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Effects of Simulated Nitrogen Deposition on Soil Respiration in Northern

Subtropical Deciduous Broad-leaved Forest
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Abstract:To investigate the effects of elevated nitrogen deposition on forest soil respiration, a simulated nitrogen deposition field
experiment was conducted in northern subtropical deciduous broad-leave forest from April 2008 to April 2009. Nitrogen treatments
included the control (no N addition, CK), low-N [50 kg (hm*-a) "', T, ], medium-N [ 100 kg+ (hm*-a) "', T, ], and high-N
[150 kg+ (hm®-a) ', T, ]. The respiration rates were measured by a static chamber-gas chromatograph method. Results showed that
nitrogen deposition did not change the seasonal and daily variation patterns of soil respiration. Compared to the control, T, , T, and T,
treatments reduced soil annual average respiration rates by 8.51% , 9. 74% and 11.24% , respectively. Meanwhile, T, , T, and T}
treatments decreased daily average soil respiration rates by 4.42% , 11.09% and 12. 17% , respectively. Significant relationship was
found between soil respiration rate and soil temperature. The Q,, ( temperature sensitivity coefficients) for soil respiration of CK, T, ,
T, and T, treatments were 2.53, 3.22, 2. 64 and 2.92, respectively. Our findings suggested that nitrogen deposition reduced soil
respiration, and increased soil respiration temperature sensitivity in northern subtropical deciduous broad-leave forest.
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Fig.2  Soil respiration rate, soil temperature and soil moisture

W 3(a) fis,CK, Ty, Ty #1 T, B9 --3E0F 0%
AR SEH 3 R 4 ) R (339.50 +16.85) . (310.62 +
43.96) . (306.43 + 15.33) 1 (301.35 = 18.17)
mg- (m*-h) "' 5 CK ML, IR R AR T 4 520
BT, T, AT, Ab R 4 358 0 0 3 R 43 0] AR
T 8.51% .9.74% #1 11.24% ,H T, f1 T, ab3 5
CK 22 3K 8] T B FKF(p 9 0.033,0.028).

HE 3(b) AL, CK, T, | T, 1 T, i+ CO,
SRR (L C3) 23 510 (7.46 £0.26) | (6.50
£0.92), (6.84 = 0.35) F1 (6.50 = 0.45)
t-(hm®-a) ~'. U AL BEFR A T 5 CO, RALHE
Mok, HOT, RIT, GRS CK 922 RIA 5 T Bk
- (p £ 0.035,0.016).
2.4+ HEOT Y IR HURE

N A% A T A O I A g IR R R AT AT
Gy b (B 4) 25 L] I, A 58 0 I o R b 1R IR R A
e B s e & (p <0.01) ,CK, T, T, AT,
HIHL A 7 B B e R B R 43 ok 0.665, 0.726
0.607 F10.749. R4 5 £y #1155 45 2 () + 0
W Tk R AR Q0 18 (Ul BE B 19 i 10°C I Wi
AR R E SR AR 25, 4038 2.53
3.22.,2.64 F12.92. FULKEA G N+ 0F0 Q4
1 e B FHC RS A B R OR B 3
2.5 L EENRR 5 4 A

H P 5 ] O, 45 A B - R 0 5 i R T
A A M. R RS K EAE 15% ~35%
B, P 5 R B YOG RN 3 AU A PR
B BRI OCR.



8 1 W1 IE AR A5 AU T R X S BRG] Pk bR - 48 0 R 1) 52 T 1729
400.0 10.00
= a ab g 800 2
g T b g : ab
g 300.0 |- b ) i b b
e 1T = T | T 7
§ @ 6.00 |-
k2000 |- =
® B o400
+ %
g 100.0 |- S
= B 200
H +H
0 0
CK TL TM TH CK TL TM TH
AL BEFK P AL BEFK P
AN [a) B 7R Ab B I 22 5 W3 (p <0.05)
B3 TEFREFHEERM CO, RRHEME
Fig.3  Soil average respiration rate and CO, cumulative emissions
1200.0 1200.0
CK T,
a oo o
5 9000 - y= 37.581e00ns o ° 900.0 = 337 509e0.117
=2 =0. ° R2=0.726
o ® B &
M 6000 - 600.0 - 4
it
g
&
B 300.0 — 300.0
.H
0 0
0 30.0 0 30.0
1200.0 1200.0
TM TH
= ¢ a
IS 900.0 - y = 47.023e0997% o 900.0 — y=39.228e"107%
g R =0.607 N R2=0.749 &
£n
g &
8 6000 — 4 600.0 —
i -
=
&
o 300.0 — 3000
_H
0 0
0 30.0 0 10.0 20.0 30.0
TR/ C TR C
B4 TEFRESLHEEENXR
Fig.4 Relationship between soil respiration rate and soil temperature
3 i WX B BR R ARAY 7,79 te (hm®-a) ~' P RIE T A
W

