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Fine roots decomposition of a Chamaecyparis obtusa var. formosana
forest at Chi-Lan Mountain in Taiwan
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Abstract

The biogeochemical cycle of forest ecosystems is controlled by decomposition of
plant litter and soil weathering. Fine roots of yellow cypress were selected to examine the
decomposition process and nutrient dynamics at the Chi-Lan mountain site in northern
Taiwan. The experiment was conducted by the litterbag method. Fine roots smaller than 2 mm
were incubated in 20 cm X 20 cm nylon net (mesh size 0.5mm) bags. 72 litterbags were
buried among humus and soil layer during July, 2007. Eight bags were retrieved at 28, 56,
113, 173, 231, 370, 570 days for dry weight determination and nutrient analysis. During
decomposition, the loss of K was most pronounced, and K concentration in the remaining
litter decreased strongly, The concentrations of C, Ca, Mg, Na, P increased during the early
stage and then decreased gradually. N and lignin concentrations steadily increased at the first
year, which resulted in the decrease in C/N ratio. The mass loss of the decomposing root after
570 days was rather low, leaving 724+3% of the initial root mass. The decomposition constant
k was determined by using a single negative exponential decay model. The k values of the
first year was 0.31,and 0.26 of the first 1.5 years. The k value was lower than that in tropical

and subtropical forest of low latitude, but similar to that of temperature coniferous forests.

Keywords: Chamaecyparis obtusa var. formosana; fine root; decomposition; nutrient

cycling; litterbag method
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AFRIET B ARA kR A FIREAY Y R A Stk A i
ARG 1 g ﬁth4%gﬁ%Aq%dégﬁmmﬁm%%*
MMMﬁmiﬁ?ﬁ}ﬁ&Vﬁ¥’ﬁﬁﬁﬁﬂﬁ%ﬂ%?ﬁiiﬁﬁ’%Hﬁﬁ$i
Boa? o pEos Bl d e £ vt £k i & @2 (Chapin 1T et al.

2002) > = T RS G 8 F (soil organic matter) iR = frd fE k chde 2 F 4 ih

-

N

p
— =

=

% % (Lambers et al. 1998) » &= B it fE g chh j2 i F B A A % » 7 (F 5%

>S\

o
g ih- B E Rk -
Wi TR A Fe Bt B X 2§ o Ff Jackson et al.(1997) L 23k v prenky
5 :FP J o dndR X F B T IRA B 127% 5 @ ik J Hendrick and Pregitzer(1996)¥ Kalyn
and Van Rees(2006)2. fz & » w3 #ra fe Pl £ 7 i k2 & 4 %24 & 4 (gross
primary production, GPP)#150-75%¢° 4p >t 3+ 30 m 3 > w3 & H =gz £ 972 ehg 2 & >
kT RER A B AT R Y i E A N3 1137 7 (Berg and McClaugherty 2003)
VAW AEs FEEAEL FENENE RPN ERE AP BTV G] SER o
oA mi G g i ﬁig?] ~E 1 E R HeiE F(turnoverrate) 0 Fl it R R 4 &
A B & A AR £ 8 4 AR 21T 20 & hlmids AR M AT § TRV v
EAE RN o R BT S R BT RE S P RESEE
Vogtetal. (1996)4p & ek L8 F Gtk ik @ o s fIf ) 2 37 chpd & § s b 3t
T 50 18-58% 0 Flptde vk miland Ko 2 iR G WEFE R A DER
Ak K 20-80% o FU o ¥ AR Bk hE A PRSI L A T mildhE A pT
B A fRiEr £ T Ak H0E B o
o AT H TR A RO M AT L T H 2 Bde s A T8 2
Benk pd s 2B SHBLRATFFE EAR LS 5 R PERET > Hikir
PR R RBAMP I NLA AR A IEEL B AL BEFLE REAER 0 2
REL R AL LTI PR F RS A R R At 2 kA 3
BARR O BREABHT RS EEF O HE L HERT LR T8 fE- &
BRed AELQ005):EFEF TREL ZEAL ) BT TR A TN RlAs GE
K0 FRTH RmIA 30T Y U A A e BB LR R SR

HARAZBE AP TR R A ER AL AR S RRTIRIFDLT AT ETD
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2. 2 )fF‘JeﬁbéE
21 wihi A kY i end d

HHRA R AP ke AR T A S G ST A R N A Bl
A Hed B RS o S L F R S TR G R DR K ko
ALV TR TIER LS BRARIABL LRS- NG AR E - BAE K PR
BRI T IR g SR AR A S RE AR E A
4 4+ 22 £ (Aber et al. 1985, Cairns et al. 1997, Lehmann and Zech 1998) -

-

P A A Y s g Rl P ALR AL E B R i
Ap FIRFELTF S 4 REF GO LR LR O 0 B 2T E E R A
4 AF° 2k & 7 #37 33%(Jackson et al. 1997) » o pL ¥ I ARk A AR A B

R S ST T AR R

R A P REERETE ity % & & % i»(Makkonen and Helmisaari 1998) -

,erfl Jrg,at,,,k, - ‘”Km« ﬁrs,), s — A "LF#FIJfE"?L’”mf‘ - agn {;» H »3 4 s 7}"]“7}\4{3,;"‘. I
BRI AF R O RAE RS G R EFEEY R AT R S HEFIE T
AT AT 5 f AR S iR kA R A A e o F R R g
BT EfyaniIs - 2 L ehiv 4 0 A2 1524 8 M(secondary tissue)ts - 3 £ & F BTk

VR R AE AR A RHET P B E
e 3k ga;mﬁﬁz*zﬁﬁmﬁ&aﬁﬁﬁﬁmﬁo%ﬂﬁiaé’mﬁ{ﬁ
2% (root tip) ~ E /-] & A F = = 2 & 13(Berg and McClaugherty 2003) - iz F] &

2
f
LR L L RAWPREAT S D AR LI kT 0 - F KM

WA G E AT ES 2mm G 0 @ %3t 2mm R 5 42 13(Vogt et al. 1996) -

FHAE A TIREEFEES PR EPEAF AN D wflE 2 1T
i 3 3 %30 345774 £ (Chapin [ et al. 2002) - @ & Jackson et al.(1997)%= 3 7 41
BisEeT

Wiz H A jiﬁ;ﬁw‘[ﬁ%%%?:ﬁ«,y—rgx%—;;fg;ﬁgﬁﬁl,\ig K p il o
AR L ’l‘mpff"%] £
hardwood) £ 100 g m™ year» 3 # & #F 1 % T ¥,2 45( Abies amabilis )& 1262 g m™ year™ >

2§ B E WATF # § (New Hampshire)#* = R ¥ {f(northern

Tiafe 5 436 gm” year o 4§ Vogtetal(1996)F 47 1 B 4 i k¥ > w3 ff ey
AL E VLB IR 50 18—45% 0 dr vk miRend K s 2 AR 4
Bt L Y T BAR 1T 20— 80% o



EANAG Y o RRE A 2 F RO S Y g P A R AT
BE o ARBAEANELSPRLFEINTFHE R R S RAFALEFF AR
R IR I O N S SER G L BTN S . Il O SRR S £
o8 AR kA A4 FA % M (Lambers et al. 1998) o fmidz % Heik B0 B HedEse
il g d fEh oA e A E MR EAAI TR 2 AR BEBEL FH
PRI STHF M IEr 2 e Ao fR MRS EINwIA B LAY 5 P il §FXGH
FEBRBE I IDEE G NE B T IFE A kR < 3f ¢hdp ¥(Kalyn and Van Rees
2006) » T AR A it gtk kPR A FR D IR E R hd 4 o

2.2 woidhk fF2iTE

ol AR ESWA L DRRES AR 0§ 5 M %k (leaching) ~ AR
(fragmentation) % 4~ JZ:iE A% > 2 U 3 ;A 5 4 it B4R 3 A fREADE B IEY
§EDMAEE P FHET ARG BSEE S T 2P RS RS fRE
£ EW > PRt g R A R S BB i AR > B i S e BB AR R Flde 2 2
PeriEd B MR R RIRARCEET BT NI ERA d o Mkt P
FE o B AR B g 0 e e AR T A L S A R e BEY 0 AR
FEFH@RE G REIEY o 8 ol %%'E' el s g LR R
V2 % wm ff 0 BEE A fZ 1T % 32 {7 (Chapin Il et al. 2002) -

MR 2 BOBAROAT R RAFHRERE AP A RSEEZEF T

\\\?{r

B A P RTHRS BP0 BV fRiE AR 7 = R enit § g 1 E o F(bacteria){r £ #(fungi)
Ehenid ko R R MER B A S EF TE A FRE 4 (Chapin [T et al. 2002) »

i ¥5. Berg and McClaugherty (2003) 5 32 4% 7% 1~ 4 f3 550 » 4 e s - & jRE AT
T LA RSB SRR o A fEAPOREFEEFASIF AR FiE LB
(Fiptdsr) 2 EEFALRHEAPT > K- F ’FU AT R BCRT 2P
(non-lignified carbohydrates) » 4rik % 2 L H 3 ¥ ¢ LEBIFERET A 2 o & 242
Wil T R E RS TR AR RDITE T oo gRAr R P2 o PLERH S M
e Ao fRBCEDIF B o d kiR TEY 3 B X | EARAS P FI iR AR €5
¥ A E B 4@ H ~ (Chapin IIT et al. 2002) « ~ f2st B % 4 p 2 ha RA T F 5 S
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RS A AR AR SRR BT F O AR S IA TR
f#(decay) 2B . 58 o

