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Abstract Detailed information on the spatial and temporal variation of soil respiration and controlling
factors in different terrestrial ecosystems is critical for understanding the ecosystem carbon budget and
the response of soils to global climate change. Despite the importance of this topic, knowledge is lim-
ited, and key processes and mechanism need clarification. We reviewed recent research advances in the
spatial and temporal variation of soil respiration, driving mechanisms and simulation. Environmental
and biotic factors play key roles in regulating the temporal variations of soil respiration. Soil respiration
also exhibits high levels of spatial heterogeneity, especially across small spatial scales at different time
scales. The heterogeneity of vegetation cover, root distribution, major environmental factors and soil
properties contributes to the spatial variation of soil respiration. Biotic factors have also been shown to
have an effect on soil respiration. However, empirical models of soil respiration typically use soil tem-
perature, soil moisture and their interaction for large-scale soil respiration estimates. Thus, significant
errors may result from these models when changes in other biotic factors can confound the temperature
or moisture dependence of soil respiration. Therefore, in order to accurately estimate soil respiration in
target ecosystems, we must be able to account for its small-scale spatial variation and address the influ-
ence of biotic factors in explaining the variation of soil respiration at different temporal scales. Besides
climatic variables, it is necessary to incorporate additional factors (biotic factors or soil properties) into
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these empirical models for accurately evaluating soil respiration.
Key words soil respiration, spatial and temporal variations, driving mechanisms, biotic factors, empirical
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HERTBHKERT, 2RBEXRSK D
HIERELE YR SR SR X EN3A X
Bz —(FeEg, 2004). BIRBEIEZBHEIE
1R B S AR IR B IR FE 2 T e A L Bt B - AR )
B+ RI(IGBP). tH S & 5t KI(WCRP). 23
HETA A SCHER E VT RIAHDPY A B v
¥I(DIVERSITAS) #2055 . B A S R
RRELRBEFEAOEBZARIBS, ARFEIHT R
WMASREABRBEAMEWMNTHMEBTE, XE
RLESHRKRERABLTREROMRE (ER L,
2002).

T IEPIR VR TR M KRB ESMA
#) £ B8 % (Schimel, 1995), T EAERBHEY
AR HFRER AR R A YRR AE
o IR SE A N ORI A B R
KA CO M A+ TR BRUE R, AT
JEI] B ok 2% 4 3RS % 2 BE (Schlesinger & Andrews,
2000). HE TP, KK1004FE, SERMRBE AT RES
FE1.6~6.4CAPCC, 2007), XL FH A E PR
EREXEE T REE. LEAIRERE
H % I F A S 38 B (Grace & Rayment, 2000), B
M E £ BCO, HE— Rl 4 B3RS %L
(Sénchez et al., 2003). [Et, WA FE R A&
ARG T BPRE R RN S, M L% Co,
BREMTERFAANEFRZm, T2
B T4 TR A BRAR AL B 7 AR N A O R Bk A
A ) F#E (Raich & Schlesinger, 1992).

R, LIEPPIR R RBREHS B I
A REL A 55 1384, B X T PR A A i
me) K 2 R AR A R 40 1A 1 R R IR 4 A e 1 AR
PIFEAE R MR, —He R ML RRMPLEEE f7 g
B (Maestre & Cortina, 2003; 5 ¥ = M1 £ &,
2007). DMUb, BEAERRGLE A SRR,
BB SR RGN R SR A k2 4000 58 1 R R IR i
K H 2w K & # 8 5 (Raich & Tufekcioglu,
2000; Janssens & Pilegaard, 2003) , XA 2 #HEH
VPSS BRER I 508, TR RS E Nt & BRBAL
SR KB .

