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Early nitrogen deposition effects on CO, efflux from a cold-temperate coniferous

forest soil

WENDU Runa'?, FANG Huajun™*, YU Guirui’, CHENG Shulan’, ZHOU Mei', GAO Wenlong', ZHANG
Peilei’, XU Minjie’

1 College of Ecology and Environmental Science, Inner Mongolia Agricultural University, Hohhot, 010019

2 Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101

3 Graduate University of Chinese Academy of Sciences, Beijing 100049
4 School of Environmental Science and Engineering , Donghua University, Shanghai 201620

Abstract: It is generally thought that high latitude forests are a massive potential global carbon (C) sink. Nitrogen (N)
limitation is thought to be the primary reason why these forests are a ‘ missing C sink’ as atmospheric N deposition is shown
to significantly promote plant growth and increase C sequestration in forests of these regions. Boreal forests are the second
largest biome on earth and are limited by N availability. Soil CO, emission is an important process of C cycling in boreal
forests and it has shown promotion, no change and inhibition responses to N addition. Therefore studies on the CO, flux
from boreal forest soils and its control factors under increased atmospheric N deposition are essential. In this study, a
manipulative N addition experiment was created in a cold-temperate coniferous forest in the Daxing’ anling region to

investigate this. NH,NO; fertilizer was added at four rates, each with three replicates: control (0 kg N hm™ a™), low N
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(10 kg N hm™ a™', the current N deposition level) , medium N (20 kg N hm™ a™") and high N (40 kg N hm™ a™"). Each
plot had an area of 200 m*(10 m X 20 m) and a 10 m isolation band set between them. During the growing season ( May to
September) , soil CO, fluxes were measured by the static chamber-gas chromatography method and soil temperature, soil
moisture, soil inorganic N and dissolved carbon content (DOC) were simultaneously measured to explore the main factors
affecting CO, emission. Results showed that N addition did not significantly change soil moisture content but significantly
reduced soil dissolved inorganic carbon (DIC) in the organic layer and increased soil DOC in the organic and mineral soil
layers. Short-term N addition did not increase soil NH;-N content, but significantly increased soil NO;-N content. In
control plots, soil CO, flux ranged from 195.24 to 544.91 mg CO, m™ h™", with an average of (357.33+18.72) mg CO,
m~> h™'. Exogenous N input tended to increase CO, emission from the coniferous forest soil by 8.3% to 18.2%. Soil CO,
flux was primarily driven by soil temperature, followed by soil moisture and DIC content. The decrease in soil DIC caused
by soil acidification was an important factor promoting soil CO, emission. The overall pattern of soil CO, flux was dominated
by soil temperature but soil moisture appeared to control variation during peak growth periods. These results show that when
investigating effects of N addition on soil CO, flux, the roles of available N and C dynamics should be considered as well as
soil temperature and moisture. It is therefore hypothesized that chronic atmospheric N deposition will stimulate CO, emission
from cold-temperate coniferous forest soils in the Daxing’ anling region in the short term, which will partially offset C

sequestration by plants.

Key Words: atmospheric nitrogen deposition; soil CO, flux; soil inorganic nitrogen; soil dissolved carbon; cold-temperate

coniferous forest

L4k A ORI be AT fdt FH AN 7 Mol e JR 55 ) AP HRBOR 8 19 & AL &9, HEREE R AT
R R A8 I, S oA T Rl AR S R ek RAEER L BE AT, ANETE B AR TS N 1860 4T 15 Tg/a
HEHNE] 2005 44 187 Tg/a, Hir 60% AYTE PR L L TR UUE A X BA ML W, 2R R DR
M 34 Tg/a GFIEHIF] 105 Te/a, WA 252 WRSATIEE SN MiZE 25 A od & e, & Ed
T I 25 2 B Y R TR ) B, RS B DT 2 0 12,9 kgN hm 2 a™' | B35 TR KRS | d TRl
R RGN ANEA R B G A — , KAADORER I 3Aavh 25 vl AR fifi b A 25 2R GERseAi B0 1o # A e v 7
(B2, 5 S AU DT IR in Xt il i A 745 2R G b ST B BIF 5 A8 A7 16 1 22 AN 8 P, B 38 A T 4 1k o i
FITCE R PR, 75 T 22 1) B A I 25 SR K8 7% A NI 20 2% %t il b A 25 2R e ikt AR A T ML

