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Abstract

Aims Litter is a key in nutrient cycling and energy flow of forest ecosystems. Our objective was to study the
functions of karst forest litter by analyzing litter dynamics.

Methods Litter samples were collected monthly from karst primary forest, secondary forest and shrubland in our
Maolan karst study area from October 2006 to December 2008. We divided the samples into leaves, branches,
flowers and fruit, and others and weighed each after drying to constant weight at 80 °C.

Important findings The annual mean litter productions of primary forest, secondary forest and shrubland in the
Maolan karst study area were 4.503, 3.505 and 2.912 t-hm_z,
flowers and fruits, and others for karst primary forest were 64.72%, 14.60%, 12.33% and 8.35%, respectively,
while for karst secondary forest were 74.28%, 7.43%, 10.88% and 7.41%, respectively, and for karst shrubland
were 75.94%, 8.56%, 12.93% and 2.57%, respectively. Therefore, leaves dominated litter. The monthly litterfall
production dynamics for each community exhibited a bimodel distribution, with peaks early in the growing season

respectively. The proportions of leaves, branches,

and at dormancy.
Key words karst forest, litter, litter-fall dynamics, Maolan, succession community
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Table 1 Basic features of vegetation in successional communities
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Vegetation characteristics

PEFsFt

Dominant species

W s A2 77 30°—40° Northeast  25°18'05"—

JERGR LR R, TR E . BEARE RIS 22 (R /34

B SR A /D

Wi, LAFRACE A A, #510-20 m, FRACE 7 2IA80% A I
WERZ 3-8 m, #J¥5%—10%; MR EMHKE6EHEL,
MR 3654335 emE MR IE T2

The stand structure was well integral and hierarchic, which
could be clearly divided into tree layer, shrub layer and herb
layer, and structure was dominated by tree layer. The mean tree
height and coverage of tree layer were 10-20 m and more than
80%, respectively. The height of shrub layer with coverage of
5%—-10% was 3-8 m, some lichens and mosses grew on the
ground, the thickness of litter layer was 3—5 cm under forest.
RO IR G SIS, o2 HER R LIRS, wi5-
12 m, FRARZE i HIL80%LA I HEARZm2-3 m, ¥
10%75 47, MR A SRR s MR B E 5016, #

The stand structure was well hierarchic, of which tree layer
and shrub layer were matured. The mean tree height and ove-
rage of tree layer were 5-12 m and more than 80%, respectiv-
ely. The height of shrub layer with coverage of 10% was 2—

3 m, The land was covered by a small amount of thorns, ferns,
lichens and mosses, the thickness of litter layer was 1-2 cm

RO E LR, Bk D RIER, ERLREARZE AT,
24 m, 785 IA80% A b, AR A s AR I 2

NN 25°18'16" N,
Karst primary 107:57:1 0::7
arboreal forest 107°57'40" E
WESTE Y ZE AR 30°-40°  Southwest  25°18'35"—
Karst 25°18'50" N,
secondary 107°56'45"—
forest W07°ST00"E 212 e,
under forest.
W AEE R AR 20°-30° Northeast  25°18720"—
Karst 25°18'35" N,
shrubland 10795610 jg41 5 om.
107°5625" E .

The stand vertical structure was simple with a small amount
of or no tree layer, which was dominated by shrub layer. The
mean tree height and coverage of shrub layer were 2—4 m and
more than 80%, respectively. The thickness of litter layer was
1-2 cm under forest.
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Platycarya longipes,
Pittosporum brevicalyx,
Machilus microcarpa,
Pteroceltis tatarinowii,
Pittosporum glabratum,
Castanopsis fargesii

FEvie =R NN AN
SRR MR KThTF
Carpinus pubescens,
Cyclobalanopsis glauca,
Castanopsis fargesii, Pinus
massoniana, Lindera com-
munis, Mahonia fortunei

RN BRALA R A
B 75 e RE HA L DR
Z ik X

Nandina domestica, Platy-
carya longipes, Lindera
communis, Carpinus lipoen-
sis, Clausena dunniana,
Cyclobalanopsis multiervis
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Fig. 1 Monthly variation of rainfall, relative humidity of atmosphere and air temperature in the Lagiao observation station.
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ARARIAE S Tk 2.815-3.009 t+hm 2, 4F 13
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XX 7% & & Total litterfall

