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Responses of CH, uptake rates to simulated N deposition in a nature forest in
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Abstract: The anthropogenic emission of nitrogen ( N) compounds is increasing globally. As a developing country, China
has a dramatic increase in atmospheric N deposition since 1980s, and the rate of N addition in China is increasing at a
speed of 0.41 kg N hma™" from 1980 to 2010. China has become one of the most important N deposition zones in the world.
By comparison with the national average, the rates of N deposition are higher in southeast China. Excess N deposition has
aroused concerns about its negative impacts on ecosystem health and services such as loss of biodiversity, N saturation and

soil acidification, and inhibition of the capability of methane (CH,) uptake in upland soils. Forest soils are an important
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CH, sink or source through the activity of methanotrophic and methanogenes bacteria. The diffusivity of CH, through the soil
profile is the primary limiting factor upon CH, uptake, which is influenced by soil moisture and bulk density. Furthermore,
soil available N contents (NH, and NO;) can limit CH, uptake directly by competing with the monooxygenase enzyme of
methanotrophs. Many studies including field and laboratory studies have reported that increased N availability due to N
deposition may inhibit the uptake capacity of forest soils for atmospheric CH,. However, some studies in subtropical China
get different results. Further studies should be undertaken to better understand the mechanisms responsible for N deposition-
induced suppression of CH, uptake in forest soils.

In this research, we studied the responses of soil CH, uptake rates to simulated N deposition in a natural forest in
Jianou, Fujian, China based on the design and methods used in the European N ITREX project. Treatments included three
N levels (three replicates for each level ) , viz. 0, 50, and 100 kg N-hm *a™" for control (CK), low-N (LN), and high-N
(HN) treatment, respectively. From December 2009 to November 2012, monthly CH, uptake rates were measured using a
static chamber and gas chromatography technique. Average CH, uptake rate in control was ( —62.78+14.39) pg-m>h™".
Comparing with the control, average CH, uptake rate of the LN ( (-43.82+4.72) wg-m >h™") was decreased by 30.21%.
However, there was no significant difference between HN ( (-58.23+5.58) pg-m™h™') and the control (P>0.05). The
average rates of CH, uptake for the LN and HN were both significantly lower than the control in the third year ( P<0.05),
which demonstrated that, the CH, uptake rates for all N treatments might be seriously inhibited with continuing N addition.
Seasonal changes of CH, uptake rate in all N treatments were similar. Correlation analysis showed that CH, uptake rates were
significantly correlated with soil temperature and soil moisture both in the control and HN treatments ( P<0.05), but only
significant correlation between CH, uptake rates and soil moisture was found for LN ( P<0.05). It suggested that the change
of soil moisture was the most important factor which regulated the dynamics of CH, uptake rates. In addition, soil pH values
for the LN and HN were significantly lower than that in the control (P<0.01). Also, the LN treatment had lower soil pH
value than the HN treatment. Soil C/N ratio for the LN treatment increased significantly compared with the control ( P<
0.01), while the reverse was for the HN treatment. There were no significant effects of N treatments on soil NH-N, NO;-
N, total dissolved N, dissolved organic carbon( C) , litterfall mass, fine root biomass in 0—10 c¢m soil (P>0.05). Thus, it
indicated that N deposition might firstly induce the changes of soil pH and soil C/N ratio.

Key Words: mid-subtropical natural forest; CH, uptake rate; N deposition; soil soluble N; soil pH
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Fig. 1 Monthly dynamics of soil CH, uptake rates, soil water content (0—12 cm) and soil temperature (0—5 c¢m) (mean+SE)
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Fig.4 Relationships between CH, uptake rates and soil temperature, soil water content in HN

