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Abstract Farmland ecosystems are important terrestrial ecosystems, representing about 10.5% of the earth’s
surface, and their CO, emission amounts about 21% - 25% of anthropogenic greenhouse gases emission.
Farmland ecosystems are affected intensively by human activities; therefore, soil respiration of farmland e-
cosystems and their impacts are very important in the carbon budget of terrestrial ecosystems, as well as the
global carbon cycle and carbon budget. With a long history of extensive agriculture, China provides a laborato-
ry for soil respiration research. We review the previous decade of research advances in soil respiration of farm-
land ecosystems in China. Heat-water factors, crop biological characteristics and agricultural management ac-
tivities played key roles in regulating the spatial and temporal variations of soil respiration. Root respiration ac-
counts for 13% - 77% of soil respiration, but the amounts are uncertain. Rational fertilization, straw return to
soil and no-tillage are useful to soil CO, emission reduction and soil carbon sequestration. We discuss key is-
sues and further tasks, including comparison of soil respiration among typical farmland ecosystems in different
areas, spatial variations of soil respiration, simulation of factors controlling soil respiration, and mitigation op-
tions of soil CO, emission.

Key words farmland ecosystems, soil respiration, spatial and temporal variations, root respiration, mitiga-
tion options
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(Buchmann, 2000; Schlesinger & Andrews, 2000). +
SRR AR /MY B B E R KRR CO, E
N+ Rk R BB R, T 0B S8 2R 2R AR
% (Schlesinger & Andrews, 2000) ; i S fRAE B 4% 3 —
HI89E + HFRAER , BB E LK CO,, #E—2
& BRSMEAEBE (Sanchez et al ., 2003), I, FF
Y + PR A AR R R B RN HE
HIEAL S BREC Y 088, IR R il 8 R % 23k 21k
RIG IR,
REASRERMMADSRE W EEHBH
4y EFREHE Y 1 369 Mhn, & 2 ER B #b 1
f#10.5% (FAO,2001). &I, KA IRHEBH CO,
HARBESEHEREN 21% ~ 25% (A&,
2001), A, R BASRG R Z ERFIG NN
T, Rk E P R IERAEH D . ELRRbAE
BREBRED, I RBAS RG] IFEB R 1 o
ERBE R B (A4, 2005) . 7EBRE KA
Rl ERGHEEICAERS) MNEERT, K
FH 4 AP IR A P AN FEAE 22 (5 28 4k, IRFETEAR K
e E AR AL (ZE R A 45, 2003) , & X )5 2 23Rk
. PER-MHEATERLLKE, R
M AREY 1.33 x 107 ke, o5 [ - S AR 14% (=

KAE%,2003), R AESRE L RFRIEMAERE
SRR BAEERMOL.

A 30 B - SR PR A B B 25 AR RS R
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) - PR A AR A g R R LB A AR
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1 ARRERAZ

WABESSEN R BEBHERE AL RET &
#, RERLFEX A48 9 KK P ELGE R
XRDHMEH,1981), BIRILX AR K KRIIHLX
HEBTVEX EHIEER KIPTHEX EHEK,
PR X HB X AE#ERX, & 8 EU KL
PHERBEAX 9 KR ERB K. HAT, REKHL
SR AE IR BF S F E R PTERR N SR R AT 2%
X ERXAEHFX LM X (B 1), EA R
¥5 /N2 ( Triticum aestivum ) . £ K ( Zea mays ) K F
(Oryza sativa ) K 5. ( Glycine max ) ¥8 7& ( Gossypium
hirsutum ) FIHE ( Brassica napus ) (£ 1),
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Fig.1 Locations of soil respiration measurements of farmland ecosystems in China
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AR (F R H5,2003) . BT 0T R AR AR 7
B la] 1Rk Z ARG AT btk 2= (57 B 55 4%, 20035
XUST T ,2004) B2 1 O] R, NAUA R K IEASF]
W 3 TR EAESRE LIETRERZERR
o, B [R]— X PN PR [R)— Fp A 490 7E [R] —Fh 08 5
T TR AE IR R E R

