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Effects of Soil Nitrogen Addition on Microbial Activities and Litter Decomposition. Chae, Hee
Myung, Sang Hoon Lee, Sang Sub Cha and Jae Kuk Shim* (Department of Life Sciences,
Chung-Ang University, Seoul 156-756, Korea)

The present study investigates the effects of elevated soil nitrogen on growth and
decomposition of Oryza sativa shoots. The plants were cultivated in greenhouse until
leaf senescence and the total biomass of the plant increased 1.9 times at nitrogen
addition plot. Total C and N content in shoot increased; however, lignin, C/N, and
lignin/N levels decreased in the N-treated soil. The shoot litters collected from the
control and N-treated soil were tested for decay and microbial biomass, CO, evolu-
tion, and enzyme activities during decomposition on the control and N-treated soil
at 25°C microcosm. The remaining mass of the shoot litter was approximately 6%
higher in the litter collected from the control soil (53.0%) than the litter collected
from high N-treated soil (47.1%). However, the high N-containing litter exhibited
faster decay in the control soil than in the N-treated soil. The litter containing high
N, low C/N, and low lignin/N showed a higher decomposition rate than that of low
quality litter. The N-addition showed decreased microbial biomass C and dehydro-
genase activity in soil; however, it exhibited high microbial biomass N and urease
activity in soil. When the high N-containing litter decays on the N-treated soil, the
microbial biomass C increased rapidly at the initial phase of decomposition and
decreased thereafter, and dehydrogenase activity was less that of other treatment;
however, there was no effect on the microbial biomass N. The urease in the decom-
posing litter was highest during the early decomposition stage and dramatically
decreased thereafter. The present findings suggested that the N-addition increased
N content in litter, but inhibited the decomposition process of above-ground biomass
in terrestrial ecosystems.
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SAPE A S A B m gl Aot Ades
A 2gloz 2galr] Wy Ak ool Z7he A
2e) Ak Belsh e AeA Ao e v
(Vitousek and Howarth, 1991). 34 15 2 w]89] AL%-
B0 SJele] 2AHE Aae] ke ALY ol Hol u]3)
2~ A= Frislolon AdM oz A HE AL
7 ¥]£=3 Zlo =z A} (Vitousek et al., 1997; Matson
et al., 2002; Galloway et al., 2004). AF&] | A=
Aotz dete] = Advk F7kee 1 ke 3
#9) 54 A9 A A Thoha ol 5 49

Qo= 17 kg hat, yd=t=2] 79| 100kg hat]
OIE% Aoz ®WIE T ¢le}(Vitousek et al., 1997, Bak-
ker and Berendse, 1999; Galloway et al., 2004; Stevens
etal, 2004). At W AAE §A1817] 913 Zed A4
9] k& 37k 5~10kg ha 12 d2yx <)t} (Glatzel, 1990).
2o A = A 7)slEFS 97k 18.26 (10.41~30.10)
kghaz FAse 0 A A AL ofn) Az x8)
9] $Zo) 2l gtk (Kim, 2006).

Az SAAAANA Ao AAE AT
oFH o 2 x| (Vitousek and Howarth, 1991) A=
MqAS =7 A)71ck 3 3193 o) (Spiecker, 1999). @
7:]];_/] ;‘5?]__/_‘\_ _ﬁ_o}g /Jﬂzﬂ_/] z]/\ zﬂ-a}:
O H1£5% g G A el S 28
o W32 oIt} (Norby, 1998; Hobbie, 2000). o] 2] &
AgAS) BeH 2Ae) Mk 1 Belgel dake )
e 7MY Fe3 29oz QA HeA g} (Melillo et
al., 1982; Aerts and De Caluwe, 1997).