[ V4751 & Branches litterfall

BE= A% S HE Evergreen leaves litterfall
I A% 7% "4 & Deciduous leaves litterfall
BN 7% 1¢7% R & Flowers and fruits litterfall
223 H:Ath Others litterfall

FEYHEYIR Annual litter production (thm™a™)

] Y

N2 N

T T R A TR AR

Karst primary arboreal forest

B2 AR R R R

e BT I AE AR

Karst secondary forest

W TR AR

Karst shrubland

Fig. 2 Annual litter production in different successional communities.
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Fig.3 Monthly dynamics of litterfall in karst primary arboreal forest.
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Fig. 4 Monthly dynamics of litterfall in karst secondary forest.
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Fig. 5 Monthly dynamics of litterfall in karst shrubland.
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TR % &, H A s AR . 200841 H
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Table 2 Distribution patterns of litterfall in main forests of climate zones in China

i BNt ViRER sy ik Al s 7] SCHR
Climate zone Type Litterfall leaf litterfall- Reference
(thm>a™) rate (%)
Py LM Mangrove forest 12.545-13.882 64.3-79.9 Lin et al., 1990; Zhang & Chen, 2003
Tropical zone Z A Monsoon forest 8.244-11.290 55.3-65.6 Zheng et al., 1990; Wu et al., 1994
[FERIZ % N T RAM#K Artificial broad-leaved forest 5.541-10.433 61.4-87.5 Zou et al., 2006; Lu et al., 2008
Southern HERFR AR Evergreen broad-leaved forest 4.630-8.840 51.0-81.3 Wang et al., 1996; Hou et al., 1998;
subtropical zone Yan et al., 2001; Guan et al., 2004
F R A HR 8.500 67.0 Zhang et al., 2000
Coniferous and broad-leaved mixed forest
HEARM Shrubbery 4.773 69.2 Guan & Chen, 1998
oY By N T FEM#K Artificial broad-leaved forest 7.318-9.538 65.3-72.0 Yang et al., 2003, 2004
Central H SRR Evergreen broad-leaved forest 6.770-13.030 41.1-70.2 Liu et al., 1995; Katagiri et al., 2001;
subtropical zone Yang et al., 2003; Yan et al., 2008
WA H S AR 6.870-11.700  42.3-57.7 Wu, 2006; Yan ef al., 2008
Secondary evergreen broad-leaved forest
VR AT AR 7.123-8.390 56.9-61.9 Lin & Fan, 2005; Yan et al., 2008
Coniferous and broad-leaved mixed forest
HEARAM Shrubbery 6.380 77.7 Yan et al., 2008
VR TR J5 AR 1.834-4.058 78.0-83.6 Zeng et al., 2010
Karst primary forest in Guangxi and Yunnan
VR R VR A AR 1.979-3.510 76.3-95.3 Liu & Duan, 2004; Wu et al., 2007,
Karst secondary forest in Guangxi and Zeng et al., 2010
Yunnan
JETEHy PN g MRS 7N 3.610-4.689 33.7-72.1 Luo et al., 2007; Wu et al., 2009
Northern Atrtificial coniferous and broad-leaved
subtropical zone  mixed forest
i TR AS AR 4.689-5.701 55.5-79.7 Luo et al., 2007; Wu et al., 2009
Coniferous and broad-leaved mixed forest
bioki NTAEFHMR Artificial coniferous forest 3.714 91.9 Chen et al., 1998
Temperate zone vyt ki bk Deciduous broad-leaved forest  2.883-3.130 64.8-76.0 Zhang et al., 2008; Liu et al., 2009
i TR AS AR 4.146-4.902 60.3-74.0 Zhang et al., 2008; Liu et al., 2009
Coniferous and broad-leaved mixed forest
W EREF AR Evergreen coniferous forest 2472 54.0 Zhang et al., 2008
&R AK Deciduous coniferous forest 2.337 73.0 Zhang et al., 2008
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3.510 thm>a™) (X0§ R B BE, 2004; 25k,
2007; EHAEEZE, 2010). iZILG Al AESE TR EEmS
HrRE AR T PR AR Y, ERIRE I A 3R
FEEE, 1% 2 R AR AR T AR AR, 4 A
A%, HREH NN TR SRR, YIFRA 2 HE,
DRI T 18 9 4 v VLA O TR DX AR AR o (R AT 55
W ST AR DXL A5 P R 9 4 T A M [R] A X
IR o
3.2 EAEYIMIAEER LR