2 HMEEREHEEHEE

2.1 -HIERTIR AR A BRI B2
KHEEDRG T EITREREHBHEBER
b, KR KPR, H AR EFREEEXT
WE, XS HEMK(Xu & Qi, 2001)  HEFH(HHNHE,
2005) FiEHIAE S R G (IR E %, 2003) 1 T 507 IR
YEF HEhASRA -8, HRERA/NER 50T
MR 33 3 Py 3 K {EL RN B /M 3 3 R A F 13:00 ~ 14:00
F5:00 ~6:00 £ 47 (FKEMSF,2003); KHILEXK
A H - ST IR G R IR KAE 1 BLTE 12:00 £ 4, /b
B BLTE 5:00 47 (MBS, 2006) .
KREEBRGE L IEFRERATHEHBMET)
B, 5MK RS HRREX, PR EX L
BT RERTERZZE TR, E i BUTE IR fpE
KEEEW T H,ZJE& 5 B (HALITE,2000) ;
ZNE-RBERBERA BT REREFSE |
Ha¥ B 7 AvksEs, KENE TREE,
RBRBNBAR BT 2%,2004) . NEBEWE,EY
A BE A TR R TR K B AT
(X fe3F, 1998; 865145, 2006) . X1 T4 #% % (2005)
PR A, KRG E KRR X 1 0T IR 3 R BEAR R )
A KA B 2 AR 4L, VE AR < BT AR IR A F 3¢
55, BEEEYR R4 KBWR, 35 1 & # 8
Bo A (2005) K, ERBEMIEH 30 d
70 d 73 AR E IR K BB TR A T A K R BT R A B
B, TR Ve R TEAR AT R B (E, J5 B KA
55, T EITR AR,
2.2 HEFFIRERAHSISERHEER
1S R IR AE A H AL FE K h A
¥, TP R H B BRS L REE A
B (R 1% ,2004) , MH E B A&, 1 B
YR T RS — RN A (AT B, X
T TR A F 0 A B 2 (Han e al . ,2007a)
- EREVEN, EPRERES R E
ZIEI R IEM KX R (B %, 2006; Han et al.,
2007b; RAR B, 2004) . —J7 [ , 1R 5% ) £ 3 1
AYEYE, — IR EERRNA RS S, A

MR AR, 7£—EREVEN, RATRIEM
N - A Y TS S B S R T R R ; [ A, £
R R R U B R YL A P B AL 2R R
BEZHEE ToBGESAMEK/NE,2006), 7
Ah, BB E IR A 3E Y CO, M RAMHEEL R,
B 1 SR BERY TR, CO, 1A KRS A HERUSR
2.3 TEREAZSTHEERRE

TP R 3 M EYEIREYREA
IR AR A | A ST AE IR VR L B sh v IR Ve D)
I EEY S B (SRR ERER), 2
W IR MBI R R ERRG A
J1(NEP) FAE ) 55 —PEAE 7= J1 (NPP ) TE L L Flib
THAX S EEREZ R (A M EEE,
2003), XFARHARRGE BT REAZSHHE
WESEMEZEE SRR T EYEKK
W B S S
2.3.1 K#EREF

KEESRGH TRAEREA N TH, 15
WREEZF R EES HBRER X, AR
U S5 T K G A S 0t A SENT R A R PR AR A (3%
2)o HEYIK A F HiEIRK B MEE R
i}, S IF IR A RIS K A3 A AR R, R 2 K
syt HEFRK B e R B A A ZE S UTR, &
IR A B A T I T % (Kucera & Kirkham, 1971),
A ) - S B A AT o R ) - S A 4R A A
HE R PP AR A, T b 3K o 2o v B 0 2 B 2 - 4 s
B, AT I8 20 - 3 ) 0, W, FR ) Co, RIK
(Pangle & Seiler, 2002; Gough & Seiler, 2004), #
0, AU AN TSR, K Hh 3R £ A
HEZEHNBESRAILVES B S KR MEEES
w25 (MR %, 2004; EHPHE,2006) ; 7ERR Y & F
WX, AR 2T 5 18 A 7K 43 B E B B E
DKt ) - B R IR 3 R (BT 7 55, 2004) , T E R RE
- SRR A P AR B (BRI, 2006) ;5 7K R H B
Ja Y PR AN R (A H E,2002)