301 bR I I bR - T I R AE

TR0 2 A T B T e AT R ULRE AL PR
ALbF HRRE, KL EF R R LR T
A 5T X ZR AR L 9 R I A4 R FIE . A T S 0 P b+ 8
W CO, HEmt & (UL Cil, FIA) R (7.46 £0.26)
te(hm®-a) =" I T B AR S 1L 2 XU S o bR
[ 10. 80 t- (hm’-a) ~''% 5 b I $4HF -5 08 140

AL G B BEARAY 7. 71 t- (hm®-a) =" 4024 500
B PR SO0 5 5 B 4 i A AL —
SE AR SEVE , b 8 VE 0 1 25 5 1T Al S A Ol e L A
WA | WL AT M S R A

BT, b 5 - S B A A I G
P, - ST 0 £ R U R B Q0 h 2,53, B T4
BR A Q0 BT H 08 (1.57) 7 R T B HF 80 1L
7 B bR Q8 (1.73) P2 5L W 4R



1730 7 B # & 31 %
1200.0 1200.0
CK To
i 900.0 |- ° ° 900.0 |- °
F R o8O
W 6000 |- o o : ° ° ° 600.0 |- a O e a
*§ o ° o 80 % °§ = g € o
o ooo %8°° 8 =] % © o ug ﬂ&g B %& o un
® 30001 © ° 300.0 [ a o o :}
‘H & (= 30 Qﬁg @; % (C] 3 [-] g ® o B °
° % 8 of o o B
0 | 8 | ° | 0 | E | g |
100 150 200 250 300 350 100 150 200 250 30.0 350
1200.0 1200.0
TM TH
= <
5 900.0 - o 900.0 |- a4
: : <
g NG a
¥ 6000 |- * e 2 @ 600.0 [ a & ada
<, N
: AL S 58 .
= & o . afiad o
& 3000 o & 300.0 [ 3 a
2 § § 53809 4 BAM .. 4
o og & g 4 Q& A
0 I T S ! ! 1

10.0 15.0 20.0 25.0 30.0 35.0

0 |
100 150 200 250 300 350
TR/ C

5 TERRELEEENXR

Fig.5 Relationship between soil respiration rate and soil moisture

B T 45 3o X B R A AR O, fH (2. 44) | B R E
Bk Qo fH (2.30) % A1k B £ Ak L4 Q,, B E
(2.65) 7 AHEE T T UL, P HAHE 25 bR L 358 I 1 i1 3L
JiE R 15 £ A A ) TR BE AR A A — 5 I A
P, A A I XU S A AR AR - S IR 8 1 2 0 L X
I SR R b - SO % 4 5 ) T
3.2 GUILRE N L S0 3 AR - SO Y
TERBE LR TR IR IR 055 1 a, S 00 A0 FRLAE 4 48
CO, Hef B ZE &A% T 8.51% ~ 11.24% , H i% Fj 41
76 P o B0 i LA B 4 1F R SR B T B KT
ST AL B R AR T bk 30 CO, BRUHERCE, AR
YT T A% R 0. 62 ~0.96 t- (hm®-a) .
I A8 I AR b M 9 O 187 159 Ji DRI T e« D /LI
BT R A MR T S LT A
Ml 9 $5 i e 3 A AT e 1 €O, HE T @
RULRE AR T R AE o 5P 1k TR & B TR
P20 T A AR 1 AR R, 7 0 g 0/ s BRI
I FE AR IR A1 A T AR 5L T 190 ik R B R R R,
B~ YRR AR 2 R B T A
JR 9 0 1) 4 ik 2 BRI T SR I 5 @ R U
W3 2R bR 1 R AL, L pH H R A, 00 ) A
IR 2R A K, AT 5 - S
3.3 LR BT g 3L P SR (9 5

A FE R B, A 1P R i - IR R
B AR LR AR50 45 30 1Y A 0 I T R X
- S R i) 1 i 50 ek B, LA A L b 2 ) A OGP
(p <0.01) 15 E P} HMF L DR o045 SR 0.+ 4
W 2 114 Y SRR R B ( Q) BB T A JE O 2 0 3
A A B T Ry B, X6 T AR 4 R AR R LT Bl b A 7S
ARG mAEiCE R R AERA —~ENSHNE. K
F 5% 45 e B, BT R 3G 0 1 = 0P W% ) 3R R ARk
P L3 5 0 M AR 40T [ BT ST 4 SR R — B LT g
P T sl G A e o R a7y i - 3
a0 SR A RIS R L A N 1R R S i A 2
TR I ) 0 L A AR, W) RT RE S 3K PR I 1Y
Q o (EAH R 3 K. H A A B 5% ke B AL DT X Q0 5% M)
KN R B EAT BUEAR R A LUR S i, i {2
Fr T S E Y A g

