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Abstract; Increasing atmospheric nitrogen ( N) deposition would change soil N availability, and thereby changes N, O
production and emission from N-limiting forest soils. However, it is still unclear about the contrasting effects of different N
ion (i.e., oxidized NO;-N and reduced NH,-N) deposition on soil N,O emission in boreal forests. In the present study, a

cold-temperate coniferous forest in the Great Khingan region was selected for conducting the manipulative N addition
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experiment, including three forms of N fertilizers (NH,Cl, KNO,, and NH,NO,) and four rates of N addition (0, 10, 20,
and 40 kg N hm™ a™"). Soil—atmospheric N,O exchanging fluxes were measured four times per month using static chamber—
gas chromatography. Simultaneously, soil temperature, moisture, and inorganic N contents were measured to explore how
the main factors affect soil N,O emission. The results showed that the types and doses of N addition significantly changed
soil inorganic N contents, and the accumulation of soil NH,-N was significantly higher than that of soil NO;-N due to N
addition. N addition increased N,O emission from the boreal forest soil, and the NH,NO, addition treatments promoted high
soil N, O fluxes, with an increase of 442% to 667% , which was higher than the global average (134%). There were
positive correlations between soil N,O fluxes and soil temperature, and between soil N,O fluxes and soil NH;-N contents in
the litter layer. Soil N,O fluxes were driven by soil temperature, followed by soil NH;-N contents in the litter layer. These
findings suggest that atmospheric N deposition cannot lead to a significant soil NO;-N leaching and loss in boreal forests over
the short term, but it can significantly promote soil N,O emission. Furthermore, exogenous NH; and NO; inputs into boreal
forests have synergic effects on soil N,O emission, which should be distinguished in N cycle and balance in terrestrial

ecosystems using "N tracer methods in the future.

Key Words: atmospheric N deposition; soil N,O flux; N availability; controlling factors; boreal forest
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P9 FRE LN 2 AR 2 R e AU AT B SR B % e R AR B 9 A R AR A 3 N, O HEROW 2
TR A A R, (2) RS NO; MR JEAS NH 78 H 3 h AT SR AR TR, i 5 BF AR DR
BEA I S 95 22 5% B — FUIE AL (40 NH,NO, BURR) |, A W58 X 43 NOS Fl NH; g AXT T3 N,0 HEj Y
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1.5 GEitodr
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Table 1 Repeated measures ANOVA of effects of month, N level and N form on soil N, O fluxes, soil temperature, soil moisture and inorganic

N contents

. , 13 N,0 + 38 NO;-N & i 3 NHE-N &

e VE RE 5
Ap SRR ijf/ﬂ;l&_ ijfﬂl(}} i Soil NO3-N content Soil NH}-N content
Source of variance o ,Ul Soil N,O 02 M2 0ZE M2

temperature moisture
flux O layer M layer O layer M layer

2N 22 5% Within subjects ( Multivariate )
H {7 Month <0.001 <0.001 <0.001 0.12 0.002 <0.001 <0.001
A4 xiti 2 /K Month X N level 0.98 0.02 0.18 0.43 0.16 0.71 0.06
A5 xjiti 5255 Month x N form 0.84 0.11 0.33 0.32 0.09 0.48 0.33
2l [1] 22 5% Between subjects
JEZAF N level 0.79 0.03 0.003 0.05 0.14 <0.001 <0.001
AT N form <0.001 0.04 0.01 0.16 0.12 <0.001 0.003

ALK S 0—10 em ZHIES/KEFHISA L, EXFHBEAEH(E 1), BT 5.6 A HELET
URRI] , -3 5K s, 5 00 BRAL 38 4- 58 5 /K (B de 1m0 (27.48%) o« BKRFEK B s/, 8 H a9 H
RIS KRR, B ARME R 5.86% , BLHA AN AKX TS KEA B (K 1,P =0.02),
Jith KT it AR A i 2 ek T AR S KR (R 1,P =0.03,P =0.04)