KRHAESRGE LIETRIER SRENXRALL
FRTE SR AR B (X F2 3%, 1998) , ik eR Bk (5K
FEMEE, 2003 ) FIRF R B (BT 4 5%, 2004) FE %
N, BIMEEX F 6] — X N [ — Ve 4 i - NP R Ve A, R
RT3 T R ) 0L A 8 0 R [, 4 P 9 B )
INER BB RGN R, 1998; 5K W%, 2003),
232 Yk

REESRG L IBFRERHEN B S5ED
A KEEEVIBRR XI5 HE S (2005) F5 i, KRG A
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Table 2 Effects of water-heat factors on the seasonal variations of soil respiration in farmland ecosystems
‘ B’E Te tur
teapeny A Rz e k4 5% 30
Agrotype Site Time BR RBCRR Moisture Reference
Levels Function
NE T EKE =& ERCHI LR RIAI® | BORE, 2006
Triticum Beijing Growing season Air temperature )i:3
aestivum Irrigation could increase the
rate of soil respiration
WARBET EKFE 5cm HIREE EREH HZ T RPN E 5ES Bridti, 2004
Yucheng County, Growing season Soil temperature at  Exponential 5+%4&KERE
Shandong Prov- 5 cm depth function The maximum and minimum of
ince soil respiration rate were posi-
tively correlated with soil water
content in summer
[i-zoid E 3 5cm TIRESE EiE OE 4 Shi et al.,
Lhasa, Tibet Full year Soil temperature at  Exponential 2006
5 cm depth function
i £oi-d EKF 5cm LIREE KR KENSE,
Lhasa, Tibet Growing season Soil temperature at  Quadratic func- 2003
5 cm depth tion
[if-zodd AKF 5cm HIREE R X1 fe3%, 1998
Lhasa, Tibet Growing season Soil temperature at  Linear function
5 cm depth
mhighE g EKF 5 cm TR R EK B HS,
Yanting County, Growing season Soil temperature at  Exponential 2004
Sichuan Province 5 cm depth function
P S bEAe /4 i1 EKFE 5cm TIRRE fERE 6% 8 AL RMEESE TERS,
Zea mays Shenyang, Liaon- Growing season Soil temperature at Exponential S5 +HES KBRS 2006
ing Province 5 cm depth function The correlation between soil
respiration and soil moisture
was apparent from June to
August
TTmMmm EKF 10 cm 358 & R EH TARRX KR Han et al.,,
Jinzhou, Liaoning Growing season  Soil temperature at Exponential No significant correlation 2007a
Province 10 cm depth function
PR S e Som LHEVE  IREEH MEEHRCO, ML AEES,
Taihe County, Full year Soil temperature at  Exponential Soil CO; efflux increased after 2002
Jiangxi Province 5 cm depth function precipitation
[if-zoid rkE 10 cm TR E R X fe3%, 1998
Lhasa, Tibet Growing season  Soil temperature at Exponential
10 cm depth function
Jb3 Beijing EKFE b EARX N [ R A B ] SR B0 k%, 2006
Growing season Air temperature Positive correla-  ERAHE
tion The differences in soil respira-
tion among different irrigation
treatments were not obvious
wibdh AR EKFE 5cm TIREE EAX S51®EKBRIEMAX EILHI%,
Quzhou County, Growing season Soil temperature at  Positive correla-  Positive correlation with soil 2006