A4 AR A A A G B AL
23t gglo=w Az ¢l o (Melillo et al., 1982; Taylor
etal., 1989) F4i 2] 3}ehx AW ohe} Rl 2 37
S W3R A B FHAe| o332 wEt (Berg and Ma-
tzner, 1997; Hobbie, 2005). o]2{gt & A0] Z7l= <]
e 4, =x A § e e ek
Prescott (1996)-> AFHlol|A] A 4x0] f-iekat 2alf & Abol
o] AAAel ”Jﬂrd?_r?-“ﬂ 7} 9l ¥31319l 3, Vestgarden

o]
=

F=2 AL

=3 3

Fl

(2001)2> 9] -2 A4 q 2= ST 2
Jg wasilch 22 ohe A7EelA Aael f31e
Bl gol ofa ¢3S FA| o9kA} (Vitousek, 1998;
Hobbie and Vitousek, 2000; Manning et al., 2008), 4|
HE= A3t BaE gl (Magill and Alber, 1998; Agren
et al., 2001; Micks et al., 2004).
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EFJ'{P. °l£‘1f'{ E%': Ao F7he et ozl
£ ¥3}l= oo 7| (Treseder,
2008) UVE*J A%, 38, F3l aae] &4 Bl <
< u]Z o} Magill and Aber (1998), Z22] 317 Fog (1999)
A AB)7)F n| A B ARt 35S 7‘:}/\,&]7]741/]_ o3 3F
3otz 3193 2™ Sinsabaugh et al. (2002)-2 ») A&
| FAe] BF ] Aao] F7tel 23 A=Y el
o) Raele G vy sk Tt wAE
w20 Bo] Zrksh AoEw 9lolA (Allen and
Schlesinger, 2004; Song et al., 2013) o}&7}#] &9k W] =
49) Z7)o] o3 vAEe] WL Hikslel o B
b Bag Agelnh

2 ARe Ak wR T ANz sl 2719 =
F At AlEe] A 3 AEA S 3sh 246l ou
B Ake WALA opsl 4% APE Fol ohur
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A oolz ddsle] =k wlAE % mAAe] wA:
J3¢ 25T, Be) Aa Aulel oJa) el A%

FeE Sk
Aol 3y 2Ael mp2 Hal&o] wstel AEA 2
HAel M mAERF Y 152 53 22 54849
wW3le ogdolr vzl AYFA 272 microcosmelA] 3]
Alge 85k

3t A &A= ¥ (Oriza sativa)S Al&-3]on,
ZA e 3R (7F2 34cm, Al E 45cm, o] 19cm)el| Ak
E: 9 ExA:galo|ES 90:5:51]-&= v g3l EF(19
k& Agdeh e dzrel AFTE drgled =
% abaoz Adaldch Dot ANE A sel A A
gt A EAE A7) SlsA =9F 1kg Z‘51(NH NO3)
0.193g5 A EAS 1579 Al 713kl
AlHe] ek A7k 240kg ha el sjHabe HETE WA
2 AR|EkA] gokel (Table 1). 7 38 o} 22} 40704
Aol AAT F, £FE whzA @
3~4%e] & WA Forokelh Y A4 9% 5 4
A58 Saate] 60°C Aol 4

T o]Ed AL

Table 1. Physical and chemical properties of control soil.
Soil texture (%)
Sand Silt Clay
25.0 53.3 21.7 0.33 0.87 0.38 453

C®%) N@®) C/IN pH
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4 F ARAA ATFE SAs AR 5em 7F
o2z} microcosm Esl| Aol AL&-3)g

wloFEl Al EAE 60°Ce] ZAx7|oM AZAZ % Wiely
mil (GE Motors: 5KH39QN5525A) 2 Zro} 1 mm o] &}7}
T =2 23 3le] ADF (acid detergent fiber) B} (Row-
land and Roberts, 1994; Shin et al., 2006) 22 lignin, cel-
B35kt d3= ball mill2 Zo} C&F N
gepe] Ao ALgsiedh. Cof NeJ - CHN analy-
zer (240XA, Beckman)Z A}8-3lo] =3]3}9ic)

i)

o (e}
lulose &&FS-

2. ¥3 A3<$ 313 Microcosm A 2}

Microcosm-2 573 9] gzbo] 7133+ 1L &8
& Algsiglon] FdE omme] FHE
ANE 719 W7} shesla e A 9 el FAE A
A 4 sl Asshale) de) vl A8 A
ol AL§3 EOF 40008 W3 ZAGEO 45%7} =)
S e Bpel S} LA FAHES 3
’—‘JE'ﬂ% v Qe 2E 9dFY (7F2 8emx
A2 8em, W Z27] 1.2mm?)E Al&sle] 1 glel] 1z
Al B 1]‘""— 1.594 231, microcosm?] EoF 9ol &7
=9t} Microcosm-2- 25°C 3F-2-Ale)| Folom &Hx7F o
A §A9ES 39 HHoz FUE FHFe 4
A7hshsie
Microcosmu] 2] Eof& dlz7 &S (Cs)Z} AA AT
d E%(Ns) F T7E *}%6}":‘ o, microcosm®] o %
T Ele dx7 EokelA wioFst AEA (Cs-Cp)2t
A4 A2 A TFelA AulE AEA (Cs-Np)e] =i
MU E 27t 28k =38 microcosme] A4 g