TR (1989) 2k tH FE F K & K IIE 1K
UGN, MR S Y B = 160%-80%. A
BIF 0 P 2 I ST AR TR RV 3P A e 2R 2Ry s -
H R YR ) B 64.7%75.9%, {EiZIEEIZ K, £
LT A W T RE AR AR AR S R G IR VR ) Uk
() B A o

7R 24 TR R TR 3 B R A R AL (VR L
R T ) 5 R LU AGEG T YRR 8 TR i A BR (78.0%—
83.6%) A1 K 4= #K (76.3%-95.3%) (X Ik Al B & B,
2004; REXAE, 2007; HAEEAE, 2010), JMETHE
PATREARI(T7.7%) (I BZREE, 2008), {HimTHE
PO SRR AR (41.1%-70.2%) (X SCHEZE, 1995;
Katagiri et al., 2001; ¥ K@%, 2003; J@lJ2 54,

P

A

FRAAAEE: JSE 2 R AR AR T S R HO PR VE sl & 1025

2008) KA S i AR (42.3%-57.7%) (R,
2006; [a) B2 4 2008) A4t [ R AT AR (56.9%—
61.9%) (FREERLFIAR SR, 2005; (A L2E45E, 2008).
FENY AT BORAREE T, MR R R, 4502
CARRE 5220, A B AR o5 10 ) v R Bk
WY BN Z, SRR LR
/Ny RN AT I R IR ARV T, R v A,
W E A TR Ak, IR IE U E M BCR A N R
B, Y&t AT B R I LB R, U
rRe ARARIVI R 3 25 1) B A v TR VR S AR e .
JGEA, (EL L R P AR i o R I AR L L
3.3 AEMRAETSE RN SERF IR

TRV ZET DA S MY A 5 4P 2%
REPERT Y M SR A A AR A V) R R
FEARMFIER BE VR =1 B AR A MR, 5 I
10-12 J3 35 2 WA S R VAR, HG v iy =& e (i 1 - 9
WA LH SRR 3, 1T 5 2 W R R Y ) LAV
Rl oA 2o BRI R 2 28 Ko S P — Ik P
g a2, TR TN IEE, T10-12H 1E 2
TEH R RR T 27, BRI R TS S, TR
SRV IR S 2R WA

e W T RE AR R K 22 0T AR R it AR e
PR HEGH 512 A Mg (ERAK,
1989; ¥ LSS, 2003; FNNAISE, 2004; [A 18 54E,
2008) AN —3, Mz SHFFTIX B2 A28 5-10 H, B
IKELRPAE6-S A RE) . B TR AR N
T IE N TR X B KSR T oKD L SRRERR AR
INEE, WDIKAY B, 4k T AR AR K . (R
I, W TR R I PR R S P oK &
A AT R KR (r = —0.295, p = 0.007 <
0.05), M5 H PR A LLHEM X KRE =
—0.003, p = 0.985), i W] & =0 WrRp AR AR IR )8 % 10
A ETERZIK AP, T A By fE AR S 2R
FEFE. T34k, W R AR AR A VA ) e A5 ) H B
)5, 6 HBURE, X 54858%5(2006) M 51 45
FARRL, RI— B R o K s s, IRE R —A D
I 6

it

4

1) 5 =2 BTRE R AR TR ARRR S IR AE AR FIEE AR R
V&) AV 34 AV & ) o 4.503 . 3.505812.912
thm 2, 7% 22 7R Hh DX 1R 3 V& 0 B 5 A Hh S )

doi: 10.3724/SP.J.1258.2011.01019



1026 YA 244R Chinese Journal of Plant Ecology 2011, 35 (10): 1019-1028

A X AR B

2) % 2 W R AR VR T R ) B
PV 1R 64.72%—T75.94%, AR AREEVR &5 K B v IE
T 1 2 ] HRARE VA ]

3) % 24 W TR AR PR3 B R B VA R IS ) R T
BNAS T AR, WA 43 1) R AT AR K = LRI AR
R3], 55 b R A A K RO B DA G

B gt RE &K R KA %9737 B
(2006CB403200). E R & &A% K £ (40721002 4=
30872007)F= F B # 5 [x 40 12 4) 3 T2 £ &7 6 A
B (kzex2-yw-306) B . R g4k E SRR+ Ao & Ak T
AT N TAET AT 69 R 8.