Hebei Province 5 cm depth tion water content
AE-E HLEEAR EKFE 5cm HEREE R EK LAIE,
K E Quzhou County, Growing season Soil temperature at Exponential 2006
Hebei Province 5 cm depth function
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2 (&) Table 2 (continued)
teappens b 41 52 B 8% Temperature ks B% 3R
Agrotype Site Time 4 &= &9&?\ Moisture Reference
Levels Function
Triticum MRS E 10 cm HIWEH REEK BEEEE,
aesti- Wugiao County, Full year Soil temperature at Exponential 1997
vum/Zea Hebei Province 10 cm depth function
mays WHRESE i Al 10em L REEK TR KR FAFFRRA L
rotation Huantai County, Full year B Exponential No significant correlation B, 1994
Shandong Prov- Air temperature, function
ince soil temperature at
10 cm depth
IIEN: 3 4ii) i 5cm TIEE REEH Fridti, 2004
Yucheng County, Full year Soil temperature at Exponential
Shandong Prov- 5 cm depth function
ince
LB E 25 Scm TR E REEBRH HBER e B 2R EE FrgA
Luancheng Full year Soil temperature at Exponential EMX FH, 1997
County, Hebei 5 cm depth function Soil respiration rate was sig-
Province nificantly correlated with soil
moisture when soil temperature
was relatively steady
ETETY 3 2% 10 cm HIREHE R KNMRFETRHEEM L BITEE,
Yangling, Shanxi Full year Soil temperature at  Power function SRR 3 2004
Province 10 cm depth Soil water-stress led by longer
drought in summer could in-
fluence soil respiration rate
obviously.
KHE LR EKFE 10 cm HIREE REEH H5XKBEREEHHMRKR B UE,
Oryza Nanjing, Jiangsu Growing season Soil temperature at  Exponential Negative correlation of CO, 2003
sativa Province 10 cm depth function emission with water level was
perceivable
LHRAE 2F Scm LEE REEH 28 B 5 11 - 38 - S IR g HEm%E,
Taihe County, Full year Soil temperature at  Exponential e 2002
Jiangxi Province 5 cm depth function The rate of soil respiration
increased after the drainage of
rice fields
LIRS =0 FKF Scm LERE REEH EMFEKELAELKFR B,
Yanting County, Growing season Soil temperature at  Exponential Relationship between soil 2006
Sichuan Province 5 c¢m depth function respiration and water levels was
not obvious
KE TR rKF 5cem TR RERH THOKI& B m L R 4R HHEMB%E
Ghycine Sanjiang Plain Growing season Soil temperature at ~ Exponential SHN56] + 3P H, 1999
max 5 cm depth function Much higher or lower soil
moisture could inhibit soil
respiration
ks IR B X2 5 cm TR BB Frik i, 2004
Gos- Yucheng County, Full year Soil temperature at Exponential
sypium Shandong Prov- 5 cm depth function
hirsutum ince
H¥ ujE s FKE 10 cm 13RESE REEE TGS
Brassica Li County, Si- Growing season Soil temperature at Exponential N, 2006
campes- chuan Province 10 cm depth function