= flelle Aa A= =oklA e AEA 2] 94
Feiu g £l (NsNp).

Microcosm W o] SGdFmuyE= A3 Az = 1549 &

oF % 4719 353 stglon] 23 3)5AE 359 714
o2 7 F % W sl5 429 Aoz sl
343 F9d ] dBE= 34 ZA] microbial biomass C2}
microbial biomass N, 78] &43A°o] &A]d] A}Ls}t
A7, A 60°Cold $88) AN F FAE S
o] walepe] ALzl ALgalsc.
23] Fd GYoRE PAHE COY FHE 2
I 349 7402, S ol Folt 149 A0z A
H3sle] =A]5}9At). 25°CollA] 2417+ <2} microcosm B
2] Yol A= CO,Z IRGA (LI-840, LICOR)Z =3
ste] COL2) A= (umol g™ h™)& A 3l e} (Shim et
al., 2011).
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Eofol| Al A x7]el|l 2]8F microbial biomass C, micro-
bial biomass N 772} 37 dehydrogenase$} urease 24 2]
WeEks S48 $l3 F7HH .22 microcosmell A d 2
T s Ae)TE 27 abEos Adsigon e
—zr‘ﬂ\/]‘—: =%] ¢kkt} Microcosm-2- 25°C 3F-2-2lo]] F4l
=7h ARl fAHES 39 PAen Fuw

Fiasl +rs Wladn 00 F 590 A5
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A1 &) ¢ u] A &g (microbial biomass)

B3] A=A 2 =ofe] u)A)E-F(microbial biomass)-<-
Ross and Sparling (1993)2] chloroform extraction H}
o wel =439t} (Ryou et al., 2009). Microcosmel| A
348 39 0.29(EFe] 79 209)% 2mm =)= %
A 2} 2F desiccatorel] Y31 chloroform o2 2447+
Bt Aol A 53 &, o9 29 Ak 352 vk
&lH A chloroformg- A 78}1, 0.5M K,SO, 40 ML= 3
Z o 3}3}ed microbial biomass C£} microbial biomass
Ne) 2ol AH8s}3ic,

Microbial biomass C2] &x& FZ ofz}l gmLe]
66.7 MM K,Cr,0, 2 mL, H,SO, (98%)%} HsPO, (88%)<
2:12 412 EFY 15mLE Arsle 3 7k F di
phenylamine 1 g2 A3t 3Ale] =9l x]A]2F 0.5 mLE
A 7}s}ed ferrous ammonium sulphate® A A sttt =
A= organic C2] <} microbial biomass CZ 3M41s}7]
23}l Microbial biomass C=Ec/0.38 (Vance et al., 1987)
& AgsiEh B E28 Ame] ARA6IN E23)
A ghe Aze] ARAE W ghol.

Microbial biomass N¢] =#-2 0.5 M K,SO, FZ&
0.75mLel] ninhydrin-reagent 1.25 mL £} citric acid 1.75
mLE Brbsled B el AT ALelA Aa
%2R0} L1 0)gE B9 oD 45mLs} Aol
spectrophotometer (DU650, Beckman)E A}&-5lo] 570
nmej|A] &3 =2 =239 =A% NH,-N-S microbial
biomass N 2 3Fxk3}7] 9]3] Microbial biomass N=5.0
- Ex2 A}8-3led microbial biomass N& AFZaloich
(Joergensen and Brookes, 1990). Ey2 =31 X892 &
= pA0A FFeA 4 AR FRE $AE W

=+ Fkelch

4. &3 AEA0 a8 53

Dehydrogenase?] #A-e 3|45 B AEA4 0.2¢g
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(E2ke] A9 59 AF&)el tris-buffer 1.5 mL2} 2-(p-iodo-
phenyl)-3-(p-nitrophenyl)-5-phenyltetrazoliumchloride
(INT) 2mLE H7}ste] 40°ColA] 2417t A7 F o
Fatgitt o] oJZ}Me] N,N-dimethylformamide 10 mL
2 9y 1A47 AXAA 2R Z) 5 AAE jodonitro-
tetrazolium formazan (INTF)& 464 nmol|x] EF ==
ZAste] a4o] A== 3HAFse T} (Mersi and Schin-
ner, 1991; Ryou et al., 2010).

