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Early responses of soil CH, uptake to increased atmospheric nitrogen deposition

in a cold-temperate coniferous forest
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Abstract: Methane (CH,) oxidation in boreal forest soils is an important factor in the global CH,budget. Previous studies
have shown that nitrogen (N) deposition alters the magnitude and direction of CH,uptake in boreal forest soils. However,
the critical rate of atmospheric N deposition that causes the shift from stimulation of soil CH,uptake to inhibition, and the
mechanisms responsible for these trends, are poorly understood. Investigation into the responses of CH,uptake flux from

these soils and its driving factors relating to N input is important. In this study, a cold-temperate coniferous forest in the

HEE&WA . EE A RPFIE S BT H (41071166, 31070435,31130009,31290221) ; [ 5 5 45 FERIAF 5T & i1 %) %8 B I H (2010CB833502,
2010CB833501, 2012CB417103) 5 H [ERFE Bt H 5 VIR M5 B« Fede ™ 075 75 45 A A 564 98 B0t H (2011RC202) 5w ERHE BE M 1 S S R4
LI B % B ( XDA05050600 )

Wr#s B H#A:2012-08-25; &1T B #5:2013-01-11

# W IHAEH Corresponding author. E-mail ; fanghj@ igsnrr.ac.cn

http ://www.ecologica.cn



7506 JAE = 33 %

Great Xing'an Mountains was selected for conducting an N addition manipulative experiment. Two forms of N ( NH}-N and
NO;-N) and three N addition rates (0, 10 and 40 kg N hm™ a™) were designed to assess the responses of soil CH, fluxes
to N addition. In the growing season (June to September) of 2010, soil atmospheric CH, exchange flux was measured every
ten days using closed clambers. Simultaneously, soil environmental variables including soil moisture, soil temperature in the
0—10 cm horizon, soil NH;-N and NO;-N contents in the organic and mineral horizons, and soil pH values in the mineral
soil horizon were also measured to determine the main factors affecting soil CH,uptake. The results showed that the average
rate of CH, uptake in the cold-temperate coniferous forest soil was (51.5+4.70) pg m~>h™", and this was mainly controlled
by soil moisture content at 0—10 cm. Although N input did not significantly affect the soil CH, uptake, low level NO;-N
input did slightly stimulate soil CH, uptake. Further analysis revealed that soil moisture and soil temperature at 0—10 cm
were not affected by N input. Soil NH}-N and NO;-N contents decreased greatly with soil depth and the vertical distribution
pattern was obvious. In the organic layer, soil NH,-N content increased with increasing N input, whereas soil NO;-N
content was not affected by N addition. In the mineral layer, soil NH;-N contents in the upper 10 cm were significantly
affected by the levels and forms of N input, but soil NO;-N contents in the same soil horizon were only sensitive to NO;-N
fertilizer addition. However, no significant changes in the soil pH at 0—10 cm were found among different N addition
treatments. These results, to some degree, suggested that the sensitivity of CH, uptake from the N limited boreal soils in
response to N input might be closely associated with the active CH, oxidizing zone and the vertical distribution and relative
proportions of soil NH;-N and NO;-N. Whether chronic atmospheric N deposition will alter the trends in soil CH, uptake in
cold-temperate coniferous forests remains uncertain and needs to be further investigated. In addition, during the analysis of
the responses of CH, uptake to N deposition from the N limited boreal soils and its control factors, both the levels and forms

of N deposition should be taken into account.