1 TIRMFRIERRTENE

BLLCO, MM L KRB HR3 &+
PR 4 R(FETH, 2002). TR E
B, PHREX LR RZHRA L Eh =%
CO, M B 1B 4E i (Singh & Gupta, 1977), A%
INEYFELREDRER .. IR FR K
TEF YR — AN EEYFE L R(EEDAN
WEENIER). —BNA, TIRERERFEX
B L EMAEYXE IR SRR %
FIZEAR ) I 73 R (R SR IR AR, RH)RAEYIR R
MER (B FERER MR F, RAYPI KB4y . HHURIEA
TR, AUAYBRERATRESURN, 1)
JE R T B 2R CO,. H,OMBE &, BIFHURK
TR, WMAPRZHRE LT EAFR,
ARG RALNER . S A4 KRR EE M EY T
W RS WA RIFEAR 1 4 R VS B PR AE COL i
F&(Wiant, 1967). TIEIPRERIE T HEP K
FRAEEE, WRBTHAEYRENETSBA
S IR R TR B K

2 TRERMEAMBEESSERHER W
&

TEPRER FEZ HIEAEYX PCO
HEREG, RNEZEMCOELETEHMN
135 A F 9 ¥ il (Raich & Schlesinger, 1992). 5 57
R, TERE. LEREE. RRAEYE. B%
Y. WAEAEE. AR S BN LRIUhERE
e+ 358 e R 4 B ) EE [ & (Boone et al., 1998;
Buchmann, 2000; Fang & Moncrieff, 2001;
Sanchez et al., 2003; Dilustro et al., 2005). X3H
155 R 1 AR A B F e 1) A S A S R SR B 3
REIRAE R H R . RN ERTN, KX
A% SR 98 U 2 5 e o Bt AR R R BRIV IR B RTR
RCOKE
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TIREE. EMEN HEEREE - RAKNENL
FIXHE /N, S+ 38 P IR AR i A 9 & (Han er
al.,2007a). LIEMREEES HIRERZ RE EE
XK & (Davidson et al., 2000a; Fang & Mon-
crieff, 2001; Reth et al., 2004; Jia et al., 2007)., 1#
A 4 W R A R RR 2R IR 4 P A 6 - SR R 1
LR UK (Rey et al., 2002). fE—E L E A HER
FE T AT B SR AR 0, i g b A AL W
o3, MW HIEHCONKRE,; B—HHE, HiE
HEHEEWEY KRS, N
R (Rey er al., 2002); 74h, HIREEEM L
P COo M KA Mk, HBBREAE, CO,
) KA HE IR 14 58 (Tang ef al., 2003).

T ITOPR AR B Z AL FE SRR
Mg ERES . NETE, EETBIPTOERS
T&FE, FAEHLETRERS T TE2HHCE
BEIR%%, 2004; LB, 2007). EEMY LS4
AsREL, G Y LR EIE, RS
()t 338G B IR I R L A R R TE T, M
T2 32 = 5 R R A T (MR E 8, 2004); 7E B i
X, tHRENETZMAE D, WEHEFHNZ
BoeE LI AE AT B b (Tang & Bal-
docchi, 2005; Kosugi et al., 2007). AR B #¥1E, 4
YA K B H RN IR ER S T EY R BRI
JEHACE 555, 2006). Flun, fEEFRAERAE
KRN, TRIPRIEHBABSEEES,
2005); FEFE THEIPRAET R E S 1
EHREREYEFENIER D (FRMILY,
2002); HHBHE - RAFREHFMHEEN, FH
AN, SN B TE YR BE R4 BC R4k RE
MEMBEMNEHUGFERFERMLI e al,
1987), AT In fai) -+ S np R 3 F i = 1 B Ak .

3 TERERIEAZERREREEZME
E

TIEPIREREARINRARE FEFHER
2R, FEATESRAR. R, RBMITEA
SRKRPT R RE E(Xu & Qi, 2001; Frank-
lin & Mills, 2003; Pen-Mouratov et al., 2006).
Wiseman 1 Seiler (2004) & B A & ¥ K (Pinus
taeda) ™ A5 i ) 49 R R R A B R H DL AE SR
ARETHE T ; AW (Eucalyptus) N T K H B 28 B 35 (9
T PR A AT 1A) ) L 3 VR IR {1 %5 (Bpron er al.,

2004);, FIEMMK LIEPRELRSES TEE
FA B ) L 38 I IR 3 % (Pangle & Seiler, 2002);
Fang %5 (1998) & TR 3¢ W VH V¥ ¥4 (Pinus caribaea) T
1 T EOPROE R B #E W TN H b ) R E
#, B E R R MR K
(Zea mays)FFF R0 7, 358 R W 53 2R 5E T A B
> #k 6] > 1T [A] (Han et al., 2007b).