22 HHEN,OHE

A K ZE I N, O HEOE R Y 8L B (F1,P < 0.001) . B&7 AB4h, HoAth 45 3% N,0 Hejlc

AR, %o PR AL 4328 N, O il 28 b B —1.19—5.13 wg N m > h™', #i%U5 T3 N,0 HEcamisghn, 7 A4
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Fig.1 The seasonal variations and responses of soil temperature and soil moisture to N addition
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P =0.003,P =0.01) . BEEEAFHEM, 135 N,0 HEc 2 Wi n ., gl 2 S AL M 7, KNO, Al NH,NO, 1)
PEIERION 22 5 T NH, CL, A A 25 20 Lb 2 25 I X £ 558 N, O HEJC: A9 R i o oA (3, 5 6F R L, i Jon
NH,NO, X 1458 N, O HEB {2 E 3500 55, AN [R) it 0570 12 A 3 19 N, O 3 22 (1) 3G 1 35y 442%—677% .,
23 HEETHAG=

BAERFAVZE L NOS-N FRFEWESIAKR(ERL,P =0.12) , 5 AAHLZE L3 NO;-N TH R
2,07 6 AAR 8 HARMBIMA IR, H & BB, B A K Zxt IR AR 2 3 NOS-N & i A8 1k 3 Fil oy 0—
1.56 mg/keg( & 3), #7214 NO;-N & & & TAIUZ, ZBIEFH 0.21—9.09 mg/kg, it K- 8.3 5
THAPUZ NOS-N TH (K 1,P =0.05) , w50 Ak A SBRON MBI (K 3) il ZK-F-Fii 2 S A
P =0.1 KF Bl W25 5t)2: 13 NOS-N & it A7) b it 20 SR AR i T s i AU A (181 3) o ol
FA AT, AR LWL B EZ W+ NOJ-N FH (£ 1,P =0.09)

BAERFAHZA0 2 L3 NH,-N SEET AR E (R 1,P <0.001), XA ZE 5
NH;-N 7 & A8 L E Ik 5.4—21.84 mg/kg, A #1214 NH;-N & 5505, 29 9 2 NHE-N &80 15 £%
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Fig.2 The seasonal variations and responses of soil N,O fluxes to N addition
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Table 2 Regression models between the soil N, O fluxes and the soil variables

A )7 st R P fi
Soil variables Equation R? P-value
HHEHRE Soil temperature(Ts) Fra0 =0.68+0.37Ts 0.04 0.0012
AHUZE NH]-N Fi7 .

) Frp0 =1.24+0.01NH; -N,, 0.04 0.0053
NH; -N content in O layer (NH}-N,)

STl Fy o=-7.51+0.47Ts+0.011NH}-N,+0.85LN

zju_lElB . N0 e 0.27 <0.001
Multiple regression +2.37MN+2.86HN

Ts. + IR E soil tcmpcrature;NHZ—No HHLE NHZ—N o NHZ—N content in O layer;LN;ﬂfﬁ%ﬂ‘Iﬂ low N;MN . &AL medium N;HN;%%
QLB high N

3 iFig
3.1 RIS X LA BRI

148 NH;-N Bk TR0k A fb AP WOl 504 9 B 4E | 1580 LT e 4 o W B 4 22 A 3k B 1 °F-
52 ASHIFSY R B 2RI e i A 3 NH-N 2, L3 NHE-N B9 B 400 8 NOS-N 5 il i
FH(R2 MK 3) ZE R BAE T IRATE — DR B (R E RS H IR AR AR . Bk LA — 3R
HAHUZ (0 JZ)NH]-N 2R (HE HA e 4 2008 (NH,CL AT NH,NO, ) it 5t )2 13 NH]-N EFUA B %,
S R RS A IR R LK T NH; BITHEE, X 510 2 30 /AL 7 BRobk RS Bk A 45 SR AR L 250
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Fig.3 The monthly variations and responses of soil inorganic N contents in the organic and mineral layers to N addition
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Fig.4 Relationships between soil N,O fluxes and soil variables
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AR HE N, O FoA b A 0 SN U A L2 IR 1 1 o SR Ak 4 BB I S, TR I R R
MSASHE(NO \N,0 FIN,) o AHFFE & Bt 0w 5 2 F 48 N, O HERCHE S F5 ks
3.2 JlE AN X 1 N, O 18 5 R

