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ABSTRACT

Annual production and decomposition of litter were studied in Pinus rigida plantation in
Mt. Kwan-ak.

The peak time of litter production was October-November. The litterfalll at that time was
54% of annual litter production. But the peak time of litterfall of reproductive parts was June-
July. The peak times of litter production in Alnus hirsuta plantation were June-July, and
November. It is thought that difference of seasonal distribution of litterfall between two forest
types were assigned to litter falling factors such as temperature and insects.

Total amount of litter loss increased according to time. Particulary, the peak time of loss
rate was July-August.

It was shown that the protein and phosphorus contents were accumulated in the litter for

--an experimental period. The amount of crude protein increased to 150% of initial amount. The
amount of potassium was increased by August and then decreased rapidly. The contents of
crude fat, holocellulose, lignin, and Na were decreased slowly. The loss of holocellulose was
the largiest among them. Calcium was in steady state.

It was thought that this variation pattern was assigned to leaching of soluble parts by high
temperature, rainfall and growth rate of microorganisms.
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BMRERFRA A #re] BAT BHS BOBRAA FoA dFdxs glen, o
£ o]g]e F2 A 9/&35 3 ot (Bray and Gorham, 1964), k9] o] e =2
u A g g gfEst 7ol o7 BWRE olFA: 9lv] o Fel MK F4de
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b 2" ok (Twilley et al., 1986; Mitchell et al., 1986; Sharma and Ambasht, 1987),
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gJ9 it G99 Kad mE g8 AA DG (Kucera, 1959). EH b (1986),
R 5(1987), 3 0] (1981) T2 FEvEt A Hq EFHEE 5 FEcHS
wR, 2=ln £ RA967) 2 =9 5 9 FrEe] Hdefe Eid nlA = duE
ZALstgd, dde A& abeld Ea g xe]rt ER =9 (Kucera, 1959; Aber and
Melillo, 1980; Melillo et al., 1982; Berg et al., 1982), ©]& C/N ratio’} Esll&xd 7}
A & 438¢ v A3 gtk (Fogel and Cromach, 1977), 9g¢] #sde S FAXMNE
o] W37t velA = (Fahey, 1983), ©181§ W3l AR Fa &3 A3,

oo o @ ESv)AE el BEEEEY 2x9 - wepx] e
& wreth(Federle ef al., 1982), -F2lvzl 27T el A a|A &9 H%FE Chang
and Yoo(1986) ol 93] ZAlsslew, &%7t /M4 3 7-%3o] B 7-8%Ud Ew
A4 AR A wda s, 2 A AL A Ee et B4 W3
o FAHY7 dEd gy EAES AAY § dv LY W8 E ZAY 8
7t e,

2822 E JdFdys $avatel A ge] A= e H7vauF Ay 1
Q7rel ded QA Wt dgde FAe 4 AEe 27 AL =A==
g dede] stele Alvle) EesE = S g4 e sk,

ZARX| 2] g R ATUH

ZAX| 2] THE

B dFE i 692m, £74 12667, ¥ 37274 9x3e EEILY AEd X%
A KB T g AA-AA Fade, o] Ao A HF LS
11.6Colx B Z4-L 1364.8 mol™ (547 A, 1985), ZAH717E Fat9) 94 o
T 71¢ 9 7932 Figls) o] 8¥99 H7F 7|&e] 21.7CE 7M& ¥ 194 HF7]
&o] —4.8CE A i}, A T-8¥Ye A A vhErd

ZAIR AT FASR 10X10m WHFE AHE3te] o] Ao fi4E ZAE vie] 9
3y, BEF REL 2% gr|thauY (Pinus rigida) o198, S$RI5F-(Prunus yedoen-
sis), ZAv| A2 (Amorpha fruticosa), ¥l (Lespedeza bicolor), F3 T (Quercus ser-

O—C Temperature —
24 o—e Rainfall precipitation 1800 E
=20 .
& h:
16 600 ©
[od
g 5
5 12 g
] &
a
€ 8| 400 -
2 T
c 4 E
] g
2o 200 @&
4|
o g —"
A Moy J A S 0 N D J F [
1987 1988

Months

Fig. 1. Annual temperature and precipitation in Mt.
Kwan-ak.
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Table 1. Size-class distribution of trees in studied sites

Size classes in centimeters, D.B.H.
1-2 24 46 6-8 810 10-12 12-14 14-16 16-18 18-20