S 3Bk

Bray JR, Gorham E (1964). Litter production in forests of the
world. In: Cragg JB ed. Advances in Ecological Research.
Academic Press, New York. 101-157.

Chapin FS III, Matson PA, Mooney HA (2002). Principles of
Terrestrial Ecosystem Ecology. Springer-Verlag, New
York.

Chen LX (FR3781), Chen XW (BR1:4F), Duan WB (B 3CHr)
(1998). Larch litter and soil fertility. Chinese Journal of
Applied Ecology (WHZAEZ%HR), 9, 581-586. (in Chi-
nese with English abstract)

Guan DS (% 7:42), Chen YJ (REE4T) (1998). Litterfall and
the nutrients return of Rhodomyrtus tomentosa shrubland
in Hong Kong. Rural Eco-Environment (&I 4R HK),
14(2), 24-28. (in Chinese with English abstract)

Guan LL (ENN#Y]), Zhou GY (Ji[Ei#), Zhang DQ (7K{&5),
Liu JX (X)%§75), Zhang QM (7Kf& ) (2004). Twenty
years of litter fall dynamics in subtropical evergreen
broad-leaved forests at the Dinghushan Forest Ecosystem
Research Station. Acta Phytoecologica Sinica (FHH¥ 7
274i%), 28, 449-456. (in Chinese with English abstract)

Hou Y (f%/#), Wang BS (‘413}), Zhang HD (7K%:35), Li
MG (Z=M5%) (1998). The litterfall of the south subtropi-
cal evergreen broad-leaved forest in Heishiding Nature
Reserve. Ecologic Science ("EA5FI%), 17(2), 14-18. (in
Chinese with English abstract)

Katagiri S, Li CH (ZFE %), Kawaguchi H, Nagayama Y
(2001). Nutrients return of litterfall of a natural evergreen
broad-leaved forest in southern China. Resources Science
(AU RIE), 23(A), 58-67. (in Chinese with English ab-
stract)

Lin DX (M%), Fan HB (#/)5%) (2005). Changes in

www.plant-ecology.com

amount, nutrient contents and turnover time of forest litter
after interplanting hardwood species under Masson pine
stand. Scientia Silvae Sinicae (MNVEL7), 41(6), 7-15. (in
Chinese with English abstract)

Lin P (#£), Lu CY (5 & X), Wang GL (EZ§4L), Chen HX
(FRJgekE) (1990). Study on dynamics of litter fall of Bru-
guiera sexangula mangrove in Hainan Island, China. Acta
Phytoecologica et Geobotanica Sinica (FEY)EZ24 5
Y2 244]), 14, 69-74. (in Chinese with English ab-
stract)

Liu WY (XISCHE), Xie SC (17 2), Xie KJ (¥ 7 43), Yang
GP (#E°F) (1995). Preliminary studies on the litterfall
and coarse woody debris in mid-mountain humid ever-
green broad-leaved forest in Ailao Mountains. Acta
Botanica Sinica (Fi¥)%#R), 37, 807-814. (in Chinese
with English abstract)

Liu X (X1J#%), Duan CQ (BX & #¥) (2004). Research on charac-
teristics of secondary semi-humid evergreen broad-leaved
forest in Samachang area. Yunnan Environmental Science
(= FAEER), 23(A01), 53-56. (in Chinese with Eng-
lish abstract)

Liu Y (XI#%), Han SJ (#L7%), Lin L (#&JE) (2009). Dynam-
ics characteristics of litterfalls in four forest types of
Changbai Mountains, China. Chinese Journal of Ecology
(AA&2EIE), 28, 7-11. (in Chinese with English ab-
stract)

Long CL (JEZ2¥) (2009). Study on dynamic pattern of species
diversity in gaps of karst forest in Maolan Natural Re-
serve, Guizhou Province. Journal of Mountain Science (111
Hi2#4R), 27, 278-284. (in Chinese with English abstract)

Lu LH (J537.4), Jia HY (3% %), He RM (fif H #), Li JL (%
#K), Qin SY (B -P5Yi) (2008). A preliminary study on
litter falls of six kinds of plantations in the tropical south
Asia. Forest Research (MBI ST), 21, 346-352. (in
Chinese with English abstract)