+1% co, HEUR R MAB REMIEA N ELE SR —, TLMAEY (FEYR R L EI YY)
W 8 9% AN AT HLTCEAL AR R PR AR B co, A L i T R ERR R R B, A I AU NVEE 1B
(0. 1% ) K- FBOKR CO, WRE LA BRI (1 mg/m®) ' . +1E CO, HEBOT KA TTRE G N (g mg 1z th, 43
R RPN AR R B E 3 SR A . N2 AR —E T S R T LR LA (1) fE
R— B R R, 38 CO, HERE B A2 M0 Sk 0 S8 A W DA R AR TR B A A7 38R R K
g7 AL pH {H LA S -3 C/N SEAEAEY R F I 29, (2) 158 CO, HE i % 48 200 e 1o i B T 7%
MRS A A R R it 2000 i it S 23S 2R it 20T ] o 791 it 2 T A5 1 P B L o A i fo AR 1K
RS 5 T AR 4 COo, MHERBGERE . SR, 2 K3 EA AT BI o R 24 T2 NG5
MR IR A FILIE Y ZR AR A S R e, XA AR M HLBE = 19 77 #R K ( Boreal forest) 4 2 & 48 ki
gt

A6 77 BMOR SR TR BRAR A 28 R ABRARAEIX, o5 2 BREE T FR Y 14. 5% , I+ HERAf 1t = T B 2Rk
ARG WA E TR A B0 -2 B8Ek 1 A T RIOIE G 7 BR AR X 1 % 1 6 [ € R £ bk, 3288
IYATFER DLW H X, 4 FE ZR M T B 29. 9% 17 T ML X 4% 19 SR R P RO B s A iy, K2
A FE TR AR AR X AR TR+ 20 B 8.9, 87—14. 25 kgN hm™ a™") | W 15 A0, 0155 S A1 B 37 347 i b IXC %)
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e AR L RIS RO ACKE 238 b )7 B 28 R G0 R A TR, 5 i XSk AR 7S R 40
A Sl A, AR SCEEE H AR AR AR ) R i A R 2% 226 FE IR AT BT AR CO, HE R S H 32 %
RS T2, PP R R UK T 138 CO, HERUR 5 HHERE K ar  TCHLA ., nTE ik 7 i 45 G Bk 3
P Z KR,
1 #R5FHE
1.1 W5 XA

WF5E DX T A 58 1l RS LI R A 28 R 0 [ G BT AR 22 W F 5 DA AR B HF R Sbk s, R XA T K
ML PG Jb 4 50°20'—50°30" , AR 45 121°45'—122°00" , HE4K 826 m, %X )@ T FE M 0 0E S M5 4R
K-5.4 °C AR K 450—550 mm, o 60% £ 7E 7 AR H o 9 HREIZAES ARk, S R
20—40 cm, FEE &5 EFRFKEER 12% . 2FEMREK LR 800—1200 mm, 435 H I 2594 h, TEFE#H 80 d.
HHEEE TR AR LR as ARt 1R 20—30 em, ABRE , XX KA H LR+
WL T 10% —30% , +4 pH (Hh 4.5—6.5 . FERIYI A DL TE M (Larix gmelini) |
F#E( Betula platyphylla) ft7F ( Ledum palustre) ¥t % ( Rhododendron simsii) 1. 55,44 ( Vaccinium Vitisidaea )
& ARBEGEIX R AR FE BT AR, PRI 29 150a,
1.2 ARt