Urease®] A2 AE 0.29 (X% A$ 59 Aol
712 2A] urea(79.9mM) 2.5 mLE *7}3le] 37°Cel|A] 2
AIZF E<F ¥Fe-A|Z] & 2 M potassium chloride €% 50
mL2 Hhg-& AA|A7] 1, o Feksict. o] of e} 1mLell
234> 9mL2} 0.3 M sodium hydroxide+sodium salicy-
late €9 5mL, 28] 2mL2] dichloroisocyanurate £
e Arlsle] 3087F Ao AX|Fe] wFAAIZ] ©hL
AAEE NH,NE 690 nmol| A FF =2 ZA5)e] &40
gAlrz A Y (Kandeler and Gerber, 1988; Ryou
et al., 2010).

5. A%

7t ZA A= SPSS ver. 12.0.1% o] 43le] EA A=
sact 2allE, =5 A S A 24 59
B T-Teste} One-way ANOVAES Ag-31g]r, At
A Pearson A2 folAdS AFdkolen, A3
HRAME o] g3t

Z o
L 4E) A % ey 24

woel Az A2l fyol ek AwAel AR EA
Aoz fola Aol Jehl e (Fig. 1. AoE Aug
wepel ] AE Bl AAY AFe] Lov] =
epstom, A 4pel Ashe] v)g GRS =T
261, A2 T4 3512 veht A4 Aule AP F
e zash

daTeh A AFIA AT W A4Re C N,
lignin, cellulose &=k Table 29} 7t} C¢} N =

1.8

1.64 O Control EES
. ' W N fertilized
T 1.4+
8
‘B 1.21 wok
]
1) 1.04
2
) 0.8
E 0.6 .
%
A 0.44

0.0 T T

Shoot Root Total

Fig. 1. Dry weight (g) of per capita in each soil treatment.
Vertical bars are standard deviation (n=40). Differ-
ence has been tested by t-test. *: p<0.05; **: p<
0.01.
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Fig. 2. Changes in remaining mass of litter with different
soil treatments and litter quality during experimen-
tal period in microcosm at 25°C. Bars are standard
deviation (n=4). Different lowercase letters indicate
a significant difference between treatments (*: p<
0.05; Tukey HSD). Cs-Cp, control litter on control
soil; Cs-Np, high-N litter on control soil; Ns-Np,
high-N litter on N-treated soil.

Table 2. Litter quality of Oryza sativa shoot samples obtained from two soil treatment (Mean +standard deviation).

Soil C (%)** N (%)** Lignin (%)*  Cellulose (%) C/N** Lignin/N**  Cellulose/N**
Control soil 37.11+1.33 1.40+0.12 3.13+0.44 20.38+0.67 26.7+3.1 23+04 146+1.3
N fertilized soil 40.10+0.24 2.04+0.10 2.13+0.44 19.70+0.46 19.7+1.0 1.1+0.2 9.4+0.4

Difference has been tested by t-test (n=4). *: p<0.05; **: p<0.01.
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2% A el FA daFel i FAboz fo
P w2 F= JEhHsien, cellulose®] a2 F
A2l Abolel Zhel7}h ¢l ont lignin a2 A4 22
Tl w2 e JEpisle 58] A ATl A
W AEA 2] Cok N ko] wF Frlstadd, N &
ZFo glxFHo} ¢oF 158 Z=7}31¢d e, C/N, lignin/N,
cellulose/N¢] ¥]&< P zToA] =2 zke Yehigc}
(Table 2).

