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Abstract

Aims As the second largest C flux between the atmosphere and terrestrial ecosystems, soil respiration plays a
vital role in regulating atmosphere CO, concentration. Therefore, understanding the response of soil respiration to
the increasing nitrogen deposition is urgently needed for prediction of future climate change. However, it is still
unclear how nitrogen deposition influences soil respiration of shrubland in subtropical China. Our objectives were
to explore the effects of different levels of nitrogen fertilization on soil respiration, root biomass increment, and
litter biomass, and to analyze the relationships between soil respiration and soil temperature and moisture.
Methods From January 2013 to September 2014, we conducted a short-term simulated nitrogen deposition ex-
periment in the Rhododendron simsii shrubland of Dawei Mountain, located in Hunan Province, southern China.
Four levels of nitrogen addition treatments (each level with three replicates) were established: control (CK, no
nitrogen addition), low nitrogen addition (LN, 2 g-m™-a™), medium nitrogen addition (MN, 5 g-m2-a™*) and high
nitrogen addition (HN, 10 g-m™-a™). Soil respiration was measured by LI-8100 soil CO, efflux system. At the
same time, we measured root biomass increment and litter biomass in each plot.

Important findings Soil respiration exhibited a strong seasonal pattern, with the highest rates found in summer
and the lowest rates in winter. Annual accumulative soil respiration rate in the CK, LN, MN and HN was (2.37 £
0.39), (2.79 + 0.42), (2.26 + 0.38) and (2.30 + 0.36) kg CO,-m™, respectively. Annual mean soil respiration rate in
the CK, LN, MN and HN was (1.71 + 0.28), (2.01 + 0.30), (1.63 + 0.27) and (1.66 + 0.26) umol CO,-m™2-s™%, re-
spectively, and it was 17.25% higher in the LN treatment compared with CK (p = 0.06). The root biomass incre-
ment was increased by LN, MN, and HN treatments by 18.36%, 36.49% and 61.63%, respectively, compared
to CK. The litter biomass was increased by LN, MN, and HN treatments by 35.87%, 22.17% and 15.35%,
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respectively, compared with CK. Soil respiration exhibited a significant exponential relationship with soil tem-
perature (p < 0.01, R?is 0.77 to 0.82) and a significant linear relationship with soil moisture at the depth of 5 cm
(p < 0.05, R%is 0.10 to 0.15). The temperature sensitivity (Qyo) value of CK, LN, MN and HN plots was 3.96,
3.60, 3.71 and 3.51, respectively. These results suggested that nitrogen addition promoted plant growth and de-
creased the temperature sensitivity of soil respiration. The increase of root biomass under N addition may be an
important reason for the change of soil respiration in the study area.
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T IERPIRAE A 22 /b, ST R AR e S 2 3K G ]
BABATERE . WA 28455(2006) %} b [ 3= 2 A
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RS A ERHE I AR . A RN+ 14K
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R RS A A ) B AR T 80% . FLAE I 5
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B LR L.
12 #EMgE

E 9 e D) BH R L ol B 5 R el g 4 1 400 m
FE A WIALE, 5 AT T AR SR AT RS AV BT
M, ZRHZEMRAKR, CRIERFEHR B A5
— 3 RE R HBENL X H i, EH4405 m x 5 mif
AN R A XA, BN A4 i H 34 X 2 AH
ANIX 2 TR IX 2 2 [a] {1 BE BS 2 J /ES mAT10 mZc
Ho FEHLDY R E 10 mBL BRI gz, RS r)
TP . 2 MaZ X I S s & DT % & (18.23-38.88
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Hild, fEEYAEKFETNC-11H)FH ALK, KE
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Table 1 Soil physical and chemical properties at different depth (mean + SE)
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1 mif X, X HOZ E—NNE20 cm, =1l
cmiFPVCHIEME IR, PVCH A5 cm. &R
AU — R BYBR IR P SR G5 AR A, DAk 5ot 0 4040
FEAERL . BEANRIG A, A IEOP IR B AR
A, 201341 H 2201449 H, HLI-8100fH#5+
SFEIPIR I 7 4% (LI-COR, Nebraska, USA)lI&: 151
W A KZEG-11LH ) BN Al ELX, dRAEKEER
SR RVFIIEOL T &AM E LR EAEAEKZER A
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IR () s, A0 &R B4 10:00-13:005247
133 EABRAREYEEENNE

