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Abstract ; Litter composition was investigated for a whole year in five representative forest types: virgin forest ( VF),
secondary birch forest (BF) , secondary coniferous and broad-leaved mixed forest (MF') , artificial spruce forest ( AF) , and
alpine oak ( AO), in west Sichuan, in order to understand the litter dynamic and spatial variation among different
restoration approaches. The annual litter production for VF, MF, BF, AO, and AF was 4.32, 4.10, 3.52, 3.01, and 2.34
t/hm’, respectively. Litter production was significantly lower in AF than that in the other three forest types ( VF, BF, and
MF) . More than 70% of annual litter was leaf in all forest types. Litter production of VF, AF, and AO reached its peak
value (2.41, 1.29, and 1.63 t/hm’, respectively) in the pre-growing season ( previous October — May) , while that for BF
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and MF achieved their maximum (1.34 and 1.80 t/hm’, respectively) in the late growing season (July-October). Spatial
variation of leaf litter for VF and AF, both composed of evergreen coniferous species, was significantly greater than that for
BF and MF, with more deciduous species. Spatial variation analysis indicated that sensitivity of litter production to stand
condition was higher for evergreen coniferous forest ( VF, AF) than that for deciduous forest. The combination of stand

density and area at breast height was advantageous in evaluating litter production.

Key Words: litter; dynamic; restoration approach; subalpine forest

FMEZ I RS S CE i PR B A BB A Y IR R B AR R,
JEARAR A WU e S A B R IR, 7R T A S RGBT BN B IR G PR Bl 3 AR AR i
T T AR () R [R] ZRARSE R T4 0 7 e 10 2 B A B R 9 o R 2 S L R ) R 48 P S 9 40 R S A )
MAERK AT WELENER IS LI RN, B, MY R s 282802 A S RG5O AT 8
Bepy E B R 2 — TR TE I AR R Z B E AR T e ARSI BRMAE S RGN Y
Fl2h B BETE S5 A 5 (0 22 57 S B0 VE AT AR KN AE SEE Y . Meentemeyer %5117 1982 AFAk 3 BRIk HuAf
BIRTE RN 54.8x10° ¢, AT N 35.1x10° ¢, RERFRMA B R G A AE BN 1.6—9.2 t hm™a™' | [F]
— M X R [P A I B AR Bl PR Y W e A A K 22 5%, Pandey %57 IFST BN B AR AL A AAGHE BR
AR, & BLRIRARIR 95 2 (547.7 g/m®) i T AT AHKR(419.9 g¢/m?*) , KIRME FRIC R (R FERCR B S T AT,

JNPEE & IR MOZ AR KT i AR AL Sk i be e, 20 T4 60—80 4FAX, iZ Hi IX & W4 W 1 Ak 22 Iy
T RHUASAE TP oR AR, AT E I B2 Fh BRI (G B R A A i S R TRV S i A Sk 3 A AR 22 5, %)
R X AR ME AR RS IR S5 T RE DTIR R [R] L M0 A e 24 3 B AN [R) ZR AR B (R 7Kk SO BEVR 4 4 5 b &2
BEPENO A 5 U Rk R S T R AR 25T, AT AR S BRIE IR B R
Mo S5 R RREE A ALT T IR E RS | R M | R A S ) A B AR IS
[Fi) ZR AR TR 1) B 9% 7= ek sh A AR T i R 4w, BR A T X AR [ B i 48 ZRARBR AG SR RLEE (G PR 1 71
PRLE , AR SC I PG 35 LI AR IX 5% B 2B B8R (V) (IRAEREARM (BF) (IRAEEFFTRASHR(MF) (N T M (AF) |
= IR A (AO) AU LB R AT XT 52, AT 1 A AR AT R [ AE K R A V& W A S Bh 2
SRy it — 20 R s LR X [R5 848 T AR AR PR A S AL St g5 s S R 2= A8 |