221 PR L fRITF chF]3

SRR AR G- @R e 2 A iy (S A g A
(R TR SR S RN SIS T S ALY e R R R T RIS T
Bz AL EBP LB R RO E AR T RAFRTY B E R )
o RBF B FA RS RE B Feo - LA CRT P IR IR A R
SR G5 L B R Rl A R IERIA B S A ERESF AT AL

it B S (Aerts 1997) 0 @ iz B RS - TR 2T F N PR s Fl L el At

3

LHA TG R P15 A TR (R P 4 TN RER D B nfa s
"J“"K’]‘r'/p*"m/n\)?”lqlh p;bgﬂ;ﬂ,n F] fm 42 £ iifllﬂﬁé—,ﬁ’ﬁfm%% Hp Am;ﬁ\

AR RS €5 “T L B (Andrén et al. 1992)> Flptif & R F R4S T H ens
fag K A ERNE D -

Mol B IR E S AR B IR R FE At e g e A Aok Ak
BBEE AL LR ATE B AT S 2 & A (Melillo et al. 1982, Aber et al. 1985) « — 4
RFEfeE P L R F VN2 RMNATEFEL Y AF R FRTERY 27
ARRTET ¢4 BB A fREE A HRES o8 A b SRS BT A fRiE F hF] S
€F AR o g;&‘}’ﬁaﬁiiﬁ.ﬁmﬁl} 2IEH AMATT S 30 F & B A R 5 ¢ 7
g (S EM BEMZ T AEF) 2 ka § or LR - @ &30 f2ERY > R
it B d (4R ZAF v ) PRt B enfrd|F S 0 a EE R ES R SR

\m

B #]+ B 5 2 =2 (Silver and Miya 2001) -

LR R FwfIp o1 g hd o A BIERT B FI R el R
Footn R b HEHEAY heRe Eh - EERFAFEF RAPL R A iy
FEIEET o A AL BEF LR AE S VA T A AR F T e ek
(Berg and McClaugherty 2003, Powers et al. 2009) ; @ F — £HfE 77 Fo [T 5 Pml 2 4 3
EFAZRPREFL 2k TAFIEL IR R BRI F XL RGN E
(Berg 1984) -



il Rl A A g ey - BRI NF A A FF A HED g A
PRUEZ R 2O AZ  FRARERFR AP 2L a A 2 EEHPIEY
ek jaoler T 14 j2@ F B F L & f 4P M o ¢ Ostertag and Hobbie(1999)% 7 45
Mo R FEA D R A R AP o MEF R E s e 0 B E TR > Y
BLE VR A 0 BN A fRenim i BRI o H B ok TR A ERA RE R RR

AEREY ERSTRE P wRPARESF 4ot kA3 5 > BB AE M
rﬁi&?ﬁ#ﬂﬂb FIEH BT RA T RERFF %%@ﬂ!ig%ﬁﬁbﬁﬁﬁiuﬁg,
i 2 i34 31 F 7% (Chapin III et al. 2002) @ § 2 3 7 K &6 ApF (4p¥ig >
3@w%>’4$%+wm'U»%E’?@ﬁ#?%ﬁﬂwﬁﬁwm@yﬁa,@@ﬂ@
Z 7 *% (Stark and Firestone 1995) » ¢ #b » §Z/B 2 F7 M IlLE (2 E#FRBE) HE
% (semi cellulose) ¥ 4+ Fens fiz » e ¢ "UH1E A (2 £ RRER) H A F 2 (lignin)
L fE e A tRE R Y ey R ARRBN 0 GROMA TR A fRE FEK

B LI ERE IR S A S R R N R R S G F YR
SRMAL TR LR PRSP A RAEBSF R AE S A GEI RS FEHNLEEST G AR
SRR b EEAF Y 0 B RS mF LR R ARl Bl RA YA

$E T AL K B FN fne R me FRY
2oAfRATAER Y DF AR BT RMCELL S SRR A A FRE S
B mBAL BATERTREF T 22 £ 2 M3 AR i $milchi & §5%T
2 3% ¢ (Berg and McClaugherty 2003) °

A P e R g 0 P R 2 R RETOE FT 2 ks
fRF o bil4e @ § F F(white root fungi) & ® 4 f2 & F % > 4% K j#(brown root fungi ) ¥ it
S fEAF R R chR4EIN e o 1T Z mmﬂﬁ’a 2i¢ B fod JF ) (Chapin III et al.

2002) - FFEF WP g4 A 9 FFS 5 F 2 & 395 2 (Pinus ponderosa) £ 1 4>
(Pinus contora) 12 & ; @ K F~ § & 1o 7% > (Pseudotsuga menziesii)& & g 4v 2

(Picea sitchensis) e & P 28 IR > 2B BLPIE % 5 0 0% 2 e 23 FRTIEMR 2
@ 4t % 2 2 4-(Chen et al. 2001) -
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Eplmilens 2 002 A BB T F B D - 0 F Y LR ER G

MTEE AR B R R

B =574 82 (litter bag method )

#m*’zwﬂ%ﬁﬁﬂ«’i4%¥ﬂ%4w‘M/mﬁ&ﬁwﬂwv~i§§@’%

MR RAE TR A R 2P AR 2 SRR F AT T R
PEEET BRI RER N2 ot r s £ ML BEFOR L E R 5
- AR R N P S RSB LY A0k

R domilecnd 82 20 7 £ 7 R e L 2 2s 3 azF SR g @
0 (1) o itad (T ol & b chpicd Fodp 0 F MBS 2 F WL HE
I g s REEMEES R RE S F R E S 5 (2) d e
o JEFE T RPN ke 3Ry o 70 reg i,%:é%%?’i%ﬁ/»\ﬁ’i—‘ﬁ iR~ o F] Pt § R
il fREF G M A2 5 (3) AP Y2 mREA LT ERYE
K= B D G0 S M BT B AR B S < A2t B £ 8 0 7
P REEFRZEINOEE KRGOV ERET RS RRET S g AR
(Dornbush et al. 2002) e 8278 5 1 F 4% BE> e 4554 K2 £ oL 27 7 ¢ &R £ ah
FE T AT RIRBIEE 7 AL fREcdR ¥ 248 3 vt oo Silver and Miya (2001)
v RS kg AR B A il s R Y TR R RE S K2t bR E 87
9 o

B k4 5% (intact-core method )

IR R R EF PR R R B F RN - EATIRER S 2 T

Rk 3 BUE o 02 R TEALG 0 R - TP DD R 2 B PR R S

WwilmE s F R P BREE R R o L RS BLE T AR LR
If— T_PFRE (7 B~4: 22 & $7(Dornbush et al. 2002) -
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R EHEA O RZEE PR DR ARG T0w AR R E R
sh¥cdy o Dornbush et al.(2002) 2 Ja sk 3 502 i& 17 44k (Acer saccharinum)sm i & f2 3% >
Mg R FRAEES REE D 23% 0 §F R EF D 29% -

24 RPp MY

ZRETRE R SRS | S RE AR E3 R s g ER TIPS S TR Y i) Pl
Tl PN 0 A ARG B TR E S L fESRIUPM AL F L o A aBE R PN
AR T T E SR B R AT B R0 ho bk R A(2007)% 4R L e B e 4
POEREMEE VREARET YRR G AR E YA RN E R
ERRERE AT RERARE I RSN TRF R AT R ERBOE S
s g S o B bl B SHEAESF TS 7 AR SRR GRRESE 2002, HRRE
% 2007, &% hE 2007, 3% 3 £5 2008) °

P RBRER R TP ABELEEABYREAF G2 iy od 4 £
FAL AT RS S B AR B RS TR NT AR o B D RN B
I E e RE AR S FRAOT R Bk fiR e FARM AT B % o doF 5 3(2006)
AR BORRERARETRAOF LR B IRRESF R A LSS fRE F T G

Ca>Mg>N>Na>K>P>mass>C > m & ?A\%J% B A5 B L 221-4483kgha' ;5 4%
% 160-324kgha's § % 58.6-123kgha™;4n 5 24.7-41.7kgha'; 4% 5 16.2-30.6 kgha';
4% 535250kgha’ s BEE 0.16-1.95kgha! - Flp T avdEd B A ket AR
2R R R AR FEFRE TR T N R IR E A B TR s

R B RN Bk R A R
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4. kg =k
4.1 &% PR

AEFRFESBELUANEFE L S B R X RT AL AT H(Q24°35N,
12124°E) (R 1) BEERE B P A AEBT HH25 22 > 250 100 54k 145 22 g 74
$.4 1,650 m ° 2003-2008 & chL 3oE & € 5 4350 mm - #3598 5 13.9C - A 1955 % F
B FORLEE T o A fRESRE F(2007 & 7 7 % 2009 & 2 7 )7 & €& M 5 84 mm (2008 £ 4
1) BB 5 1965 mm (2008 £ 9 7 )» 7 328 F i 5 6°C(2009 £ 17 ) & F 5 20.5°C (2007
£ 70 )W 2)c ® ¥ 2003-2006 £ 2 B3t 0 HE Y PR E > AP B 38% 5 £ )
12 55 #+8(Chang et al. 2006) - $ % 7 17 #2126 33 faa g dfid > H e 1 5% ah
BoL R B R 6 A 50T AR 81.8%(FARAE 2003) o
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i (2 /2>2 mm) 7 £ 80-90% ° 2 0.02 M CaCly #| 2. 2 3 pH & §* i€ 2.8-3.2 &
fepel ; 2T L PHETF K ~Ca” - Mg”? % 504 At 45 B 24K 0-5cm