FEAR Z AR 22 A1 B 100 2K B B0 02 O
HH%E, 2007). 20124F8 H F120134:8 H 43 XS F£ 7
) ETREAR AT AR, BRI,
(ML S emAb) AT FE . B O =R, P AT iR
PRid A=A E, —F 575 beic A B 21T
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e B4 o S 0I5 B 1 23 3l LA 7 PR RN 30 MR AR HE R,
X AR 35 43 R b R - 43 73] HL 168 4% A1 334k
PRERR. TSRS R R B, W& S 2R
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FHHURE(HUFEL00 @) AAR 4SS [ S == TPk e, DA

HERRE A ES C:N 2Tk pH ThEE

Soil depth (cm) Total C (%) Total N (%) Total P (mg-g™%) Soil bulk density (g-cm™)
0-10 4.22+0.16° 0.36 + 0.01% 11.63 +0.14* 0.77 £ 0.02* 5.11+0.01° 0.88 +0.01°

10-20 2.72+0.13° 0.26 +0.01° 10.42 +0.19° 0.75+0.02° 5.17 +0.02° 0.98 +0.02°

20-30 2.03+0.13° 0.21+0.01° 9.48 +0.25° 0.75 +0.03* 5.31+0.03 1.01 +0.03*

AR BER IR 2 H) 22 57 2. 3 (p < 0.05).
Different letters indicate significant differences among different soil depth (p < 0.05).
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Fig. 1 Seasonal variations of soil temperature and moisture
(mean + SE).
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Fig. 2 Root biomass increment (A) and litter biomass (B)

under different nitrogen treatments (mean + SE). CK, LN, MN
and HN stand for 0, 2, 5 and 10 g-m™2-a™ nitrogen addition,

respectively.
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7£20134E1-11 H f1201443-9 H, CK. LN, MN
ATHN AL T L S5 B I (1 H ~F- 35 3 2 35 S 30 o B
M, B EaREE. BT, 8H 1k
W 3o 20K 38 i vy (e R AEL 230 93.17 . 3.49. 2.71
H13.09 pmol COy-m2-s7), ML &% kb P 2 &) f) 2 5=
B, AZR1VH B REELH T3 s 0k 1) i
i (¢ /ME %3 % v0.44. 0.65. 0.54F10.55 pmol
COp-m™2.87"), BN 454k B 22 (8] (22 R85 /N (B3) - LN
Aab R B 1) 25 ) RO 2R 2 i T A

-1 3EIPIRE R Soil respiration rate
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E3 RGN EE T LI i) =1 sh A CPAE AR UE
). CK. LN. MNFIHN 4R KT, 435 AARK A
PRI N0, 2. 58110 g-m2.a~,

Fig. 3 Seasonal variations of soil respiration under different
nitrogen treatments (mean * SE). CK, LN, MN and HN stand
for 0, 2, 5 and 10 g-m~2-a* nitrogen addition, respectively.
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COFk & 23 B4 hn 1 15.51%#111.25% (&4). MN

FRAFEE: SUARMIGS AT (L A S HE M T SRR 5 99

3.0 B CK 721N BN MN [CHN

F- ST 5ok 22

Soil respiration rate (umol ('_‘():- m3-57")

7\ 7AN

20

s

20

ES

0 Year

B4 ARG EE T ¥ A T SR IR IR T3 R (P A {E AR
R %E). CK. LN. MNAIHN 4R EKFE, 2l &
BIRIRE S0, 2. 58110 g-m2-al,
Fig. 4 Soil respiration rate in the growing season under dif-
ferent nitrogen treatments (mean + SE). CK, LN, MN and HN
stand for 0, 2, 5 and 10 g-m2-a™* nitrogen addition, respec-
tively.
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PEFHIE L R (p < 0.05)(&l6), T3 & /K& LAARE 1+
IR AR [#)9.93%-15.21%. 5 3 AL, +
S KR LRI AR AR R R R . BALEER
RS LR R Ve X AR A BT T
B, TS KR RPN AR O S0 A EE
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3 iTig
31 MRXRALEYSEENAZDENFIN