tris
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ERMRX +IRIFIREREER R E KA B S
AR, TAEAR DX+ S0P 0 5 R B A LA B 5 5 2
ERA KR, +HEPRAE AR, Hi, 5%
KA A, + 0P 0 £ FH B A] DLUR B E R I A4 K
ROL (B 2 5 SRR ,2005) o 2RI K B, FbA
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BRATER YA K ), PR A S E S A
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FHEME (B 74 ,2006; Han et al . ,2007a) .

YERI A KR i SR IR A A £ R AE: 1) 1R
FRIFIRAE F UL B AE W53 R AR R SR B R 5 A
KEDMX, MY RAFREHBLELE>Y,
TR 7R 188 2ok PP IR A FH A 0 R L IR e 35 43 R K 40 i
T B HIREE (45 22 35 FEEAHER , 2004) . #1140, 76 E K
ARSI , AR BRI R AE FE T RE B A XS T ot
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RETETFBEHNEES S HRR SR AR
PP E R R IF RS FHE CO, A% R, Hanson
F(2000)TEL BT A MBI R G R EH 1, E2
MAESREEFERERKFPRAPERIE 5 L3P
WA LB B B K 60.4% , 3) R K R
YR HERE R, A8 38 o R e - 3 R R R W R R B Y
BRI W WA K TS, T 0 £ 0T
WAEF (Lohila et al., 2003), TEAMAE K HHIE, R
AREBEIMRR LB E VB EY SHEYEE ™Y
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Fig.2 Spatial variations of soil respiration during the growing seasons of winter wheat (a) and maize (b)
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/NEEH LRI R R R K, R EH T/ T
BITRAERR 11.3 45 (B 2a), EEXREKZED, A
I b X K B 1 SRR R AR 7E 178.5 ~ 773.1 mg-
m-2-h~ 12, ERAHN 54.7% ., Kb, fiFEK
i SRR E R B K, B L Eok TR
YEFARY 4.3 £5( 2b),

W RH A SRS LIETFRIER 5P
B G AT 1 B B 2 IEAH K (Raich & Schlesinger,
1992) . TEARHBKASEKIRMET , 2ERBRARMH
(4 AP R R 5 AR IR R AR OC R (X AT
¥z,197), A REARRBXANE/EEKRE
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Fig.3 Relationships between soil respiration rate and annual mean air temperature and annual mean precipitation in
farmland ecosystems ( winter wheat and summer maize rotation)

3.2 WEEFHE

W, FEYIR bR L0 AR F 725 A 7
X R TEYRA S EERIAEE R ML E
P S TR AR A B Y 3 B A (Xu & Qi, 2001;
Epron et al ., 2004), B FAEY#EF R RA H
FERIBRBEANTT B, (EAS Ak 2 () 10 R FE AE B LR,
K FBOE R AR br 3P R AE R % /) R .
BB ERR IS REMBRKC, BHFFE 118
W AE P /N ROBE |- 9 25 (8] 28 5 (Adachi et al .,
2005) o Han % (2007b)¥8 t , K iy 1 PP IR AE FI 77
TE& B 2 A2 1) 5 S, 6 e o - S P R 3 R
MR IE E KR TT, EEKREKSEP, §
U ERAEBR A L IEIF IR AR Ky 894.5 mgm™2+h7 !,
AT 6] 25 i 9 - ST IR H # 384.5 mgrm~2-h ™!,
XERZEHBRAEYRENIAIE, M HERE .+
BADLR 2R ABRE ST+ IR AR F 25 8] B R
PRI B2,

4 REARBREASIERFETRRIEANR
v

IRARFFIRAE R & B A PR R L LR
R A S RGOV X R A LI A IR R #E R
KBS Z — (XL H%E,2004), HHEFHMEEAES
RGBT, 2750 78 1R R VPR AE F (B 3R 0P R4
F) AR % P R AR R o 4 438 0P 0% 1 R 89 EE B (Lard-
onova et al ., 1998),

HET, T8 E R R IFRAE AR R E A
oy TSP A P L) B B SN R O 1 R B A iR
BAGEEARRAY RIMEE . BAGAEHRE
B @EPrRERSIRR TR BEBNREDSER
R BLER ST, R G 4 5 B AR A 4 B o, &
(XUSLHTE,2004) . FERBBEHEYERK N LIEH YR
SRR T , R HAS R T ErFRAE
PR AR B 25 1 b B9 - SRR A PR AT AR Bl E AR
RWFRER(FEEES,2005; 2 5 MEME,
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2005) . WEAEYRIMELEE Fix—FH, Ed
B PR ERSHRAEYEOEIE SR, S
B R A YR T 6T i - TR R B R A P
WA, A5 B R PR AE A o S iR A Y
Al (B FF, 2007) o

BT HRER SERXMEIEMAERKER  NZ
W5 AR, (1848 2 0P A A o - P IR A

RARLFIZERBR. FEXRMWARRFRIER S - 50E
WRAEF B LB R 18% ~ 69%, /NEHH 13% ~
64% , K 3K 50% , KREH K 77.2% (£ 3). 5
sh, THEA YIRS 2K LR SRR M AR
TR BAE/NEF R E B2 R W45 R AR R ITPRIE
Ry T33P R A A RO R R (A5 2235 Fug s R,
2005) .