Sites Species

1 Pinus rigida 3 1 8 3 2 3 3
Quercus acutisstma

2 Pinus rigida 3 1 3 5 4 4 2 1 1
Quercus acutissima 3

3 Pinus rigida 1 4 1 4 6 2 2 1 3 1
Alnus hirsuta 2
Quercus acutisstma 2 1
Robinia pseudo-acasia 1

Lespedeza bicolor
Rhododendron mucronulatum
4  Pinus rigida
5  Alnus hirsuta

1 1 4 6 9 3 2
1 2 6 3 2 2

[ e

rulata), &3 VF(Ginkgo biloba), 3v¥IR 2 (Indigofera kivilowii), BE (Weigela subses-
stlis), Z3V5-(Spiraca prunifolia var. stellipila), & SV (Alnus hirsuta), R2+)
(Rhododendron mucronulatum), 33F 5 (Acer pseudo-sieboldianum), *21y%
(Q. acutissima), N$}5-(Rhus trichocarpa), Y7 A3 (Rhobinia pseudo-acacia), %
Y (R. chinensis) F°) #59 JH2 Jeiygry, 2Ro2E HAEZ (Commeling
communis), & EVE (Eupatorium chinensis var. simplicifolium), 332 7] (Rhubus parvi-
Sfolius), ¥AF (Potentilla fragarioides), 71 &% (Festuca ovina), % (Artemisia princeps
var. orientalis), 5% (Carex lanceolata), At (Sophora flavescens), v 8Fx Fub
(Chimaphila japonica), 3§ o1 ¥ (Oxalis corniculata), 2 1% (Sanguisorba officinalis),
31 & (Andropogon brevifolius), T3 (Scilla scilloides), M (Arundinella hirta), v 92
(Solidago virga-aurea var. asiatica), B-&N% (Artemisia keiskeana), T2z (Chrysan-
thenum zawadski var. latilobum), &3 ©1 W F (Phathenocissus tricusnidata), M B (Phaseolus
nipponensis), W52l (Lespedeza cuneata) %°) ‘rebytrl, 28]a RE AR A9 BiE
& 233l

ZAPA 2 size class#F (Table 1)ol ¢93tw, D.BH. 6—12cmol |28t M7 @
sk, 77+ sites7} w4t ch,

Aty AL
27 bty A A A Z(site 1.2.3) S AA st FeFoz YAges 24939
Litter trap< 0.5x0.5 m*® J-FEoll mesh size 0.6 m] FFAHS d& Aoz z
A 0.6m sgeld] MA3stdch, Litter trapgtol] Eo]7F litterfall 19873 4 ¥ 19884
3¥97A URLF 28] 3jpaigon, A4 litterfallS o, 7Fx 9} A, WA (27}
), 2= Zlel (2% WMAE, Y7 dauF o9 litterfall )2 27 Uygo
), 85ColA 24413 A2AA Y S92 A4mE Jepyod,

Sde Bl Al
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Litter bage| Mx| o 3=

AT "o grgav-F9e 19874 349 219 A2, mesh size 0.6 mn
o FJAH{FZ 20X25ar litter bags A 2sled, AAAzAIZ) FrihavF 9S50 g4
Wol B&tadth, o] litter bags 19879 44 19 )i vT HAH (site 4ol A 9| E
o] gl 7HR %3, ¥d7F $AF humusE (£ 9, 1967; Chang and Yoo, 1986) ol
WolFm, 1Hdel N4 353te] EMo) o] &3t =3 19879 449 14%H 144
ute} 104 9 litter bage U £ humusZol $lchrh 19881 34 31l 33}
o EAMel o] g3Att,

=4 g9y

3% litter bag% el HQ& F71FNA FE3] A2AQ ¥ E47)2 o} standard
sieve No. 35—60 A}o]9] A& A8 2 Ab&43hdch,

FEHEFL 105C FL71&0 A 24412 AxA)] F 2Asch, £ A4lg D Na,
Ca, K#F2 A&E& 450C oA 4212t H#A2 F, 1,2 conc. HCle| 43417 ¥ 284
2 343, Whatman No. 449322 A7) F 2Astqc), A LA Qlarek
< standard molybdate® ¢ll ¢/ 8] spectrophotometer® A s ow, Ca, Na, K&
< ARE 450CY AHZIZAA 447 HE F EAkBoez ZAsidd, MEHES
flame emission <l ]3] flame photometer® A =¥3}¢] o} (Chapman, 1976). &7)%3 g
micro-KjeldahI'§ £ 2 A3 ALge] 6.255 Fatod ArZstdch (P43} 3],
1979). Holocellulose= 75C ¢l 4] sodium chlorite?} 10% acetic acid® lignin& A7 3}
o A% cH(Allen ef al., 1974). Z A" soxhlet”] Fo A ethyl-ether2 647t 32319
<9, lignin& 72% H,SO,& A3l Allen ef al.(1974) & W& AH&-3tdc),