1 #R5EFE

1.1 W XA

B XA T U1 A BT UM BRI B AR IX, AR R 31°24'—31°55'N, 102°35'—103°4E, g4k 2700—
4200 m, KX JE TR AR S, B SRR g LA M B, RS2 s IR R DR E PR R A FE R
B LA, AR PR 6—12°C 1 A4 FHR-8C, 7 H - FH< 12.6°C, AR K i 600—1100
mm , FRAR I 2y (L AR SR, T2 DX AR AR 4 Sy U e 1L B R, FR BT KRR A IR VLS AZ
(Abies faxoniana) ME A2 (Picea asperata) 25742 ( Picea purpurea) (ZIME( Betua albo-sinensis) , T A Fif
B )HE & AR ( Quercus aquifolioides) 215|725 F ( Rubus aurantiacus) BEFEERk ( Pruns tatsienensis) (21 JJk 214
( Lonicera nervosa ) 484t D ( Euonymus porphyreus) F1Z2 #1352 3K ( Viburnum spp.) %5, K% bR XA 27 5
AR 2R PR S 1T 43 5. 2853 50 4ok AR 5 N T RER 2 M8 1k R i AR (V20 42
60—80 AEAR KBRS , Hh T 2838 AN il ml Ot BR BEAR AR 75 BT 4% B R 19 = W A2 B BE bR ) | U AR HEACRR
(BF RAKEHb [ 3 IRVKIZIE BRI HE AR AR ) R AR SRR SS AR (MF SR Al L E 3 SRR IHER -1 A2 TR 28
) AT BZEMAF MBS AZAR) 5 IARE (A0, I LR ) 25 AR MR Bl 2K 700 e o A 1 S A SR ™
1.2 W5k

ASBIFFERE L8 )1 PG K72 bR DX T Ao S R RARAE Y, 700 FE K S 2 BE XS e | e vy 7 A W 3 283 78 kil
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WEFEH, 45280 3 MR TR R S, 5% R E I AMEE /N 50 mx 50 m, HiAx PUFD AR AL A FE b K/
10 20 mx20 m, BR)E S ILBRE A 2 DFEHLAL LB RS R A5 8 3 AN E A, 4L 14 S REHL, I
AHHLILZE 1, SRR b P A BB A RS 1R B2 | 356 486 15 ST 24 g 428 AT X7 4 v A T LA B4 2 1 AR 2—3
BB FESR A . Z IR TE 200 4F LU HoE PURZR RIS 7E 30—40 4F | J& AR, 25 HE 14k |
R Y B —2, T R AN B E T

B HIBENLATE 5 1 0.5 mx0.5 m H 1 mm JE SR B A 7% WU EEAE  FEHBTAT = BE 0.5 m, B TZIX
Zim AR A K sl P T 5—10 A AR ETHA XK . PR TE AR ROBE XS PR Y5 I 4E 3 K,
WE SO AEKRTI (BF—4E 10 A 1 HE24E4 A 30 H) ARKIEEYCY4ES A1 HET A31 H) AK
FIEMCYES H 1 HE9 A 30 H), SUEETRED T F AL AL RS 4 Fras B 028, T 80C T
HET 12 /NE BREE I A M B AR R Vs 1 = i, 25 (0] 28 SR AR 5 280 CV ( Coefficient of variation )
P S iiipu
1.3 #dnab

Ba HrAe SPSS 13.0 B4 F 5 i, 2R H Kolmogorov-Smirnova X £ 46 7 A 47 1E S PERGI6 36 Rt I, £ H
one-way ANOVA TR I 20 52 B HE , £ EI7E Sigma Plot 10.0 K 585,

F 1 HAREFHERER
Table 1 Basal characteristics of research stands of Miyaluo areas in western Sichuan province

W s W T AR

A Y. FE: i 7 A 4A BRI
L i B IR T e
Forest t Stand L ‘t' Elevation/  Slope  Gradient Dominant X Mean breast heicht / Density/
res O 10n minan 2cles as
oSt agesa Ao m/(°)  s(e) ommanmspeae DBH/cm e (Bk/hm?)
(m”/hm*)
, = Pi
VFI 2233 JeBE 3138 AAg13 30 L Piea punpurea 25.1 39.2 494
& F% Abies faxoniana
o) X A2 Picea purpurea
F2 203.0 B 2 RE15 35 21.1 106.8 590
v 3 ES 3239 L B Abies faxoniana 0
, . = Pi
VF3 21.6 e BE 042 KAgls 30 L Piea punpurea 345 56.2 462
&2 Abies faxoniana
BF1 35.2 KB 3338 ARE§25 25 £THE Betua albo-sinensis 9.5 20.7 2510
BF2 37.5 KB ENY 3317 A 22 30 21K Betua albo-sinensis 9.6 24.1 2669
BF3 38.5 KB EOFYE 3174 ZKE§ 21 25 4T HE Betua albo-sinensis 9.2 34.6 3585
LTHE B Ibo-sinensi
MF1 392 KRBT 3345 KEE25 20 LHE Betua albo-sinensis 9.5 28.8 3487