FARIRAET , JEIRATER AR 11 N, 0 4F B HHERCE 7 (1.2320.42) kg N hm ™ ™', S RAREDS 10024
AT, bR — O N FE R AT AT AR E N, O HE, NH, NO, Ab BRI iR Ry 442%—677% , B3 1 T 4 5K it &
IR 7K (134%) P, ULIAFE AU FE U EF AR - 48 N, O HEROW 2N IR R 3 i A 4 SURK, Ry A5 i
H, BEAL, R A RS AS ZUIE (KNO, AT NH,NO, ) i A B2 2E 2000 i T8 A 208, H NH,NO, # e ok, iF
FELE IR FERAT B AR - N, 0 EZORIE T AL MR S bl B, AMEME NHE A NOS XF N, O HEJR 5 5% i
A A, IF H A3 N, O 72 AR IR T R A fh i A2 10 Lo ) o K, X S5 2 M, AiFgE & B, ZE R AT
Ak 43 N, O 1 i B AZ IR RS, R A HLZ NH-N, I HLBE 2 7t 0K S 8 i 18 (151 4 fnge 3)
T B N,O P A i R v A TG 78 IR o3 Sy 5 78 A2 Y 254 R, R N, O RS IR R
FHRIEAE ) BRHE A N0 A A AR o B TR L N, O HEROT IR 58 2 Bk T 7 A
R HHGT A 2 B YA AR g, T IERAT AR ETCHL A DL NH,-N O 3, B R AE
EWZ, FEPITEYE NH,-N F0d RSB 3 N0 BoHERL, HATE T 2Rpk 138 N,O P A fr e AL A
Al 22 et ARHIESY FUR A ) NH-N FAE0R & T NOS-N; F— i T 45 A N 7R g AR A
Gy AR R AN E 2 R R A AR R D A T 2k A AN R Tl ik B 0 D BE s A W B R
TR, AR AL RSB A R AT N, O 7 A A X BTk
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4 £t

AHIFFE AR DSBS FETR A ET MO BIF 0 52, M 3 FhaUIE (4 /it 0500 Bt ) 488 A s ol s, Il e 1 K 2
FHETCHLA S I N, O 3l 5 FOK ISR T, il 2 5 /K% - 480 K nl R F P & 48 N, O HEk
FISEIR , PRIT R R B AR A1 T JEIRAT AT AR -8 NLO HER A ERBEBRSIML R, A5 LR 3 AR5 E . (1) i
RISTFN i 2 oA Ar 3 LS B, 48 NH-N B9R B0 55 NOS-N BN g 2, KA R TR A ) iy
(<Ba) A FEEWAEMRETL, (2) MiA— S AR 3 N, O HEk, 3417 = T 2 Bkr K
S AMEE NH; FTNOS B AT N, O HEB )52 A I AZLN . H1F N,O P24 SiHFed R g 2 , A SC ]
PRVTT 7K AR DR R e B 0T 18 N, O 38 1 AR5 M), o B et A6 A Ak R Bl Ak B2 X6 1388 N, O 77 A A X BT
ko ARAFFEN NAE YA ZEFRAE D) o FAE S A B IR 256 U N IR ERBOR T F A2 05 1 IR AR
REEEFMT HHOCHBUEY I RE R R N A SRR E S BEAIRE LR,
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