RIS AR R ALY B B AR v 7 B
TE—ERRRE LBk 7 R EvE A 7 RIS
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it #E1E Fl (Hogberg, 2007; Hyvonen et al., 2008).
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Fig. 5 Relationships between soil respiration rate and soil
temperature at 5 cm soil depth under different nitrogen treat-
ments. CK, LN, MN and HN stand for 0, 2, 5 and 10 g-m=.a*
nitrogen addition, respectively. Qyo, temperature sensitivity to
soil respiration.
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Fig. 6 Relationships between soil respiration rate and soil
moisture at 5 cm soil depth under different nitrogen treatments.
CK, LN, MN and HN stand for 0, 2, 5 and 10 g-m=-a™* nitro-
gen addition, respectively.
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Al ABFALE R BN, BA IR RS HE AREVA AR
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(1275 AR 4K, = A2 B3 R A5 S DR R A A K )
VR RS0 () AT AR ), 2009) . 20134 7E X} R RE
i W A5 1 R Y A AE CO B LR N (2.37 + 0.39)
kg-m™, X T-Deng %% (2010) 7£ H [F 5 ¥ H iy 25 vkl
1394 ((3.53 + 0.03) kg-m™), {H &5 T v [F BE R A %
MRIGAECOBEHCR((1.50 + 0.03) kg-m™, Sun et al.,
2014). RIRLE R BN, REAL BN L np Il A {2 i3k
VEF, T URT i LAk B U AT S Ak (3 S o 2
A RN FE AT K, BF 7S XS A R R AN, +
ST A A AR R, 3K A2 3 AR B R IR
S0 (Mo et al., 2007). fER & &+ E KR E R R
TS Pt - AP, i 7 2 PR A 1 b DX A ) 2
{133k + I (Hyvonen et al., 2007; Cusack et al.,
2011).

— R UL, A L BETIR 4y B R R (FR & R
AR Bl A ) R S 7 I R (e 2 4 38 )y 4 o
)P AN2H 73 (Sotta et al., 2004), 3 R 6 B
DO AE TR 75 PR B AR 45 BRI o
TEAEREE N AR A S RG R, HIRMERL S+
1 LURR IR 17 45.8% (Hanson et al., 2000). ZhouZs
(2014) % K A [FI AL 75 R B8 19295/ F 70 485 SR kAT
AT, AR RIOR B IR IR BN RN 5 AR
Z BB % P 5 (R* = 0.803). Rodeghiero il
Cescatti (2006) %] >k H 750 A [F] Rk AR & 22 48 1 2
BATOE I, ORI IENPIR SR R A & 2 (B AL
FHLMEREIAR R FICL, FAINAHR R YRR
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Wi 44 2 AR AR FE b 5 M R R PP AR 5 2 A 2 AR
BRISAEPIIFIR o ARSI, LN MNFIHNAS A Hy
MR R A s i 5 X R R AR LG, 23l E e T
18.36%-. 36.49%#1161.63%. nLLE H, Ffid &R0
WEER TR, R RSN B BRI I ),
Rt o R EEY | IR T R TR
W AR - - PG WA B e, O T 70 e
IRV A RAMIETE . AR A
MAEY)EM:(Ryan & Law, 2005). Janssens®(2010)
F1Zhou%5 (2014)FIl FH K i 78 45 34T B & 40 bt
TR, BIRINE 7R R AR KR, Rl
e BREANZRGINAES RS T, XA
KIS . Egerton-Warburton £l Allen (2000)7 1
FAE JE 0T E AR R 3R AT BB R B, BB 1%
R AR B G R AN 35 % . Ruhling 1 Tyler (1991)¥1 ¢
BRI R A LT R k. BER
KRB, LE H AR IR R (Gl K5 kg-hma ™)
N, TR B o R S A B (Knorr et al.,
2005), =L DR A S AR 1S TR I T AR ) B T AH R
4% (Gallo et al., 2004)FIREIE 14 i 25028 (Frey et
al., 2004). FEAHEFLH, VRN o i) A,
WA AL B Hb o B AR ) B v TN HE R (B
3), Z3 o LT RE A 1 5 H 35.87% . 22.17%7F1115.35%
H&, FUASINAE SR 35055 8 V& 038 o i [E]nF,
A B S B A E AR R TR, NNTE—E
TR b PR 1 7570 1K) 43 fi# (Burton et al., 2004), X
VFALAS 7 IR PR AT TR 53 oh, AR TR R, B
55 it 25T ) PR 38, RS TR R Y 40 43 i e 4 ok 4
F th£x 1655 (Fang et al., 2007). £¢ L A%, H 35
A R PR BAS I AN [F] e N £33 T 3
PR S80S I PR ]
33 ARIGLETHEMRSTIEEREMTIES
KEMXHR