Key Words: CH, uptake; atmospheric N deposition; soil inorganic N; early response; boreal forest

F e (CH, ) VR A HBER RS 38 R AUAR, B AR R R B 5037 1 TR o — ki (€O, ) 19 23
5 W RERAERR Y TTRRZ R 20% " EA IVEORIR BT, KA CH, RS B D s AR b A AR R L AR it 2%
150a [8], Hoe BERLAS | 5 B PRSI 5 1999—2007 48, KA CH MR FERUN F-1252007 4R 2 5 SR T m . R
o CH, MR EERFEL T B LRI I A 59 27 B I Z5 AL . VR RS CH ME— AT K AR R i - 4 8
THAE 30 Tg CH, 5K CH ARSI RSO Hop bk - 82 KR CHL 3o A 80 Bl A= i >
— H AR CH, W A D8l B A i X 28 A BRORS, CH RSP . AN N R A S ZR bk +
5 CH, WIS F2 A Fe oM SR A PR P 22—, 2B 338 CH RSO3 N A iy R LR sl b L 285G F 2L

FRAME T, Bk - e A<, CH 38 2 A Bf 245 78 5 32 B 09 DR T R /R R B A e s 70 e dh, Rl 2%
A e E A B REVE AU, 1 pH (E, A SR (N i, 13505 b DL R U8 7% 4 3 R S 2 5 o 2 A -
CH, WY B BN 28, SRIAT, AR - KR CH, v A8 4038 o 7 AR KRR B L a8 32 A3l s -+ st F) AR
PRI RANENE N R AT R, RIS SR RIS PE N O 1860 4E 15 Te/a AN 2005 4E )
187 Tg/a, FH N M [ HH 42 BR KA N DLRE &t Bl L 471 T, MK 34 Te/a 3% 105 Te/a, I 52 38 4 3 3 8
AR BRI N UIRRIE AT 5 R, XA TR ARH T A0 R 5 RSN DA EE & B, N UL RAAE 9K
B R P23 B3 AR - - KA AT CH,, v 38 33l o, AR AR 0 300 T A0 G (8 3 R i A5 453811 5 R TR
AR, A6 75 BRAR G A EREG TR A 14.5% "7 XIdi 28 4 Bk RS CH, e B e % 48 I e s A/ > L 4R
1M, AU AR R AR, S P o 22, H A N R Al B8, HHEEHL N B S N /9 1% 447, 4
AN Tz RN, N BRI AL T Bobk 445 CH, WSO KA N TR 388 i A o 17 A7 7 AR R YA
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+- 4 CH, W GHE 0 A, Maljanen 551 & BUAEIL TS 25 A2 0K L 33 v R I A R &%, DRz - 3 CHL, R
LRI T 25 pg m™ h™', BB AR LB, S0 i N 00 25 5 o] B L S0 Bt N A8 T CH, %
PETR R XK N DR A e 7, X DU 2 5 |2 A 7 AR AR 1 CH, TR AGE & AE T 25 8 1 RS0 N TIE
Rkt S A gng S Hmm o ML

FEFR E  HISC A RIS 224 o e B RTEL AR AE S R g rp T2 X IR AR AR MRS R G TR
A TR BRAMOR TR B 29.9% AL T FRAK, 54 AR K %A L IX P pR T i X 2R B Y R R R R
N (I HE B AL 4T , R4 ZE U FETRLHE BT AR DX A N WL I8 6 i 1 A0 R Jon 2 S R BT 8 i b DX g A 7 AR AR 3K
) 9.87—14.25 kgN hm ™ a1 | KK ACT Y N DTRE T A Slh 2538 0 K %220 FE AT AT AR 4 18 A 4 ] )
FHE N, B A 1 2B 7 ) R s [ R s 7 SR, B AT FRATT T AN T A R D2 08 JE R A B AR L 338 CH, WSkt
KA N DURERG I N3G RS T B AR e AT 228 H RIS N S ATKF BRI K %204 9E
T B AR A 4 CH, WG 2 S IR SR s, B ST A5 SR B TR AL AR £ CH Mo Ak
AN DTRERG o 1 ) AN o
1 M#REFE
1.1 AR5 HESL