HEgREE. BRI, TERIREREN L
AR R T S BT IR IR AR A R A TR R
, BA KD REAYE. BEDHER
U8 VR BB R PR R BR (0 0 i R A AL
(Stoyan et al., 2000; Franklin & Mills, 2003; Epron
et al., 2004; Wiseman & Seiler, 2004). Stoyan%
(2000)F| F U GETH 2 5 i3 i T2 m* RIE L%
(Populus)K KN /N (Triticum aestivum)¥h = 1 3E0F
W% 45 P RO R R 18) S M, A R R RR
E FH B 2% 18] 3 M 38 43 R o TR AR IR R RV AR
HEYR ARG R . RN TH T, AR
LY EEE S — MRS B E (Wiseman &
Seiler, 2004). FERXMESTEEEET, FEITHARIIR
RAYBATEEHEKNRAEDE, FHER
MR, AR E M/ (Han er al., 2007b) .
B, HEFRERT RS RETRESRAE
B 4 5<(Shibistova et al., 2002).

FyAh, A KR P B R A [ DX 8 ) ) 4 3
P A A 28 (R) S PRt el RE el L IRVE . 3B
FUH A + 8 Ak 22 M IR 2 ek 51 A (Tang & Bal-
docchi, 2005). MaestrefiCortina (2003)IA AR
BEEM L RBEMERERNERESHT 1
I 1 A FH 1 2% 1) 57 3 » Stoyan®5(2000) R BLZE A
T A (Populus)kf, HFHRKIEMTHRT,
fERMTRBER LREERK, X&2FBWTHE
B )+ 338 PP R R R 1 R B . A B (Pinus
ponderosa) AP IR H B B BHANEKET
R) S BT BT CAARRE A+ SR O IR R F ) R BRI
44%~55% (Xu & Qi, 2001).

4 TIRTREREUAR

H AT, % T afer BERU PR 58 1 0 £ P A
H B w47 SR 77 76 & 4 5 1 4 18 (Buchmann,
2000; Pumpanen ef al., 2003). K% 850 % % N
Fi 45 30 A5 2040 B R R £F A 5 R & B i iR AR
b, BT HBARHE M, SEERD N
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(Michelsen er al., 2004), X462 i #8418
+ ¥ ¥ (Fang et al., 1998; Buchmann, 2000;
Janssens & Pilegaard, 2003). 3% & (Davidson
et al., 2000b; Epron et al., 2004; Sotta et al., 2004)
B #H W & A B E A (Tufekcioglu er al., 2001;
Lee ef al., 2002; Tang & Baldocchi, 2005) 1% & AR
M LI IRAE R . B, SRRERS T 2MT
AR LEWRER S TIBERHXR, &
FE Lk M 77 F2 (Fan er al., 1995; O’Connell e al.,
2003; Chimner, 2004). #§#{J7 #£(Buchmann, 2000;
Sanchez et al., 2003; Reth er al., 2004; HANZE,
2008) « Arrhenius 75 #£ (Lloyd & Taylor, 1994;
Thierron & Laudelout, 1996). &£ 5 #(Fang &
Moncrieff, 2001) ¥ iZ % H#r 4% 7 #2 (Jenkinson,
1990; Rodeghiero & Cescatti, 2005). B &, ¥ £ 4E
ARG HR FHFEE0R BhiR 1 1 0P IR R FR
fJ% & (Langley et al., 2005), +3ErFUL/EF IR
FEBUBRME (Quo) A KRB TP E P — K
2 $(Raich & Schlesinger, 1992). # ¥ #& £ #iF
WEREY, O hB—MHE, mEELEEE. B
REYE. HEDNBEDBESHER T
5254k 1 ZE A (Davidson et al., 1998). 54k, 1%
KOoBEESELYMARSE, HAedmaints
7K T 2 B ] 4 S 0P W 4 A (Pangle & Seiler,
2002), TIEFFIREAR S T IBAK S EBEZFMKR
WA A 2 MR RECRRR, FRHMAE RS
(Davidson et al., 1998). ~.IX 7 ¥ (Mielnick &
William, 2000). #5#(f 8 (Keith et al., 1997). %t
M A (Davidson er al., 2000b) Fl Xt £ 5 2
(Schlentner & Cleve, 1985).