B2 Abies faxoniana

e o
MF2 405  CRWEBEHE 2990 ZKE15 30 £LHE Betua albo-sinensis 10.2 16.1 2569

342 Abies faxoniana

2T HE Betua albo-sinensis

MF3 37.7 KW B EERTYE 3221 AKm21 20 VA% Abies fuvoniana 9.3 17.5 2654
AF1 43.3 283 ki 3117 A®M20 30 k% Picea asperata 15.9 44.9 1962
AF2 45.6 283 E bk 2904  Z<FA 20 35 ZAZ Picea asperata 20.4 46.5 1139
AF3 44.1 283 bk 3252 A®M18 10 A% Picea asperata 19.7 32.3 947
AO1 30.2 283 Ephkk 2995 KM S 32 LR Quercus aquifolioides 6.3 - -
A02 37.6 283 bk 2953 AMS 35 AR Quercus aquifolioides 5.6 - -

VEF. MK, Virgin forest; BF  RAEMEAMK, Secondary birch forest; MF . KAEFFTRASH, Secondary coniferous and broad—leaved mixed forest
AF: A T.ZFM, Artificial spruce forest; AO: & LR Alpine oak; 1oy LIRRTE N ER | RAMAEAKE R, 2 13 5t v O v LR 2

2 ERE5H

2.1 B ARMSEI TR g B A AR TR ] 40 e 25 5+
TS 2H B A A T S A 1 22 5 5 B R AR MR R R 9 P W = AT AR 25 57 . IR N T = 20k & 1R
HENIAAE A KT AR B R Y& &, 20 0o 2.41,1.29,1.63 v/hm* (3£ 2) |, GA4E R ETE 1 57,52,54% , ;1%
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A HEAMR AR A TR SRR 7 e R A K 2 S Bk B KA, 4390 R 1.34,1.80 v/hm”, /5 B PR V5 511 51,
519 (2 2) , TEATRIATEIPY, ih FJ2 TR AR AL V% 9 vh 0 36 00 B 4Y , EE B8 7E 60% L 1 (£ 2) .
PRI, AR [ BRI B g 1 e U8 95 sh 28 S50 % P AR LR I — B a3 FLRP ARARIS B (0 4 I 75 2 3
TEAE KR B AR, 20 91 AR TS HE 1 70,56 ,67,72,41% (36 2) o B IIBREETE = A8 T4 B Al A 0
PRI (0.15,0.11,0.11 vhm®) (£ 2), S FEBIRHVE AR/ S KV (R AE KRN A T2
MR(0.13 vhm® HIZ A B 1) 19.19%) ; Hp 2R 2l bR 2B K IE B HAARS B 00V 1480 95 (10.4% ) 5 IR AEHEAR
MAEAER AT (11.4%) o A6 S S RAE A AT A =5 LLUAR PN (0.23 vhm?, (5 BT 14.1%)  HIk
R S B K (14.6%,10.5%)
2.2 AHIE B IS [ BRI T ] ]V ) 2 S

FEAE AT, I PR S V% o T i 2 T L E RSB (P<0.05) 5 IRA HEAR PR G 7 77 it b 3
INT BRI (P<0.05) s IRAEMEARM &5 LLIARMEA 7 i 0 /N T H T 3 FhRMET (P<0.05) . A HE
BRI, AR MEACHR R R VA B 0 3 3 T IR R LIBRAR (P <0.05) 5 T J5 38 i R R ) (8 25 /N1 Hop —
MR (P <0.05) 3 IZIH i LLARFE A AR A 7% 1 1 35 e TIL B TR AR MRS L (P <0.05) , T H & 2 AU ] T
WEEF (P >0.05), ERKFEY, WAMAM WA RS OE I % & 00875 & 025w T H g SRR
(P <0.05) , i R A= MEAMAS I 75 1 i /N T E RS (P <0.05) (R 2)