WFSE DXL T PR 58 1l RS R A 245 R 40 [ S BT AR 2 L 3 DA ZR B Abk g, IR0 X TR 2% %
W PEILHE (50°20'—50°30"N, 121°45'—122°00" E) , 14K 826 m, % X J& T F& 7 2 1B i <, 4F 3 <R
-5.4 °C ,AFREK i 450—550 mm, Hi 60%8E R 7E 6—8 H . 9 A RFMAE 5 H W NS, FE R 20—40
em , [ SFEROK SR 12%, 2FHFRZE L E 800—1200 mm, 534 H FEAT 8 2594 h, TFHEW 80 d, +
e ER A AR L A HUZ R B2 B 5000000 10 em #1120 em, H g T A iR L, HEEE
PRALPERR N R 5 B & 10%—20% , 45 N 2.9—4.7 o/kg, & 0.5—1.1 g/kg, 13 pH {4 4.5—6.5, 1%
0. 15—0.74 g/cm’, MRAFFETY g bk - 75 mHRABR, MRIE 298 150a, TPl 2448 95 AR (Laric gmelinii
Rupr.) . FA¥E( Betula platyphylla Suk) F¥:5 ( Ledum palustre var. Dilatatum) ¥:8%( Folium Rhododendri daurici) |
21 5 84 ( Vaceinium vitisidaea) 55
1.2 Sgiit

SRR T NH;-N Fll NOS-N i A, 2 BR85S PR KA N ULFE 5 (10 kgN hm™ a™') 7 & B A
{4 (NH,Cl) FSERSN (KNO,) HAPZE N HEFIE N(Low N,10 kgN hm™ a™') .75 N(High N,40 kgN hm?a™")
PIFRZKSE- N AL, J3 AR AR RN ORI 1 A5 0 4 50015 T8 R b3 3 IRER . B4 N KR
B—XF I (Control ,0 kgN hm™ a™") LATH BR fcHb Y 45 FR5E 5 0 S B0 25 R vl RESE M, 3430 B AR 3
SIS ARFERL 6 HL(110 mx10 m) , ARHAE M BT 3 45, 5 K/NA 10 mx20 m, [BIB& R 10 m, 7EEK
(6—10 H) , B H AWIHSTEA N B rah) % T 20 LK FHBES 88 3 50300 T4 FE 05N .
1.3 B KA T CH 38 4 i W

3 CH 38 BR R ASA - Rz A ORI AL, SR K L BE R4 R 50 em
50 cm F140 cm, 10 em & AR A ML T SRR EK S B, 3546 28 M 35 11 B /K T 51 LAV /D BBORE s K P
RS XTAR N TRLEE RS2 . 2010 4F 6 HWIFFIRRAE  SRAEESR B A) 1 K, RAEERTEISY 9.00—11:00, 40 56
S5, 100 mL 752843 I7E 0,10,20 min 1 30 min B BERAE 4 0, TE AR BHE BAF IO AS 96 S48 ( Delin,
China) , FI| IS M 351X ( Agilent7890, USA)ME CH, M, 38 CH, i AR 4 A1 P AU 8 I 35 1sF 1] ) 2
PEASAL RIS Wl CH, IS @ISR N 55 °C K #% FID BT K 250 C ;8 (TS M4l
H,) i 453524 300 mL/min A1 50 mL/min, B (N,) & A 10 mL/min, R8N F] B TR T
(JM624 , China) [A] 2510 R AR FENIRE HF 10 em TR, FH 330K 43X (TDR200, USA ) I 5 - 3¢
10 em RIS KR,
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1.4 HHEREMIIHT

KREANERTE(6—10 ) B H A 1k, BREA PR A BUZ 0 2 R %, BERA IR G, R
0—10 em W BT LA, [Fl—FEF7 WXL 248G (EARN 2.5 em) BEVLRAE, [F])2 148 5 > LR 51IR G i —
ANRESRD . TR AT F ) A E T A 2 mm 07 VR 0 S A v, S KR SR AL TR E | TR
105 CHET 8 h EfEE , +IEICHL N(NH]-N,NO;-N) R 0.2 mol/L FEALAN (KC1) =248, &R i sh ik 4y
M4 ( Bran Luebbe , Germany) %€ , 0—10 em & i X+ pH {ER A pH 1 ( Mettler Toledo, Switzerland ) #£17
I, ook £ R 2,501,