43¢ (Changetal. 2007) - % ¥ £ 854 34 58 5 140tonha” » H ¢ # ~ fcz

F_‘-

AEEAE G 12512~ T6%(E 7% 2004) ; # TR A £ L 76.6 tonha™ » ¢ 70.4 ton
ha! 24242 > w13 % 6.2 ton ha' o 'wiR 4 H BAE HIFRH 4l T o A A g ik

AER PP REFEGEIL B (4 E2 2005) -
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42 wfEs REECRE CELAH
421 wfRis i Rt

A A1 * 4555 152 (litterbag method)ip] T A& L 2 &8 BEAHE 5 5 4 il
SR LR R A AL R R A 0 3 2007 E 30 4] AR - [ 4EE

\_x

PR P atpofl ¥ a BRI A ROEFARBI Y I R EIEG £ R )
AR el ) e S @ S EPGE AT 2 2mm el itk A R
EAHICE 20 g b 0 303 e e G © 5 20%20 om® 0 T 5 S 0.5 mm 2 4
SR e BB A 105°C AL 24 P BE R E F ok S o

422 A AR5

2007 # 7 0 iE TN EP 8 BHREE N E BREET A B 1 A R K S
BlEr B i A EFapoRi P E4 FEFHEE(AE2 2005) RS -
T TR o A fRERE 415 0% 28 556 ~ 113~ 173 ~ 231 ~ 370 ~ 570 % j& %
BBy - e R KB B AT TR R A (T A e L AR e
PRATFHRTFEIES B D kB R B35 T k2 105°C it
24 | BERI R ko BT 5ok TR E B e A R E TR Fl e i
APIL 60 CHiE24 | i EG " RHe EPpPEREFETPELI B LE L XA

i -
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423 AL BEX XL

RAEFEARE 1 R A Bl (S 1T IV B A 47 0 A 105°C -l 4k A sE 24
JPER S BFMRRE SR FNEESEES R AR B 050g Ak A ¥ Hoist
T Ya¥r#l % 8 Y (Nabertherm,Nr.82628, Germany) » 14 490°C # i* » & i* {4 @ H /3 f#3t 2N
B EE(HC) P > & 2 & & 50ml > 12 0.45 um g *¥(cellulose acetate, Millipore, USA)if /g

IR B E T 3]% Fa & % & 5k 3% ik (Inductively coupled plasma optical emission
spectroscopy, ICP-OES, Jobin-Yvon Horiba group, JY2000, Edison USA):& {7 K~ Ca~Mg ~
Na~P &~ 2 k& aipl 2o

4% ¥ (total nitrogen, TN)#? % g (total carbon, TC))k & E 47 % & B~2 1 4mg % %
MR A fs > I 2% &~ 47k (Elemental analyzer, EA, Thermo Finnigan NA1500, Bremen
Germany ) ' iz’ (dry combustion method)ip] ¥ -

AHE 7 BRI &R CNS 14907 AP 72 3R A T RRE%2 5 A7) 3
a2 B AREZE - FiE-BEFRTELPTHRAT E FPH R 2wtk & ik
FeE B Ll B L - BRA S HATEEIBHET G 2 £4F o B~ 2.00g kAL
B0 E R LRk BT FUHA 21 BEFEFREF L FIAEREA
15ml 72% H,SO4 %3 f2 248 a4 24 5 > 220C P 23 L2 FF o Rk &L A iRIRE
RRIBRLE 0 e FADKMFLRAFEL 3% R FEBFLERE  FIRDE TR
P eI EE TS A% L5 + £ 4 4 ¥ % (Klason lignin) - 75 F148 & € &
RRE o A s pE 5 RS 2k 5§y -+ 3B (House and Stinner
1987) -
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424 EEFHF AT aFELIBRYERSE

TEGHFBELGHIRN Y PRI E N AN RRRE P E NS Y
PR RS = (AL Rt E)x100% A4 S =[(§F4Ex§ Tk
B/ (R4pscE x R4pdk R ) 1x100% o

Mass remaining (%)= (M;/Mo) *100% (=34 1)
Nutrient remaining (%)= [(M;*Cy) / (My* Cp) *100% (23 2)

Co: R4k R

‘miE 4 A B - dpfcdp s RS In(MY Mo) = -kt R IFE 4R ik
K& 5 & & FoMo a 474013 ¢ T 3o & M, 2 19 ¢ t & {4 en-T 3557 & (Olson 1963) »
P H - fdpdicc 4250 A d Jenny etal (1949)# 91 » @ 15 d (Olson 1963) %+ > 42.5% 1% { 3%
B e A RN B BRI A JREART R AT AR i F A2 @ Aberet
al.(1990)dp ¢t > R 2 i3 2 £ R T 05 5 20% B £ 2k Ak 0 A0
SRECREREFLBERLE TR LA T AN GE S TR A R4 g 6ok
» Bl S 4 iEFT 3 R A1 * (Gholz et al. 2000) » ¥ 1% H - f 3p Bt 478 1)
L fEE B P E itk A A 2L B2 T 50%7 99%57F pE R 0 A W12 ts0 87 tog & T
200 3B 2385 50 =(0.693/K) ;5 teo=(4.605/K) -

In (M¢/ Mg) = - kt A5 3)

k: & & f2§ #ic
t: oA fRERER(E)

15
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5. R
5.1  #Hipefi4nit 82504
w@ipfﬁﬂm#h%%bg # Rees et al.(2006) % tp & (FA f215* 7 7
5% A AT kR R A S ESTER
BoHY A SENMERYE ARSI R A a S EDEEREEER T Y
gtz B o mE VR A R ik g (2 D B At AR A B E G

B g A 5 R o

FLlLEFLF oS ahoRELMEREFFBELSTE -

Tree Species litertype  C N lignin P K Ca Mg CIN k value Reference
(%) (mg g) o
Chamaecyparis obtusa var. formosana greenleaf 48.00 0.70 - - 490 1280 150 69.00 0.40 Rees et al. (2006)
Chamaecyparis obtusa var. formosana  roots 4899 0.63 46.00 132 220 429 046 78.38 0.31 This study
Pinus Silvestris roots 5140 0.34 - 082 382 180 081 151.18 0.15 Berg (1984)
Calluna Vulgaris roots 53.80 0.33 - 028 143 090 0.27 163.03 0.11 Berg (1984)
Vaccinium vitis-idea roots 50.60 0.54 - 057 151 140 0.39 93.70 0.15 Berg (1984)
Pinus radiata roots 4540 0.64 - 0.78 3.50 3.43 1.04 70.94 0.86 Ludovici and Kress (2006)
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52 aipelRfleEE R Esfrg X

Aptplofs vt PR EFHF L 2007 & 7 0 AKX E 3 2009 &£ 20 B A

FARE T 2 R PR S MBS R TL wilE R A R R T 5
EF AR s e UL R A+ Y A R IR E AR T o e
AFEE T e A AR E W BRI AEHRLE S 7% A e A F L
GERRPEER A G mRARERFS LB LKIR AP S ERERT AT 570
L FpER M EF T2%(F 3) e

PUE g e JRHEES In (MYMo) = -kt R 08 sl ehE 2 jaf ko ¥ 1 & 5 031

B15 &5 0260 % - &4 fRid SR> A fRid SRR R Sen A R F TR

100% <\
95%

\ -e-Mass
90% \
85% \
80% \&\
75% 1 i
70% \*

65%

Mass Remaining (%)

0 100 200 300 400 500 600

duration of decomposition (days)

Wl 3 AP RF apmillfleize B o
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53 LipePRAfRPRLEAL kLR B
AP oPRBR AN LSBT LR ERF A R BE B AT Z28F kR
FREKGER AR LoRABIFAFTRZERLR 4T L ol > 221 5
570 x pFF 2 5 49.7% > X v A F TR BERSRER FADERZ 114%; &%
RS PHREDFRSA T I ERAETH n RS L hia) 3 B d g
R GADERZ 119% a2 FipHEe ~da s AR 22 HER
o 49%3% 50%2 R o AR RABERT SR 2 A 2% 113 ERTE T
3l *FERYH ERBERATER SAAERZ 1045% B2 I BT ER%
Lo ihad o (Bl 40 % 2) e

52 0.85

51

C conc. (%)
»n
(=)

N conc.(%)

»
s
(@}
)
2
wn
<
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\
\
\
>—?—4
'
I
»—Q\—<
S ~
S
1
I
z

A
48 ; ! 0.60 . :
0 100 200 300 400 500 600 0 100 200 300 400 500 600
duration of decomposition (days) duration of decomposition (days)
52 1.6
50 O — 1" 15 <p
I ! 5
S48 - g 1.4 I
g £
S 46 AR 213
= / [=2]
E t g
] 212
34w :
-e- lignin &
42 ¢ 11
40 - : 1.0 i
0 100 200 300 400 500 600 0 100 200 300 400 500 600
duration of decomposition (days) duration of decomposition (days)

W4 AP Rafpeit - §F - ARk Rg -
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ARPFFRNLGAER N L B F e ARR o kRN S FR % R kR PR
AR s Bt A A ER B EP B E > d 478 67220 (mg/g)F] A fE 570 % (4%
3 041(mg/g) > ZA 4k B2 19% @ 4Tk R B4R R A R T 5 AP R R R 148
FomTFRER LA GO A R TR P FERF A D I A4k R 9 147%