2. 23l AEA) A W3

Microcosms ]88 s A g A Cs-Np 22| 79| &+
3|7} ©+& F microcosm, Cs-Cp} Ns-Np 2] 2] F-ol| A 1.
o} w2 A AP =)o} (Fig. 2). 154U 7ke] Bz} 2=
= %<l Cs-Cpel Cs-Np, Ns-Npol|A] Hal| 2|Eo] k&

2 77t 27] 7AF%2] 53.0%, 47.1%, 53.6%F ER)

Shid

32 o 1

r ¥

Jeirs) 27] 35YAE BE ATl Bal &)
213 Aol el A gigtort 709 o FHE: Cs-
Npe] 2317} B £ A2l 7ol wlate] 2ol Z7heked
o). 53], Cs-Npsh Ns-Np: A2ale] sheps z4o] %

Aol BTl moke] Ak Alule] Sated alvh

140+
120
100+
80
60

40 K

CO, evolution (umol g™ 1 h™1)

20

A= A4S veh e

Cs-NpellAle] 237} Cs-CpellAuch whz7] )=l
AE AEA L kA 2440 zbold whet ¥s&e] A
o]7} Wt El A o]H] (Table 2), Cs-NpellA] Ns-NpHt} &
7 wzA Yepd He AHos 2dg JdR=
Ecko] A Aol o] R o] MY ou|Fh=
ZA}elot.

3. 2% A 23 B¢ vAEF B2

£ AFE 218l microcosm Hell ARg-3F F 71A] Pl
o =F & Hx7 =9 Aavh AR Eogelq)
microbial biomass C, microbial biomass N, Z72] 17 dehy-
drogenase$} urease &A A2 Table 33} 7t}

A4 A3 EFA] microbial biomass C&= W&+
EofoAHTt HA8] 22 7S ¥.gl o} microbial bio-
mass N-& 24 HelTelA] 873 2 e nelch Mi
crobial biomass C= A4 x2]F EeFiA 189.4mg C g,
HzTF EokA] 3176 mg C gtz A4 2F= lsle]
1.79] 743} 37, microbial biomass N-2 2 A 22|+ &
oFoll 4] 53.0 ug ninhydrin g%, 9|27 EoFdA 24.7 ug

—@— Cs-Cp
—6— Cs-Np
=-=A-- Ns-Np

_________ = _______--_-:.ﬁ---ﬁﬁ

T T
90 120 150

Days

Fig. 3. Changes in CO, evolution from decaying litter in microcosm. Different lowercase letters indicate a significant
difference between treatments (*: p<0.05, **: p<0.01; Tukey HSD).

Table 3. Microbial biomass and enzyme activities of soil at each experimental microcosm (Mean = standard deviation).

Soil Microbial biomass C** Microbial biomass N* Dehydrogenase Urease**
(mgCg™) (g ninhydrin g™) (Mg INTF gt h™) (Mg NH,-Ng*h™)
Control soil 317.6+29.5 24.7+7.9 11.9+1.8 37.8+4.9
N fertilized soil 189.4+29.5 53.0+7.6 12.6+1.3 165.1+14.8

Difference has been tested by t-test (n=4). *: p<0.05; **: p<0.01.
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ninhydrin g2 A4 Alule] o] 2.1 F7fekale

=3 2T =5 AL A2 EflA dehydroge-
nase® B4 2|8 3jole Mol ¢S whwl urease
F4e A4 A2 F £kl 165.1ug NH,N g h?, o
=7 =o¥olA 37.8ug NHN gt h'e Be] Aa 32
2 Ql8le] 4.4w) 2719 A%E Lhehh itk (Table 3).

4, B3] AEA) 2] microbial biomass C¢}
microbial biomass N¢] W3}

B3] 291 Al E-A o242 microbial biomass C£} micro-

B9t MEA 2afoll olx= d&

(A) 80~ B)
'T‘m
- 4
| =}
> 2
O
5 g
8 &
e
Days
Fig. 4.
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bial biomass N2] ¥ 3= Fig. 49} 7t} Microbial biomass
C<} microbial biomass N 2% #38)] X270l Z7}sltt 3
7)ol FHashe AeE Bdoh Eofel AAE A2’k Ns-
Npe] 74 dzTo= d=27A Ad Az 35 Fo 7}
7} =2 microbial biomass CZ ¥.gj o} o|F FA3] 7+
2alge et =l o) Hed 2ade) ghe
= 2|27 Cs-Cpel Cs-NpellAE 27 AY 709 F
% 322]9] microbial biomass CS YeP 3 o] F A
3 Rasiick