L5 Hdlekbpe

K FH 2 & 5 229 M7 ( Repeated measures ANOVAs) |, BRI Jite N ABEEFH A~ 0—10 em 3%
K EANREE JCHL N & pH {EF CH BB 225 . J7 220 MT S 2R 7 | &R R (7 18] /4 28 BAE FE X
145 CH, 38 5 1 13 0—10 em S/K AR JCHL N & & pH (B2 AN W25 BT LAAS SORE I & 2Z [
ZHAEM . R Pearson FHIC/MHTIEH T 148 CH il i A1 38K 73 HIEIRE 8L N & & 3 pH A
PIAHSR IR . FIH SPSS 16.0 #4141 734 , FIH SigmaPlot 10.0 3474 K, T4 45 R iR
T3 10 em FOKEIEAR FARZNE N K HSERISE M, 23 B+ 35 K & R EOR [A)il N 28 BUAL 3T 1 2=
&, BRFRIRULASN B E MK 0=0.05,

2 HR55H
2.1 +EOKSr R CH, 8 &

BAAERT, RJZLHE(0—10 em) RS KR B F Z 120 (R 1,P<0.001) , 55256 X Al | [
IKAE SR AR R o SR M TEVRRL (6 A H0) FFE KR (7.8 A i) IR 3 A, 7EFEAKARXS AL i1
B (6 HARA 9 HH0) BAR(IE 1) . L3 10 om HEEZT T RMLH R, PR F D 3.48—11.98 C, LIk
M, R)2 TR S AR EEA FARSZ N R AW (K1) . Ir 20 ias 1L, A 0y Fits N 7K-F-#
ZHAE XS K S 2 (3R 1,P=0.003) , AT RESZ 7.8 H 3 FE/K AR iy 5 e, AR 3 /K /02 8] 1 28 BAR
FH, 3 CH, AW B A 2 2840 B 25 (36 1,P<0.001) | 532 3K 328 A% RIAR X, 11 0—10 em +-
SR EE X RN, HARIRET , +3% CH, A Mol B 7E 9 A s, 6 A Ak, 2 K 2= s
(51.5£4.70) wg m™ h™', SUA b N A RS2 IS TER AT £ Ak 08 CH, IG5 (R 1) . SR,
AT KNO, AR BRI R 2 [8] -3¢ CH, i WG 1 22 57 3% (P =0.043) , JUHUEAR N ARBESIE

x1 AMENEE BENKEREZEMEANTEKS BEM CHLEEXMHEENES ZHH

Table 1 Results of repeated measures ANOVAs on the effects of month, nitrogen (N) addition forms and levels as well as their interactions on

methane (CH,) flux and soil moisture, temperature

LK Ay TR R L1 CH, 8 &

BRI Soil moisture Soil temperature Soil CH,flux
Source of variation

F P F P F P
ZHPN7E 5 Within Subjects
A1 Month 45.65 <0.001 *** 552.82 <0.001 *** 8.05 <0.001 ***
HAyxN 7K Month x N Level 3.32 0.003 ** 0.76 0.523 2.05 0.12
A HyxN 25 Month x N Form 0.53 0.66 <0.01 0.999 1.06 0.374

YN KN 287

ﬁoﬁthitlxNé;mm 0.59 0.625 <0.01 0.999 0.68 0.572
2 [8] 25 5% Between Subjects
N 7K N level 9.34 0.351 1.88 0.194 0.78 0.382
N 26 N Form 0.28 0.606 <0.01 0.999 0.61 0.439
N 7KFxN 258 N level x N Form 0.68 0.423 <0.01 0.999 1.29 0.721

22 HHELHLN F&
AR T, KL 2 FER A MORTR] 2 LML N & DL NH;-N 32, NO;-N &4k (K 2) .
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0 I n n
06 07 08 09 10 Control N1 N2
H 4 Month HEHAI N form