—

»
m {s

i

£
'L‘l!d_

P
h 2%

CIHEHRERAFERSAERZ 81% kR P FEHRBEER AT

2,

Ahp kR 152%m (S P T I RBREAPFER SAER 2 61%(R 50 & 2)-

2.5 0.12
<K -k Na
20 o010 —1
5 5 i i
‘T [ " 1
= 2 A !
> 15 20.08 1y |
° = 4 v :
B 2 \ i
E o =0.06 L i =T
E e N ! i . _--" |
g 8 S SRS SO |
¥ s R 1 !
0.5 0.04 i
i
0.0 T 0.02 T T
0 100 200 300 400 500 600 0 100 200 300 400 500 600
duration of decomposition (days) duration of decomposition (days)
8.0 0.8
70 +Ca _ 07 | & -£- Mg
Z 2 N
2 6.0 206 4 >
> > | iL
S o ! R .
> ~.
S b g L
g 40 § 04 S
P o S~
O = T
3.0 0.3 S
2.0 T T 0.2 T T T
0 100 200 300 400 500 600 0 100 200 300 400 500 600
duration of decomposition (days) duration of decomposition (days)

B 5 AR atpimilm s 4 4 SRR B o
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% 2 hfpo RSP FLELRRRD o

Sag;‘i!”g d‘g::/'so” N c lignin CIN P K ca Mg Na
% (mg/g)
20077719 0 063 4899 4358 78.38 132 220 429 046 008
2007/8/16 28 065 4940 4392 76.01 139 187 631 070  0.09
(0.04) (043) (222)  (496)  (0.18) (0.33) (0.87) (0.11) (0.01)
2007/9/13 56 067 4965  44.22 7459 139 143 624 065 007
0.03) (021) (153)  (313)  (0.11) (0.14) (048) (0.05) (0.01)
2007/11/9 113 067 4992 4643 74.14 129 077 546 059 005
0.03) (0.24) (1.22) (351  (0.10) (0.15) (0.50) (0.13)  (0.01)
2008/1/8 173 067 4998 4542 74.86 115 055 503 052 005
(0.03) (0.25) (0.65)  (3.01)  (0.09) (0.14) (0.65) (0.06) (0.01)
2008/3/6 231 073 5015 47.91 68.99 125 051 502 053 005
(0.04) (0.18) (207)  (406)  (017) (0.19) (0.46) (0.04) (0.01)
2008/7/30 377 077 4997 4952 65.59 131 035 435 039 005
0.07) (0.28) (1.09)  (521)  (0.16) (0.08) (1.17) (0.08) (0.01)
2000/2/8 570 0.75 4968  49.70 65.26 138 041 347 028 006
(0.08) (0.28) (0.83)  (6.00)  (0.17) (0.09) (0.66) (0.06)  (0.03)
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54 HfheRARPFLEALFIREERN

AFEROFIREE AL RN PR A AR A 2570 X AT R I E

Il
b

L O82% - BFIBE BAEFA AL A R LT FABE > A fRiE 7 570 % {5 ot fleeE
LT3% > PR E R R E R AR AR 60 & 3)

=k

FHEER AL YR AL T AR A S LS F AR50 2 BN ER S
87% > m Fl§ ~ R HTIT* BIERF WAL BYPFTERTEAES > T 2% EAFRF
WE T 67 BAHP R D 14%(B T & 20 & 3)o

100% < 100% =
\ P
\ i
95% “ -e-C -®-lignin
—_ \ )
S 90% AL S 95%
=) . v \ ~ H
o N PN = H - )
£ .\ / \ 5 : e S
5 8% %\ N £
£ N T g 90% |
S ¥ e 5 "
% 80% R 14
S Y £
= ] g W
5 o L Su S
§ % \T = g5%
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65% 80% T
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Bl 6ARPFahoR ATt aRfaetggn -
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;\E? 100% X\
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£ \\ g7 T~
E - ’ RS P4
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e ° \\\ )/ ~o 6]
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70% 1 55 |
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Lol
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BT E s 113 X pFrE T 78% 0 @ & 4 fRIRE R ST BF o R BR B (S
FILELE 5 T5% - FI4RE £ MARF L ER T AR A0 10> BHR B LS FIEL T
BTHE AL OFAE R AFANLEY I3 A T
BRI 1R & ﬁmﬂé_,pm%omﬂfp ot

228 X S AK D 129%m (S HE T I RSB AP AUTFIAE R S 58% - 414

FEM S LD B enlFa, s p A JE28 % (5 RH e D 133%m (5P T 0 I RS AP

% 231 % 7§14 18% 0 @ 15

%
LRI e SR

PATFIRE R L 44% (B 8 4 3)

110% ]
105% 95% “
5%
<P 85% |\ K
;\o‘ 100% = \
[ X o
= 9s% g 75% 3
£ £ o,
g 0% E %N
& g5 5 55% +\
[%] \
2 80% E 4% <
o 5 \
s 75% g 3% N
o o
£ 70% g 25% ‘\+
65% 15% + ~~~~~~ e LR .
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0 100 200 300 400 500 600 0 100 200 300 400 500 600
duration of decomposition (days) duration of decomposition (days)
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-4 Ca =M
S130% s 130% 41 ¢
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I= £ 4 N
0%/ Si10% -/ AN
£ 5 S — N
g . £ m i
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< 70% S, 70% ~ s
S < ~<
s Sso -
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W 8 AR aipmilmt 49~ 4T - HHREE R
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23 AR YR LA ERETHIBN

Sag::(lalng dL:ers;)n Mass C lignin N K Ca Mg P Na
%
2007/7/19 0 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
2007/8/16 28 87.92 88.64 89.42 91.82 75.18 12948 13286 92,77 106.28
(6.91) (6.80) (7.28) (10.02) (16.20) (22.00) (24.03) (14.26) (20.19)
2007/9/13 56 85.68 86.84 86.21 91.39 55.86 124.73 120.03  89.98 79.41
(1.58) (1.52) (1.02) 4.17) (5.42) (11.36) (9.05) (7.24) (8.25)
2007/11/9 113 79.39 80.93 89.48 85.48 28.13 100.86 99.74 77.84 53.67
(13.85) (14.25) (2.53) (14.60) (8.23) (19.04) (25.49) (14.80) (9.44)
2008/1/8 173 88.61 90.38 92.20 94.75 2242 104.16  99.92 77.02 61.07
(6.21) (5.98) (6.37) (7.09) (7.33) (17.54) (12.85) (7.64) (13.28)
2008/3/6 231 82.04 83.97 92.53 95.39 18.41 95.88 93.43 76.76 53.09
(9.05) 9.17) (3.14) (9.30) (4.50) (13.84) (9.28) (4.44) (10.30)
2008/7/30 377 79.07 80.64 90.97 97.09 12.52 79.86 66.92 78.64 49.39
(4.20) (4.29) (5.76) (11.34) (2.79) (20.65) (14.91) (11.23) (4.10)
2009/2/8 570 72.21 73.24 82.14 86.56 13.57 58.30 44.17 75.49 61.16
(3.46) (3.65) (1.86) (7.62) (2.76) (10.64) (8.13) (8.48) (31.43)
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55 it x4LoAiPREF¥EK

A EEE RS Lt s R s ELLE RN

FOAMREFEAS CEOSBORESROEST >HE AP A F R

Bt F o el FhoSid 22 AT 40 3L B (F 9) <t o b AR A WA

50% 21 95%:chdE B 0 R (4 4) o

2 4 HfpoRE-ELfEEFRLEL A FP T B ooty o

mass C N P K Ca Mg
K (yr) 0.31 0.28 0.09 0.38 3.44 0.08 0.18
tso (Y1) 2.23 2.50 7.83 181 0.20 8.52 3.78
tog (Y1) 14.84 16.60 52.06 12.06 1.34 56.60 25.13
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K remaining(%) N remaining (%) Mass remaining (%)
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6.1 T REFRFEFARETELTRAL AEL

FI* EE S REFAREY P LT @R NS T €2 RRET e i
BEF AR o pIEYREFPORKRAFRUETSAL SR ENWN P RRE R
sl 2 (B AATE I TR B IR X R ST BEEE S § et
BT RARATESRZEN 2 R X R SRR R F R T T miQ

=

_g..