e BE EHE g ® Ysgon, Age FFge AL,

@ U Eo

4itgo] xAl

g7l cdanvkF Ao A 3 F AAFS 604.4g/m - yearolgl o], o)X
54%7F 1093 119 d3tatsdeh (Fig. 2). o1F AAFHE 67 Yol 67%7F 9334
2d, 7kA % AL 30%7F 749l st fevele & RoiAe RArs(E,
1987) = o9} vls&A Jeldx Qe vl Pinusd o] A 39 P banksiana
907.0 g/ (Foster and Morrison, 1976), P. contorta 168 g/m*(Fahey, 1983)¢l] w|x &
f 7 A= & Mg & 4 9lev, Olson(1963) ¢ 99 Al A M&£F
oA ol § 2 Helgtm & F U= 400g/m o) Ao] FEEy] wWiFo] AAbeEE W%
=9ty & 5 v},

147 el dstedd A" wel & FolE Helx 9vh(Fig. 2), & F2 10Y
3 1149 et gled o)A Yo HFTERM(Saito, 1981)F 7129 73t wf-Fd
veld kel & 4 sl AXEYE FE 6—-THY dEsla gled, olA:
Fo] BT 59 el o] FAX A GE 5, 1988), olF vl ZF5o s Hoiz 7] o
Folel AR, aEjxm FxE AN W FgE A wXx Esz 9
=3 a™de 22 JehlA] FskAIeE 7o Rk A e} Aol el WolF=d], o]
AL Aul7| 7t Fo] v} 9o ot dAgow AmHc), o[ JEREE dF o
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Fig. 2. Annual fluctuation of litterfall in Pinus rigida Fig. 3. Annual fluctuation of litterfall in Alnus hir-
plantation. suta plantation.

24 dstatsdc), ol AL Fig 39 BT (Abus hivsuia) & 93t F43 =24 e
Bt & Eeeuite A$ & 559.5g/m - yeare] H3lslgEnl, 6—-8%9 Apold o]
Z2] 48.5%7} FElstn glon, oA 109 1199 33.4%Ru= ¥gkoh, oL
6—8U9 ztolel HE 9 Ao £ 2AAN wIzod, oj#Eg AAr £UAEH
gl 798 Pinus densiflora(F1RR)ANAE Jelgh, zex JAF= F2 49
Gatata glor, 11Y¥dE J=AE Faistn o, 494 Gise AL F2 kR
o fgojgon, 1199 AL FE FRA, o]AL FLuRrt frigiyfug
Zx9 Aitol B&E oujcl, ELUFHoMe Pleld s Fste Aol 4G @ol
GatE e )R dFEE FHeA Fopd dd$el deisich, Fig 29 Fig. 39
totale A4 AAE, a8z HE2 FAFHA 42 A A, Ve F{E g0
o}, o] ¥ FFe2 Afde GdY dsickdel M2 dEA vehdz oo, ey
Sharma and Ambasht(1987) &} Alnus nepalensis®| 4 Vet 5o] g deiagle] & W
37t §& dole dvich 22 oFAge] Y IS v Aog Yz,

oA g ¥ I3 zlelv U B, © vhols} kR &de] <y vw]A A
22 Aas,

el &3

AFA7E FALE B f71EFF W

187 A #Fae oF 30%7 deiwen, 3 7-849¢ 17%7 #AasHdd, %
g 797A St F A dAHAFEES FAsSE(Fig 4)., F71EAFG 22X 4,
holocellulose, lignin®l Zta % Aol A5t w43 AL Moy whal, zchiage
A 7 3t dd Fole ASe 15% AE7A HAG(Fig. 4-7). &9 HFxe
holocellulose 45%, =X A 30%, F71€3 30%, lignin 15%7F Z+7 Aoy,
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Berg et al.(1982) 2] scots pinedll A} A ko]
ZAaE AL 9B 27%7F doigen,
Fahey (1983) &1 Pinus contortadl A~ 21—23
% AFasl Ao, old  WEH
Aolw, ol sl A A= 849

