
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Table 1 Basic physicochemical properties of tested soil

e e A . 1%%(9?& ﬁm)ﬁ 2R
Soil sample No. pH EC/( ps/em) Bulk den:lty Available N Organic matter Total N C/N
/(g/em”) /(mg/kg) /(g/'kg) /(g/'kg)
RH Or 8.88+0.10 171.8+3.20 1.168=+0.01 23.35+2.15 12.41+0.44 1.05+0.15 11.86+0.92
FH Gr 8.89+0.09 164.2+2.94 1.273+0.02 10.92+0.41 27.65+1.36 1.90+0. 19 14.56+1.34
A Fo 9.04+0.08 135.7+4.45 0.803+0.02 31.96+3.31 44.80+3.04 2.27+0.15 19.78+1.86
1.2 57k

B AR 5 A KRB L DR AR AR Y 24 DEUIR B (AR 7 em, 5 5 em BYERJ]) B H 4 ML
FERRHAMT  JEARHY 20 4400 S 400, 050845 -8 K 5 4 SRS T HK Bt (Wilking waters WW) 144
Tk (Natural water; NW ) | B 4145 W 24 15 7K 18 ( Fracture capillary water; FCW) | [ [0] $57 7K & ( Field water;
FW) |15 2 7K & ( Saturated water; SW) (BEITRAIFRK ) , ARG HIL R 2, 4l 4 MEHEE , SR 500 mL
HYERRHREAR h FHEB B 3 0 HRIRATE 5,15 .25 35 C R AT P3G 5% 24 h Ja RSN, SAEME S BIR
DUINAT SERY B FR T R0 R, SR AR, A 36 G FR AR B s (B 2 mL AUARRE &, HTTIE N, O MR
BN IR T RE ST FTIFE O G b N7 5 A AT SR P A7, JF AR 26 U0 5 B i b FE 8 2R 1Y K
g3 PR L dJE BT T — R RS IR A AR AR il B FBOE (AR T i OMARE 2 4 A Il R A 2 A
5 AIKIIRRRE TR RAERY 3k 20 0B B AL 4 AR, TP ARIES VI E R 4 AR 4
FEZE | e ZABIE R 5 K 3 BB P 5 1 5 AR B FEIN E A5, M b P 2 4 DA

R2 EFIHRHKNRE
Table 2 Water Set of the Culture experiment

- FERKE ASRRE T &KE BRIk HH [R]Fp7K TR K
T o . )
Soil le utilizati Wilting water Natural water) Fracture capillary water Field water Saturated water
oot sample wition / WFPS% /WFPS% /WFPS% /WFPS% /WFPS%
Al 22.17 31.03 38.27 58.89 73.89
T 10. 67 19.9 29.15 44.84 59.79
B 17.21 28.97 41.02 63.11 83.19

1.3 SR E B HERGE BT

N, O F2E[E Varian j GC3800 “TAH AN & , 4 DU #% 4 ECD(*Ni) , A1 7KL ) Porapak Q14 (80,100
H) ,85H 99.9999% = 264, i 3 60 mL/min, A5 I &% | €035 A kA D0 EE 43 31 350,60 ,100 C
PRESMAHIE R 9.6 mL/L N, O A8 IE A N B L P 328. 2 wl/L ARHESAR , AR EIEIIE N,0 H48 5 R 5L
NT 5%

c, v,

N, O i AN F(ugNm™h™') == x -2 (1)
S AC/dr S5 Y U] 07 (MR g N m™ b

dC = Cmt — Cmo  Cmi(pg/m') = CoX M xb (2)

22.4

S, Co A 3 BRI O G, BB /M A N, O (BRI J 44 @3b W N, O 55
N AR R M 28/44, Cont A4 JEUIR AR FIRIE TR N, O BIVKIE B0 pg N m™ 3 Cmy B A7 300 (55
) BRI N, O Y BE | Sf 5 R 7 3R Coe, FUR: Co H9%5 ERE SN GE 7R o o MU T I B R2 i
BOREIE by V ArbRUEtR LT R A, B0

» LY 273 P
I =
HHEAR R . Yo =Vt oo 7 ¥ 101, 325 <)
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A, Ve IEFRAR R R IR RAR, m® T DR AR, RIE IR L, °C 5 P O SRAUN RAUE T, Pas A 36
JIREAR A, m?