F2 TEO0—10 em) B ARFUAZEME

Table 2 Soil properties (0—10 cm depth) , fine root and litter mass in forest

TiH Item % 8 Control XA Low N 4 High N
A NHS-N/ (mg/kg) 17.82 (4.74) 19.07 (5.06) 20.37 (9.48)
A NO3-N/ (mg/kg) 14.54 (1.40) 16.49 (2.75) 20.91 (8.16)
A[PE4 A Total dissolved N (TDN)/( mg/kg) 16.65 (3.84) 17.59 (5.88) 22.28 (11.70)
Al PE L C Dissolved organic carbon (DOC) /( mg/kg) 68.52 (19.85) 49.05 (22.02) 43.09 (11.28)
pH 431 (0.04) a 4.02 (0.06) e 4.13 (0.01) ¢
4R Fine root /(g/m?) 127.39 (10.68) 109.46 (17.35) 98.13 (30.69)
JH7%4) Litter mass /(g-m >a™") 283 (18.53) 163.33 (3.53) 233.16 (9.53)

TR A L C/N ratio 13.37 (0.12) ¢

14.29 (0.08)a 12.79 (0.40) e

16 N PURESE 3 425 R4 0—10em HHERE S 365 TP BUE M RARMER 22 AIARFE HE T 0—10cm
[ N Ab B+ 9P T 25 il B (P<0.01)
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((-2.73£0.10) kg-hm™a™") 45 5%, CK 13 CH,
W WS e 2 AR AL B S, W AU (i B R I
k7, 55 Zhang 21 LK Tgbal 260 1 fF 5% 45 S A
fl, LN HN + 48 CH, Wil s F s A5 CK
1o, N UTRE T A 5028 v I #0GT RSR AR £ 38 CHL, ik
R BT AR B T I AR A AR b B R AR
PR AR B0, N TURE %A 51 £ 5 CH, Wi i R
T AL
3.2 b CH, R A H A K& | R

KA

AHF5E CK LN HN +3E CH, RIS % 5 + 58 %
K5 A B RE G, 26 B - HE S K R AR AR o
HE CH,WGE RS SR EZ N K, 5 Fender 251 Y
WFoE s Al — 3k, WFsR R, Ll CH 3T
YR R B AR, B CH, AL DL CH /R
AR K ME—BR TR A AEVR > Rk, +3% CH,
W A R S R AR B R AR, O
Ay 55 KA R TR R 0,81 CH P i+
Bt b CH, AR TR Y R SR K R
1K, CH, B AL 25 5 Hh B BRBOK , & REAIL CH,
R IGHE 2 R A7 SR CH I SR 7
K, — N 20%—T70% 1358 7 K 2 1 ik
CH, M seAE SR 1 CH, WGH R B A 7K
RN R - HE R A [/, 2+ e e
90% Lk LI}, -3 AR & B AR 9% ARWFSE CK |
LN HN -3¢ CH, W it 5835 3 5 K AH I 1388 5 K =
IR 4.10% 18.57% 1 3.70% , +HE CH, W Wi s 5
T KA AT 3 K AR, P AR 00 Hh 4 rp
WibER (86.13%%) HimAa k.

Zhang %" DA R e 7 $0HT Hi X+ e 1 9 28 1k
X ARAR 35 CH, WESGHE R 5 0 R 5 3%, PR OA i i IX
R B AL T - BRI CH, eI (22—38
C) P AT R P 5 M b, 3R A A0 i X 3 CH,
W A3k 23 %ok - 8 ik AR Ak %) g oy DU gk A 28
AFFFEH, CK LN Al HN A2 3 CH, W W53 R Xt
- AL e 0 S, 3R BE X CK A HN -3 CH,
WIS R A 1 252 (P<0.05) , %7 LN 14 CH,
Wz S RS 0 RS 22 (P>0.05) , Jassal 2512 fJf
SR, A= A2 AR B A N AL B 4198 CH, Wk
PR - P B N AN 5 AR AR R R R
WFAE S MA O6, (HARFSE LN AN AL BTG5 5]

e A 385 K R - R TE R W E ARAL, B O T AR B
FEANTE N UTREALFE + 38 CH, W ok Foxt + e B AR
[Fi] 8y e 17 %) D PR A Tt — 245
3.3 B CH,WOCHFEXT N ITRE A4 i L