#}olo] 91& 7 (Mentemeyer, 1978) 22 A Zgt},

zAdS AYF BE F71E FA2(Figd—77 7-8¥ AFHUMEH, ol 2
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o} &%o o8 o 8 (Brinson, 1977; Chang and Yoo, 1986; Federle ef al., 1982) 22
ERE, z2ln old® 9%e Figld JaE e e WA 448 5 4
. =3 oldd 44 B5IHEE A3 F2sa ke A& Suberkropp ef al.
(1976) & O’Connell(1987), Yavitt and Fahey(1986)8] AdelA & 5 Stk °1EF
ligin® holocellulose: 2ol FAFIn, Fasl & dofvix e A2 <A
(Suberkropp et al., 1976), °l& F A¥%F HEE FAs= lignin® 7t 423 =
A doidg & F s

zul Aol A (Figh)s AR Z7tste A4S Reoled, ol& Yabitt and Fahey
(1986), Brinson(1977), Melillo ef al.(1982), Fahey(1983)9 ZA}s} Uxddc}, a2yt
AA GedArA e A el 1dule] ASo HUFEFLE FojEve Yavitt and
Fahey(1986)8] =& »d, 2w ZFrrt GAAe Hate siMzpr] Hee
8|30 §glel 9% Aol & 4 Utk olEl¥ AL AWy $3ke Fahey(1983)
L ogyde Baste Fulole FrEZRA W AIAAANY EHAHE AU
v, ZatolelAe AaxTst ol Eoe AHASE wElx sk, @A Yavitt and
Fahey(1986) & 9 9< $#317] A9 £33 3 ¥ Eo EAlzte Fr7E%9 WS
A sl o5 AFARE ¢ B, vAELS gFo A AXE delEelx )
ou] @& oko] wEo] Bl DA JFA BARL vk e, 23 ol
g A= Chang and Yoo(1986) o] wlA &< H%E (Figl4)# A= sz slch, Lignind
7—8499] 71 Wo] it =AW AL AP FUEF MR HA A (Figh).
ol AL 2N AL AT #71EF ligning®] EshEe) 7HA Jrhi="Oh(1976) &) A s}
A= s, o]2d AA wFel] A7 FAE AHLLE HL3a ch(Berg ef al,
1982). 2= A3} ligningl ol# T EAE ol &35t o] AEd EHEFAY #AE
zAstgdon, o Az zwhwlAel g (Melillo ef al, 1982), =+ C/N ratio(O’
Connell, 1987; Fogel and Cromack, 1977)¢] 93] ##go] AAAdx Io, =3
Melillo ef al.(1982)& N #zFo] ¥e U+ F lignin®l Fapo] Ee)&o] o] & 4
3k¢ v)Atkz ¥k, Holocellulose® A $olx® 7—8Uel 714 @eo] Fa=Igdedl oA
& EAF Ao AZENE A HF AYdH % B delvxz Yok (Fig?).
Celluloses] #3& Chang and Yoo(1986) 2] A @M x HA] 6—8«Uel cellulase activity
b A 4% 2 M EA debdo, =% 228 BSFe] CMCase activitye} A3
FAE ZA Jehd A e E] 2A(Fig.ld) o) Yol AMME v]Fof v Eo]
celluloseS ¥ 3sted Arolt& & & et

Fig8e %7184 ¥=& vehdl adolty, AARVEAY F=& A2 Fisort 1
YEEH =7 Frlsted oA AdH o2 FIEY o] Fagdde A& %3,
ol Fig9el F71Ewizte] & d9s s itk Holocellulose® FE7F A2k wolAd,
lignin®} 29 A Mz Z71¢c, Ligning 2494 529 F7te 98 47 (Oh,
1976; Subverkropp et al., 1976; Yavitt and Fahey, 1986; Berg et al., 1982; Melillo ef al,,
1982) Al AXFHw, ol WA A& nAEH lignin® At EHEH &
o] glA| Tt o] 5 Fo] M2 Azt st v gkE £ lignin-protein® ¥ A E ¥ A3}
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Fig. 8. Changes in organic nutrient concentrations Fig. 9. Percentages of initial elements remaining dur-
during decomposition of Pinus rigida leaves. ing decomposition of Pinus rigida leaves.