T L (4)
T F ) FF gy 53 HRER TR SRR T N,O Bl

N, O il i K73 (% ) = wxloo (5)
K F (o) T F () 53 BIRERPIAS T 3K 53 554 N, O [id £ .
1.4 FIEPEMIEEER S EMEEAR TR 7 b

ASA AR FRBCH 80 H3ERESL 5 ¢, FH 50 mL /8 1 mol/L KC IFRIZ | 12 42 0 % 42
TSN AT AN E . (il i R R 25, SRR BT IR 4R, Bl Mt m R S fk , A e ™, A
BLZEURN - S A A R FH 8 B 1%

1.5 HdEabris

RIGHE R T Excel,SAS8. 0 il DataFit 8.0 & F AL B
2 BERHW
2.1 RN N,O i AR

16 3 Fp R RE TR b N, O 38 5 1 58 R I Bl 4 Tt 2 B 38 g oK (&1 1), 978 35 °C i iR 3 i
K525 CHI35 CRI N,O TE SR E AR IS HA], SRl | Rt bR - 33 7 330 A I RE T B N, O g
ol i 2% AR SR Y 81.5% \76% \96.8% .,
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Fig. 1 Change of N, O fluxes with soil temperatures underdifferent water conditions in three soil samples

340 N, O 38 AE AN ) BV 1 A8 AL SR AN TR (3R 3) , SR A& A N, O 3 & 19 i B AR AL R B A
25—35 C 3 P /) 5 T 78 Ab R A I T 7R 45 HAE R i A A [R] . SR el A 0 8l #88  BZE 5—15 °C
PEIREE R N,O 18 & B39 K30 BRI B IR Y 12. 02 1 3. 69 4% ; i AkHh + 3R AE 15—25 °C S8 K
12,24 £, FESEFRIEETE FEIN, N, O 3 i B T 19 f R A AL R BV B AR T K 0 FW R, R R
FCW I, 7E SW Al NW B A8 (bR E5e /N, Akt N, O 38 5 Fifi I B AR AR b ok, SR b £k, w4/
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Table 3 The change rate of N, O fluxes with temperatures under different water conditions in three soil samples

1B 5 Temperature range

I\ AL
GREE 5—15 C 15—25 C 25—35 C
Water range — — — — — —
E 3% B P L | B ML L B B
WW 265.40  1320.02  105.92 1.80 18.29  330.28  114.41  17.40 84.31
NW 442.41  212.33  141.85  36.06 28.24  138.12  45.54  10.10 70.25
FCW 4543.10  122.80  192.94 0.66  129.70  355.60 55.33 1.10 171.70
FW 452.60 62.70  328.77  55.30  284.50  5191.00 20.40  23.30 12.20
SW 309.40  127.50  499.40  14.40 50.40  107.50 0.60  43.00 4.00

2.2 K% N,O i AR

FHEK S WW F] FW AT P ,3 Fl 3 N, O (038 i AR AR B K A i g o (R 1)
F FW BHA Rk B i 2w/ b, o, AR 3R SW AT FW BRI N, O 20 5 4% - RE R R i
1969.3% 59.1% 77.3% .

2% HHE N, O 3B B K RIS FW 2] SW I e/ (6 4) , U e FCW 2] FW IRk 1
H WW 2] NW AR, g, S Fe - FbR 4 i N, O 3 8 /K 43 9 B KA R AR TE FCW 2] FW A 75 ]
W, BAERSMGTE 25 C 2840353518 :402. 5% F1 362.3%

x4 EAREBRETIMIEN,0OBENKIELE

Table 4 The change rate of N, O fluxes with soil moistures under different temperatures in three soil samples

JEEE Bk E HARES SRREFRR BB BANE WK & )35 7K B 34
ESSERPISTE =PRI A SRR R B0 TAE WK R E FE ) 5 7K A 80 46 A
Temperature FiKiE WW to NW/% WK E NW 1o FCW/5 [k FCW 10 FW /% FKIE FW 1o SW/%
/C P LS S S L8 RS i) R LS NS i) ES b s
5 4.4 3924 62.1 86.9 15.9 23.4  103.5  69.8 53.0 26.9 1.7 -37.5
15 15.1 8.3 167.9 69.9  -17.3 70.0  225.6  24.0 15.6  -56.6  42.2 140.0
25 53.8 17.4  48.3 25.7 48.1 82.5  402.5 107.6  362.3 -68.0 -44.4 -51.3
35 4.4 0.1 37.0 34.2 3.0 191.2  289.5  153.1 9.0  -73.3 -35.5 -54.8

2.3 JRES/KAX N,O i YA 5 AR A

FERE IR0 T S T P )3 1 N, O Féy 3 o 59 B T 1 T v T K, 7 3K A IK T FW B B K 43
B ARG MRG0 s S B H BUAE FW 35 CHT, SR A DataFi8. O /4, #0636 B FK 43 %5 N, O Jl it 1Y
HFEE AR, WE 2 Bis . XFFRE 4 4R R N,O Bl e FW I i T [R)HREE R oAt 15 7K 2 it g o
NifH, Mitht N,O By, HATE 15 CLUG, FW B A ZE & T [FREEE T A EoK i i, S &R T
N,O HiE SE7E FW I FUR g i T HA S K S X NAE . FEK 7 R A 2 BAE R R -+ kil 1 N, 0
FIEETE S °C WW B BT A, BRI 0 T W0 N, O I B G ; 1M H il 4 R Hh B R 4