Luo ZS (¥&5%45), Xiang CH (1§ %), Mu CL (FK®)
(2007). The litterfall of major forests in Guansi River Wa-
tershed in Mianyang City, Sichuan Province. Acta
Ecologica Sinica (“E75%44), 27, 1772-1781. (in Chinese
with English abstract)

Peng SL (&2/>M), Liu Q (X5#) (2002). The dynamics of for-
est litter and its responses to global warming. Acta
Ecologica Sinica (“E75%44), 22, 1534-1544. (in Chinese
with English abstract)

Qian ZM (:IEM)), Ran JC (1435t 7K), Rong L (%), Lan HB



(*=4kJ%), Shen QX (H1EkF5), Linghu KH (2 IK5E4L)
(2009). Dynamic study on forest litter amount in Maolan
karst forest. Journal of Anhui Agricultural Sciences (‘%15
bR, 37, 3485-3487, 3523, (in Chinese with Eng-
lish abstract)

Song XZ (RHrix), Jiang H ({L#), Zhang HL (3K &%), Yu
SQ (&M 42), Zhou GM (J[E£%), Ma YD (15 75)7), Scott
XC (2008). A review on the effects of global environment
change on litter decomposition. Acta Ecologica Sinica (4
A2E4R), 28, 4414-4423. (in Chinese with English ab-
stract)

Wang FY (ERK) (1989). Review on the study of forest lit-
terfall. Advance in Ecology (‘L& 1)), 6(2), 82-89. (in
Chinese with English abstract)

Wang LM (F K ), Shao C (fif), Zheng WI (O L #), Lin
P (#KMB) (1996). Studies on litter fall and residues in the
subtropical rain forest in Hexi of Fujian. Journal of Xia-
men University (Natural Science) (JEI'TRKZ224 (AR
B£AR)), 35, 795-800. (in Chinese with English abstract)

Wei LM (Z& W), Yu DL (A, Chen ZR (FRIE1D)
(2009). Study on the dynamic variation of litter falls in
Maolan karst forest. Journal of Nanjing Forestry Univer-
sity (Natural Science Edition) (Fd MOk K222 (H R
Bl4£0R)), 33(3), 31-34. (in Chinese with English abstract)

Wu CZ (R4 W1), Hong W (#:4%), Jiang ZL (ZZ&E M), Zheng
FH (& #) (2000). Advances in research of forest litter-
fall in China. Acta Agriculturae Universitatis Jiangxiensis
(TLFEAMY K 2224 4)), 22, 405-410. (in Chinese with Eng-
lish abstract)

Wu XX (ZF1ll)), Chen LW (FRAREL), Xiang CH (1] 18),
Zhang FH (7K & 4%), Mu CL (K JE) (2009). Litter pro-
duction and nutrient return in three kinds of plantations in
the upper reaches of the Jialing River. Journal of Sichuan
Forestry Science and Technology (VU )I|MlEH%), 30(3),
12—17. (in Chinese with English abstract)

Wu'Y (%), Liu WY (XI3C##), Shen YX (LA 1F), Cui IW
(), Li YH (L), Liu LH XHEH#E) (2007). Dy-
namics of litterfall and litter on forest floor of natural for-
est and plantation in Stone Forest World Geological Park.
Journal of Mountain Science (ILI}h2%R), 25, 317-325.
(in Chinese with English abstract)

Wu YQ (RAfEER), Liu GH (X [E %), Fu B (1), Guo YH
(FFE1E) (2007). Soil CO, efflux of forest ecosystem in

China: distribution and controlling factors. Acta Ecologica

FRIAA A I s AR AR SR R I v i sh & 1027

Sinica (%), 27, 2126-2135. (in Chinese with Eng-
lish abstract)

Wu ZM (CRATI), Lu JP (F1R%Kr), Du ZH (FLE#Y) (1994).
Litter production and storage in the natural and regener-
ated tropical montane rain forests at Jianfengling, Hainan
Island. Acta Phytoecologica Sinica (FH¥)EZ#4W), 18,
306-313. (in Chinese with English abstract)

Wu ZX (3R#59%) (2006). Amount, component, and seasonal
pattern of litterfall in secondary evergreen broadleaved
forest. Journal of Mountain Science (11Hi27H%), 24,
215-221. (in Chinese with English abstract)