K2 AMEEZZRMEEMAZWAERSHE

Table 2 Litter composition and its dynamic among five main forest types (mean + SE, n=3, 2)

I ; 5z e
’ (t/hm?) (t/hm?) (t/hm?) (t/hm?) (t/hm?)
HEK T VF 1.7£0.95(70.5)a 0.49+0.03(20.3)a 0.11x0.04(4.6) 0.11x0.08(4.6) 2.41£1.04a
Pre-growing season BF 0.530.06(67.1)b  0.13£0.05(16.5)b  0.09+0.06( 11.4) 0.04+0.01(5.0) 0.79+0.06¢
MF 0.79£0.11(64.2)b  0.34£0.25(27.6)a 0.05£0.04(4.1) 0.05£0.04(4.1) 1.230.39b
AF 0.82+0.41(63.6)b  0.34£0.15(23.4)a 0.02+0.00( 1.6) 0.11£0.09(8.4) 1.29+0.38b
A0 1.23£0.15(75.5)a  0.15£0.08(9.2)b 0.02+0.00(1.2) 0.2320.07(14.1) 1.630.13b
H I VF 0.3420.26(70.8) ¢ 0.02+0.02(4.2)b 0.050.03(10.4) 0.07+0.03( 14.6) 0.48+0.22b
Growing season BF 0.86£0.15(89.6)a  0.05£0.03(5.3)b 0.01£0.00(1.1) 0.03£0.00(4.0) 0.95+0.14a
MF 0.65+0.17(84.4)ab  0.0420.03(5.2)b 0.04£0.03(5.2) 0.04£0.01(5.2) 0.77£0.23ab
AF 0.52+0.44(76.5)b  0.02£0.01(2.9)b 0.13£0.03(19.1) 0.01+0.00( 1.5) 0.68+0.38ab
AO 0.3420.09(63.0)c  0.11£0.05(20.4)a 0.01x0.00(1.9) 0.08+0.00( 14.7) 0.5420.15b
AR ZEE VF 0.96+0.74(71.6)b  0.19+0.13(14.2)a 0.05+0.04(3.7) 0.14+0.05(10.5) 1.34+0.76ab
Late growing season BF 1.7240.31(95.6)a  0.050.02(2.7)b 0.01x0.01(0.6) 0.02+0.00(1.1) 1.8020.30a
MF 1.87+0.50(90.3)a 0.130.09(6.4)a 0.04+0.03(1.9) 0.03+0.01(1.4) 2.07+0.54a
AF 0.37£0.31(74.0)c  0.11£0.04(22.0)a 0.02+0.00(4.0) 0(0) 0.50+0.34¢
AO 0.68+0.19(78.2)bc  0.1120.05(12.6)a 0.01x0.00(1.1) 0.07+0.00(8.1) 0.87+0.24hc

A AEAE G EERNTL, RHENNSIIBAIE NG FREEFREREZSR, P> 0.05, RENGFREFIREZREE, P <0.05

2.3 A[FEIFRPRISTY AR 7% 55 4

L 1 AT, AP AR ALY AR JR I 77 1 /MR R 2B AR (4.32 vhm? ) (IRA T TR ASHR (4,10 v/
hm?) RAEMEARRK(3.52 v/hm?) (B ILARFEM (3.01 v/hm?) A T ZAZH(2.34 v/hm?) . HHJE 75 R H N
U RR MR (3.11 vhm?) /DI A T AR (1,70 vhm?) 5 KGR V% B e 28 ly 234K (0.71 vhm?) | 5%
INARAREARIR(0.23 v/hm?) 5 B2 V& S A KRR E AR (0.21 v/hm?) |, fi/ R S IIERHEA (0.03 t/hm?) 5
AETE SR B KON B LI BREAN (0.38 v/hm®) |, B /AR AHEAR(0.09 t/hm?) . 4 FiFeAMH , A T m2MH
AR R W/ DT HE 3 MRS (P<0.05) o @ IIARHE A AR TR T5 B 1 /N T2 I ARORIR A B R TR 22
M(P<0.01) 1115 75 PIFPJC 1 2 25 55 (P>0.05) o A ARARZE R A I Fr A AR v ot o S i LU 9] By it 70% , 7
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AERTE R, MR R IR A REAR IR (87.8%) , 85 2 b il fc i AN T =2 (18.9% ,7%) , #E 52 L
Wl M IAREIN (12.7%)