Microbial biomass N¢] 73-$¢- A 2]+
5 UebiA @steh 22 csCpelA o

—_

o
-

wE 2 A
2 = 3
~ T T

|

50001 —@— Cs-Cp
—6— Cs-Np

4000~ - A - Ns-Np

3000

2000+

1000

0
0 30 60 90 120 150
Days

Changes in microbial biomass C and N in decomposing litter. (A) microbial biomass C; (B) microbial biomass N.

Bars are standard deviation. Different lowercase letters indicate a significant difference between treatments (*: p<

0.05, **: p<0.01; Tukey HSD).
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Fig. 5.
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Enzyme activities in decomposing litter on the two sampling dates, the 70 and 154 days after experiment start. (A)

Dehydrogenase activity; (B) Urease activity. Bars are standard deviation. Different lowercase letters indicate a
significant difference between treatments (*: p<0.05, **: p<0.01; Tukey HSD).
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Cs-Np, Ns-NpXt} Z 38 Hglon} 11296 SA% 3t
< Alddsta BAHeR o7 2felE BelA| i

5. 23 AEA9 vAE &

Microcosmef| 4] eie] Rafj=E Ft wAE2

o 9ste] WAYEE CO, 2> #3l 27|l F43]
o] 109 A Fol & el Dbz o] 5 A A} FHaxsle] 100
d FREE M EE AE BAd(Fig. 3). 7 A
T 35> 27l & Aols: vehiA odste
30 o] FHE| Ns-Npo| sFFo] b2 ATl Hs)
EAA oz FoJsHAl @A el

Dehydrogenase2] A2 Ns-Npol|A] 713 1 71e-
Bt} Cs-CpollAl= A3 70 ZHT} 154 3o =
g ghel o Eskovt Toke =] Cs-Npelr: Ald
1549 3o AFnc} 709 Fol 2HH el A o %

244 eI (Fig. 5 (A)).

Urease®] &4 Cs-Cp, Cs-Np 7 2] 7oA F2]&
Apol7h e gigkent, 709 ¥k 1549 ol
A" Astol|A] 7FAasl= AsEe Btk o))} ureased
R 7a ATFE NsNpeld 74 A5 dehae.
09 Folli= 4135ugNH,-N gt h?*oz 71 & 34
Ho|t} 1509 o] Fejl= 928pug NH, N gthioz 7}
e B4 ehye] 49 2719k 2 AelE vehy
et (Fig. 5(B)).

Dehydrogenase®} urease®] A2 Joje] 3}shA
738 zfo] wjie] ohel =oke] AA Alule| o3 &
gAe] w3yl wAF Aoz BAXHoR §ol7 zol=
vebd At

~

o

o

By

o #

IREDE PR EE L

1 37k 93

ZAd vA =

o] S AuAelA At Age) A AT
3= 33 ofR oz oA 9)om (Vitousek and Howar-
th, 1991; LeBauer and Treseder, 2008), 4] &2] Az}
YAE 270717 98 WA ol &R} (Frink et al.,
1999) E AN = AEe AL dazT EdlAR
45 AN|SE mofell ] Zrlskel on], B8] A4kl
% 27V nedeh(Fig. 1). Ad Aulel % 4F
o) Z7he =of W] Aad] fEE 27l o8 A%
’s“?& A% 9 Teln 9 WA 5o 2kl 7)1

Eo_u_l.,_ﬂl
ON
L.

o} (Cooke et al., 2005). ==& A4 AJH] o= AL 7}3}
E 55 xR ENE A4 fYow UM B
)
-

=
Azxe dides AdAdA doln Azl 4ol

A el d3kS w|Z) (Matson et al., 2002; LeBauer
and Treseder, 2008).