T B NH; FTNOS B A, 2 B %22 W b X 52 bR RASUR DT R 8 £ (8.5 kgN hm™ a™') , 3% B % IR
(Control,0 kgN hma™") fIE%&(Low-N,10 kgN hm?a™") . H % (Medium-N,20 kgN hm ™ a™") FlI /5 % ( High-N,40
kegN hm ™ a™") 45 4 /K FA9 NH,NO, ZUIE (/o Afrél) Ab B AN b BRI B 3 IRE A, 0 BB LR R R AU
I AE 2 AR 4 AR R T, R A R AR S R G RIS L FE AR L, AR K/ 20 mx10 m, (] B
10 m, 3£ 12 4>, 7£ 2010 FFAERKE(5—9 ), TR H AVIEEILE T 20 LK, IS 85354 51l 447
W, FEIEAERKZE(10—4 A) , | T X IRBAL, 10 A 90k A Bt &0 — M A BIRE T i, X IRRE T
DU G R ) 50 4 7K, LAl 2 A 88 ) KT 47N A8 70 s B XS 2 M A 4 b BR A 240 B R S 0
1.3+ co, Hejlm s W

1 co, HEBUE R FRASA -SRI 2 FASA A RAT R AL, SEAA K TR 50
em 50 cm 140 em, 10 cm @& BRI AT SRAER R K% B, 3588 SR 55 1 00 B 7K T 25 DAY 20 BORE e
IR BF A St %o A PR BE B S, AR PR E 8 AR 15 em AYXUES DARRARAS N SR AR & . SRR N 4]
1K, SRAER AR 9:00—11:00, {0 13 co, il p HHME ™, dn L3465, 45917 0,10,20 min F130
min FF B PSRAE 4 YOG 348 (Delin, China) |, 2R 532 [0 52 56 % RIS AH €335 ( Agilent7890, USA ) i1 7
G3HT. MIE CO, R E IS AR TR R 55 °C K% FID AN 250°C s 8 ( T L m 2l H,) fiit
43514 300 mL/min F1 50 mL/min, B (N,) fi e A 10 mL/min R8RS F] B 73R 3 1 (IM624
China ) 10 5% KR EE AR 1R 10 em WREE(E . FIH 1 3587K 53X (TDR200, USA) Ml 5E 10 em TSR TS
K 3 CO, HEM I F AR A P AR 5 B 5 I ] 4 8 Ak ) R BB () KT 0.9,
1.4 HHERESH

AR H ) A PUZ R B2 50 BIoR 4 RIS B BRADLUZE 87 2L 10 em [BIFGIHETTR
FERAETRIE 30 em, FEREAMGIRFE DT WG X AL LA (EAN 2.5 om) BEPLREE 5 A~ HHERE S 50TR
HW—AFES . HRERES, SLEVAI 2 mm G 25 B R BR A FAEYIAR 2R SR B oK AE R, AR T 4
Z M REFREL 15g Bt + AL A 100 mL 0.2 mol/L B KClIEWHRY 1 h, 25 U4t g, B L
ﬁj(fﬁﬁﬁ}*ﬁﬁ(( Bran Luebbe,Germany)?ﬂ]’Ji’E?ﬁ?&qjE/‘J NH;-N il NOZ-N W, HAM, FRIL 15 g Eﬁ%ﬁﬁiﬁ,
JIA 100 mL & 2KIR 1 h, 28 0. 45 wm JEREHIIE , FIH SA LR 73 AT (Elementar, Germany ) il & 38 (%)
At TCHLER ( DIC) A ff A PLEK ( DOC) VR FE
1.5 Sitoth

FIF SR R T5 225387 ( Two-way ANOVA) HLEEAS [t &K LA 4 38R | 38 5K i TeHLA %
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fg R o A O, i 22 5 B Tukey's HSD #1722 H Hed . FIFHZITlIE %500 +3E COo, il it
5+ BEAEE I Z M KR A B TR it B o 26 ok A 3], A SPSS 16. 0 A #7581t
B, FIH SigmaPlot 10. 0 BAHITHRITLE,
2 ZER551
2.1 TIERE JK53F CO, il 2R AL