)

'

A gy €A f MR AYFE AP RJLEARY SIS E R A TR
g (70 2 RN KRG SRR IR A R A € Flig il W R eh

WAL F e R R A S F R g 2 X2 w137 I (Ludovici and Kress
2006) > Flt a2 p KRBT A fRIET §oarL R o

Rt A 2br 2R T 55 eI enipE A RY 208 S R e g
BB S JRIEY o BRI RETT PR LR LT B LRI L
Fragd kol ZRHDFS S FREF LT 2 RIPRE T B A BP T
R o a @A AOF R FL LY AT R IR AR FERS A
FOARRULFFECREF R AFEINIRLSFAIEHRALE S FI AR E
BHi? EFN kP TS An L BP REAfREF- KRG o+ 5 o Bpr
B s R E FEIY R AR B SRR AL > 3 b d A R SR
RO FLA RO R T R s E g e 0 A R S U2 A A4
Bofp o ARG 2 EIELE BT 0D R > E K7 E A A £ (Ash-free Weight)
R g RS TR L RRDT R P DG A5G B8 R aRE 2

PR RO T RGBT FFNEAFR IR A ) R Pl il
2D P A AR BT B ISR o fT b AR T R R
Powers et al.(2009)fr P& & % B A X F e F PR A4k o A% 7 BRI ) g E S

i

%

b

REFoPRAfRIEY AL > NBFERBFHLBEFIRE SEHT 7 & %Ry
Er it IR 2 A fRE F K RIERE R DRI I I B2 50 T i
WG - Rl &0 RRF PBENRY LAY B Fogp LR P4 2

A E R TE]T 0 IS S A P AR FRR (EF g BT eTE (A R T o
BFLERTIEFAE A - L AFAPRIRE > P2 EEREAFEIERALT

Hoid A e R L R TEIR 1 A B BT (e D PR A AT
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FEAMNERIERFIRIIEAFDER O R P R AKRRA LI EL MY

TRl Bt E R AT AR Y 005 mm EIVEHI A PRk 1 2 K i

vnl\

5 fRiE 5

e

78— gk Ty o

g
0 7B

4 5
BB S

—h

'J?’]"é%’* ?‘E‘f1/’7\ﬁ¢lflﬂﬁjﬂ?§ gr_‘]}‘rﬁ,_ég_—ltg«l;}—ﬂlg’}} VR ,\ %]}:‘]ﬁﬁ
%#?/’5 rT’y %_K '—/,,\ﬁq; "‘ __g. r}ill’ ’;’]ﬁ‘%;z]aﬁﬁ;’,;}ﬁglfﬂ é,*]y&‘%’q‘][“m
FUA R (0% AP BEAS § 1% 4555 4 Rk et 6] 7 i 87%(Silver and Miya 2001) » 2 £ie {3

S 1r’#£ﬂ c BH AR F en JE o

62 ABYRWPRLESERAFGEE R
AR IR ANATER LA N A BYFNERZ AFLEET 7 b
FARE > BT A AAAEAABERTRFRNES A oo
AFERNLAPBYPFIRERL BN i AR - LB FERE DR ALY
2Rt B anle S TR A SRR A AUIE B4 iR A H S HERAT R A TR A 3
Fold RN i s TR ERBRTER B A nEA) o AT R s R T LR T
TRRCOFN BT AT ENAD T B i AR AR THELE RS EH TS
A5 o

mﬁﬁiﬁﬂ% B oG 0BT A s IR S & AR o

FALELIERA 3:E 3 ind & Sl AFT§ w4 A 2
BEERAS L AT F ~2h2 AT 28EF 0 - § ARFFRE
B e F ER AR E VG M AL iR A e b F v 5 78 0 Berg and
Staaf(1981)4n 1 % 145 4 2 § PR B [ 2% 0.70 %2 AR § 14 A2i 30 P& > fcd 4 538 (7 4 iz
A ARBRBRFALF A FUEABTT RS EFFARREFL 0 A F HIBE

> - 4% 5 [ A = ¥ S v A NS <o N IR S — 44 N2 ’ 2
ERNAfEAD T EA LSBT GTIREOEE SRR MRRL A SR S hE

a4

<k

Y AL el S

Staaf(1981)47 21 4" 128 § ende 7 104 & 2 B IS » A 34 B FIRR 77 & k7 A 42

tlm

mgi.;—] Mmook ow R pLF VLA fRY PR '8 Bergand

PR AP YN PR BT AP FAREY AL HI R R F

%
TR s g ERE§ F EE GBPH e 0 TR I ip g vt o A fRIER R
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gfn,
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PRl g g R - AR RF NG B AR R s RiEr Ty Y

THER A F RAARR R4 F 5 A o Berg(1984) 11 % 440§ 7 B
Baofe GFABFE T F R 440f F BRKDR - A BYF AR DT B 153
BAFABEEARAAS Z ERMOwIIpr TR pBBY BB ALS i fes

FRNRBBEAED A G BT AR

APRTEY o R I RS BT S S M A R L A A e e

%
Bt £y S0 A R A LR BHER A R F R 2 4 o
BEARAA - AARID G 4 BRI A R F 4] F)F 2 — (Gower 1987) 0 F Med dak £ T
WAk Z2EFEFARERE > 2 EPEREY A~ F B EFofllarfi  FE
Fripd o § a7 EEEAE 2 §RTEF HFHRALE P oAz 2
ABAZA R AP eRA BT A FIRG RF R A5 LG HFrROm
@ °
WA A B AR R R IR M e B MARR B R R T R AR
FAp o 2 AREHBRREAEFREEARE T o A Ns T A F A0
AfEAE o S PR A IR R ST BB E R DS > F R Rt RP Ak
MR E RS E Y > FM T BRI P o & A o
Ak Ry e B & X2 - o BRPERG wdafiic  A L F AR
T g X ¥ 3 E Lk v @ ) (Ribeiro et al. 2002) ; ##7 5 {47k B S A 28
FRAALEF AR > pFHRBACER Y A I AMER O 147% (S T % > A
Wk R P ARG BB S RE G OM k0 3Rk AR SRR RU ek
B 19% T4 E B A1 S A2 (555 cnlia) 0 p A f228 X 15 LK 43 129% 14 B
CIRR SR FIALE

70 fRiE* o

58% BT A fRE R HCA o RemjdT A F i

-

ETIN

AT BB R RS > R 7 FAES Ao fE4 ) I Flkoe T P oA o
7 A FE ARSI BT REN G RET R BTRE 4R
AL € Fed i A R frr ki ¢ e % f) M (Staaf and Berg 1982) -
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AFREALY iR LT RS AL LR R F LY F AT A
FFe AT ARFALERE D LR IR A F il i) LA
H- fdplc R E N ELBES
ALY AR R EMA R SR A 26 kY F TSR
B7e 2 iR RE G FNATE I RS LA RS R DG AR DLE o A s
fRiE PR R R R G AT R P E e A fRE 6 5 h el
3R A BT R BEM A, RS ZRRTES B2 S alpeiil AR
@ F P B RE FR A ERERLPTIE S)-
Wiehs R e ¢ X A fRRBEPEF I EIBAR - 75 £ ~pH B 0 E s
Pom Y B A A hT JE % (Chapin 1T et al. 2002)> & # % # *% & £ i 4350 mm »
LHF 5 *@ﬂ#“’mé*%kﬁ“ﬂﬁsﬁ’iﬁﬁ@%i%@%i%@@%%
M(F 14 2006) @ip ok A@AK T YR P K AR R
BN fRE BT PR 0 FA R bt el A fRiE 5
A REARY AT G W T BaRaE s SRR AL KA
Bl @ E N AARE A ETRAT R GG LB o TR iR A S R L

PEALOMBBRBEPE AR IR PEAFELF NI ORI L AR OB B RS

a—
yX o
‘P

RAFRAL P o RBEEF L BEIFE2 L FxdE F 5 9742 o 4o Tripathi and
Singh(1992)** & & et F o F AT R © F it A fRIE B 3 HF > W5 3wl A 38
Friaes e id 3 %A LS >E>4>% 5 m Ludovici and Kress(2006)*+ 13
# 24 gl B (Pinus taeda L) & HRie (7559 A7 5 0 HiRl 2 3R G o L B il e R

RO ARE PR IEF M RIEFALL AW RS TR S RN
RS e s Bk s § > 4Ee0% 4 2§ 5 Moretto and Distel (2003) e §2 2t e g7 I

RAIY & fgi ek A 5 B PMLR PF AMEP iR F A I L B RES Bk E

>

REEIROE A SN ELFEBAFA L BYF G 22 FOREBEEA o q

%
WL E MRS o BaEF £ 4K ~Ca® ~ Mg™) % # (Chang et al. 2007) » ¥ it
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45 BFLE R RARI T mR T - E AR F o

Mean Mean o
Latitude Life form aqnual annual Diameter Method s,}lis(s) K value References
CN) rainfall ~ temperatur class(es) (mm)
(mm) es (°C)
14 B 580 26.2 F, M Litterbags 1 0.55-1.27 Fujimaki et al. (2008)
9 C,G,B 2692 27.2 - Litterbags 0.1 0.81 Cusack et al. (2009)
10 C,G,B 2685 17.7 - Litterbags 0.1 0.5 Cusack et al. (2009)
10 C,G,B 4100 26.2 - Litterbags 0.1 0.62 Cusack et al. (2009)
17 C,G,B 508 26.4 - Litterbags 0.1 0.42 Cusack et al. (2009)
18 B 4000 21 F Litterbags 15 0.60-1.6 Bloomfield et al. (1993)
18 B 3500 - F Trench plots - 0.4-0.9 Silver and Vogt (1993)
18 C,G,B 3363 23.5 - Litterbags 0.1 1.06 Cusack et al. (2009)
19 B 2500 16 F Litterbags 0.3 0.261-0.483 Ostertag and Hobble (1999)
24 C 4350 13.9 F Litterbags 0.5 0.31 This study
25 B 1829 15 F Litterbags 1 1.62-1.74 Arunachalam et al. (1996)
25 Cc 2054 17.3 F Litterbags 2 0.81-0.94 John et al. (2002)

32 G 225 - F Litterbags 1 0.13-.060 Mun and Whitford (1998)
38(S) G 375 15 N Litterbags 0.35 0.20-0.31  Moretto and Distel (2003)
39 G 830 - F Litterbags Pool 1.0, 3.C 0.13-0.66 Seastedt et al. (1992)
44 B 1060 - F, M Litterbags 2 0.191-0.736 Burke and Raynal (1994)

60 C,B 609 3.8 F, M, L Litterbags 1 0.080-0.195 Berg (1984)
(0] B 4000 22 F Litterbags 15 0.60-0.83 Bloomfied and Vogt (1993)
56-66 C 425-1079 -10.5 F, M Litterbags 1 0.287-0.510 Berg et al. (1998)