Jevt B A A3 A4e] AM|R Qldle] C, N, lign-
in, cellulose2} C/N, Cellulose/N, lignin/N 3} 72 A&
Ae) e 2ge = GE Raie(Table 2). 53],
AEA L] N g2 S7FE wh lignin o]
A3t el siek. olelak 27k Norby (1998), Hobbie
(2000), 12]31 Lee and Lee (2000)2] ZAz}e} UX|3he,
wlgbA] N ko] =712 9ldled CIN, lignin/N, Cellulose
IN®] B]&2 7ha=c) T8y cellulose &aFe] W3l
=ope] Aa Aol o5 BAMew gl Aol 1}
A ekebid, A QAFelE As Aulel ols)el
A1 &4 2] cellulose &&Fo] =715 711} (Lemus et al., 2008)
738FS b2 el 9Jv} (Lee and Lee,
2000). ol2l 3t AlgAle] S4ehe 2Ae] Aol wale) 3}
AL 23 7P Fo3 89 F2o 3hto|w (Swiftet
al., 1979), 23l &3} =2 AAAA S epdeka (Melillo
et al., 1982; Aerts and Caluwe, 1997) =& * glo] A4
o) Aulel ols) Wake AzAe BHatH 2 o F 4
wo) 2o selA WshE vhepd Aoleh

RS

= 71—/\5]3:_

2. 2ol WA= AEAL) st z4e) Wa

1L
X @
lo
e
F:F
He
S
s
i
i
el
e
j‘i
2
et
o,
:_.
1e
it
Lo

33" A 03%01:% e -‘:D]-(Heal etal., 1997, Sarlylldlz
and Anderson, 2003). dutd o2 7]&E Q4L & 2

oA o) Bl 2 e, e el 4o
seba 249 Aols} Ral e APel F2w 29|
o} (Berg et al., 1993; Heal et al., 1997).

2 A9 A model Ax ANl AEA AeH =
Aol 2 W32 712} (Table 2). 3] C, N, ligning]
el Zoheiglom, N Bl AT CERS) M CON)
wk ol 2} lignin/N 2 cellulose/N §-8Fo] rolxlt}. o]
e AgA) sabn 2ol wal ABA) 1ol
Sol3 e A7 Jeplo Fig. ). g0 B
lignin =k} lignin/N B]= 239} L9 AaaA =S 1}
ehfim, o] &t Azl lignin §Heko] £l S As)slr] w
Fo|c} (Melillo et al., 1982). £-3], A] &= 1]94 N &=k} C/N
Hlge Ul Bajge A AR 1 Qoloz
(Melillo et al., 1982; Taylor et al., 1989) =2 N g3
S99 RalsE F7he vhg e ool Awg et

r—l‘é n

2



60

55 ¢

50 *

Mass loss (%)

y=9.0269x+34.678
R?=0.851

45

40
1.00

T T 1
1.50 2.00 2.50

N(%)

60 -

55+ 'S

4
L 4

y=-8.2264x+214.41 ¢
R2=0.5743

Mass loss (%)
o
<)
1
L 2

45+

40 T T 1
19.0 20.0 20.5 21.0

Cellulose (%)

T
19.5

Mass loss (%)

Mass loss (%)

283

60
55 *
i L J
50 .
<
5 y=-0.7575x+68.108
R2=0.8574 ¢
40 T T 1
15.0 20.0 25.0 30.0
C/N
60
55 *
L
50
L J
L
45 y=-6.2835x+65.127
R2=0.8217
40 T T T 1
1.50 2.00 2.50 3.00 3.50
Lignin (%)

Fig. 6. Relationships between each litter quality parameters and mass loss during the 154 days decomposition experiments

period in microcosm at 25°C (n=6).

B2 g2 el A e Eo F83 dESHeR
= Al&-=lt} (Melillo et al., 1982; Hobbie, 2005).

3.HAE A HEA 2l %
A 9

a9 7t
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Q) 28], 223 Heie] shabe 24 Sl el A
Fo

A4k (Berg et al., 1993; Aerts and Caluwe, 1997), £}
zel-stebdel 27 wq o] walgel e
o} (Gijsman et al., 1997; Seneviratne et al., 1999).
2 AQel A AAle) stety 24 F g A4 %
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Fig. 7. Relationship between litter mass loss and each biological activities at all measurement dates during the 154 days

experiments period in microcosm at 25°C (n=36).
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(Hart and Stark, 1997; Allen and Schlesinger, 2004), ©|
23t =9k microbial biomass N £71= =&
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