578 FAE B P e W)

Fig.9¢ F71&¢%2 W35 Jelhxz gl&d, PY A+ A F71scr 19¢] 5
o] Fojxl& whd K¥ 78974 F7tstcrl ol F FA3] #4add, Cadl At ML+9
85% &2 A% #Xslgen, Nad ZA$e AR WsE vehd™ HE9 54%71A
Zrasta gl

P9 Zr7l+ dury e JehdE  oFA(Brinson, 1977; Yavitt and Fahey, 1986; Ma-
heswaran and Attiwill, 1987; Gosz et al., 1973; Fahey, 1983) & ®eo]3x 12}, Ca¥9 7
Sl dASA L2 o 7 (Fahey, 1983; Maheswaran and Attiwill, 1987; Yavitt
and Fahey, 1986) ¢} o & <kAHeE H4rd, K9 A%+ Brinson(1977), Yavitt and
Fahey(1986), Maheswaran and Attiwill (1987), Gosz ef al.(1973), Fahey(1983) %
Attiwill(1987) &) Ao} o8 S B, F o5 AFAdME A F3d, &
A (Fig 9l A+ F7isichzl 37 i, 53] 89 o|F o alr] Hide 4
22 dol s> FAI vz ARHG, Fr1E9 Hrtd o3 E&l&9 WA,
HAF o] AATE AL FHAA MR Fr1E9 ool nAEL HA A
g2 Wadr)d e F-Ssivke Ag i, F21E HAAAH (&R 5K, 1967) 43
W Pute] E el & F3 ok, 2832 Kucera(1959) o < 3}d ofo] & A EA
o soluble form22 A3 7|4 e Zavm Ao, Bz B AYPAIY
7% Pute] v]AES] Ao AFLAr @ AEZ A A0, e 83 &
Aoz & 5 ok, 53 Cas} #-E HAFole vl Eo] AVjd HFg Fol EAdo
I g 5 Qe
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Fig. 12. Percentages of inintial holocellulose of Pinus
rigida leaves and filter paper remaining dur-
ing decomposition.
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Fig. 11. Percentages of inintial organic matter and

crude protein remaining during decomposi-
tion of Pinus rigida leaves.
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18 Korean J. Ecol. Vol. 12 No. 1

AANA7E FALE E FE-F7EFSF] ¥

Fig2—3e] o3t deodo 33l 4A Al7lelwt dojvde Aol oz, FHL22E
o7t AW AF FE3) dojvtx gk, 2HERE Geio] FI =¥ WY olH=
43 o] & A mEE of o),

Fig10—13< wi¥ o|ds& g FAS £ El gl F A= FEe 4-5
o] AAF Aol nj&sin, 7-8Y lolo] HAF AAA ozt AdA etz Sl
o}, 2 olFolE w&dAl 2o, oA FigdolAdet & g4& ez Sy,
Z 7-8499¢ Esado] e Edlel s ol A&3: QEE HepdY, FEFF
(Fig.10) =3 8¢ o]Fol& UAsA vehta dow oy G FdA R oz} 5
FFHFel o)z} FE vt

% §71847 294 (Figll) e Figse 69 Axel 24 depdd, & F {71
9 ALE YaiE Jddo] SHLEFE gol FHHD, 53] 7-8Y Alole MA@
7t dolwth, zea 2dlAde] A e 7-849% FALR 343 FE A+
BodZ}, o)k 7-8¥< FALE uYEY BAH HAo] F2 o]FAx LS
eldlth, Fig.12¢] holocellulose®3| A tfFEo] 7-84el o]FoA L glen, o
Fig.79] ZA3e} dxach, Figl3s F71% #Hstdy =3 Figs 23 0z 9l
th, & 2% Wt v Ee wWalel e Wald 2A A% Hed

gdalEls A7)d wel dge AEo] thEri(Fahey, 1983) ¥A et R = S
ulesle)et AR R, 9 AFgA dehd AXNH BRAR NS Fg9 e T
2 7890 ol Foixctn & F Sl

dodo] Aarzt Rl B B AT Al yelhdRo] ERALA AL i A4t
& 2 10-11499 Hetatzn o, AAR dFrEe it dejve Alvle 7-84
olt}, ©]ZA-& Chang and Yoo0(1986) &l #22 A9 tEF& on|dt, & ALHA=
g AL AT FAHYG gAGE AARZ P kS ofF vu]iE v
g, 2y ALAE A o g Fe v Ed & G¥e Ptz de,
7—849 Z}$o & L FHE 2AA £ ok, 2z ® 2AANAL F9E
) AEE o]l A duht 2 K=kl s AAEGr] Bode 784
Gastd e, Fol GasideAed A
HEcts & 5 vk, =23 G99 E3l
n| g 22 4 (Fig.l4)el A FH3tx 3l
7] W Eol, vl AES] A g AP
o2 3esy e 84 ErF A He
1000 alel 1 oko] Frbste i} Aol @ 4
W,

T Y

1500

500

Fig. 14. Annual fluctuation of microorganisms on
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