Note: Life form: graminoid (G), conifer (C), broadleaf (B); Diameter classes: fine (F;< 2 mm),

medium (M; 2-5 mm), large (L; >5 mm)

31



6.4 itk LHBiFRLE e S HLfRE F P

Fle L F e LT 0§ PR R Sk A fR4R g iR(Melillo et al. 1982, Berg
1984) > fEE e it B A Ak RIERIAfRES oA TR CRE O SR
BE - REFOATEZRRAT AT RR NP A7 A REF T AL BRMA IS
RS X RE o T R F e fRiE 5 (Berg 1984) 0 2 MY s R ded Y
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A indeihd ok B i@ T E A Rk A HTAHA A R OT AT
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Reesetal.(2006)*> FHi#¥ Rt 25+ K2 > Rl o Fatp EIeE 4 4 28
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W AR g enimil 4k A 22 Reesetal. (2006) g FE A fRIF® R EF R i
FTREELF T > ZREDELSRR ARV EE XA REF AR o
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FRRH ) M mRE S E T L AR EA BRI 0 AT o) REAF
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B dp et 2 BE R E A R B A BRE  ARFLE A
FHRORLFREREL DL CPFT R A oRESEERFTFEDTH 4w
TR E A BHE > A2 Q005 AT HEE T RETZ afp EINhE R E
& 5 3803 kg ha’! yr'1 T EGE RipERBEE S A EEAE R 2 £ 0 2 7] Rees et
al(2006) #*TiE B~ A S AL S aip B E > Ft AP EEN A hE Ao BREFT A
$F BRI AP EL LA A F EA Y EM035yr F 022 yr 41035 yr!
$ 1.16yr" > 47 1.89yr! » Platp s EE 44 #3528 45 5 63874kgha yr' 0 § 5.86
kgha' yr' > 48 17.04 kgha' yr' > 42 6.62kgha' yr' > 47 3522 kgha yr' o A E P W
WL wREREFE AT TR Burtonetal. (197w AR 4+ % 3 i AHkE Ty E
FEp A g0 B AR T R eE i e B wﬁ’ﬂwé%ﬁam@ﬁ&%A%ﬁé’ﬂ
A2 (2005 R hpEEREF RS REEA N Aol E S A %P
w4 p 521.67kgha yr' > § 2.14kgha yr' > 4% 1.30 kg ha yr' 5 42 0.18 kg ha” yr'
492876 kgha! yr' v B 5 191 kgha! yr! s VA RY T 44 S E F Ron i wi
i%’ﬁﬁ%ﬁﬁﬁ%%ﬁﬁ&ﬁﬁ%ﬁ%ﬁ@ﬁﬁ$’ﬁﬁ%ﬁﬁﬁﬁ$Ui§ﬁ

i &

CEELE RS R CER TR S

:q*.

33



34



1. BwmBERk
FIUeEFRZTRFLFR B RLATHREF w0 f235% 0 s f2

RBL B 4t 0% 28256~ 113~ 173 2231 ~370 ~ 570 = j& & BB {2 & o 1A 4
il E B er g & oL R il fREAY SRR AP LG T
FEAT B A AR AR A fRADR L LB ] T R AT LR
o fE- EPIDEFFRE o oy RERF VLTS N o Rl 570 % 4 fRE
FETHT L NRBUEFAAARE S L Ko el P g @ AL &N TR L 80% o
PE - RS RE SR A F k¥ 12 KE 031 % 1.5 k026
BEA R ER BT B TR R A R A E R o

PN ARFEHLBEMHE P e poREREF LM TR AP RZRT
Boip pimila fastd i EMA S FROTRE - ERAL T EF iR 4
w&@ﬁ@@ﬁ%%@ﬁigﬁ; o BN R fRE S s R BRI R
FAE o Fla L iU R A fRIE B S 2 G B Ed T R A fRa i
AR ELEP AR GRS FEROEEY €5 L2 BFLE R A eRTL
1&ﬁa;m#wﬁwﬂ’éw4ﬁﬂmp%? B3 T RAST Hwil A fRiT
PR E LRI AF ATy MR R E G ST S EAR

)

35



36



8.}{%%

PATREEFL LG o TTER

W

w
ey
g
G
13

TREE 55 2 S 3 375 F15 B 02002 < 45 b B E AR RS R e
AR ERAE 175 148.75-85 ¢

HEE 2o iE 2007 2 FSE AR LR ERZ A BfcA LB LR - £
<~ BASFTRELERFHITL L 218 18:15-27 -

EIF2008 cAHL AR A B THEREFHMAAEZFALAPRNZIEFTHFE2EFEPLER R
SRR FRECERLLGY > s a4 o

MORAEL <2003 HH P HHR2 B 5 S F AP 240 - M2 L EX 5§ AT R e
TEOTARE LT o IR o

FHA 22006 L FE Bt HH ESRLF N R A ESF ) AT Ry 2F
ALt o TR .

FF% 2004 BE o atpath2 P82 2HA%E Rz AEXF i AT HER
Bl o TS -

FFE % 22006 B” B REFTREHRLILE P BAFEFEL IR LB LM
o BAAHCERBIREPE LHFLHe » BAR -

HEG - HE Z IR IRE 2007 b T S F - Bk g I ELEB LR -
POEHRE ) 404 247:219-228 ¢

Aber, J. D., J. M. Melillo and C. A. McClaugherty. 1990. Predicting long-term patterns of
mass-loss, nitrogen dynamics, and soil organic-matter formation from initial fine litter
chemistry in temperate forest ecosystems. Canadian Journal of Botany 68:2201-2208.

Aber, J. D., J. M. Mellio, K. J. Nadelhoffer, C. A. McClaugherty and J. Pastor. 1985. Fine
root turnover in forest ecosystems in relation to quantity and form of nitrogen
availability: a comparison of two methods. Oecologia 66:317-321.

Aerts, R. 1997. Climate, leaf litter chemistry and leaf litter decomposition in terrestrial
ecosystems: a triangular relationship. Oikos 79:439-449.

Andrén, O., E. Steen and K. Rajkai. 1992. Modelling the effects of moisture on barley straw

and root decomposition in the field. Soil Biology and Biochemistry 24:727-736.
37



Arunachalam, A., H. N. Pandey, R. S. Tripathi and K. Maithani. 1996. Fine root
decomposition and nutrient mineralization patterns in a subtropical humid forest
following tree cutting. Forest Ecology and Management 86:141-150.

Berg, B. 1984. Decomposition of root litter and some factors regulating the process:
long-term root litter decomposition in a Scots pine forest. Soil Biology and Biochemistry
16:609-617.

Berg, B., M. B. Johansson, V. Meentemeyer and W. Kratz. 1998. Decomposition of tree root
litter in a climatic transect of coniferous forests in northern Europe: a synthesis.
Scandinavian Journal of Forest Research 13:402-412.

Berg, B. and C. McClaugherty. 2003. Plant litter. Springer-Verlag, Berlin Heidelberg, New
York.

Berg, B. and H. Staaf. 1981. Leaching, accumulation and release of nitrogen in decomposing
forest litter. Ecological Bulletin 33:163-178.

Bloomfield, J., K. A. Vogt and D. J. Vogt. 1993. Decay rate and substrate quality of fine roots
and foliage of two tropical tree species in the Luquillo Experimental Forest, Puerto Rico.
Plant and Soil 150:233-245.

Burke, M. K. and D. J. Raynal. 1994. Fine root growth phenology, production, and turnover
in a northern hardwood forest ecosystem. Plant and Soil 162:135-146.

Burton, V. B., R. Z. Donald, R. D. Shirley and H. S. Stephen. 1997. Forest Ecology, 4 edition.
John Wiley & Sons Inc., New York.

Cairns, M. A., S. Brown, E. H. Helmer and G. A. Baumgardner. 1997. Root biomass
allocation in the world's upland forests. Oecologia 111:1-11.

Chang, S. C., C. P. Wang, C. M. Feng, R. Rees, U. Hell and E. Matzner. 2007. Soil fluxes of
mineral elements and dissolved organic matter following manipulation of leaf litter input
in a Taiwan Chamaecyparis forest. Forest Ecology and Management 242:133-141.

Chang, S. C., C. F. Yeh, M. J. Wu, Y. J. Hsia and J. T. Wu. 2006. Quantifying fog water
deposition by in situ exposure experiments in a mountainous coniferous forest in Taiwan.

Forest Ecology and Management 224:11-18.

38



Chapin II1, F. S., P. A. Maston and H. A. Mooney. 2002. Principle of Terrestrial Ecosystem
Ecology. Springer-Verlag Inc., New York.

Chen, H., M. E. Harmon and R. P. Griffiths. 2001. Decomposition and nitrogen release from
decomposing woody roots in coniferous forests of the Pacific Northwest: a
chronosequence approach. Canadian Journal of Forest Research 31:246-260.

Cusack, D. F., W. W. Chou, W. H. Yang, M. E. Harmon, W. L. Silver and L. Team. 2009.
Controls on long-term root and leaf litter decomposition in neotropical forests. Global
Change Biology 15:1339-1355.

Dornbush, M. E., T. M. Isenhart and J. W. Raich. 2002. Quantifying fine-root decomposition:
an alternative to buried litterbags. Ecology 83:2985-2990.

Fujimaki, R., H. Takeda and D. Wiwatiwitaya. 2008. Fine root decomposition in tropical dry
evergreen and dry deciduous forests in Thailand. Journal of Forest Research 13:338-346.