ROUBEREAR T L HERF W A3 i 1+ 398 i B2 U
P HATBE TR R, ROUTRE BOAE T  S k  H fn
BRSSO AR T A T O L G SR X R P
JERASE /NI R A 0 R 32 R TR B ), 24 T 84 o, R DL
R Ab PSS 0 88 o AE X A BRI R, A
17 28 30 A o 1) 1 AUk
3.4 LIERFILYS 4 R R

- S X A SR W (1) 5 ) EL AR R A R O
A AE A RN BE o KB OB, b N R e T



8 1] Y IE AR A - ABD T I Xk b S A e 6 I ] o bk L 8 O R ) 5 1 1731

T TR SR RS gk
G A, B W AR R B AR W BN T 6 T I AR AE IR
PR CO, S Sl /b AN R 3K A it v, B3
FLBRBE /N | 5 S0P W T 5% S80I E A DA B P I 7 )
CO, MHEBCHR s 52 B BRI . 78 K 23 AS 1Ay BR i 7
(K 6 F T, o S R g 0 - 8 5 K R R T AR
Brh, 2% 4b PR 0+ 000 B 4B R AE 15% ~35% 2 0],
A A M A5 B, AN JE LS ) Bl A 0 AR R AR R
Wl R R P 5 R R AR B

AR AE R R L 38 AN & BR AR AE B 19 =
AT RE R BE T A G VR O R b i i S
BISZ IR Anfar 2 /T DR XS - HEE IR ) 5 W R RE AT
FEBY Bt RO S5 1 T, AR bR A 1Al 2 0 1 3
WP 2 114 385 e ey A8 Ak 3 2 (] AR A 5 T 2k
— 5T

4 g

(1) YR I A AR Jb W HRAT R bR 1 18 0 W% (1
T AL S H AR, 2 IR
3K 5.

(2) ZUCREBEAR T FRAK 4 80T 0 AR 34 380 R
HP- 353805 LT £ 580 CO, BRHE &, H A
TIC I8 5 B8 DA X6 A S8 IV R i 410 o 2850 7 e ]

(3) A UTREHE = T A0 FAHE AR 1 80P I 1) 3R
JE SRR

(4) MR EEREEAE 15% ~35% B, A UL 1%
AU A I S R 1 OC R

B30k

[ 1] 1IPCC. Climate change 2007: the physical science basis.
Contribution of Working Group T to the Fourth Assessment.
Report of the Intergovernmental Pannel on Climate Change[ M ].
Cambridge: Cambridge University Press, 2007.

[ 2] Schlesinger W H. Evidence from chronosequence studies for a
low carbon-storage potential of soil [ J]. Nature, 1990, 348
232-234.

[ 3] Post WM, Emanuel W R. Soil carbon pools and world life zones
[J]. Nature, 1982, 298. 156-159.

[ 4] Rain J W, Potter C S. Global patterns of Carbon dioxide
emissions form soil[ J]. Global Biogeochem Cy, 1995, 9. 2-26.

[ 5] Kaiser J. The other global pollute nitrogen proves tough to curb
[J]. Science, 2001, 294 1268-1269.

[ 6 ] Vitousek P M, Aber J] D, Capone D G, et al. Human alteration
of the global nitrogen cycle. Sources and Consequences[ J]. Ecol
Appl, 1997, 7(3) : 737-750.

[ 7] &R, T, SO, % 500 2= XUH Gt R i Ak g ok

SOt LA RS T]. MY EEFR, 1994, 18(2) .

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

194-199.

JEI e, ER AR SR X IO R AR R AR A S5 T R AR
AMAESREFEMRERFEmE[T]. AE%H, 2001, 21
(12):2002-2012.

BHAH. A R R E A SRR AT D], M
50 P ERR A B g a5 T, 2006.

Binkley D, Son Y, Valentine D W. Do forest receive occult
inputs of nitrogen? [J]. Ecosystem, 2000, 3 321-331.

Lovett G M, Reiners W A, Olsen R K. Cloud droplet deposition
in subalpine balsam fir forests: Hydrological and chemicall inputs
[J]. Science, 1982, 218 1303-1304.

Galloway J] N, Cowling E B. Reactive nitrogen and the world:
200 years of change [ J]. AMBIO: A Journal of the Human
Environment, 2002, 31(2) : 64-71.

Mo J, Brown S, Xue J, et al. Response of Litter Decomposition
to Simulated N Deposition in Disturbed, Rehabilitated and
Mature Forests in Subtropical China[ J]. Plant Soil, 2006, 282
(1):135-151.