FEARTF X B, L IRIPIR S R (RN
0.77-0.82, p < 0.001)#1 137K 4 (R*40.10-0.15, p <
0.05) % #F IEAH K, X—4R5CF#HkiE— K
(Tang et al., 2006; Mo et al., 2007, 2008)., +3E/K4)
55 b SRR IR R A AR BN T IR T, Ul A X
bR T R R IR IP IR R A R R, X S5
FUHI )7 Fry 22 R AR R A o0, AN X iR
MR E, BKEE, LESKERS, A
& IR I PR R AE U EE T IR

TR A GRS E AT L A RO WE A T3Pl fS2m 101

5338 K E A S 5 X AR LU B L TE, 34T
DX A BT R Do A A 26 K AR 1 2 I saAE 4
X IR A VAR (BLIR &, 2009), [AIES S8 2
B 3BT AR FL S (Deng et al., 2010),
pi1Y I =01 &N R w6 O e e
K> B AR, 3RS KRS S A e
42> 575 (Dilustro et al., 2005).

R s ke - 358 I 8 5 - 398 3 5 1) ¢ R 1) B B4
B, QuofE Wk T - HERFIR R I B U, XF T &=k
FFTN A SRS AF AR T I A BRBRAG IR B 8B X
(Davidson & Janssens, 2006). ASiR56 % FEAEHLKIQ1o
B 4396, = T 15 NS A A RS QulE
(2.49 + 0.54, Peng et al., 2009) . iX 1] f% 5 AHIF 7t [X 42§
IR A . BHRAE(2011) 0 [F] —Hb X AN [F] 4K
6 - A SR AR obR 1) L 3 PR R B S RO, Ui
PRy, LIRS IR AR A e S AR UK . AT
Fo, BN Qo 5 A LU A BB, X5
AT N FIAE 72 45 5 (Mo et al., 2008; Tu et al., 2013; Sun
et al., 2014)FH{L. —N T AR Ji DAL A e i T
ROHER A HLR 5 T AR R e, RS
TG MR S G 27 i B AR B R A&
¥)(Janssens et al., 2010), 1SR4 F TR HIJE
Wyl R PERRAG . PR R A (1) o] R PR g
Xof B B F e LR T OB E MR RN R R
IF, 3 I 3 R R M tH 2 R % (Deng et al,
2010). [F] I 207 It 2= PR A Vol P (Ma et al.,
2014) o 3X 16 P AR 2 A 43 A FH K I P A8 A A Rk
P, IS B SRR Quofl PR . (Ha2 A B A
FH T AR IS, RIS NG 58 T - S (iR
J5£ 50U (Pendall et al., 2004; Deng et al., 2010). iX
WAFFIFE SRR OC, fEFR T ML, it
BACHMEYERK, B0 T W AR R 5B (Deng et
al., 2010), i f5ifi T 3G ML & A B 1E
KT HAPHIEH, M 7 IREERL, HQofE 1
e SRR, EITFERT QuoffI 2 i & A AR (i 7%
ZEERRGRY, WEEFHLIERSEESS
TP 52 (Zheng et al., 2009), F47i4% 8 &
R HAER, 7 Redtnm Al k01 50T 200
B3 X Qoo P52

BEEWB FBAF RS ML FHH F 5 (XDA-
05050302).
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