3 e

31 YRR R

FETEFRAE IO B 25 S MR Bl AR S R0 B LR BUARE . AR S RGN ERIEIE 2544 R a4 %
S SRR RE RIS WA e PR AR, B E R RN ES R RR HE AR R, R
BRGNS 228 R R EUIIE Y mAERTZS A0 2R, W 2 iR, BRAEIARIN  FLT RIS A
PR 2 [B) A0 S 2 A M ) () 2 (B AR 5 . N T s RS MR b P 25 T) A8 S de /0 3 2 B2 0 PR T MORE 6 357 S 1) 6
G35 P 55 AR (R AR AR RR B 5 YR AR A [ TR S MR b ) 28 () A8 S5 e, 3 R B2 ol 1 AR 0 b 22 5 5 MR
AN ATE S IE

5 50
s N 55 )
T E = AR 2 R A S
4 4 - g 40
E Z
5 3 z 0r
8 2 5
= £ 2
=z 2
52 T 20 -
B S
E i
E 1| UH; 10 -
< ,
»
0 0
VF BF MF AF  AO VE b MF AF - AO
ZEAKAT Forest types FEARZAY Forest types
E1 EMHEREBREEFEFERESEE B2 AEFARLEBFH N SEEME TR RBXILL S
Fig.1 Total litter production and its composition of the whole Fig.2 Comparison of coefficient variation for each plot and
year among five forest types among plots
A FEZE R A BR A R 7 2R TE 0.05 /KSF A B 35255 (P<0.05) ; CVW, HEHb N 25 6] 45 57, Coefficient variation within plot; CVA, %
VF. Ak, Virgin forest; BF IKZAEMEAM, Secondary birch forest ; ] 25 [B] A8 53 | Coefficient variation among plots

MF . YA EF IR S, Secondary coniferous and broad-leaved mixed
forest; AF: N T. = B2 #k, Artificial spruce forest; AO. FERIIR; N
Alpine oak

3 3 X AN [ BRAR IS T AE b [ o] 95 0 2 ) A8 S A A vl 0 (1 3) % T 7 0, &8k T = AZ bR A
S RN 50%—90% , i T UAEMEARMR R AE BT RE TR SN LLBRTE A (109%—30% ) , B HTAR G337 b A5 X0 Ji
AR N T AZARA Fr 35 R 285 TS =, 45 IR AR HEAR AR 9 728 S R Sy s/, R AR MER
AR 8 7 0 0f 7 L 55 PR A0 2 S A0 o IR N BEUER TN R RUBE |, & 2R BUTE A KRR R Y 2 e R
B¥m T AR,

BE YR AR A S RGPS KRS 4L 5, XF TR Y, WA S VTR sSARAE  AR BoR K
(73%—T74%) , N T. A/ (42%—45% ) (] 3) s BRERARSN T 4 P B R [R] B 31 09 28 S R 00 AU
B VAITE A R SE b S5 S AR R AR ARSS AL B V5 7= s 7E 3 AV S B AR [R5 Ak a3 RIXh 215 284k
(R O A — B, 3k FR B B RIS AL B VA TR R M R R A7 AR S 1 25 5 3 AT RE 55 b ST s AR A O

TES R T& 1) 05 T, A 4F 08 V& ) 77 1 A 1 1) 722 S R BOR /MR IR - B IR MK (46.4% ) A B [ R S AR
(24.9%) NTZEZIA(16.9%) IRAEMEAIK(10.8%) & ILARIK(8.8%) o 3 /NUH T& I U A= HE AR MR IK 75 5 &
BRI, PR R AE ME AR R 53 37 i 2% 1 25 5 g i o A1 5 e ZE RTINS R0 = A T A2
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—O—Ziidk —w— KA R R Bk
—O— KAEMEAS —L— NTBEH
100 - -
< 153 BRREY
T 80 - o
a&% 60 L o
W& 2
Qg w - -
3
“g 20 é! g L L
Q
0 1 1 1 1 1 1 1 1 1 Il
A B C A B C A B C  Total
I5f ] Time