BAERKE RRSFERZE 10 em TR SR 2 gy 21 AR AL RRAE , B s (8 A e A8 20 31 Hh 3
17 AR HAR, 0—10 em J2 HEFIEKE R A8k, 76 6 AWIZRmdiEI LI 7 A8 H haj iRk
S S KB IE AL 3 ANEAE, 7E 6 R FT 9 H W1 ACH X /0 1 4 3 ok R, B4 K EE,
ANFEALFE 13 10 em RN EEZE S B (P=0.05,% 1) {04 H - R E F I EA L E N 8. 81—9. 30
C,EZRAHE(E2), NFAGIEERZ 10 em HIESKEFERAEEY 11.07—13.62 m® m™ , AN [FE 4L B
22 R AT E (P=0.46,£ 1 ME2) (F 1),

15 40
12 o
Q
Y ,>E 30
j5)
BE 9 mxm.@
g 8 a8
B2 mz 20
H g 6 RS
] - g
3 3 E 10
0 0 ,
6 7 8 9 10 6 7 8 9 10
~ 800
=
B E 600
B S —o— X —a— PR
5C —v— KR —o— "R
%@%E 400
&
ON 200
Q
0
6 7 8 9 10
H 453 Month

E1 +i#10cm BE.S/KEM CO, BEMNST TN R EITHE F AN AL

Fig.1 Seasonal variation and responses to N addition of soil temperature, soil moisture at the 10cm depth and soil CO, fluxes

F1 WEMRBE EERXEREZEERAXMIETEM CO, BEXMPNERFESH

Table 1 Results of two-way ANOVA on the effects of month, N level and their interactions on soil variables and soil CO, fluxes

9E iE % 1 COo i - = - +
T B RIS i s ppoc R RENOIN AR RHNHIN
A5 5K oA Soil DIC Soil DOC Soil NO3-N B4t Soil NHJ-N
. L temperature Soil Soil CO, :
Source of variation . content content content content
moisture flux

P P s Poryer  Puitayer Poryer  Putayer Porayer P tager Py ayer Py tayer
H 1y Month <0.001 <0.001 <0.001 <0.001 <0.001 <0.009 0.72 0.17 0.001 0.001 <0.001
Jiti %K N Level 0.05 0.46 0.05 0.01 0.15 0.001 0.02 0.31 0.005 0.86 0.14

S it ELK

AR 0.99 0.94 0.06 0.26 0.97 0.37 0.98 0.67 0.99 0.43 0.73

Month X N level
0 layer: FHL)Z ;M layer. 59 i 2

1358 CO, HEHGHE & AR A0S Jo # i T 5 g B — 2, SR Y FE 1 AR AL A AR AR RKHE R (78
H), 13 CO, HEoE & 1A ka3 13 5 /K i R IR & BE AR 7E 7 R 8 T A S L H 8 Y
35 B SR (& 1), AFALEE 3 CO, 38 A8 fbE ol 357, 33—422. 53 mgCO, m™ h™', K
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B 2R B TS AR 3 (6 2) T 24 SRR W] AR TR R R A RS 0 IR 4 i 35 (P=0.05,38 1) .

F2 AENBTEFELERETEMTE CO, BENTHEMRERE

Table 2 Mean and standard error of key soil variables and soil CO, fluxes at the different treatment plots