AWFFE CK LN Fl HN 3 Fff N AbBRARAK L HEH 36
PR RA CHAL, RN BT Ml XA [] 2 B AR AR
HE CH, WAL 8 8 X6 AN [R] 7K P N e g g A R (3R
3) AL AGH HI X A N KP4 R AR 118 CH, Wi
A WE I (P>0.05) ; B WA HLIX K N (50 kg
N-hm>a™") FF N (100 kg N-hma™") %} fzbk A
TR G AR A CH, WIS 58 i 2 I
(P>0.05) /= N (150 kg N-hm™a™") I ZFFAE T AL
PR+ CH, R R (P<0.05) ; g WA i X
fIE N N BB T SR ARR R CH, WG R
(P<0.05) ,fik N D0l i 25 5 55 T 2 XUHE SR R i bR 1 18
CH, W ISGHH (P<0.05) , N LI X4 R 18 58 Ak 1 43
CH, WS I A 23 (P>0.05) ") 5 Ik Ak, Zhang
ST BN TR S A ] ) NB AR TR A e
CH, Wi 48 (P<0.05) , XFE [ N B Flobk s + 38
CH, W H A0 T8 i 2 52 m (P>0.05) . ik, 760
FHAHT X N TR ZRAR 18 CH, WA 2R 241 il £
FHA L AR R, P B2 TE s, 5 AR AR A
Sl A N PR KT KB Tl A o 25 VI 1Y)
B ER N TR S | () £ e 23 Ak M o A0 28 1k 1 2 %5 +
HE CH, W R0 N TR A ma R

5T 2R WL, N UT R 38 o 35 in -+ 38 b (%) NH-N
NO;-N B % 3 CH, W ity 7= A8 3 il £ 07
JEH N U R K OF 8 5, 58 CH, W i 3 3
L1031 AHESY LN HN Zb3R3% A 51 14 NH; -
N NO;-N 7 & 1% 8 F 24k, 1 LN B ZMdH T 1
Wi CH, , HN X 358 CH, RIS M AN I 35 HN Ab B
WA R BN AE VR, XA IR S 2 th I AE L Ty
T N AR 2 AT N ZRAR R B N A
J& AT AZE i CH, 8L B B N BRI, Acton 251 HF 58
TRTR N A xd 3 CH, W0 R 1 52, 45
RIS BRI = N (FH24F 400 kg-hm™) 40BN+
5 CH, WSt 2 34 1 2 15 T A AR /K T N AL B Y
+ 4 CH, WG R (P<0.05) ;Li 22 ) % B 45
N 7K (30—150 kg N-hm ™ a™ ) #8157 & 1L &
oA 2=+ 4 CH, WOBGH R 5 (IK N KF (10 kg
hm™a™") WIZBCAIMGIMEA ; S 5E % kB,
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Table 3 Responses of CH, uptake rates to simulated N deposition in tipical forests in subtropical China
5 CH TR
L . o fir The mean rates of CH, uptake /( pg-m >h™") ‘
ek R W : st
. . Latitude 0/ 50/ 100/ 150/
Forest type Main tree species References
N (kg N+ (kg N- (kg N+ (kg N-
hm™%a™!) hm%a™!) hm%a™!) hm%a™")
N LN Fabri
SEI R AR ;ﬁ;%‘”jm “ ’t“ » - -3.91 -4.26 -3.99 -3.73 [16]
. atycarya strobilacea,
Deciduous broadleaf fores 3.06 2.2 1.72 3.97
eciduous broadleaf forest Halt Broussonetia papyrifera s ( ) (2.29) ( ) (3.97)
A Altingi ilipes .
P /?ngﬁ l;:gljfr;” o 03 -62.78 -43.82 -58.23 B AR
Natural forest %ﬁi@chimanf:tpej;a% ety (6.65) a (472) b (5.58) ab This study
K . -10.00 -30.00 -30.00
Lt Pi i 23°10° — 15
Pine forest HJRAR Pinus massoniana (3.00) a (1.00) b (2.00) b [13]
FHRRIRACAR I EHS Pinus massoniana,
" " -60.00 -90.00 =70
Pine and broadleaf A Schima superba , 211 5 23°10" (10.00) (10.00) (10.00) — [15]
mixed forest Craibiodendron kwangtungense %5 ' ’ ’
35 '}’—\j'ﬁ e ¢ anonsis chi .
ﬁj R iﬁ? Ca,mmfm,é]il,?”ﬁ/'\ 23010 ~40.00 ~70.00 ~50.00 ~60.00 5]
onsoon evergreen Schima superba., 561 (8.00) a (3.00) b (5.00) ab (2.00) b
broadleaf forest Cryptocarya chinensis
TR Pinus .
Wb ;ﬁi‘é ‘L'nu'shr‘nassc'mlz;u;;%% 2310 -28.60 -27.10 -19.90 . 10]
Rehabilitated forest PRI et eI, FLECRE (2.20) (2.00) (2.00)
Craibiodendron kwangtungense 35
AT . -17.80 -15.20 -16.10
SRR Pi i 23010/ — 1
Human disturbed forest SR Pinus massoniana 3710 (1.60) (1.90) (1.10) [10]
R %ﬁ% Cas?anyopsis chinensis , , _41.10 _34.40 22940 3,40
Mature forest B Schima superba, 20 (1.80) (180) ab  (200)ab  (2.00) b [10]
ature fores JE5EHE Cryptocarya chinensis 25 ’ : ' ® ’ ! '
AT
-36.30 -28.60 -23.80
Acacia auriculiformis HIBH Acacia auriculiformis 22034’ (3.20) & (230) b (2.80) b — [9]