Flanagan P W, Van C K. Nutrient cycling in relation to
decomposition and organic-matter quality in taiga ecosystems[ J].
Can J Forest Res, 1983, 13(5): 795-817.

Brumme R, Beese F. Effects of liming and nitrogen fertilization
on emissions of CO, and N,0O from a temperate forest[J]. ]
Geophys Res, 1992, 97(12) :12851-1285.

Jenkinson D S, Goulding K, Powlson D S, et al. Nitrogen
deposition and carbon sequestration [ J]. Nature, 1999, 400
629.

TIULHY, TP e, ARIE R, SF. AR T LR A R bk
CO, e AN CH, WS X AL N T R (g S S B [ ] AR 2%
iz, 2005, 25(4) . 682-690.

Gundersen P, Emmett B A, Kjonaas O J, et al. Impact of
nitrogen deposition on nitrogen cycling in forest: a synthesis of
NITREX data[ J]. Forest Ecol Manag, 1998, 101 37-55.

Aber J D, McDowell W, Nadelhoffer K J, et al. Nitrogen
saturation in Northern forest ecosystems, hypotheses revisited
[J]. Bioscience, 1998, 48. 921-934.

Wang Y S, Wang Y H. Quick measurement of CH,, CO, and
N, O emissions from a short-plant ecosystem [ J]. Advances in
Atmospheric Sciences, 2003, 20(5) : 842-844.

JAAET, kR, BRI, AR ST B R ST bk K R
FEARMHN HASR[T]. A, 2004, 24(8) . 1742-
1745.

g, XMHE, XU F, 5. B AR AR Y& P X 1 ey
WA SR SRR R [T ] MR BL# ik, 2007, 22(9)
976-986.

WO, XU, RAER, G, U A - B I 3 X
BRMAES R LRI R E A &[] EEER,
2007, 27(5) :1791-1802.

KA, FAARE, WHIE, & RIS KRR B R MO
TP S CO, R [T]. Molk Rl 2003, 39(2) :8-13.
XURME, TR . £ 0T W 0053 i PR 28 B 4 R RUBE R IR 11
M [J]. AR, 1997, 17(5) : 461-476.



1732 S TR 31 %
[26] BEJeKk, BHER, B, % hE AR g)]. a sink for '*N-enriched additions to an oak forest and a red pine
A, 2008, 28(4) ;. 1748-1761. plantation[ J]. Forest Ecol Manag, 2004, 196 . 71-87.
[27] Compton J, Watrud L S, Porteus L A, et al. Response of soil [33] B REETIEN B BRI [ T]. Mol Bl 2,
microbial biomass and community composition to chronic nitrogen 2001, 37(4): 111-116.
additions at Harvard forest[ J]. Forest Ecol Manag, 2004, 196 [34] Takahashi A, Hiyama T, Takahashi H A, et al. Analytical
143-158. estimation of the vertical distribution of CO, production within soil
[28] BTMEE, FEORC, AT, S5 it T X o R A K A TR application to a Japanese temperate forest [ J ]. Agr Forest
IR ()], MW A S AR, 2007, 31 (3) . 372- Meteorol, 2004, 126 ; 223-235.
379. [35] BREE, X5, 0¥, . V6 & L EF bR L 5 0 g%
[29] Persson H, Ahlstrom K, Clemensson-Lindell A. Nitrogen HRERBELBEEMCRII]. WHAES¥R, 2007, 18
addition and removal at Gardsjon-effects on fine-root growth and (6):1219-1224.
fine-root chemistry [ J]. Forest Ecol Manag, 1998, 101:199-206 [36] WGRIfE, BIEEXL, TS AE, 4. ARG BE X0 AT K A T
[30] Carfrae J A, Skene K R, Sheppard L J, et al. Effects of nitrogen ML TTRRE A e B [T, A A A 2 dik, 2009, 33 (4):
with and without acidified sulphur on an ectomycorrhizal 728-738.
community in a Sitka spruce ( Picea sitchensis Bong. Carr) forest [37] Linn D M, Doran J] W. Effects of water-filled pore s pace on
[J]. Environ Pollut, 2006, 141(1) : 131-138. carbon dioxide and nitrous oxide production in tilled and nontilled
[31] Egerton-Warburton L. M, Allen E B. Shifts in arbuscular soils [ J]. Soil Sci Soc Am J, 1984, 48. 1267-1272.
mycorrhizal communities along an anthropogenic nitrogen [38] Fortin M C, Rochette P, Patey E. Soil carbon dioxide fluxes from
deposition gradient[ J]. Ecol Appl, 2000, 10 4842-496. conventional and no-tillage small-grain cropping systems[ J]. Soil
[32] Micks P, Down M R, Magill A H, et al. Decomposition litter as Sei Soc Am J, 1996, 60 . 1541-1547.