Yan ER ([&}85¢), Wang XH (L A54£), Zhou W (Ji10) (2008).
Characteristics of litterfall in relation to soil nutrients in
mature and degraded evergreen broad-leaved forests of
Tiantong, East China. Journal of Plant Ecology (Chinese
Version) (FHE¥)AE7%4R), 32, 1-12. (in Chinese with
English abstract)

Yan JH (E#2%), Zhou GY (Ei%k), Tang XL (FFHF]),
Zhang DQ (7Kkf#5%) (2001). Characteristics of litter and
its contained water in three succession communities in
Dinghushan Mountain. Chinese Journal of Applied Ecol-
ogy (M HAEZHR), 12, 509-512. (in Chinese with Eng-
lish abstract)

Yang YS (# £ %), Chen YX (MR#75), He ZM ({155 8), Guo
JF (#8817%), Liu CH (XI3%) (2004). Comparatively
study on litter properties between plantations of Fokienia
hodginsii and Cunninghamia lanceolata. Scientia Silvae
Sinicae (ML FE}2%), 40(1), 2—10. (in Chinese with English
abstract)

Yang YS, Lin P, Guo JF, Lin RY, Chen GS, He ZM, Xie JS
(2003). Litter production, nutrient return and leaf-litter
decomposition in natural and monoculture plantation for-
ests of Castanopsis kawakamii in subtropical China. Acta
Ecologica Sinica ("E3554)), 23, 1278-1289.

Zeng ZX (RHHHES), Liu XL (X|ZAF]), Wang KL (Lwhf),
Zeng FP (%4 74°F), Song TQ (K[i&), Song XJ (RALH)
(2010). Comparison of litterfall and nutrients return prop-
erties of primary and secondary forest ecosystems, the
karst region of Northwest Guangxi. Ecology and Envi-
ronmental Sciences (“EARIELZAHR), 19, 146-151. (in
Chinese with English abstract)

Zhang DQ (7k158), Ye WH (" Ji#%), Yu QF (&1 &), Kong
GH (fLIE#%), Zhang YC (5HMi1H) (2000). The litter-fall
of representative forests of successional series in

Dinghushan. Acta Ecologica Sinica (4752 R), 20,

doi: 10.3724/SP.J.1258.2011.01019



1028 YA 244R Chinese Journal of Plant Ecology 2011, 35 (10): 1019-1028

938-944. (in Chinese with English abstract)

Zhang QM (7KFF[Y), Chen YF (B7k4H) (2003). Production
and seasonal change pattern of litter fall of Rhizophora
apiculata in Sanya River mangroves, Hainan Island. Acta
Ecologica Sinica ("EA%4), 23, 1977-1983. (in Chinese
with English abstract)

Zhang XP (#K3°F), Wang XP (E#EF), Zhu B (KJ%), Zong
Z) (GRd7iL), Peng CH (K H#E), Fang JY (FKi=)
(2008). Litter fall production in relation to environmental
factors in northeast China’s forests. Journal of Plant
Ecology (Chinese Version) (fH¥)AEZ24HR), 32, 1031-
1040. (in Chinese with English abstract)

Zheng Z (¥SE), Liu LH (XI{EHE), He AT (F15Z %), Jing GF
(HIEEZF) (1990). Litterfall and leaf consumption by ani-

www.plant-ecology.com

mals in humid seasonal rain forest in Xishuangbanna,
China. Acta Botanica Sinica (FE#)%#3R), 32, 551-557. (in
Chinese with English abstract)

Zhou ZX (JABUSY) (1987). Scientific Survey of the Maolan
Karst Forest (% %V ks #x AR Bl 2% % 82 4E). Guizhou
People’s Press, Guiyang. 1-23. (in Chinese)

Zhu SQ (K51 ) (1997). Ecological Study of Karst Forest (II)
(% TR AR PR A2 B WFST D). Guizhou Science and Tech-
nology Press, Guiyang. 33—167. (in Chinese)

Zou B (4F38), Li ZA (&%), Ding YZ (1 7k#i), Tan WN
(15 J7fE) (2006). Litterfall of common plantations in south
subtropical China. Acta Ecologica Sinica (L3241, 26,
715-721. (in Chinese with English abstract)

PR otz Wil & SHTgniE: Ml