Plantation

AN T A T S N AR T+
5 CH, W, i Al N U] 1 CH, WA, 36 Se 0 5%
SR SGAMI AL, HAN, AT R TP N
HREE N DU AKCE 38 i 28 LT (£ 2),
Zhang %5111 % B N )5 1a HHETCHLN S HBES N
KV 4 K, 9 L A3 CH, W ik R 5 4 3
TCHLN Fig 2 B ERASC (P<0.05) , HALWFF t A
KWL ) X EH TN TURER AR LM CH, T
WG SR A 5% e T R 2 B N UTRE RS2 m H 8 2
Z MR T N UUK 5 5 CH, Wi &
Z e R ASE—ARI AT b N S Ak i) D g
), Ho iR A R T 1

WFFEIN A, N UL R A8 2 [ 1K AR AR 1+ 3 pH,
PETREAR CH, S0 P0 T 36 v A i CH, i >
CH, %L 138 B pH Ry F5efE 38 pH 7E 5.0—
6.5 Z [ AR ABIF 5T i 56 M 1 3 pH (4.31)

(CK) KT 3 CH, Wk i e £E 38 pH 193,
ABFFE N YR FFEAR T 3 pH, 5 Zhang %5 1
o as AL, (. LN 3 pH {KF HN, 1fii CK,LN
FHN 4 CH, WS R S I8 5 L+ 4% pH A — 3
WFFE 2 B, N IR 0 9 AS B2 B K - 4 pH, Qo
Zhang %" BN LR S T Bk N (100 kg N
‘hm™a') 5% N (150 kg N-hm™a™") 3 pH #H
6], 1 Fender 25" U & BLES I N 43¢ pH & T Xt
HE R N TR 38 pH 2RI - A —E 5 N
TUREAKSFAHOC , W] BB A HA R 38 R #EAE T, i A fr
E—2 A5, AL, ARAF5E & B8 LN A1 HN Zb B
L C/N HAR 5 TAUE T CK, Zhang 221 (175 4
[ % B, FTRES N AbBE51E + 58 pH AR b A 6,
Menyailo 25 A58 AN [R] T MoK 38 4k 2 1 okt 1)
SEMR B AR, 1438 pH FAIRAY AR L35 C/N L,
+3% pH JE i -3 C/N Fedi, 13 pH e @mift £
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A C/N teiEh X — AR T N
BRI, T3 C/N FeRY R RS I
C [A3G T, PRt CH, WA 97 i 4 7T BB 2 CH, AL
H X CH, AIE55 10 T 55 4M ¢ B X1k,
14 pH B FRRIE S5 £ AP RLER ) AP X
CH, AL BA fEMEAY, 159 AP & S
il T KA CH, W, Y34, ARSI 1 45
pH BRI 5 S T 1A W 1 M 25 4 DL 2 CH, Ak
VR AL A AR A6 I 2 R i 1 CH, W
RIKARE , BT EE Z T8 N DU £
8 pH WAR1E, DL R e 5 1A Y 4 AL Uk -4
C/N LRI+ CH, AL RERS 19240, T 53+
BRI CH, AL PR AL T ZEHE