#3 REARBESRAMEWRRPRAIER &1 WRE AR K 5

Table 3 Contributions of root respiration to soil respiration in farmland ecosystems of China

R RFPGE T & )
(e i Contribution of root respiration B0
Agrotype Site 7GE Range #H Mean Reference
(%) (%)
BV S bEs a7 A i) & 150 36.4 FEMES, 2006
Zea mays Shenyang, Liaoning N150 treatment
Province .ot 28.8
NO treatment
Zymmm ! 54.5 B8, 2007
Jinzhou, Liaoning Province
Wit REE 13~23 18 EXEE, 1997
Wugiao County, Hebei Province
Liklg: 20 A= 1~21 14.6 BEREMAEM, 1997
Luancheng County, Hebei Province
L AR 42~94 69 XT5HE%, 2005
Nanjing, Jiangsu Province
ARER # % High N-application  57.9~97.7 94.8 B2 S REEHE, 2005
Pot experiment f&%. Low N-application ~ 58.2~96.5 93
ZNE AL REFE 8~21 13 EET%, 1997
Triticum aestivum  Wugiao County, Hebei Province
bR E 7~32 16.6 HERMYIER, 1997
Luancheng County, Hebei Province
LHEmM 18.5~76.8 64 WICIEH, 2004
Nanjing, Jiangsu Province
[P E == 50 BHS, 2004
Yanting County, Sichuan Province
FERABET Lhasa, Tibet 34~44 40 KEHZF, 2003
(#XH Filling stage)
ME-TKBAM HMEEEE 363~77.6 59.5 EEES, 2005
Triticum aestivum  Huang-huai-hai Valley
and Zea mays
rotation
A& LHAERT 18~78 50 TGS, 2005
Glycine max Nanjing, Jiangsu Province
AR Pot experiment 852~96.2 92 B, 2004
KRG LHBERT 71.2~84.9 712 HWXIEH, 2004
Oryza sativa Nanjing, Jiangsu Province

1 HBAREYWEIMEE, HLeNBALEEH 1is root biomass extrapolation method, and the others are component integration method

5 RHEALEDSRY LR ERRHEFEIC
e

5.1 HfE

R HE B HE 6 K B SE e , T B A RIAE 1
WA BN RPRERS N EAAY, BEE
1% - 3P R AR 0 o, B EA W B (W7
F24%,2004) . A HUIEHEA FIFEFTIE H AR B 38
PR ANEERR, ARER LA HMERT

A TR A YR E R A PR RS,
R B W R iE sh (F EE %%, 2005) ; TR B, A HLAE
W] A0 b iR R 8, T {2 BE R R P
%o

33 VE F O RUIE M FHSR B BN 2% TSR
2, BEE TR A i, 1 A3 R R R FE R (5K
K 2005; Bk B4, 2004; F LM%, 2006) , B
223 FIZEAE TN (2005) #8 4 , BALAE i 1+ PR AE
BE BB A IE . 1) WIRAYLAER, TR


http://www.cqvip.com

730 M O Ot A ¥ R

£ 0 0 0 http://www.cqvip.com|

www . plant-ecology . com 2%

AR ZR IR I A FE AN L R IRV B B T
DR R A K AR R IPIRAE A G N 5 3) R 41tk
YA SR, BN LR PR AR . (REABIR
T, AR + PR AE i R NEA B E (&
FUFTE,2006) , 5 2 AT HE i + 0w fE H (BRR B
%,2004)
5.2 FifiEH