| RHERET e iﬁg Co, Mkt pic o DOC % NO3-N Fr it NH-N fr i
Tt ZK Soil Soil moisture Soil CO, flux  DIC content DOC content NO3-N content NH;-N content
Level Tem}/)(:(l;alure J(m/m?) ( fn:ng])z / (mg/kg) / (mg/kg) / (mg/kg) / (mg/kg)
m=hT) AOUZ wEE AU BRE AR TR ANUE O BRE
XF & Control 8.88a 12.09 a 357.33a  384.22ab 113.73a 859.18a 218.03a 2.05a 0.27a 100.37a 17.23a
(0.35) (1.15) (18.72)  (26.97) (2.58) (57.34) (6.52) (0.29) (0.03) (12.59  (1.49)
A Low N 8.81a 13.62a 387.08a  420.85h 119.70a 1212.34b 263.60b 3.05a 0.48b 100.23a 19.15a
(0.59) (2.66) (40.37)  (38.88) (6.74) (148.63) (24.72) (1.79) (0.07) (26.31)  (2.21)
T8 Medium N 8.82a 11.07 a 383.80a  414.52b 116.8la 1208.69b 260.23b 1.85a 0.3la 95.63a  18.54a
(0.64) (1.51) (35.38)  (64.52) (5.35) (168.45) (13.67) (0.46) (0.05) (22.44)  (3.04)
% High N 9.30 a 12.55a 422.53a  347.56a 110.42a 961.51 ab227.05ab 2.88a 0.24a 121.40a 11.92a
(0.60) (1.53) (33.45)  (46.02) (4.28) (91.47) (9.51) (1.25) (0.06) (38.75) (1.78)
-] Average 8.93 12.23 378.11 391.72  114.94 995.22 234.58 2.4  0.31  101.98 17.18
(0.25) (0.78) (14.00)  (19.98) (2.08) (53.54) (6.50) (0.39) (0.03) (9.89)  (1.06)

¢ AN 7] B2 AN ) 52038 i A KT 1 38 SR80 A 35 22 S

2.2 IR A R AR AL

HHUZEE DIC TR B ENFAL,6 HMHRAL,8 A f s ; v 52 5 DIC &2 F AL 5H L
JEARARL, {ELi Sh e FE AT /N (P<0. 001,35 1), BA b ARSEACEEA HLZ -3 DIC & &8k Fl ok 347. 56—
420. 85 mg/ kg, IR AUAL HR ) T34 I vh &0 e AL B ] TR AICA HLZ 13 DIC &5 (P=0.01,3 1 Fik
2) o [HZ RRIAE B 572 14 DIC & =2 0 FEl/ N (110. 42—119. 70 mg/kg) , i A& A 25 OB 0 5+
HEDIC & (P=0.15,%1)(K2),

X HEAE DT A HLZ 14 DOC & 148k DIC - AR—3, KBUN 6 A&, 7 A s , AN H 4 DIC
TEERDE(P<0.001,3% 1) ;8 52 T DOC ZAIHEAR(P=0.72,3% 1) . AFESIGHLZFH )2
13 DOC &AL TEF 45 4 859. 18—1212. 34 mg/kg F1218.03—263. 60 mg/kg, Bij & /&5 Z 0 4.2 5 (%
1), A TAHVUZ M8 543 DOC & &, MR EUR P &AL B 3538 i 787 52 fifs MUZ H3E Doc & &=
(P=0.02 £10.001,5% 1) (K 2),

2.3 HEEXHLAS ENAEL

H AR T FEIRAT S M MOA PLZE T NOJ-N & =K (1. 10—2.89 mg/kg) , AN [FH £y -5 NOJ-N & &
AR (P=0.17,32) , 75213 NO;-N F8 (% (0. 10—0. 31 mg/kg) (AT 225007 H i,
9 H&Efik, 5 R B —3 (3R 1,P=0.001) , Jy2Z0Hr RV, A AU A HUZ 13 NOS-N & &, 1 i
ERN R 3 NOS-N S (% 1,P=0.005) (K 2),

BARANLZ A )2 188 NH,-N SR 52y -+ B &, AR AR, AKRRETAEILZ L
HE NH;-N & st KM i/ ME N IAE 7 A9 A5 308 R AR b — 80, R H A2 B8 0T 0 fb Ak
FHFETSRSN, MEs B 12, 14 NH;-N & & i/ MEAS KRG 5 M ELE 7 ARS8 A, e TS s fi 16
PIRAVER . FETRA BT AR - JETEHLA L NHS-N o 32, ASRIRE T APUZ M9 )2 158 NH,-N & 55500 2
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Table 3 Regression models between the soil CO, fluxes and the environmental variables
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