Gholz, H. L., D. A. Wedin, S. M. Smitherman, M. E. Harmon and W. J. Parton. 2000.
Long-term dynamics of pine and hardwood litter in constracting environments: toward a
global model of decomposition . Global Change Biology 6:751-765.

Gower, S. T. 1987. Relations between mineral nutrient availability and fine root biomass in
two Costa Rican tropical wet forests: a hypothesis. Biotropica 19:171-175.

Hendrick, R. L. and K. S. Pregitzer. 1996. Temporal and depth-related patterns of fine root
dynamics in northern hardwood forests. Journal of Ecology 84:167-176.

House, G. J. and R. E. Stinner. 1987. Decomposition of plant residues in no-tillage
agroecosystems: influence of litter bag mesh size and soil arthropods. Pedobiologia
30:351-360.

Jackson, R. B., H. A. Mooney and E. D. Schulze. 1997. A global budget for fine root biomass,
surface area, and nutrient contents. Proceedings of the National Academy of Sciences of
the United States of America 94:7362-7366.

Jenny, H., S. P. Gessel and F. T. Bingham. 1949. Comparative study of decomposition rates
of organic matter in temperature and tropical regions. Soil Science 68:419-432.

John, B., H. N. Pandey and R. S. Tripathi. 2002. Decomposition of fine roots of Pinus kesiya

and turnover of organic matter, N and P of coarse and fine pine roots and herbaceous
39



roots and rhizomes in subtropical pine forest stands of different ages. Biology and
Fertility of Soils 35:238-246.

Kalyn, A. L. and K. C. J. Van Rees. 2006. Contribution of fine roots to ecosystem biomass
and net primary production in black spruce, aspen, and jack pine forests in Saskatchewan.
Agricultural and Forest Meteorology 140:236-243.

Lambers, H., F. S. Chapin III and T. Pons. 1998. Plant Physiological Ecology.
Springer-Verlag, Berlin Heidelberg, New York.

York. Lehmann, J. and W. Zech. 1998. Fine root turnover of irrigated hedgerow intercropping
in Northern Kenya. Plant and Soil 198:19-31.

Ludovici, K. H. and L. W. Kress. 2006. Decomposition and nutrient release from fresh and
dried pine roots under two fertilizer regimes. Canadian Journal of Forest Research
36:105-111.

Makkonen, K. and H. S. Helmisaari. 1998. Seasonal and yearly variations of fine-root
biomass and necromass in a Scots pine (Pinus sylvestris L) stand. Forest Ecology and
Management 102:283-290.

Melillo, J. M., J. D. Aber and J. F. Muratore. 1982. Nitrogen and lignin control of hardwood
leaf litter decomposition dynamics. Ecology 63:621-626.

Moretto, A. S. and R. A. Distel. 2003. Decomposition of and nutrient dynamics in leaf litter
and roots of Poa ligularis and Stipa gyneriodes. Journal of Arid Environments
55:503-514.

Mun, H. and W. Whitford. 1998. Changes in mass and chemistry of plant roots during
long-term decomposition on a Chihuahuan Desert watershed. Biology and Fertility of
Soils 26:16-22.

Olson, J. S. 1963. Energy storage and the balance of producers and decomposers in
ecosystems. Ecology 44:322-331.

Ostertag, R. and S. E. Hobbie. 1999. Early stages of root and leaf decomposition in Hawaiian
forests: effects of nutrient availability. Oecologia 121:564-573.

Powers, J. S., R. A. Montgomery, E. C. Adair, F. Q. Brearley, S. J. DeWalt, C. T. Castanho, J.

Chave, E. Deinert, J. U. Ganzhorn, M. E. Gilbert, J. A. Gonzalez-Iturbe, S.
40



Bunyavejchewin, H. R. Grau, K. E. Harms, A. Hiremath, S. Iriarte-Vivar, E. Manzane, A.
A. de Oliveira, L. Poorter, J. B. Ramanamanjato, C. Salk, A. Varela, G. D. Weiblen and
M. T. Lerdau. 2009. Decomposition in tropical forests: a pan-tropical study of the effects
of litter type, litter placement and mesofaunal exclusion across a precipitation gradient.
Journal of Ecology 97:801-811.

Rees, R., S. C. Chang, C. P. Wang and E. Matzner. 2006. Release of nutrients and dissolved
organic carbon during decomposition of Chamaecyparis obtusa var. formosana leaves in
a mountain forest in Taiwan. Journal of Plant Nutrition and Soil Science 169:792-798.

Ribeiro, C., M. Madeira and M. C. Araujo. 2002. Decomposition and nutrient release from
leaf litter of Eucalyptus globulus grown under different water and nutrient regimes.
Forest Ecology and Management 171:31-41.

Seastedt, T. R., W. J. Parton and D. S. Ojima. 1992. Mass loss and nitrogen dynamics of
decaying litter of grasslands: the apparent low nitrogen immobilization potential of root
detritus. Canadian Journal of Botany 70:384-391.

Silver, W. L. and R. K. Miya. 2001. Global patterns in root decomposition: comparisons of
climate and litter quality effects. Oecologia 129:407-419.

Silver, W. L. and K. A. Vogt. 1993. Fine root dynamics following single and multiple
disturbances in a subtropical wet forest ecosystem. Journal of Ecology 81:729-738.

Staaf, H. and B. Berg. 1982. Accumulation and release of plant nutrients in decomposing
Scots pine needle litter. Long-term decomposition in a Scots pine forest. Canadian
Journal of Botany 60:1561-1568.

Stark, J. M. and M. K. Firestone. 1995. Mechanisms for soil moisture effects on activity of
nitrifying bacteria. Applied Environmental Microbiology 61:218-221.

Tripathi, S. K. and K. P. Singh. 1992. Nutrient immobilization and release patterns during
plant decomposition in a dry tropical bamboo savanna, India. Biology and Fertility of
Soils 14:191-199.

Vogt, K. A., D. J. Vogt, P. A. Palmiotto, P. Boon, J. OHara and H. Asbjornsen. 1996. Review
of root dynamics in forest ecosystems grouped by climate, climatic forest type and

species. Plant and Soil 187:159-219.
41



42



9. T

it 1 A eRABPFLELSER o

Sampling Duration litterbag vTvc:izlh:j % N c Lignin P K Ca Mg Na
time days number litterbag
© % (mg/g)
2007/7/19 0 initial 20.00 0.63 48.99 43.58 1.32 220 429 046 0.08
2007/8/16 28 RL1-1 20.29 0.66 48.98 147 223 694 073 0.11
2007/8/16 28 RL2-1 18.60 0.69 49.89 46.56 143 186 529 0.79 0.08
2007/8/16 28 RL3-7 16.54 0.57 48.80 1.07 148 7.27 0.53 0.07
2007/8/16 28 RL4-2 18.24 0.60 48.93 42.53 122 170 7.38 0.60 0.10
2007/8/16 28 RL5-1 16.01 0.67 49.47 151 200 6.66 0.84 0.09
2007/8/16 28 RL6-7 17.12 0.67 49.70 41.70 1.37 185 546 0.63 0.09
2007/8/16 28 RL7-5 16.91 0.68 49.79 168 240 6.15 0.82 0.10
2007/8/16 28 RL8-1  16.96 0.68 49.62 44.91 1.40 147 533 0.64 0.08
2007/9/13 56 RL1-2 17.35 0.63 49.41 1.26 155 6.17 0.65 0.07
2007/9/13 56 RL2-2 17.36 0.64 49.69 43.20 142 150 6.48 0.67 0.06
2007/9/13 56 RL3-5 17.37 0.72 49.83 158 153 6.85 0.61 0.08
2007/9/13 56 RL4-1  16.53 0.67 49.74 45.73 1.33 140 5.17 0.58 0.07
2007/9/13 56 RL5-3 17.18 0.66 49.54 1.33 140 645 0.60 0.08
2007/9/13 56 RL6-2 17.36 0.66 49.71 42.63 1.33 121 6.28 0.65 0.06
2007/9/13 56 RL7-1 17.18 0.67 49.34 1.34 127 6.26 0.71 0.07
2007/9/13 56 RL8-3 16.78 0.69 49.95 45.31 151 160 6.23 0.70 0.07
2007/11/9 113 RL1-4  16.09 0.71 49.89 147 082 6.29 0.72 0.05
2007/11/9 113 RL2-5 17.13 0.66 50.14 47.05 1.23 099 576 0.60 0.05
2007/11/9 113 RL3-3 17.45 0.70 50.11 1.29 099 538 051 0.05
2007/11/9 113 RL4-5 16.07 0.64 49.53 47.77 141 055 465 0.39 0.05
2007/11/9 113 RL5-2 17.13 0.70 49.74 1.32 072 564 074 0.06
2007/11/9 113 RL6-5 17.21 0.65 50.08 45.85 1.14 065 497 046 0.04
2007/11/9 113 RL7-3 9.14 0.70 49.71 1.25 0.73 568 0.68 0.06
2007/11/9 113 RL8-2 16.80 0.64 50.19 45.05 1.25 075 533 060 0.05
2008/1/8 173 RL1-3 16.96 0.69 50.18 1.21 047 576 059 0.05
2008/1/8 173 RL2-4  17.09 0.70 50.22 44.57 1.12 039 418 041 0.03
2008/1/8 173 RL3-6  20.09 0.66 49.84 1.12 0.83 587 0.47 0.06
2008/1/8 173 RL4-3  17.48 0.67 49.93 46.05 1.22 050 533 062 0.06
2008/1/8 173 RL5-7  16.99 0.65 50.17 1.27 046 547 0.53 0.06
2008/1/8 173 RL6-1  19.27 0.67 49.46 45.76 1.15 0.65 462 0.54 0.06
2008/1/8 173 RL7-2  16.97 0.62 49.94 097 0.57 455 053 0.06
2008/1/8 173 RL8-4  16.92 0.70 50.08 45.30 1.13 052 443 050 0.04
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Sampling Duration litterbag