FEFFE BOAT LAY T LS A B (R S e )
BB S B, AR T RSN CREE S,
2004) ; [RIET, A5 FF 8 HI 7B AT D4R &5 38 A WL I 3K
BFRE(FEES,2005), M EHEDE,
B AR S, HEX AR R, MERHLIHE
RS AN , - SRR U o S S, HAERSFTE )5
i [E8] A R 18 i S50 78 B0/ (5K PR 6L %, 20055 5%
B ,2004) FRTEL(2005) 0 EH TR T A
M7 MERE K BAE AL 76 ML FRAY 10 ~ 20 4E A
PUBR B AHEAT T B, R BUA ML AL L R T
P2 L1 o, FHHGE B XM EREHE ., RIED
AT HB S B HE B 40% , B F7 8 H w] 38 KRk
FIF /e A, 2 2 + BBk B & (Martens, 2000), 2
A2 (2003) X 1990 4F A [ + IR =S AHER Y
BRI R B, 90% F&FT 58 H R HATR B T 4°C#E
{5+ NI AN 4.38% . {HE, AISInAR B+
A YU ITHEER ,50% 1 90% M9 F5 AT F W] {f £
A YIBRIE 4.63 F110.9 TgC-a~ 1 (ZETE1E,2002),
5.3 %t

£ PRV 7 N ER 3 LB A R E M3,
BHEEIS A DB i 2 0 33 U H Sk
BEAENEE, RBHHE GBER T T80 kg
AR E M BB A PLUR S T4, 58 + A ML
BREIB 4k (2 FLIv 5, 2006) ; 3B 3h R BB MR & 4k
Y, AT 51 4 T s S i B (5, 2005; 4
£ 1997),

TRRES B B PR SRR VR A, e e i £
I ERREE 1 (LT %, 2006) . st /b a5 1
AR EBERAIGIN, TR , A F T LERKBRETFH
i IS [], B A I AR, WK B R
) CO, b [RIET, Stk /B3 AU TR xof 1+ 38 A9 488 ol
Ve FHREAR , B2 B0l + 84 HLBR ik PE H (B
%,2003), &1t 16 FHEE IR B R, K
TR EERLEHEMAE A RR RSB LE
HUBEENAL H BN T 25.4% F1 45.4% (B BHE
%,2002) . BN RS BH B R KARIL I E Rk
HASRSE H B R A4E R (B LFF%,2006), Hil

Fdtml T HEMIE, X F B A YUK A A
FEW L, M RERE A MLBR & B RO T RE (PR S,
2004) o

6 HES5RE

REABRERNRENREROD EHR
FARFEDTNBEABEMENESRE, K& H
H B ARG 1 BT IR AE FH 0 it A 7S RGBT 5
EEBESKBHEAREZEMNE L, £ 106X, R
EHE RO AN RHASRE T ETRIERART
KE WA THE, BUG TR HEX TR
E R A RGP IR AE F A L3 K e 2
INRBEAGE—, X TR AR KRG L EFRAER®
T EABRRRAHFEE, FBX—FRMER
ATREALE : 1) AR H RN VRS s AN B —
A& MB35 2 8] Bk 2 W) bt 5 2) 4% HE - S0P i
e F B9 IR BF 55 K 28 38 57 A /A BOWR I 3 3 e st
B RUBE (/B R399, HBF A 45 S LU B X
BURUEE ;3) L3N IR AE FIBF R R 4 vh 7 + PR
S P8 AN [R] AR S0 T, X 4 R IR AR B R S (8]
FRYEBFFEE D (Fang et al ., 1998) ;4) 135 W 15
B RS R 2008 JBKE 7, R E 18R
F LUK H (0] 45 28 45 P & 5 [B8/D (Janssens & Pile-
gaard, 2003 ; Han et al . ,2007a),

xR ERHAESRE - P RAIE AR AL
AIA R, RRHUINGER LA F 5 T B3 - 1) AR X S8 4
BRI P AR ARG - WP IR AE R B LB 5% 5 2) AR HE
B RGP 055 18] 5 b R ORI R T
W9 ;3) TIEEF ALY R 73 IR AE G
R MNBRT R ;4) R BAS RS PR 4E K
WHE I3 SR 5T o
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