1 0—10cm TEE/KEM CH,BEEMET T TR EITE N F0m kL
Fig.1 Seasonal variation and responses to nitrogen (N) addition in 0—10 cm soil moisture content and methane ( CH,) flux under low N

and high N treatments
ARIFHRFR - EHEER D E

B 0—10 cm & i 48 NH;-N & & AR B4, AHLUZ 52 B3I N & 2B E 1 Fy
(£ 2)

-4 NH-N X8 N B R AUek A L2 48 NH;-N &8 52 0t N 5= AR 3% (£ 2,P=0.026) , 5 N
Ab T G AR B R 98 HE S FE 0—10 em BT JRJZE , 138 NHE-N & 5 0] [R] 052 i N K SF A2 R (& 2, P =
0.023 F1 P=0.049) , S AR, AHUZH 0—10 cm 55+ NOS-N S8 %1 N (i A7 7E 255, BRrA
By AT N KA BAE A B2 m AL A HLUZE NOS-N & i 54 RS2 AMEME N i AR50 1 0—10 em ™ 5T
14 NOS-N & 32 KNO,Hi ASZ A W b, it N ACEXT £33 NOS-N & it s2 A i 3 ) Al g2 i T 1 480
FEAE 55 F0 S S AL HE AR LA B2 NOS-N kit , 30+ NOS-N BBURBI &, Ak, A5 it N /K- Alit N
R 22 B AR X 22 1 HE NOS-N S 2 (2 2,P=0.041) ,
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2.3+ pH {H7E 1L

FEEKZE0—10 em & 3 pH (AR E (£ 2,P<0.001) . ARKMT ,3R)Z 11 pH (HRK
g s, 7 .8 A iR ,6.9 H AR, 53K )Z 118 NOS-N S 28 fbag /AL (& 2) , EREKRZH
8 J1, iy N ACFE T 3R JZ2 + 48 pH (2 T AT A 0 AL, v AR 2 i fb Ve I Eess (&1 1,18 2) o 2ol i
N K-, A6y N KEFI N 2885958 HAE IR 0—10 em +38 pH {H 5200 5.3 (£ 2,P=0. 002 1 P=0.028) .

®2 AGENXLEXYV N SEMN pH EXMNEENEHTESN

Table 2 Results of repeated measures ANOVAs on the effects of month, N addition and their interactions on soil inorganic N contents and soil

pH values
+ 3¢ NH; -N &5 + 4 NO3-N &t
Soil NH}-N content Soil NO3-N content ,A
e s X X +5 pH
B ATHLE R ATHLE R Sl ot
Source of variation Organic Mineral Organic Mineral
layer layer layer layer
F P F P F P F P F P
HNAE S
Within Subjects
A 1/} Month 11.27 0.002 ** 2.1 0.118 5.37 0.018" 13.87 0.001 " 11.55 <0.001 ***
\XN 7] 7.

AB k¥ 2.91 0.880 1.15 0.343 6.15 0.012 * 2.09 0.166 10.03 0.002 **
MonthxN Level

Iy XN Al
AN % 1.69 0.232 0.089 0.965 0.05 0.984 1.61 0.249 1.34 0.310
MonthxN Form

\X 7. XN gl

AGEXN RPN 1.29 0.329 0.45 0.722 0.42 0.745 4.01 0.041 =* 4.47 0.028 *
MonthXxN levelXN Form
2H [) A 5
Between Subjects
N 7K N level 6.43 0.026 " 6.82 0.023* 0.02 0.881 2.66 0.129 0.63 0.557
N 2% N Form 0.68 0.425 4.79 0.049 " 0.37 0.852 4.38 0.058 2.94 0.110
N ZKF-xN 2

RPN R 0.01 0.990 1.94 0.190 0.43 0.526 0.77 0.400 2.36 0.149

N levelxN Form

2.4 HE CH, @ R APREEAS R AR C I R

HH, 4 CH, I8 R 0K 21006 2R MG D1 s 5 38R 10 06 R A 52 4% SR UTRT B0 2%
PG 0 2 ARG IR PR T8 X 43 58K 43 AR XS 48 CH, WG &5 52 0 ) AR VR FH I 5 2225
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