Total dry

time days  number vl\i/tetié;rrk;taig N C Lignin P K Ca Mg Na
)} % (mg/9g)

2008/3/6 231 RL1-5 16.96 0.71  50.10 1.32 048 519 055 0.06
2008/3/6 231 RL2-3  16.86 0.70  50.52 46.22 1.13 035 4.84 049 0.05
2008/3/6 231 RL3-4 18.08 0.72  49.99 111 054 572 050 0.04
2008/3/6 231 RL4-4  17.42 0.75 50.07 46.59 1.18 054 424 054 0.05
2008/3/6 231 RL5-5 16.73 0.72  49.96 1.18 043 525 056 0.04
2008/3/6 231 RL6-3  16.50 0.67 50.14 48.07 1.16 035 511 046 0.04
2008/3/6 231 RL7-4 1211 0.80 50.29 162 094 525 059 0.05
2008/3/6 231 RL8-5 16.59 0.77 50.14 50.77 129 042 455 053 0.05
2008/7/30 370 RL1-6 15.43 0.81 50.17 144 038 452 043 0.05
2008/7/30 370 RL2-6 16.51 0.90 50.20 50.86 149 040 375 042 0.05
2008/7/30 370 RL3-1 16.51 0.80 50.35 155 043 528 051 0.04
2008/7/30 370 RL4-7  14.96 0.70  49.86 49.56 124 046 427 029 0.05
2008/7/30 370 RL5-6  15.02 0.78  50.10 1.22 029 340 0.29 0.05
2008/7/30 370 RL6-4 15.34 0.73 49.84 49.46 1.28 030 6.63 046 0.05
2008/7/30 370 RL7-7 15.48 0.71  49.62 119 0.26 4.02 040 0.05
2008/7/30 370 RL8-6 17.27 0.72  49.58 48.19 110 027 291 0.32 0.04
2009/2/8 570 RL1-7 13.66 0.84  49.56 142 045 363 034 0.05
2009/2/8 570 RL2-7 14.76 0.71  49.60 49.00 1.17 032 4.08 0.28 0.05
2009/2/8 570 RL3-2 15.50 0.70  50.05 135 036 286 0.26 0.05
2009/2/8 570 RL4-6  14.02 0.78  49.66 49.64 169 060 373 0.32 0.06
2009/2/8 570 RL5-4 13.69 0.82 49.34 1.29 034 397 037 0.04
2009/2/8 570 RL6-8  13.97 0.69  50.10 50.89 149 044 328 0.20 0.07
2009/2/8 570 RL7-6 15.04 0.82  49.36 144 044 402 028 0.14
2009/2/8 570 RL8-8 14.89 0.64  49.78 49.27 122 038 221 022 0.05
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Sampling Duration litterbag vTth.ZLtdz Mass N C lignin P K Ca Mg Na
time days number litterbag
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2007/7/19 0 initial 20.00 100% 100% 100% 100% 100% 100% 100% 100% 100%
2007/8/16 28 RL1-1  20.29 101% 108% 101% 113% 103% 164% 161% 146%
2007/8/16 28 RL2-1 18.60 93% 102% 95% 99% 100% 79% 115% 158% 103%
2007/8/16 28 RL3-7 16.54 83% 75% 82% 67% 56% 140% 94% 81%
2007/8/16 28 RL4-2 18.24 91% 88% 91% 89% 84% 70% 157% 119% 121%
2007/8/16 28 RL5-1 16.01 80% 86% 81% 91% 73% 124% 146% 99%
2007/8/16 28 RL6-7 17.12 86% 91% 87% 82% 89% 72% 109% 117% 101%
2007/8/16 28 RL7-5 16.91 85% 92% 86% 108% 92% 121% 150% 110%
2007/8/16 28 RL8-1 16.96 85% 92% 86% 87% 90% 57% 105% 118% 89%
2007/9/13 56 RL1-2 17.35 87% 87% 87% 83% 61% 125% 121% 80%
2007/9/13 56 RL2-2 17.36 87% 89% 88% 86% 94% 59% 131% 126% 75%
2007/9/13 56 RL3-5 17.37 87% 100% 88% 104% 60% 139% 115% 91%
2007/9/13 56 RL4-1 16.53 83% 88% 84% 87% 83% 53% 100% 104% 80%
2007/9/13 56 RL5-3 17.18 86% 91% 87% 86% 55% 129% 112% 87%
2007/9/13 56 RL6-2 17.36 87% 91% 88% 85% 87% 48% 127% 123% 64%
2007/9/13 56 RL7-1 17.18 86% 92% 86% 87% 50% 125% 131% 76%
2007/9/13 56 RL8-3 16.78 84% 93% 86% 87% 96% 61% 122% 127% 81%
2007/11/9 113 RL1-4 16.09 80% 91% 82% 90% 30% 118% 125% 58%
2007/11/9 113 RL2-5 17.13 86% 90% 88% 92% 80% 39% 115% 111% 54%
2007/11/9 113 RL3-3 17.45 87% 97% 8%% 85% 39% 109% 96% 62%
2007/11/9 113 RL4-5 16.07 80% 82% 81% 88% 86% 20% 87% 67% 56%
2007/11/9 113 RL5-2 17.13 86% 96% 87% 85% 28% 113% 137% 63%
2007/11/9 113 RL6-5 17.21 86% 89% 88% 91% 74% 26% 100% 85% 46%
2007/11/9 113 RL7-3 9.14 46% 52% 46% 43% 15% 61% 67/% 34%
2007/11/9 113 RL8-2 16.80 84% 86% 86% 87% T79% 29% 104% 109% 56%
2008/1/8 173 RL1-3 16.96 85% 93% 87% 78% 18% 114% 107% 56%
2008/1/8 173 RL2-4  17.09 85% 95% 88% 87% 72% 15% 83% T76% 39%
2008/1/8 173 RL3-6  20.09 100% 106% 102% 85% 38% 137% 103% 74%
2008/1/8 173 RL4-3 17.48 87% 94% 89% 92% 81% 20% 109% 116% 67%
2008/1/8 173 RL5-7 16.99 85% 88% 87% 82% 18% 108% 97% 69%
2008/1/8 173 RL6-1  19.27 96% 103% 97% 101% 84% 28% 104% 112% 72%
2008/1/8 173 RL7-2  16.97 85% 84% 87% 62% 22% 90% 97% 67%
2008/1/8 173 RL8-4  16.92 85% 95% 87% 88% 72% 20% 87% 91% 44%
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Sampling Duration litterbag

Total dry

time days  number weight in  Mass N C lignin P K Ca Mg Na
litterbag
©) %
2008/3/6 231 RL1-5 16.96 85% 96% 87% 85% 19% 103% 101% 73%
2008/3/6 231 RL2-3  16.86 84% 94% 87% 89% 72% 14% 95% 89% 53%
2008/3/6 231 RL3-4 18.08 90% 104% 92% 76% 22% 121% 98% 54%
2008/3/6 231 RL4-4 17.42 87% 105% 89% 93% 78% 22% 86% 103% 60%
2008/3/6 231 RL5-5 16.73 84% 97% 85% 75% 16% 102% 101% 45%
2008/3/6 231 RL6-3  16.50 82% 88% 84% 91% 73% 13% 98% 83% 45%
2008/3/6 231 RL7-4 12.11 61% 77% 62% 74% 26% 74% 78% 41%
2008/3/6 231 RL8-5 16.59 83% 103% 85% 97% 81% 16% 88% 96% 54%
2008/7/30 370 RL1-6 15.43 77% 100% 79% 84% 13% 81% 71% 46%
2008/7/30 370 RL2-6 16.51 83% 118% 85% 96% 93% 15% 72% 75% 51%
2008/7/30 370 RL3-1 16.51 83% 106% 85% 97% 16% 102% 91% 43%
2008/7/30 370 RL4-7 14.96 75% 83% 76% 85% 70% 16% 74% 47% 54%
2008/7/30 370 RL5-6  15.02 5% 93% 77% 69% 10% 60% 48% 54%
2008/7/30 370 RL6-4 15.34 7% 89% 78% 87% 74% 11% 119% 76% 50%
2008/7/30 370 RL7-7 15.48 77% 88% 78% 70% 9% 73% 67% 51%
2008/7/30 370 RL8-6  17.27 86% 99% 87% 95% 72% 11% 59% 60% 46%
2009/2/8 570 RL1-7 13.66 68% 92% 69% 73% 14% 58% 50% 48%
2009/2/8 570 RL2-7 14.76 74% 84% 75% 83% 65% 11% T70% 45% 51%
2009/2/8 570 RL3-2 15.50 78% 87% 79% 79% 13% 52% 43% 49%
2009/2/8 570 RL4-6  14.02 70% 87% 71% 80% 90% 19% 61% 49% 55%
2009/2/8 570 RL5-4 13.69 68% 90% 69% 67% 11% 63% 55% 40%
2009/2/8 570 RL6-8  13.97 70% 77% 71% 82% 79% 14% 53% 30% 62%
2009/2/8 570 RL7-6 15.04 75% 99% 76% 82% 15% 71% 46% 137%
2009/2/8 570 RL8-8 14.89 74% T76% 76% 84% 69% 13% 38% 35% 48%
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