Zat LA X LR, 3 AR N, O i 5 R UK A R AT DL R R A, B A T R R
LS,

R5 HERYE

Table 5 Equation coefficients

+#f Soil sample a b ¢ d e f R?
Sl -25.33 267.79 -1170.45 2173.88 -1383.17 0.21 0.71
Ei -3.70 50. 66 -320.69 852.68 ~732.39 0.12 0.78
s -13.72 91.88 -376.14 687.41 -417.91 0.28 0.77

F=z=a+bxT+cxT +dxT +exT +fxW
K, F 2R N,O Byid &, B [FI T 7 o 3R EE , °C s W K- & &, WFPS(% ) o
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y=a+t bx, + cxlz +dx13 + ex14 +ﬁ€2
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Fig. 2 Coeffects of soil water and temperature on N, O flux

3 SRR S SR AR N, O 138 S IS KRR E A OE (r=0. 2499, P<0.0001) , 5+ 38
B EFIC (r=0.1599, P<0.05), Hr Al A N, O 938 it 5 i B FK 5 9 AHSC R 50050 0 0. 2673
0. 3667 ; i+ FEFF AYAHC R B0 918 0. 1965 0. 2631 5 55 Bel 4 A (A 56 R 043914 .0. 2012 0. 3661,
2.4 A[FEEHA I £ N, O R RHIE

3P AR S KE T, Gt NS CH 35 C4 MRBEM B EEFE,N,0 MBS YN IEE (E 3) . 3
Tl B N, O S B KNI SR > At + > 50 b + ) 5 Bel B N, O A8 R 430 Fe AR b = 10 55 3l
TR 2 12% ,30% . TES /KSR WW HI NW I 5+ AU bel B N, O S 22 Ak, #-
e T - MR B R AR 1 WW B LN 05 76 S /K FW B, 3 Rl ERERR L N, 0 B 22 Bl K,
SRPE > AR >R HAR R 4 N, O BRI 23 00 R b RO % 2,02 1121 £ RS OKESN
SW i, N, O Bl EL & bt > B+ > R el +
2.5 BRESHE LTS ARESMEELILS N0 #EM LR

B FRES AR R SRR R I & S e T AR R — K A3 2 T AN ] A 22 ] A ] — AR AR TR) 7K
O3S 25 7 TR AT AN SR 6 R

FEASRNIK AT 51T, 1l 3 v A B A R S R I v bR AR el 5 b = R el 4 b i B S R
R WA 2 (P<0.05,n=4) , RAEEKE S NW B R 4 i 8 28 A0S =B/ T ARHE -
b+ S E S BB SRR FWSFCW > HAR 3 DK I3 5540 Mkt - i B S A& e WW I I %
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Fig. 3 The total N, O fluxes during four incubation temperatures
under different water conditions in three soil samples
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Table 6 The contents of different nitrogen in the soil samples after incubation

+ R WEPS NH,-N NO;-N NO,-N EH A Nmic AHHLA Org-N
Soil sample /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(g/kg)

B Or ww 3.08+0.75bAB 14.82+4.53aB 0.80+0.71bA 60.7+23.7cAB 1.04+0. 03bA
NW 2.52+0.54cAB 14.81+5.27aB 0.46+0. 15bB 61.3+14.4bB 1.07+0.05bA

FCW 2.46+0.58bB 27.40+15.54aAB 0.65+0.02bAB 61.3+15.1bB 1.05+0. 02bA

FW 6.44+4.98bA 38.96+19. 64aA 0.72+0. 15bAB 90.9+45.6bAB 1.02+0.04cA

SW 3.77+1.25bAB 17.88+7.91aB 0.86+0.03bA 110.3+31.3bA 1.01+0. 04bA

FiHb Fo ww 2.75+0.29bB 18.88+4.89aA 2.41+0.46aC 170.9+38.4aB 1.92+0. 10abA
NW 5.20+0. 63bA 10. 67+3. 66abB 3.18+1.21aBC 173.5+50.5aB 2.01+0.21aA

FCW 4.74+0.92bA 9.89+4.12bB 5.55+1.16aA 178.4+36.9aB 1.85+0. 14aA

FW 4.74+1.72bA 11.39+2.23bB 4.27+1.59aAB 291.1+76.2aA 1.89+0. 13bA

SW 6.37+1.18bA 9.85+2.84abB 2.48+0.67aBC 199.7+30. 1aB 1.88+0.11aA

B Gr ww 15.54+2.66aA 4.22+1.21bB 0.61+0.21bB 124.2+17.1bB 2.39+0.96aA
NW 18.16+1.13aA 6.21+1.94bAB 1.13+0.28bAB 126.8+46. 8abB 2.26+0.42aA

FCW 18.62+2.21aA 5.04+0.98bAB 0.93+0.25bAB 147.8+46. 6aB 1.91+0.29aA

FW 18.81+2.84aA 7.36+2.53bA 0.91+0.06bAB 217.5+42.3aA 2.22+0.28aA

SW 17.75+3.21aA 3.51+1.41bB 1.32+0.58bA 149.9+32. 1abB 1.67+0.17aA
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