AT, HIEAFIRAE AN B a2 ) - IR
A N, MR EREERGELRILR
Y& F It 45 B (Janssens & Pilegaard, 2003). 4iXFh
HH KRN, A AT 5 85 0 L P iR 4
F I8 B8 B R N (Davidson et al., 1998;
Janssens & Pilegaard, 2003). #iin, #KRPEE + 18
BIETRE, LIEWPRERRMSHEMA, X2
BAL A K 2 7 o 0 4 AR ) 3 8 TT AR 4 IR HUAE Y
¥ £ )3 i (Davidson et al., 1998). R T +1EE ¥
FBRE, EER. BHRLEFI(WPP). WHRE
Y. EERYME DB EEYER R Y
W) - 338 W W A F (1 2 X % (Boone er al., 1998;

Buchmann, 2000; Fang & Moncrieff, 2001;

Sanchez et al., 2003; Dilustro et al., 2005).
YRR R LR A S M. %
VHER R, BRFRMER, 2Rt gy
W € Fl (Raich & Tufekcioglu, 2000). #5474 K 1
o], A ENER A R B A ) A K ] (Hogberg
et al., 2002; ¥ =77 MEEMHE, 2004), HEELHR
7E: 1) IErPR AR R M R R RO T YOS
1% H (Rochette & Flanagan, 1997; Lohila er al.,
2003), A VERTREIET, HF ) PRIR /E F e B
(Atkin et al., 2000). R FRIPUREH = EKBTHE
Yt bR A P R 4 K BL(Yuste et
al., 2004), 5B ER R DN A WL T5%H T
W FEE, R 25%H T # KA K (Hogberg ef al.,
2002); #EE K (Zea mays)FACHAM, +IEIER F
Bk EH T HIE&RAXEHH 2 57%, 2007);
Hogberg % (2001)iE SE TP R E R SHEHE LS
EH B IFEAMK; KFE(Hordeum vulgare)lH 9, +
BT E R SHEESE A N(GPPERE
[EAH % (Moyano ef al., 2007). 2) YR AR T 3%
REHMEESS5E, ARNBSRAGEERE
TIEIERAE R MRS . AEAEMHAESERE T,
AR PR R AR Ry A R R A A E ) KBS 4 A
10%~90%2 [f] (Hanson er al., 2000), iX4&tb (g
WRT YL KB B R A& % 1455 . Ben-Asher
FAONHH AR LIEIP R SWAMN T B2
HEHBERMXE. RENS SR+
Nk, AR AR TR G R B AR A & 3 0T 38 n
(PNICIESE, 2004). 3) AW EE L w5 PR
%W TR B K A ) R AR KRR A
M T % L 3% 0F ) 4 A (Kuzyakov & Cheng,
2001; Lohila et al., 2003). #HFL R, MEKILH
AR A AR T OB & 5 VI R &
E LA (Pypker & Fredeen, 2003); i Ak 35
WP W Bt o O V& ) f 3 0 TG 3 i (Raich & Nadel-
hoffer, 1989). 4) fEAEERGRE L, HYINPPRE
3 ) 4 8 A R o R ) B TR (Wardle,
2002), HIEVPRERH SNPPEMBRE L HREE
£k Tk X R (Raich & Schlesinger, 1992), T A7 1)
IEERHMEYEKER S LT RAERH R EHEK
Z K3 2 (Raich & Tufekcioglu, 2000). NPPRE
EHHEYM AT REDBE R LB RARE
(1) K A A B B A W) B 3E P (Raich & Potter,
1995), T 8 % 4 FO R IS 1) AT 7T A% 4k BB W] BE 3R
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FUh i L SR M) VR (Rey et al., 2002). BT,
AR A X AR A R G T A (R AR B
.ﬁo

5 EESRE

gr ERrR, BT IR AE R TEE P
HEAEH, AE R AE B S &2
. ZmPLEIRE B E T EITR T KRR
FULAE, JRIAE TN, HEHART L%
VPR A A LB R Hod R RIE AR S —, X
T LRI AE e BV R A BRI A
. BARRIRAE LT J7:

V) R 3EUR R 1 2 [E) R R 0 R R ma ML
WRAE A SRR D L EPRIEH EEAH3
ANTTHE MR T IEERIRGRAL . B E AR R
&) 5 M (Fang et al., 1998). HAj, TE&ES T+
EOPIRAE R AL . B IA) 2 ek B 3L R e R
Jri, KT L ep R B e R B R
E R D . B EAESRE BB,
Vo R R RO UR M H N R A B AR e
(Xu & Qi, 2001; Adachi et al., 2004), IR A% E
398 R R FH 9 2 () 5 5 AT R ) S ) 4
WRERREABESREZN, BEFHRA
4% 2 (Tang & Baldocchi, 2005).

H Ay, LImepgyE e, sh&R=-a5t
CO S HT AL IR (IRGAYVE FH Bt AT 32, HWiLi-cor R
51(6250, 6400, 8100%) . e B FE T, A T 8%
ENRE), —RESFREELF L. DT
SR ER U E T, RN EZ#HR T
= J#UE (Buchmann, 2000; Sanchez et al., 2003). {H
RAENTHRAERBEERSE D, BTSSR A
JR IR TE, %% AR AR I 2 (R AR e X 3T
WE 48 F 4 B2 Wi (Han et al., 2007b). B, 4 T X5
& LIEITIRAE R, BB AR TR R
PR 2 18] e B, HR B AT BRI R AE
F ) =3 i8] J AT 4R A PR R R (Rayment & Jar-
vis 2000; Tang & Baldocchi, 2005), iX &k 3%k + 1%
WP IR A F B 20 9 — A SC B HL B A Bk il o 4o 3k
(Maestre & Cortina, 2003).

2) AR F R A R NE R AR R R e AL R
NER . PR AEHE LA I REERN
WER, BEEFNEYSR, AR —EHEM
Ak # = H o 3 i 7R 8 4F F (Buyanovsky &

Wagner, 1995). JSE I RH L INVREVEDE T
58 54 b 5% 0 A 0T R F A I 5 R B SR AL
(Raich & Tufekcioglu, 2000; Hogberg ef al., 2001,
2002; Wardle, 2002), fH &KX FAMEEX 1%
WP AR ) s i B B Z E N B AR . AT STIR
A8 3o %o Ak R PR s R R - SRR AR R AT
‘IR, HR N EY R F kAR W IR
A PR RRE B K o3 N I, AR 5 A4 TR T 4L
TR AR, BT A E R, REWHENR
Bl P (Subke et al., 2003), & 5 BUHA B KW 2 T4
i%(Janssens & Pilegaard, 2003). Kl bt, R iZ% A [H
DX 45, 8 B A A R G AT K s S, 5 A
MERAVER S YR SCEERARHIR AT 15
EYEZNES RN, 8830t LR
e B s it F2 5 01 0 B A

3) WEEYNFRHKARFLEERZEMN L
HIPIRAE R S AR E. TRECSE
ST SRR R A R B I R R TR, LS
FH (RT3 5 ) 3P R R REAL B AE S R alH
CIPNIESICIPA: - e =3 Bith i R 2 IR wee 31Y; AN
- A RE B B R RS H AR R B L SR R IR A
o fH2, X5 50 8 A AR k48 7R 1 NP IR 4E A
E5EHHNZ R Z BN ERBETTRsME
B2, 2007). BRT AR F A, XL U0 N i
MNEPRFERERWEEEALE, AR
T A R AR UL B IF A P RTHE A M ( Hogberg et al.,
2001; Han er al., 2007a, b). 74b, RELEEE
FGE AT LUAR S b A 400 - S 0 R A D ) )
M, AR eI AR R o R L R UR A FI R
Hhy A 8 B R Hb TR 7 48 18] S B PR (Xu & Qi, 2001;
Tang & Baldocchi, 2005). Kitt, & 74 = 0
SE M IR AE RSB RS ZEH, BT
— A BE fit S ke 48 R R A P D AR S 1 S R R
THPRE T R AR O EME
I HI(Xu & Qi, 2001; Han et al., 2007b).
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