E3 FEXRESLAEYHR=TSRME
Fig.3 Spatial and temporal variability of leaf, branch and total production
A, KA, Pre—growing season; B, A AEEEM, Growing season; €, 4K ZEF ], Late growing season. Total, 44FJH 7% #, Total litter

production in the whole year

MRAEA IR B 5 A A28 53 R, S5 JR VR R AR AR G, 3R N T A AR R V& P LA S 32 (1 oy
69.2%) ,JF AT RE SR A G,
3.2 PR SR ERE m EEAROC R

] — B DX AR R AR i PR B AP 43 g D o L AR S e A 9 W B AR DR TR 2 by
2 35 5 ) 7 DR T AR S MR R 9 0 KNI B L IR R T HE TR TS RN R Y BB R AR A SGE AR
W I TR S A RN 14 AR VR ST TP AT, g 3 R A YO
W T R RV Ay 1 A e st 4SRN [ 9 3R e v, s 2 B /K- (P =0.0376) , AR5 1, Mt v U i A 2
FHB AR B K-, O FAEM S & B I R v AR AR ) A K 4 32 BMR A3 25 B B 52 ), X 57 b 2 —
A, R 5 7 (B A BRI S B BEORAR 1) A= 4 S pR o328 B B2 MR G, TR A 9 JR B AR SR IR AR B8 1) )
BN, FEAR /N (E I s R T AR K (38 1) 5 99/ =28 40 4R A TR AR MRt 3 B M — 22 9 B AR PN 55 4, SR K E
KAETHIET- IS, PRI FH 80— K43 DR R AE R 78 9 7= e e EL e TR 1), 414 DR 7 S B s e 9 V& 4
RFIE

£3 BEYERREASETFEEER

Table 3 Models between litter productions and stand characteristic

ZH Parameter a b R? P
ADH 0.0298 2.3204 0.3121 0.0742
D 3.4035 2.8777 0.0812 0.3955
ADHXD 0.1981 2.1551 0.4826 0.0376*

Y=aX+b, n=12, ADH , E@%’iﬁ@*ﬂ( sz/hmz) , Area at breast height; D/tree hm™2 . RO ( **/hmz) , Stand density

3.3 AR AR 17 07 4 SO AR TR S R 1 5L

AR v ) R 2 A T AR N R (BRI EL B 454 ) SARAE N R (Sr A E 5 538 1) W
SR N TSR U = A2 AR PR TE P 7 i /)N, 35K T 7 DR PR B R A0 a1 11 SR ST G UK A
WA TR S AR AN TGO B R 08 3t b A SRR R R A HEAC AR, 78 AR BEOHTRET | R TR i v fa e T
AR, G EARIOARIX ERERRARIE R L, YA 51 R TR SR 5 AR AR IX B IR AS M A— B (4.15 v/hm? ) IR
HEAHRYR 7 2 2L 5 AR IE A I R AR (3.13 vhm®) o ABESERW, N T AW 5 M A7 I8 fifk 25/ Rl i AR
SIEARAR ) RV P A RS S DR AT TR R vk, U8 9 ok -3 ML TR -3 55 43 b SR
Btg, R, N TR MR RGPS SRR, NN T m A 38 5 S e R i = SR I
R AT LR AT o BT A2 PR T4 3 it o B P A5 2 A PR AR 7 2 i iy T R b2 i
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ARAEIHFIT LB, 40 AE A N T AR E B R v 40 8 B 3 v T IR T IR S, T L T A R T Ml
Y))2 BRI EAAGEE, ABFERAR A TE R 5K Yang? BFSE 45 R — 20 (4.32 v/hm?) | W /N F ARk
SIS AEHE (4.77 vhm® ) | T R T ST LR E VA F2 K (2.28 v/hm®) s N T A2 MR V% A T 15
DABA U Rk 7 2RI X ST 2 1 . DL B R I, RS TR SR s AR S i R MK v 0 e, N T s i 9%
TR T UEMEAMR U AE ST RRIR SRR, I BT 2 ARG R A3 37 b S5 A2 %7 4 I 50 , DR sk b )1 7 I 5 1L
AR, KR T BT AL A AMEA BT VR A AR LA T3 3 1) 35 7 1, 5B 8 U 7 0 4 itk JE e A R T 4965
() S AN TE , N T MU g R
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