F5E R, LN HN 76 it B2 51 P 4F A o6 1458 CH, W%
WO AR A AN 25 7R 5 3 AEXT 1 CH, WOGHE
RANHAE AR T 87K (P<0.05), Gulledge
SNy TN N REXT - 96 CH, W e B4 30 3 7 P A
B ZE 3R ], Chan %810 78 4 J4 MK A
Gulledge M4 28 Harvard TR & L2 4F (8—10a)
HSEE N B A HE CH, W R 5 TR T 35% .
51%., {H Veldkamp %' 16 Z4E (4—12a) Jifi N
HE X $ty BRAK - HE CH, I 0% A &2 m (P>
0.05) , XLEEHFFTIAN it N ACHI A 30T N A X
T BT ARAR 4 CH, WRSGH R 52 1 R 35 1) i
PRAES N ZRAR 3 rb | N 0 R 0 186 i 2 i AR K
AT AR ML 1 NARS, WHF MRS
ARG, 8 (P) WidE N &I EBERFRES,
PER 3 AT B N DR N TARLE 1a RN
BERAMHISON ) (P<0.05) , E T A T T4 T4k
/AR (A0 1a) N TTRERT 148 CH, Wi
RIHFVERIEA B ZE (P>0.05) 019 N ¥tk k
A I A S TR BRI A0 PN 2 A ) AR MK 12 8 CH,
Uk (P<0.05)[15] o Hartmann %[40] S B0 4 BE N
T NH,NO % -3 CH, M il o8 AR 24/, A8
EREMR A, HL IS AT RE S MR Pk e mifb A 455 ,
W2 4 CH, W IRE#ME: N LR 22 HHE CH, )
WCRAM SR, PR, ASBF 58 o LN HN A BERT AT
X Ay AR 18 CH, W 4 il FH R B 2% vl B
S ERMEARAY 38 pH DL 38 B B AT i AME S fiE
AKX,

H I PGS TSR AR 33 CH, W I3 R X6 S [ s N

L (AR N 2 AS [R] ), {H 2 N0 RA T 2R bR+ 3 CH,
WA AT AT 4 A FE 22 B R b A, N DT o AR A £
e CH, B AL A KW m /e R BRbK 1 e
CH Y PR & A R T A8 Ak, H R 75 38 3 3 %2
SR SRARIT AR LA CH, WSO 0 N TR 14 i 3
JEAT AT LAHY CH, 4801k T v 2 1l 28 Th R i e, L S
CH, AL IA Z e 2 A5 52 1 48 CH, Wl 55 G s Rt
SSnpN

3.4 FEL5R

(1) LN HN 5 CK Byt CH,WGHE R 145 5
BASEAREL, N UUREIE I A 5 | o I BT 8% R
AR CH, W GHE R Ry sh B py ek, RIS K
WA N VTR 3 CH, WOSGHE R sh A 1 5
BT,

(2) LN Ab ¥R 2 FEAC T 198 CH, W i R
(P<0.05), HN X 3 CH, W I 3 SR 52 i A (g 3
(P>0.05) , {HBEH AL N DT R 1] (9 435 42 LN F
HN XF 438 CH, W 0 3 e 2 52 4 <6 4 FH n ) 1
FEE N

(3) 5 CK ALt LN #1 HN % 14 pH -4 ¢/
N AR BZE W (P<0.01) . WF5E R P
AN DR 2R T 42 () 2 s i 2 AP 38 CHL TR,
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